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CORRECTIONS TO THE GLAUBER MODEL AT MEDIUM ENERGIES
IN THE SCATTERING OFF TWO POTENTIAYL CENTRES

M. Bleszynski and Te. Jaroszewicz
Institute of Nuclear Physics, 31-342 Krakéw, Poland

Scattering off two partially overlapping fixed potential
centres is calculated in the first order eikonal expansion1.
The amplitude obtained is the exact /up to terms of order 1/k,
k being the projectile laborabory momentum/ Watson series

T = by+bort, Gttt Gt +t, Gt Goty+eee o (1)
This amplitude is then compared with the simple-minded approxi-
mation including the single and double scattering only,

T = to+b,+5,G b, +t,G0t, .+52)¢
wherg_g”very simple off-shell continuation is assumed,'<k]tlk =
= t(k—k). The comparison is made for the amplitudes correspond—
ing to a fixed distance of the scatterers and for the amplitudes
averaged over some density distribution. .

In the figure below the cross—sections corresponding to (1)
/solid curve/ and (2) /broken curve/ are plotted for parameters
describing rather reastically pion deuteron scattering with
k=1 GeV/c; the deuteron D-wave is not includede. The dotted curve
is the Glauber result, i.e. single + double on-shell scattering
only, with the eikonal free propagator

GL on o

T7Y = B4, 60 b 48,607,
to which both (1) and (2) converge at high energy. It is seen
from these results that the formula (2) is a very good approxi-
mation to the exact result (1) , both giving a significant cor-

rection to the Glauber formula at medium energies, where the
4 ©elkonal approximation is no longer valid.

do- [ em2 1. S.Je Wallace, Phys. Rev.
109 asyL [EF—J Lett. 27, 625 (1971).
1071
10~2 }
1073 |
Fig.1. The differential
- ,et* vereee., cross—section for the scat—
10~4F S tering off a model system
e 2 of two centres. See the
. . 2 N ) .  —» text for details.
.0 .2 o .6 Gev?
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I.A.2
"CAN ONE RECOGNIZE RESONANCE POLES FROM AN ARGAND DIAGRAM?"

I.R. Afnan,* A.W. Thomas
Department of Physics, U.B.C., Vancouver, B.C. Canada V6T 1WS

The existence of a resonance pole is, in the most favourable cases,
established by the observation of a circular trajectorylin the Argand dia-
gram, together with a Breit-Wigner peak in the "speed". By considering
the case of pion scattering from the deuteron (in the (3,3) resonance re-
gion), we show that these conditions are not sufficient. In particular,
Figures 1 and 2 show the behaviour of the J" =2 scattegjng amplitude,
calculated within the nonrelativistic Faddeev formalism. Note that even
the single scattering (S-S) term, which one can easily show has no resonance
pole, satisfies both the criteria mentioned earlier. Althgygh this be-
haviour has been established before within Glauber theory, we note that
(because of factorisation), this does have a pole! Because of three-body
kinematics our amplitude has a cut, but no pole in the pion energy variable.
(For completeness, we show the effect of summing the multiple scattering
series, which is to narrow the peak, and shift it to lower energy. Pre-
liminary results using relativistic kinematics for the pion, confirm the
behaviour of the S-S amplitude — although higher order rescattering is
much less important in that case.) In conclusion, we emphasize that simi-
lar problems may arise whenever a correct description of a (two-body)
scattering process, requires consideration of more than two particles.

* Permanent address — School of Physical Sciences, Flinders University,
Bedford Park, South Australia, 5042, Australia,.

1) R.D. Tripp, '"Baryon Resonances'", International School of Physics, Enrico
Fermi, Course 3 3 (Academic Press, 1966).

2) I.R. Afnan, A.W. Thomas, Phys. Rev. C10, 109 (1974).

3) M. Hoenig, A.S. Rinat, Phys. Rev. CIO, 2102 (1974).
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RELATIVISTIC 3-BODY CALCULATION OF "wd" SCATTERING* I.A.3
R. Aaron, Northeastern University
and
E. J. Moniz and R. M. Woloshyn, M.I.T.

We study "md" elastic scattering in the vicinity of the
3—? resonance using a relativistic 3-body model.! Our starting
point is an elementary or bare isobar coupled to the p-wave
™ channel (spin and isospin ignored). We first evaluate the
isobar self-energy (i.e., the mWN "bubble" graph) and fit the
phase of the A propagator to the mN 3-3 phase shift, the free
parameters being the isobar bare mass (we take 1350 MeV) and
the ATN coupling constant and interaction range. The 3-body

equatigns for the wd amplitude (s-wave deuteron)can then be
summarized diagrammatically as:

m

Circles on the intermediate isobar and deuteron propagators

imply that all 7N and NN bubbles, respectively, must be summed.
The problem reduces to numerically solving the uncoupled integral
equation for the wd+*NA amplitude.

We use the model as a theoretical laboratory for investi-
gating several questions which arise in pion scattering:
(i) binding and Fermi motion effects on the 7N amplitude;
(ii) comparison to fixed scatterer calculations (Brueckner model) ;
(iii) effect of nucleon-nucleon rescattering (last diagram in
Eqg. (2)); (iv) effect of different 7N and NN interaction param-
eters (e.g., narrow width isobar and strongly bound deuteron).
The binding and rescattering effects raise the energy at which
the total cross section peaks and substantially reduces the
backward differential cross section. The total elastic cross
section is strongly affected by NN rescattering.

* Work supported in part by the National Science Foundation
and in part by the Atomic Energy Commission.

1. R. Aaron, R. D. Amado, and J. E. Young, Phys. Rev. 174 (1968)
2022.
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I.A.4
LOW ENERGY PION NUCLEON SCATTERING

P. Bertin, B. Coupat, J.Duclos, A. Gérard, D. Isabelle, A.Magnon
J. Miller, J.Morgenstern, J. Picard, R.J. Powers*, P. Vernin

(C.E.N. Saclayet Université de Clermont-Ferrand - France)

By using the low energy pion channel of the Saclay Linac, we made
a systematic measurement of the differential cross-sections of m and T
scattering on hydrogen from 20 to 100 MeV, in the angular range from
55 to 145 degrees,

The incoming pions were counted by a plastic scintillator (F 1) in
the beam. The electron contamination was eliminated by a threshold on
@1 and by agas Cerenkov counter (E') in anticolncidence. The muon contami-
nation was computed by a Monte Carlo program. The protons, in the m
beam, were absorbed in a thin aluminium screen,

The scattered pions were detected by two sets of telescopes in-
cluding plastic scintillators (Ai, Bj) with an amplitude analysis and spark
chambers (s.c) to define the origin

/ of the particle. A good scattering

event was defined by a colncidence
between an incident pion and a

¢  scattered particle (¢, @, Ai Bj) with
razgat N the proper amplitudel.
—>% B yaa An on line computer was used to
4 U 50 record the data and to perform a
w +7 % pretreatment during the run,

A7 The energy calibration of the pion
channel was obtained with an accu-
racy of - 5%. by measuring the

S.C. B3 energy of the protons in the m beam
5,62\ with a calibrated solid state detector.
The thickness of the liquid hydrogen

tirget was precisely measured
Experimental set-up (= 5%o) by comparing the range cur-
ves of 30 MeV pions with full and
empty target.

We obtained the differential cross-sections for 20.8, 30.5, 39.3,
51.5, 67.4, 81.7 and 95.9 MeV. From the analysis of the w data we
are able to extract thed., ‘{‘33 a.ndf1 phase shifts for these seven
energies. The analysis of the L daéa is in progress (April 1975). The
results will be available at the time of the Conference,

¥ California Institute of Technology, Pasadena.




THE ELASTIC SCATTERING OF I.A.5

LOW ENERGY PIONS ON PROTONS+

Je. S. Frank, R. H. Heffner, K. A. Klare, R. E. Mischke, and D. E. Nagle
University of California, Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87544

and

D. C. Moir
Arizona State University, Tempe, Arizona 85281

An experiment has been performed at the Clinton P. Anderson Meson
Physics Facility (LAMPF) to measure the elastic differential cross section
(do/dQ) of low energy pions on protons. Data were taken at incident pion
energies of 30, 40, 50, and 70 MeV for both positive and negative pions.

The gas target, run at v 30°K and v 1.2 atmospheres pressure, was viewed
with a system of multiwire proportional chambers and scintillation counters.
The incident pion flux was measured by two independent systems: a T -+ uv
decay monitor and a scintillation counter energy-loss system to measure the
total flux and composition of the beam.

Scattered particle trajectories were extrapolated onto the target plane
and fiducial cuts within the gas target were made. Particle identification
on the scattered pions was made with the system of energy-loss and total
energy counters. Data were taken with the target empty to allow the sub-
traction of all residual backgrounds.

More than 10,000 events consistent with elastic m-p scattering were
observed for each energy and polarity in the laboratory angular range 45°
to 135°. Data analysis is underway at this time and preliminary results

will be presented.

TWork supported by the U. S. Energy Research & Development Adminsitration.

39



40

I.A.6
THE 7 d BREAKUP REACTION AND A's IN THE DEUTERON

R. Beurtey, G. Cvijanovich,* J. C. Duchazeaubeneix, H. H. Duhm,** J. C.

Faivre, L. Goldzahl, J. C. Lugol and J. Saudinos, C.E.N. Saclay, France

and L. Dubal, S.I.N. Villigen, Switzerland, and C. F. Perdrisat, College
of William and Mary, Williamsburg, Virginia

Several experiments have been reported recently, which can be inter-
preted in terms of the existence of a AA-component in the deuteron ground
state. These experiments involved 2-pion production with several project-
iles,1’2 and single pion photoproduction.3

Based on a paper by Nath, Kabir and Weber,h the emission of forward
protons in the break-up reaction m d -+ T pn at 1-2 GeV could be dominated
by direct absorption of the T on a A++, rather than quasi-elastic back-
scattering of the pion. The cross section for forward proton emission
would then be directly related to the probability that the 2 nucleons in
the deuteron be A's.

An experiment designed to investigate deuteron break-up resulting in
forward proton emission has been performed in Saclay. A 0.98 GeV m beam
was used because in elastic scattering on hydrogen, the differential cross
section for forward protons has a distinct minimum at that energy.5 The
contribution to forward proton emission from single scattering on a deu-
teron target, had been calculated before the experiment by Monte Carlo,
including Fermi momentum; the minimum in elastic T p was seen to produce
a similar, but less deep minimum in T d. In the present experiment, the
ratio of the 0° proton cross sections in m d + pX and in elastic T p is
found to be significantly larger than predicted if single scattering alone
did occur. Furthermore, the angular distribution of the proton in the
two reactions are different: with the deuteron target the distribution is
flat, ghereas on hydrogen it has a minimum at 0°, as seen in other experi-
ments.

Both features, the large deuterium-to-hydrogen ratio, and the char-
acteristic angular distributions, are in excellent agreement with the
predictions in ref. 5 and may be interpreted as independent evidence for
the existence of a AA-component in the deuteron.

1. M. Goldhaber, Proceedings of the International Conference on Nuclear
Structure (Munich, 1973), vol. 2, p. 1k
C. P. Horne e.a. Phys. Rev. Lett. 33, 380 (197k)

2. H. Braun e.a. Phys. Rev. Lett. 33, 312 (197k)
M. J. Emms e.a. Phys. Lett. 52 B, 372 (197k)
3. P. Benz and P. S6ding, Phys. Lett 52, B 367 (197k4)
4. N. R. Nath, H. J. Weber, P. K. Kabir, Phys. Rev. Lett. 26, 1hok (1971)
5. R. E. Rotschlld e.a. Phys. Rev. D 5, h99 (1972)
T. J. Richards e.a. Phys. Rev. D 10, 45 (197k)
6. P. J. Duke e.a. Phys. Rev. 1h9, 1077 (1966)

J. M. Abillou e.a. Phys. Lett 32 B, 712 (1970).

*

Permanent address: Dept. of Physics, Upsala College, East Orange, N.J.
07019

%

Permanent address: Max-Plank-Institut fuer Kernphysik, Heidelberg.




I.A.7

INCIDENT-ENERGY DEPENDENCE OF nt—p BREMSSTRAHEUNG
IN THE REGION OF THE P33(1232) RESONANCE

P. F. Glodis, H. C. Ballagh, R. P. Haddock, K. C. Leung,

B. M. K. Nefkens, D. E. Smith, D. I. Sober
UCLA, Los Angeles, Ca. 90024

ABSTRACT

+ +
The angular distributions of the photon spectra for = p -+ = py have
been measured for 325 MeV incident pion energy. Together with our previous

results for 298 1,2

and 265 2 MeV incident pion energy, we can make a
detailed investigation of the s-dependence of pion-proton bremsstrahlung
in the region of the P33(1232) resonance.

We present excitation functions for the differential bremsstrahlung
cross section at 17 angles for both 7 and ™. We concentrate on the
backward direction where a destructive interference in ﬂ+p -+ ﬂ+pY results
in a very low cross section and where possible structure effects and

deviations from soft-photon-approximation calculations show up most

readily.

*
Work supported in part by U.S. Atomic Energy Commission.

1D. I. Sober et al., Phys. Rev. D, March 1, 1975.

2K. C. Leung et al., to be published.
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I.A.8
AN EXPERIMENTAL STUDY OF THE ﬂ++d+p+p
REACTION AT PION ENERGIES OF 40, 50, and 60 MeV*

B. M. Preedom, C. W. Darden, R. D. Edge, T. Marks, Univ. of
South Carolina, M. J. Saltmarsh, E. E. Gross, C. A. Ludemann,
K. Gabethuler+, Oak Ridge National Laboratory, M. Blecher, K.

Gotow, P. Y. Bertint+ Virginia Polytechnic Institute:§ State

Univ., J. Alster’,w+ R. L. Burman, J. P. Perroudj+++ R. P.

Redwine:++++ Los Alamos Scientific Laboratory.

ABSTRACT

The pion absorption reaction w++d+p+p has been measured at pion energies
of 40, 50, and 60 MeV using aCD, target and the low energy pion beams from the
LEP channel at LAMPF. The protons were detected in coincidence using plastic
scintillgtor detgctors. Angular distributions were obtained at 10 angles
from 15° to 110  (lab) with absolute errors of approximately *3% and
relative errors of approximately #2%. Preliminary angular distributions are
shown in FIG. 1. The curves are of the form K[A+c0520cm]. The preliminary
values of the coefficients K and A and the integrated cross sections are
presented in TABLE I. The integrated cross-sections agree rather well
with previous data®! and with recent calculations?® whereas the value of A
is somewhat larger than previously obtained.

FIGURE 1 TABLE I

I N T K A o_(mb)
“? /'J@E 7 m 7 m

- o 40 0.99 0.32 4.0
. RV L 50 1.72 0.27 6.5
:2.,: K 7 /' -

I : 60 1.95 0.28 7.5
a/:-- A O A I o

A. M. Sach-H. Winick, and B. A. Wooten, Phys. Rev. 109, 1733 (1958).
B. Goplen, W. R. Gibbs, and E. L. Lomon, Phys, Rev. Letters 32, 1012 (1974).
Supported by the O.N.R., the N.S.F. and the U.S.A.E.C.

4+ % N =

Present address: S.I.N., Villagen, Switzerland.
**present address: Univ. de Clermont Fg3 Clermont-Ferrand, France.

**¥present address: Univ. of Tel Aviv, Tel Aviv, Israel.

S ; .
Present address: Univ. of Lausanne, Switzerland.

Y present address: Univ. of Bern, Bern, Switzerland.
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We will

tion m +p > 7

A MEASUREMENT OF THE CROSS SECTION FOR THE REACTION I.A.9

- - *
T +p > m'4m 4n at 350 and 300 MeV

*

*
C. A. Bordner, P. A. M. Gram,* W. V. Hassenzahl,¥ ++
ward,¥ T. R. King,t A. T. Oyer,t G. A. Rebka,t F. T. Shively

2
present measurements of the cross section, H%E%" for the reac-

++n"+n performed at two energies, 350 and 300 MeV, by detecting

. + . . +
the outgoing ™ with a magnetic spectrometer. Angles and momenta of the

were selected to sample the doubly differential cross section at 18 points

spread nearly uniformly over the accessible part of the center-of-mass phase

space for eac

h of the two energies. Approximately 1500 net events were

recorded at each energy. These data represent the first steps in a program

to determine
Knowledge of

of soft pion

*
Supported

the energy dependence of the total cross section down to 200 MeV.
this energy dependence bears on the selection of the proper form

theory and on the s-wave -7 scattering length.

in part by AEC Contract AT(11-1)-2197 and W-7405-ENG-36.
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I1.A.10
THE KROLL-RUDERMAN TERM IN THE OPE CONTRIBUTION TO

THE ELECTROMAGNETIC EXCHANGE CURRENT
A, F, Yano and F. B. Yano*

Department of Physics, California State University
Long Beach, Calif. 90840
* Department of Physics, California State University

Los Angeles, Calif. 90032

We use two models for the [N vertex, namely PS and
PV coupling, and show that the Kroll-Ruderman term is
obtained in both cases from the Low theorem. In PS
coupling, it arises from the derivative on the positive
energy projection operator, whereas it arises from the

derivative on the two body amplitude in PV coupling.
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I.B.1
THE EFFECT OF FERMI MOTION ON INELASTIC PION NUCLEUS SCATTERING

*
0. Nalcioglu
University of Wisconsin, Madison, WI 53706

*%
D.S. Koltun
University of Rochester, Rochester, NY 14627

The effect of Fermi motion of nucleons on the inelastic scattering of
pions by nuclei is studied in the Distorted Wave Impulse Approximation. We
assume the plon—nucleon t-matrix to have the non-local, separable form suggest-—
ed by Kisslinger.! Transformation of this t-matrix from the pion-nucleon c.m.
to the pion-nucleus c.m. introduces terms into the transition amplitude which
are proportional to the nucleon momentum (recoil terms).? These recoil terms
are usually neglected, but we have previously found? that they contribute sig-
nificantly to the excitation of elastic dipole states, in the Plane Wave Im-
pulse Approximation.

For the Distorted Wave study, we have used two forms of optical potential:
a non-local (Kisslinger) potential1 derived from the non-local t-matrix above,
| —r— tand a local (Laplacian) potential de-
;f*~ rived from a local t-matrix.® Both
Non Locol

OptPot

potentials derive from the same on-
shell pion-nucleon data. Calculated
results for the excitation of the
giant (El) dipole state of !'2C by

75 MeV 1~ are shown in Figure 1. For
each optical potential, we show the
differential cross section both with
and without the nucleon recoil terms.
We include coulomb excitation, which
is significant at small angles.

do/7dQ (mb/sr)

=
|

<\

v
v

/i With \
"\ \ii Recoil \ \, The results show a strong depen-
AR E\Locql \\\_ dence on the form of the optical po-
1 ’ Opt.Pot. \ Y tential used. For the local poten-

i \ tial, the nucleon recoil terms do
| i 12 T e o \ enhance the cross-section at small
: ’ C J7=I" T=l angles, where there is considerable
W Eexc=22.80 MeV interference with the coulomb exci-
\j T=75 MeV T~ tation. For the non-local optical
) potential, the recoil effects are

D I T R T B very small at small angle. This
107153060 90 120 150 180 reflects the fact that the recoil
Qcm(deg) contribution comes mainly from the

nuclear interior; the non-local opti-
cal potential suppresses the inte-
rior contribution, compared to the
local potential. Further results for various nuclei and different energies
will be presented.

Il
—

Fig.l Inelastic Differential
Cross Section

*Supported in part by the National Science Foundation.
Supported in part by the U. S. Atomic Energy Commission.

11,. S. Kisslinger, Phys. Rev. 98, 761 (1955).

2D. S. Koltun and O. Nalcioglu, Phys. Lett. 51B, 19 (1974).

3H. K. Lee and H. McManus, Nucl. Phys. Al67, "257 (1972).
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I.B.2
PION CHARGE-EXCHANGE REACTIONS WITH NUCLEI

Gerald A, Miller
Carnegie-Mellon University, Pittsburgh, Pa. 15213

James E. Spencer
Los Alamos Scientific Laboratory, Los Alamos, N. M. 87544

ABSTRACT

1
A comprehensive study of the elastic charge-exchange reactions is pre-

sented in which the cross sections are evaluated in a coupled-channels frame-
work.

Our main conclusions are:
1) For energies below the (3,3) m-nucleon resonance, there are considerable
differences between the charge-exchange cross-sections predicted with the
Kisslinger and local Laplacian models. There is a sharp dip at about 80 MeV
predicted by the Laplacian model for the total SCE and DCE cross-sections to
the analog and double analog which does not occur for the Kisslinger potential.
Hence, accurate charge-exchange data, taken together with the corresponding
elastic data, provide a very good means of differentiating between competing
potential models.
2) In all models which we have tested, including variants of the Laplacian
such as the Silbar-Sternheim potential, the charge-exchange cross-sections
dip at energies in the vicinity of the m-nucleon resonance because of strong
absorption. However, this is mediated by specific nuclear structure effects
as well as nucleon number.
3) Charge-exchange data does not seem to provide any unique input for dis-
cussions concerning the so-called '"angle transformation'" since the effects of
including this are comparable in all channels.
4) For energies around the w-nucleon resonance, effects which push neutrons
into the nuclear surface are important for determining the size of the cross-
sections and must be considered before any conclusions can be drawn about
other possible effects.
5) The DWIA may be used in place of the full coupled channel calculation with
negligible loss in accuracy.
6) The effect of Coulomb distortion on the charge exchange reactions is very
small for pion energies greater than or equal to 100 MeV. Thus relations
supplied by charge independence which give the charge-exchange T-matrices in
terms of differences of elastic T-matrices for nm's of different charges may
be used.
7) At energies of about 100 MeV, the effect of two-nucleon correlations, as

predicted with a second-order optical potential, are expected to dominate
the charge-exchange process.

REFERENCE

1. G. A, Miller and J. E. Spencer, Phys. Letters 53B, 329 (1974), and
Nucl. Phys. to be published.



On the Optical Potential for I.

Particle-Nucleus Scattering

Abstract

A term by term analysis of the optical potential series is
made using a separable scattering amplitude in a single
partial wave. The Ericson-Ericson potential is shown to
emerge on summation of a subset of the terms in the series.

The high energy limit of the optical potential series is

obtained.

B.
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1.B.4
SINGLE CHARGE EXCHANGE SCATTERING 13c@rt,z°)13N

L. C. Liu and V. Franco¥*
Physics Department, Brooklyn College of City University of New York,
Brooklyn, New York 11210

The total cross sections of the single charge exchange reaction
13C¢(f7f°)1 N(g.s.) are calculated using a distorted wave eikonal approxi-
mation*. The charge exchange between the pion and the lpi, valence neutron
is taken as the fundamental interaction in this DWEA calculation. To
simulate the deformation of the nuclei, we allow the valence nucleon and
the core nucleons to move in different harmonic oscillator wells in such
a way that the mean square radius of the whole nucleus stays unchanged.
The degree of overlap between the valence unucleon and core nucleus wave
functions is represented in this simple model by the ratio;r=av/a°. Here,
a, and are respectively the original h.o. parameters of the 13C,
determined by electron scattering, and the modified h.o. parameter of the
valence nucleon, introduced above. Our results show that the energy de-
pendence of the cross sections is sensitive to;r . The calculations are
compared with the published data? in the figure.

*Work supported in part by the National Science Foundation.
1. L. C. Liu and V. Franco, Phys. Rev. Cll, 760 (1974).

2. D. T. Chivers, et al., Nucl. Phys. A176, 129 (1969).
M. A Moinster, et ai., Phys. Rov. T8, 2039 (1973??
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Nuclear Matter Theory for Pion Scattering from Nuclei I.B.5

Hans A. Bethe
Cornell University, Ithaca, N.Y. 14850

*
Mikkel Johnson
University of California, Los Alamos Scientific Laboratory

We present results relevant to pion scattering in the vicinity of the 33 reso-
nance. Here the nucleus is black except in the surface, and we are therefore
concerned mainly with the low density interaction; in the lowest order in the
nuclear density p the theory is relatively simple, but in order p? and higher
it gets progressively more complicated. We have made two different calcula-
tions of the 02 term, both based on the Kisslinger off-shell assumption for
the pion-nucleon amplitude. Various nuclear effects are considered but one
calculation is less model dependent, as shown by Hﬁ%g?r,(l) because we include
nucleon correlations following Ericson and Ericson. Hufner's result is
known more generally as Beg's theorem; although it applies only under certain
restrictive conditions we believe these are sufficiently satisfied in the real-
istic case. Then the result is insensitive to the off-shell pion-nucleon
amplitude. Although we prefer the calculation which includes correlations, we
present results for both.

For one application of our theory, we consider the location of the 33 reso-
nance, which is most conveniently defined as the energy at which the real part
of the forward amplitude vanishes. This is determined experimentally by
coulomb-nuclear interference. In our theory we find three mechanisms which
can influence the position of the resonance: a) the second order (i.e., pz)
Lorentz~Lorenz~Ericson effect, b) the small phases, ¢) the Fermi motion of the
nucleons. All these effects go in the same direction and result in a downward
shift of approximately 10 MeV.

Important experimental information may be obtained from a phase shift analysis
of experiments. This is easily done at very low energy and energy near reso-
nance. In the former case only several partial waves are involved and these
can be obtained relatively unambiguously. Near resonance the nucleus can be
described as a black disc up to some radius b; (or equivalently up to some
angular momentum); again only a few waves need to be learned directly from the
data. The partial wave analysis is thus easier for heavy nuclei than light
ones. The radius bj and the residual phases are predicted by our theory.

(1) J. Hufner, Nucl. Phys. B 58 (1973) 55.
(2) M. Ericson and T. E. 0. Ericson, Ann. of Phys. 36 (1966) 323.
(3) Results for the other calculation are found in H. A. Bethe and M. B.

Johnson, Los Alamos report LA-5842-MS.

%
Work supported by the U.S. Energy Research and Development Administration.
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I.B.6
NEW ESTIMATE FOR THRESHOLD PION

PRODUCTION IN PION-NUCLEUS COLLISIONS

Ronald Rockmore
Rutgers, The State University, New Brunswick, N.J. 08903

ABSTRACT

The Goldhaber-Teller model generalized to spin-isospin
vibrations is used to provide a simple estimate for the total
cross section for threshold pion production in pion-nucleus col-
lisions (7 A »>7 7 A ) in the case of nuclei with N=Z. Cross
sections are“calculatéd using the threshold approximant to the
production amplitude for single nucleons consisting of pion pole
plus contact terms alternately derived from the phenomenological
Lagrangian theory and the current-commutator theory of multiple-
pion production. The threshold approximant in the latter theory
fits the experimentﬁl pion-production data on protons poorly,
and in the case of "He, the lightest target nucleus considered,
that theory predicts cross sections about a factor of 2 smaller
than those similarly calculated with phenomenological Lagrangian
input. In the case of the current-commutator theory, the
Goldhaber-Teller predictﬁons arelgonsistent with those of the
particle-~-hole model for “He and 0 obtained earlier by Eisenberg
after quadrupling his calculated values to compensate for an
omitted factor of 2 in his production amplitude. While the
cross sections for the (m,27) reaction in nuclei are still ex-
pected to be quite small, the prospect for their accessibility
seems reasonably improved.
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I.B.7
FIRST ORDER OPTICAL POTENTIAL

D. J. Ernst
Case Western Reserve University, Cleveland, Ohio 44106

M. A. Nagarajan
Daresbury Laboratory, QOaresbury, Warrington, England

R. M. Thaler

Case Western Reserve University, Cleveland, Ohio 44106
W. L. Wang

Argonne National Laboratory, Argonne, |llinois 60439

The theory of Kerman, McManus and Thaler proceedsAjTrough a pseudo-
optical potential operator U', defined such that T' = T is the solution
of a Lippmann-Schwinger equation of the form T' = U' + "U'gPT', where P

is the projector onto the nuclear ground state. In the lowest order this
optical potential is conventionally given by U' = (A-I)tP. This approx-
imation is different from the approximation In which the true optical
potential U is given by U = AtP. These two approximations are significantly
different for energies below several GeV and for targets |ighter than A ~ 50
Numerical differences between these two approximations for some cases of
physical interest will be presented. Formal relations between the two
approaches are given which demonstrate that the use of U' = (A-I1)1P is to

be preferred.
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CORRELAT ION EXPANS ION OF THE OPTICAL POTENTIAL I.B.8

D. J. Ernst
Case Western Reserve University, Cleveland, Ohio 44106

J. T. Londergan
Indiana University, Bloomington, Indiana 74701

G. A. Miller
Carnegie Mellon University, Pittsburgh, Pennsylvania 15206

R. M. Thaler
Case Western Reserve University, Cleveland, Ohio 44106

The multiple scattering theory for the optical potential is arranged
according to the number of target particles struck. The term which in-
volves two target particles is summed as a three-body problem. Both the
Kerman, McManus, and Thaler and Watson formalisms are treated In this manner.
A technique using sum rules to estimate the corrections to the use of the
closure propagator is presented. The approach of Foldy and Walecka is
critically analyzed and additional corrections for the case of a nonlocal
two-body interaction are given.




I1.B.9
A HOLE LINE EXPANSION OF THE PION-NUCLEUS OPTICAL POTENTIAL*

C. B. Dover
Brookhaven National Laboratory, Upton, New York 11973

R. H. Lemmer
Rand Afrikaans University, Johannesburg, South Africa

The simplest first order approximation to the pion optical potential
Vopt (¥), proportional to the nuclear density p(r) times the free space =N ampli-
tude f, is inadequate for describing the energy dependence of pion-nucleus total
cross sections (for instance) in the (3,3) resonance region. In the presence
of a resonance in the elementary =N amplitude, it is important to include the
effects of the nuclear medium on the =N amplitude, such as the Pauli principle,
off-shell nucleon propagation in the nuclear potential, and collision damping.

We have developed a systematic expansion of Vopt(r) in terms of an effec-
tive density dependent nN amplitude f, which registers these Pauli principle
and binding energy effects. In this expansion, contributions to Vopt(r) are
ordered according to the number of independent hole lines. This expansion
assumes the form

2y (@ =br D> n0FE G . &
k

where n(k) is the nucleon occupation number, and w, is the pion energy. If we
Fermi average over nucleon momenta k, £(q,9) = < ¥(k,q;k,q) > satisfies a modi-
fied Chew-Low equation of the form

1 _FGQR)

70 © -w-ie (q4,p)£(q,p) + crossing term  (2)

£(q,q) = F;(q,q) +4x
R

where ?B(q,q) is given1’2 by the free Born term times a Pauli blocking factor
F(q). We have solved Eq. (2) numerically as a function of denfity, and com-
pared the results to various approximate analytical solutions. The main
effect of the Pauli principle is to damp the Born term at low energies; higher
order nmN scattering graphs are not much affected, consistent with ref. (3).
We have also compared these results with ref.(4), in which the Chew-Low graphs
are summed to all orders in the density. This gives us an idea how fast the
hole line expansion converges.

The method discussed here is very general; its application in a Hartree-
Fock or shell model basis provides a tractable approach to the finite nucleus
problem. The potential (1) must be supplemented by terms involving heavy meson
exchange. 1In the hole line expansion, these contributions appear as an off-
shell effective NN interaction (G-matrix), summed over the two nucleon legs.
Such contributions have also been estimated.

REFERENCES

* Work supported, in part, by Energy Research and Development Administration.

1. H.A. Bethe, Phys. Rev. Lett. 30, 105 (1973); J. Eisenberg and H. Weber,
Phys. Lett. 45B, 110 (1973); Phys. Rev. Cl0, 925 (1974).

2. C.B. Dover, BNL Report 19359.

3. C.B. Dover, D. Ernst and R.M. Thaler, Phys. Rev. Lett. 32, 557 (1974).

4, C.B. Dover and R.H. Lemmer, Phys. Rev. C7, 2312 (1973).
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I1.B.10
RESONANCES IN EIKONAL MODELS

J.R. Gillespie*
Institut des Sciences Nucléaires, BP 257, Grenoble 38044, France

The use of eikonal amplitudes for optical potentials or for multiple
scattering models such as Glauber's in the vicinity of a resonance (e.q. pion-
nucleus scattering near the 3-3 resonance) is open to several uncertainties.
The usual derivation of eikonal amplitudes is inconsistant with the conditions
near a resonance : the amplitudes and wavefunctions vary rapidly, the angular
distribution is uniquely determined by a single value of f, which like the
energy, is not necessarily large.

Likewise propagator expansions in inverse powers of the momentum will fail
to reproduce the resonance pole if truncated at any finite order.

The Fourier-Bessel (FB) representation may be obtained without approxima-
tion from the partial wave series. We show that continuing the FB amplitude in
complexl?one obtains the exact amplitude near a resonance. The non-resonant
background may be treated by perturbation theory.

*On leave of absence, Dept. of Physics, Boston University.




CORRECTIONS TO GLAUBER THEORY I.B.11
IN THE OPTICAL LIMIT

David R. Harrington
Department of Physics
Rutgers University
New Brunswick, New Jersey 08903

In the optical 1limit uncorrected Glauber theory gives a
scattering amplitude equal to that for scattering from an
elementary system via an optical potential proportional to the
nuclear density. The lowest order finite-energy corrections to
Glauber theory in the fixed-target approximation have the same
form as corrections due to three-body interactions. In the
optical 1limit these corrections can be taken into account by
adding to the optical potential a correction quadratic in the
optical potential and its derivative. This correction is
identical to that for an elementary system except for an extra
term proportional to the square of the optical potential.
Estimates of the size of the extra term indicate that the
corrected potentials for elementary and composite systems will
differ appreciably only in the nuclear interior where, for a
heavy nucleus, the absorption due to the leading term is
already so strong that the size of the correct is unimportant.
It should be possible, therefore, except perhaps at large angles,
to calculate the finite energy corrections to scattering from
8 heavy nucleus by treating it as an elementary system inter-
acting via an optical potential.
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I.B.12
ELECTRIC FORM FACTOR AND THREE-BODY

FORCE IN 3H AND NUCLEAR MATTER No 4.130
A.Kallio, P.Toropainen
Department of Theoretical Physics, University of Oulu, Finland
and
C.Ciofi Degli Atti
Istituto Superiore di Sanita, Rome, Italy

The high-energy electric form factor and the binding energy
of 3H and 3

phenomenologically. When three nucleons come close together

’uHe are used to determine a 3-nucleon force purely

this force becomes strongly repulsive much more so than with

a pure two-body force, which is chosen to fit two-body scat-
tering data and the binding energy. At large distances the
three-body force becomes attractive. The saturation curve of
nuclear matter is calculated by employing the same interaction.
In all calculations the Jastrow method including the 3rd
order terms is employed. Determination of this force enables
one to compare the ranges and the strengths with meson theo-

retical models.




COMPARISON OF THE COVARIANT AND NON-COVARIANT I.B.13
PION-NUCLEUS OPTICAL POTENTIALS

L. Celenza, L. C. Liu, and C. M. Shakin
Physics Department, Brooklyn College of City University of New York,
Brooklyn, New York 11210

We have compared a covariant optical po ential1 with several non-co-
variant analyses appearing in the literature©>”. The comparison was made
using the fixed 2catterer approximation and using the JIN interaction of
Londergan et al. Using a special definition of the spinor for an off-mass-
shell nucleons, we resolved unambiguously the kinematical transformation of
the off-shell pion-nucleon scattering amplitude. We have constructed an
optical potential containing only true dynamical off-shell effects. Owing
to the limited space, the full effect on the differential cross section of a
covariant calculation will be reported elsewhere.

The covariant angle transformation is illustrated in the figure and
compared with other ad~hoc transformationsZs3 for a case of off-shell (p#p')
scattering of pion from 12¢ at Tﬂ:(lab)hv'190 MeV.

1. L. Celenza, L. C. Liu and C. M. Shakin, "Covariant pion-nucleus opt1ca1
potential', to be published in Physical Review C.

2. R. H. Landau, S. C. Phatak and F. Tabakin, Ann. Phys.(N.Y.) 78,299 (1973]
3. M. G. Piepho and G. E. Walker, Phys. Rev. C9, 1352 (1974)
4. J.T.Londergan, K.W.McVoy and E.J. Moniz, Ann.Phys.(N.Y.)86, 147 (1974)
5. L. C. Liu, Nucl. Phys. A223, 523 (1974)
1 T T T T I T T T T
- covar iant
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I.B.14

IS LEVINSON'S THEOREM A NODE-COUNTING DEVICE?

H. S. Picker
Trinity College, Hartford, Connecticut 06106

ABSTRACT

It has been suggested that medium-energy N-N and W-W scattering data
indicate the composite structure of these hadronsl). An essential in-
gredient of the argument of ref. 1 is the assumption that the underlying
compositeness manifests itself by the appearance of a single node in the
medium-energy elastic scattering wave functions at short distances. I
note that in general, contrary to the implication of ref. 1, neither
Levinson's theorem nor its subsequent generalizations for nonlocal poten-
tials justify the inference that the number of such short-range nodes is
equal to (D(0) - D))/ , where ¥ (k) is the usual partial-wave phase
shift. This assertion is demonstrated transparently through the example
of a particularly simple nonlocal potential devised by Hellerz)- Heller's
potential gives zero phase shift at all energies. I show that its para-
meters may be adjusted to produce scattering wave functions with or without
short-range nodes.

1. D. D. Brayshaw, Phys. Rev. D 10, 2827 (1974).
2. L. Heller, in The Two-Body Force in Nuclei, ed. S. M. Austin and G. M.
Crawley, Plenum, New York (1972).




I.B.15
THE PION AS A PROBE FOR STUDYING NUCLEAR STRUCTURE*

M. K. Gupta
and
G. E. Walker
Indiana University, Bloomington, Indiana 47401

ABSTRACT

Using a fixed scatterer separable pion-nucleon interaction as input
in a microscopic theory of pion-nucleus reactions, we have studied pion-
nucleus inelastic scattering, charge exchange and quasi-elastic scattering
from light closed shell nuclei.

We have concentrated on the energy range T_ = 70 - 200 MeV. The
distorted wave impulse approximation, with a haff—off shell pion-nucleon
t-matrix has been adopted. As a result of these studies, we predict that
the pion probe (at energies below 100 MeV) will excite strongly nuclear
states not easily seen using other probes such as photons, electrons and
protons. In particular, odd parity T = O spin-flip states appear
prominently in the nuclear response spectrum. Representative results
supporting this conclusion will be shown. In addition the sensitivity
of the results to the particular optical potential used to generate the
distorted waves, the off-shell extrapolation of the pion nucleon t-matrix
and the dependence of the nuclear response on the initial pion kinetic
energy will be discussed.

*
Work supported in part by the National Science Foundation.
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I1.B.16
*
Dependence of the Off-Energy-Shell T-Matrix on the Total Three-Momentum

L. HELLER and G.E. BOHANNON, Los Alamos Scientific Laboratory, and

F. TABAKIN, University of Pittsburgh.

Using a potential theory which satisfies the requirements of Lorentz
invariance, the exact dependence of half-off-energy-shell T-matrix elements
on the total 3-momentum, 3, is presented for two spinless particles. This
is used to obtain a formula for the dependence of fully-off-energy-shell
T-matrix elements on 3. Comparison is made with other procedures for
transforming T-matrix elements from one frame to another, such as pion-

nucleon center-of-mass to pion-nucleus center-of-mass.

*
Work performed under the auspices of the Energy Research and Development

Administration.




The Effect of Short—ranged Unitary Transformations on the Rate of the Reaction 1r-do7'tm<'L
I.B.17
We R. GIBBS, B. F. GIBSON, end G. J. STEPHENSON Jr.

Theoretical Division, Los Alamos Scientific Laboratory, Los Alamos, New Mexico 8754k

Recently we have discussed the dependence in a kinematically complete geometry of the spectral
shape obseﬁed on the model assumptions used in & calculation of the photo-absorption of negative
pions from the stomic orbitals of deu'c.er:lum.1 We observed that the largest uncertainty arose from
the treatment of the short distance behavior of the nucleon-mucleon relative wave funciions in the
initial and final states, but that, for variations which we consider reasonable, one should be able
to extract the neutron-neutron scattering length to a few tenths of a fermi, On the other hand,

3

Sotona and ‘,’L"rul'lll'.k2 report a large effect on the p d capture rate and Sauer” demonstrated e large
effect in the extraction of the Coulomwb corrected proton-proton scattering length when short-ranged
unitary transformations are applied to the nucleon-nucleon scattering wave functions. Consequenily,
we have investigated the effect of short-ranged unitary transformations on the rate of the % photo-
absorption, including that transformation which gave Sauer's largest effect. Following Sauer, we use
a8 transform of the tyve

U =1-2|g}g|, ID@El = cr(l - pr)e T,
where C is a normalization constant. Our standerd wave functions are described in Ref. 1, being the
Reid Eoft Cere deuteron, & raS wove Sunction model Tor the scettering state, and an aicmic s-wave
orbital modified by the Born term of the multiple scattering series for the pion on the deuteror.
The operator was taken from Baer and Crowe.h Two features emerge from the results presented in the
Table. First, large effects can be produced for the case in which Sauer sees a large effeci (o = 3,
8 = 2) if the transformation is applied only in one or the other state. When the same transforma-
tion is applied to both states, the two operations nearly commute, due to the effective lorg range
ol the operator compared to the unitary transformation, thus removing the effect. Second, the
irdividusl effects disappear when the range of the transform is decreased. We estimate a 15°/o0 un-
certainty due to the neglect of higher order terms in the multiple scattering series and a 10°/0 un-
certainty due to our knowledge of the transition operator. Hence, while measurement of this rate can
distinguish between models in which the two states are treated similarly or very differently, it is

not very promising for distinguishing among cases where the states are transformed equivalently.

t Work done under the auspices of the U. S. ERDA

1. W. R, Gibbs, B. F. Gibson, anrd G. J. Stephenson Jr., Phys. Rev. Cl1, 90 (1975).

2. M, Sotona and E. Truhlik, Phys. Lett. 43B, 362 (1973).

3. P. U. Sauer, Phys. Rev. Lett. 32, 29 (1574).

L, H. W, Baer and K, M, Crowe, Proc., Int'l Conf. on Photonuclear Reactions and Applications, 1973.

Total radiative capture rate for different wave-function models

Model Standard a=3 g =2 a=5 g =2
Scattering Deuteron Both Scattering Deuteron Both
Rate x 100 1,53 1.00 0.85  1.56 1,50 1.50  1.53
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I1.B.18
*
Pion Charge-Exchange Scattering From Light Nuclei , W. R. Gibbs, B. F. Gibson,

A. T. Hess, and G. J. Stephenson, Jr., Theoretical Division, Los Alamos
Scientific Laboratory, and W. B. Kaufmann, Arizona State University.

10B(w+,ﬂo)loc as a means of studying

We have examined the reaction
nuclear structure properties and the charge-exchange mechanism. A full
multiple-scattering treatment was used with a separable form of the pion-
nucleon t-matrix describing the T-N interaction. Spin-flip contributions
were included. Because the initial state is J' = 3+ and the two final

+ and J" = 2+, the reaction can proceed by

particle-stable states are JTr =0
both the monopole and the quadrupole nuclear form factors. We find that the
quadrupole, spin-flip transition to the 2+ final state dominates the reaction;
the lack of strong forward peaking of the basic T-N charge-exchange amplitude
leads to the quadrupole dominance over the monopole as may be seen from the
figure. The calculation is in excellent agreement with the data(l). We have
13
C. We find

that these cross sections, which do include the analogue transitions, are

also examined the pion charge~ exchange reaction for 7Li and

about the same size as the 1OB cross section above TTr = 100 MeV implying that

analogue transitions are not dominant in pion charge-exchange scattering.
*
Work supported in part by the U.S. ERDA.

1. J. Alster, D. Ashery, S. Cochavi, M. A. Moinester, Y. Shamai, A. I. Yavin,
M. Zajider, E. D. Arthur and D. M. Drake to be published.
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The A Deperdence of the Pion-Nucleus Scattering Lengths' I.B.19
B. F. GIBSON and C. K. SCOTT
Theoretical Division, lLos Alawmos Scientific Laboratory
The s-wave x -nucleus scattering lengths have been analyzed to separate the isoscaelar and iso-
vector contributions as a function of mass mummber. The scattering lengths determined by Hufner,
Tauscher, and wilkinl (HIW) were used. A natural choice of a parametric form for the scattering

lengths is _
alx(N,2)] = a A+ a.l(N-Z) +b A+ bl(N-Z)/A,

where 8= -5110-3p._1 and a8, = -87110_3;1-1 (1 is the pion mass) are the isoscalar and isovector compo-
nents of the free n-N scattering lengt;hs.2 Excluding 61.1 and DB from the analysis, we found
b = (~20.7 + 17,2010 and b /A% = (#h.9 = 11.W)xa07 T,

A comparison of the fit with experiment is given in the Table. A typical discrepancy is that for
120, —(16%9) + 1(1149), where the theoretical uncertainty in Sexp is probably underestimated. The
quality of the fit implies that the parameters contain the essential features of n-nucleus scattering
lengths for N-Z £ 1 nuclei. Data for N-Z 2 2 nuclei are required to determine the isotensor term,

From the present phenomenology of N-Z = 0,1 nuclei there are several tentative conclusions which
suggest further experimental and theoretical work: (a) The 6Li and DB scattering lengths do not fit
the mass number systematics., (b) The value of bl indicates a substantial contribution from peirwise
interactions, {c) Re(s.l-i— bl/A) vanishes in the vicinity of A°= 170, with the obvious ccnseguences
for ' and % scattering length relations above and below Ao. (d) For charge exchange scattering to
the isobaric analogue state the real part of the scattering length venishes near A = Ao. (e) The

present it casts doubt upon the wvalidity of the cluster hypothesis of HIW,
: o

Work performed under the auspices of the U. S. Energy Research and Development Administration.
1 J. Hufner, L. Tauscher, and C. Wilkin, Nuclear Physics A231 (197h4) LSS5.
2 D. V. Bugg, A. A, Carter, and J. R. Carter, Physics Letters LiB (1973) 278.

Table. The s-wave n -mucleus scattering lengths in units of 10_3;1.-1. The 8axp VETE taken as the
average of the values quoted by HIW, The 8.g1c 8T the values resulting from the present fit.

(n,2) 8exp 8 alc (N,2Z) 8exp 8. alc
l’He ~100 + 131 -103 + 129 2°Ne 492 + 1125 =514 + 1144
b1 132 + iko 154 + 143 Tt -230 + ik1 -233 + i1
105 -275 + 180 -257 + 172 IBe -281 + 156 -2Th + 152
12 324 + 197 -308 + 186 Uy -357 + 194 316 + 16k
Ly 362 + 190 -360 + 1101 g 481 + 1105 482 + 1110
26, 391 + 1106 -h1l + 1115
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1.B.20

ON PIONIC DEGREES OF FREEDOM IN NUCLEI

Erich Vogt
University of British Columbia
Vancouver, Canada

Many authors have recently speculated on the possibility
that a pion forms N* doorway states before it is absorbed in a nucleus.
Perhaps the pion may also form other doorway states, more intrinsically
nuclear, in which it is associated with many nucleons rather than a
single nucleon. This possibility could be explored in studying the
excitation function of partial absorption cross sections for final states
in which only two fragments occur. Kinemetically such states are easily
distinguished from those in which fragment emission occurs as the second
step in pion absorption by two nucleons: in the latter case a single
fast nucleon will normally accompany the fragments. The two-fragment
processa , though probably small in their partial yield, should be
especially sensitive to any pion-many-nucleon doorways. These could
manifest themselves as resonances, superimposed on the primary N* doorway
resonance, in the excitation functions. The presence of such resonances
in several two-fragment exit channels could establish them as pion
doorways and not cross section fluctuations. They would be a direct way
of exhibiting pionic degrees of freedom in the nucleus. As in many other
areas of nuclear physics one should look for doorway states in those
partial cross sections most likely to exhibit them. An experiment at
TRIUMF is underway1 to search for resonances in fragment emission.

1
P.W. Martin, et al, (private communication)



I.B.21

INELASTIC TWO-BODY CONTRIBUTIONS TO PION MULTIPLE SCATTERING--
J.T. Londergan, Indiana University, and E.J. Moniz, MIT.

The pion-nucleon scattering amplitudes are highly inelastic, indi-
cating a strong coupling to production channels, mainly N — TTTN.
Because the inelastic component of the basic two-body interaction is
large, a consistent multiple scattering theory for pions should include
effects arising from the coupling of inelastic nN channels. We show
how to generalize the conventional multiple scattering theory to cal-
culate pion elastic scattering from nuclei, using a multichammel
separable potential for the pion-nucleon scattering amplitude and
employing the fixed-nucleon approximation. This procedure yields
extra terms, not present in the conventional formalism, which we sep-
arate into two types: (1) excitation of the pion, both above and below
inelastic threshold, and subsequent propagation through the nucleus.
We refer to this process as inelastic shadowing. This includes the
contributions from processes such as * N pN and ©* N € N. (2) isobar
production, e.g. t« N~-» /. We examine both the qualitative and
quantitative effects of both process on pion multiple scattering.

For the inelastic shadowing term, we show that qualitative estimates
of this effect can be obtained from a knowledge of the pion-nucleon
elastic scattering phase shifts plus specification of the inelastic
threshold energy, that is, without any detailed information about the
inelastic channels. We also show that the inelastic shadowing con-
tribution is similar to the contribution from two-nucleon correlations,
and we compare the size of these effects for pion scattering. We

show the modification of the first-order optical potential necessary
to account for inelastic shadowing effects. The isobar production
contribution to pion elastic scattering involves the calculation of
inelastic rescattering terms. We evaluate these terms for scattering
of pions on very light nuclei and investigate this effect for energies
near, and above, the N FP35% resonance.

67



68

I.B.22
Glauber Type Representation For #Nonlocal Potentials
B.S. BHAKAR
University of Manitoba , Winnipeg , Canada

It is wellknown that a Glauber representation1 for the

scattering amplitude is quite successful in explaing the data
in the high energy domain . The main results of the formalism
has been obtained assuming a local potential . As it is a common
practice to incorporate effects of inelasticity , various
exchanges , and energy dependence near a resonance by means of
a phenomenological nonlocal potential , it should be of
considerable interest to extend the Glauber representation for
a nonlocal potential . Earlier attempts in this direction have
been made by Ma]enka2 and Abarbane]3 who have extended the
formalism for spinorbit and L2 type potentials . But these
potentials depend on the velocity to a finite power . In the
present study , we have sttempted to generalize the formalism
for a nonlocal potential which may be written as

VY = [dd viat) (%)
Such a potential is equivalent to introduction of all powers
of momentum in the interaction . Following G]auber1 » We assume
the scattered wave of the form LR

a
P = e T LI

The amplitude is derived by neglecting higher order derivatives ol

F%é)beyond first . This approximation is not equivalent to the
low energy approximation of effective mass type

References

1) R.J.Glauber,Lecture in Colorado Summer School,Vol.1l,p.315.
2)B.J.Malenka,Phy.Rev.95 ,522(1954).

3) H.D.I. Abarbanel,Lecture in Colorado Summer School,Vol 14A,




AMBIGUITY IN PI-NUCLEUS OPTICAL POTENTIAL I.B.23

J. Haak and A. Lande
Groningen University

and

F. Iachello
Kernfysisch Versneller Institute, Groningen, The Netherlands

Rec:ently1 we have emphasized that in consequence of the near cancellation
of the isoscalar scattering lengths, bg = 3-(23.3 +aq) =~ 0, the finite range ofthe
s-wave T-N interaction gives rise to appreciable contributions to the strong
interaction shifts of m-mesic atoms. We consider here the related ambiguity
originating in the coupling constants of the m-N interactions. To illustrate
this, we parametrize the s-wave interaction in terms of t-channel exchanges;
i, T=0 "g'" exchange, mm, T=1 p-exchange, and a hard core?

Hett | } H |
l:: = ::i + F:P: :; + —.'_C:;l

Mo 4
V(r) =V

+t- + —.
o pcr 'er ppr VHC 3! r

Fixing ug=1. 82, pp=3. 78, ugc=9-8 frm 1 we generate a set of phase shift
edquivalent potentials whose scattering lengths and effective ranges are
identical within 1% (i. e. well within experimental uncertainty).

To evaluate the shifts we solve the Lippmann-Schwinger equation for each
V(r) to generate the non-local T -matrix, extract a local approximation to it,
'I(r) P(r)=V(r)P(r), and fold T into the nuclear density to obtain the optical po-
tential. To focus on the finite range contribution the zero range contribution
is subtracted out, and the remamder is added to the optical potential: 3
by=-0.03 p-1, by=-0.08 =1, Im Bp=0.04u"%, Cy=0.21 p=3, Im Cy=0. 14p"°,
g 1. For 52Cr, in the absence of the finite range contribution, AE2p=-1.72
keV, F2p=4. 81 keV. The total shift AEZP increases linearly with the strength
of the longest range component of the m-nucleon interaction.

Potential \'2 A\ v a a AE I‘
— _c _p HC 3 1 _2p _2p
MeV) (GeV) (GeV) (fm) (fm) (keV) (keV)
1 -26 2.2 14.6 .1239 -,2434 -1.97 4.79
2 -179 3.2 71.3 .1237 -.2430 -3.35 4.77
3 -301 4.0 156.9 .1240 -,2413 -4.49 4,81

1F Jachello and A. Lande, Phys. Lett. 50B (1974) 313.

23. Hamllton in High Energy Physics, Vol. 1, Academic Press, N.Y. (1967)
E. Burhop, ed. pp. 193-339,

3M. Krell and T. E. O. Ericson, Nucl. Phys. Bi1 (1969) 521.
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1.B.24
Pion-Nucleus Multiple Scattering and Nuclear A-h States*

M. Hirata, Brown University
and F. Lenz and K. Yazaki, M.I.T.

In the standard description of pion nucleus multiple scatter-
ing, the c.m. motion of the interacting m-N subsystem is frozen
as a consequence of the usually employed fixed scatterer approxi-
mation. We relax this approximation and include the propagation
of the m-N system and its interaction with the residual nucleus.
This results in a description of the scattering process as
multiple excitations of the nuclear A-h states. A systematic
expansion is presented, in which the static optical potential
appears as the first order term and corresponds to the closure
limit for the A-~h state.

In solving the equation of motion of the A-h states, we take
into account the Fermi motion of the nucleons and the binding
correction. In particular, this allows to study the possible
influence of the A-nucleus ihteraction on T-nucleus scattering.
Non-static corrections to the m-N-A vertex are included which
corresponds in the limit of no Fermi motion and no binding cor-
rection to the angle transformation of the m-N (33) amplitude.
Higher order optical potential contributions describing the Pauli-
quenching effect are contained in our description and shown to
be equivalent to the Fock term in the equation of motion of the
A-h states. As a practical example, we calculate m- 4He elastic

scattering.
* Work supported in part by ERDA.




A DWIA CALCULATION OF THE ->c(r,7°) >N(gs) CROSS SECTION 1.B.25

T-S. H. Lee
Bartol Research Foundation
of the Franklin Institute, Swarthmore, Pa. 19081

K. Kubodera
University of Tokyo, Tokyo, Japan and

J. D. Vergados
University of Pennsylvania, Philadelphia, Pa. 19174

ABSTRACT

The 13C(n+,ﬂo)13N(g-s) cross section has been studied within
the framework of the Distorted Wave Impulse Approximation (DWIA).
The appropriate pion optical potentials and the single charge
exchange transition operator were obtained from the finite mw-n
off-shell t-matrix of Londergan, Moniz and McVoy. Realistic
nuclear densities were used. The various non-local effects were
included exactly by performing the DW calculation in momentum space.

At energies close to the (3,3) resonance the predicted cross-
section remains essentially flat exhibiting a small minimum. This
minimum is less pronounced than in previous calculationsl based on
the Kisslinger and Laplacian models. Our predictions, however,
strongly disagree with recent experimental data both in shape and
in magnitude (a factor of five too small).

Harmonic oscillator (H<0) and Woods Saxon (W-S) wave functions
and densities were tried. Such effects were small and unable to
cure the disagreement with experiment. It seems that the problem
lies with the DWIA itself. Other reaction mechanisms are currently
under study.

KISSLINGER \ o | aPLAaC|AN

01

so 100 IS0 200
E— MeV

1. N. Auerbach and J. Warsawski, Phys. Lett. 45 (1973) 171.
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I1.B.26
PION ELASTIC AND CHARGE EXCHANGE SCATTERING ON “He

D. A. Sparrow
Nuclear Physics Laboratory, Department of Physics and Astrophysics
University of Colorado, Boulder, Colorado 80302

ABSTRACT

The subject of pion scattering from nuclei has received considerable
attention recently. In particular, pion charge exchange reactions are of
interest because of large discrepancies_between theoretical predictions and
experimental results for the CCH+,ﬂ°)13N .s. cross section.l Study of
the reaction 3He(n_,ﬂ°)3H has been proposed“ as a means to help clarify
these discrepancies, since detection of the recoiling tritons would allow
measurement of the angular distribution, as well as the total cross section.

The scattering is treated within the framework of the Glauber approxi-
mation, using a simple model for the scattering amplitude, which includes
spin-flip. Only the leading component of the A=3 wave function was retained.
Reasonable agreement is obtained with the elastic scattering data at 154 MeV.

The contributions of spin-flip to the elastic scattering are generally
small. For the charge exchange reaction however, at energies below around
250 MeV, the spin flip mechanism can contribute up to 50% of the total cross
section as well as dramatically influencing the angular distribution. A
3He01_,3H)ﬂ° experiment in which the recoiling tritons were detected to

determine the angular distribution of the scattered pions would be very
desirable.

1. J. Alster et al., Bull. Am. Phys. Soc. 20, 84 (1975).
2. J. M. Eisenberg and V. B, Mandel zweig, preprint.



I1.B.27
PION ELASTIC SCATTERING FROM ALIGNED TARGETS

M. S. Iverson and E. Rost
Nuclear Physics Laboratory, Department of Physics and Astrophysics
University of Colorado, Boulder, Colorado 80302

ABSTRACT

It was suggested1 some time ago that the differences in the interactions
of M and T particles with neutrons and protons can be used to investigate
relative neutron and proton densities in nuclei. The use of aligned targets
with mt and ™~ beams presents considerable advantages for the extraction of
neutron density information. As a framework for estimating Bion scattering
from aligned targets we use the Kisslinger optical potential“ including a
deformed nucleon density distribution.3 The reorientation effects are
treated using the distorted wave Born approximation (DWBA) which is found to
be very accurate even for the large deformation B ~0.33 appropriate for

Ho. The deformation effect is found to be

g%(aligned) - %%(unaligned)4~ (B2/B2(max) - %) Re(f(o)f(l)*) where f(o) is the

elastic scattering amplitude from a spherical nucleus and f(l) is the ampli-
tude for a quadrupole transition from a spherical ground state (L=0 to L=2).
This difference is linear in 8 and allows for the differentiation, in princi-
ple, of Bp and B, deformation effects.

1. E. D. Courant, Phys. Rev. 94, 1081 (1954);

A. Abashian, R. Cool, and J. W. Cronin, Phys. Rev. 104, 855 (1956).
2. L. S. Kisslinger, Phys. Rev. 98, 761 (1955).
3. G. W. Edwards and E. Rost, Phys. Rev. Lett. 26, 785 (1971).
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1.B.28
Geometrical Indication of Dips in Diffraction Pattern

N. Nakamura, T. Kohmura*) and T. Negishl*)
Department of Physics, Tokyo University of Science, Tokyo
Department of Physics, Tokyo University of Education, Tokyo*)

There exist some peaks and dips in the angular distribution for nuclear
elastic scattering at intermediate energies. Two of the present authors i
pointed out that the diffraction pattern has a universal (scaling) feature
almost independent of the energy oﬁgphe target with the first dip at the
momentum transfer squared gq*=0.6A (GeV/c)* and with the second peak at
q2=0.9A_23 (GeV/c)z, and that this universal feature is accounted for by a
geometrical picture of scattering. It was recently observed that, as the
energy goes up into the high energy region, the pattern of the angular dis-
tribution gradually changes with the energy: the first dip gets deeper and
the second peak higher, both being located at nearly same momentum transfers
squared as in the intermediate energy region. Here, we will present some
results of our present analysis on the geometrical indication of the dips.

The analysis is based on the eikonal expression for scattering, assuming
the optical potential V(r) acting on the projectile. The optical potential
being complex, the phase function y(b) in the expression consists of the
real part ap(b) and the imaginary part Bp(b).

In terms of the phase function, the real and the imaginary part of the
scattering amplitude is expressed;

ReF(q) kfe-ﬁf’lb) sin[ctp (b)1 Jo(qb)bdb, (1)
InF(q) kf{l—e_Pf(M cos [ap(b)1} J, (gb)bdb,

the integrands of which are a peaked function and a cut-off function (see
Fig. 1) of b multiplied by a periodical function Jg (gb)b with a period
determined by q. The zeroes of ReF(q) and ImF(q) are predictable owing to
the periodicity.

Let us express the i-th zero of Jo(z) by A%. Zeroes of ImF(q) are
predicted to be located at around g=A ,L/R with the nuclear radius R, while
zeroes of ReF(g) at around q—)\i/b° with p(b,)=1/8.

A dip in the angular distribution corresponds to a zero of ImF(q), and
its depth is determined by ReF(q) (Fig. 2). Since the value of e P sinap is
of the order of a/Be, the depth of the dip in the log(dc/df) plot is predicted
to be log(a/BeY' . The dip gets deeper with an increase of the imaginary
part of the optical potential, i.e., with the energy.

Our present prediction of the first dip to be at g= A% /R coincides with
the result of the previous work which predicted the dip at g=A] /R, since A%
is nearly equall to Xﬂ.

References
1) T. Kohmura, Lett. Nuovo Cimento 8 (1973), 956.
T. Negishi and T. Kohmura, Prog. Theor. Phys. 51 (1974), 518.
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Pion Scattering at Resonance Energies and I.B.29
Nuclear Correlations within Nuclei

Tsunejiro Negishi and Toshitake Kohmura
Department of Physics, Tokyo University of Education, Tokyo

Nuclear phenomena at incident momenta of several hundred MeV/c are
supposed to be sensitive to the nuclear correlations within the nucleus.
Nuclear scattering at intermediate energies is, however, well reproduced by
a simple nuclear model:; for example by the Glauber approach. Thus, the
short-ranged correlations have not manifested themselves in nuclear events
yet.

The forward scattering amplitude F(0) for pion scattering from nuclei
in the resonance energy region has been obtained in the experiments.” The
energy E, at which the real part of F(0) is zero deviates from the resonance
E, for pion scattering from nucleons. Here we discuss that this deviation
of the energy comes from the off-the energy-shell effect of the propagctors
which has an intimate relationship with the nuclear correlations in scattering
process.

The Glauber approach, predicting that F(0) should be purely imaginary
at the resonance energy, fails to account for the deviation of the energy.a’
In its expression, the off-the energy-shell part of the Green's function do
not make much contribution to the nuclear scattering amplitude. Therefore,
in the Glauber expression, multiple scattering is brought about with such a
probability as <1/ (kry*> dully sensitive to the nuclear correlations, while
in the exact scattering theory, with a probability as <e‘k"/kr> sharply
sensitive to the correlations at higher energies.

We formulate a correction to the Glauber expression for the nuclear
scattering amplitude in order to evaluate the deviation of the energy E,
from E,, reffering to Sugar and Blankenbecler.® The formalism is generaliz—-
ed to the scattering from a composite system. We have obtained the pion-
nucleon potentials from the Fourier transformed of the pion-nucleon scattering
amplitude in the formarism. The nuclear wave functions are used of the
harmonic oscillator model.

one of our results R=ReF (0)/ImF(0) is shown in Fig. 1. The correction
to the Glauber expression makes the energy E, shifted down close to the
experimental one. The present result does not, however, fit to the experi-
mental data over all the energy region. This discrepancy may be explained
by the nuclear short-ranged correlations, which is neglected in our present
analysis. The correction terms are very sensitive to the nuclear correlations.
The real part of the forward scattering amplitude, which comes dominantly
from the correction terms, is a physical quantity to give some information

on the nuclear correlations. Lo R = ReF(0)/ImF(0)
References Experiments - C"?
\

1) C. Wilkin, C. R. Cox, J. J. Domingo 0.5}
K. Gabathuler, E. Pedroni,
J. Rohlin, P. Schwaller and
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Phys. Letters 33B (1970) 601.

3) R. L. Sugar and R. Blankenbecler, ~ !0
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PION SCATTERING FROM A BOUND NUCLEON I.B.30

Y. Nogami and K.K. Bajaj
Phys. Dept., McMaster Univ., Hamilton, Ont., Canada L8S 4Ml

ABSTRACT

We examine the validity of the impulse approximation for
pion-nucleus scattering at medium energies by doing a model cal-
culation in which a pion is scattered from a nucleon bound in a
harmonic oscillator potential. The Hamilton we assume is

2
= b_
H HN + H + HI where HN 5wt Vir)
Hw = J k ax
HI = - )\ 3 dkdk' 9( )g(k ) P(k k')ak klei(,.]s'——]g) .\E
(2m) Yow’

P(k,k') is a projection operator such that, when the nucleon is
free (V=0), Hy acts only in the 33-state. The "shell model
potential" is

Vir) = % mnr2 where n = 41 A_l/3 MeV
and m = nucleon mass. In the following we denote a free nucleon

by Nf and a bound one by Ny.

The 7Nf amplitude (for V=0) is obtained exactly; A and
g(k) are determined such that 7Ng¢ data including the A(1236)
resonance are reproduced. For the 7mNp amplitude, we obtain it in
the orders of A and A2, and then use the Padé approximant. [Thii
is the only approximation in our model calculation.] For the A
term, we do the summation for intermediate nuclear states exact-
ly. We find that the closure approximation which is often used
for this summation is very misleading. In this respect it is of
crucial importance to treat the nucleon recoil consistently.
This point seems to have been overlooked in similar analyses done
before.

For example, for A=16 which simulates 16O, we find
that; i) the resonance energy [where Re (forward scatt._amp.)
=0] is at ~ 160 MeV of the pion kinetic energy in the m-160
laboratory system. This is about 30 MeV lower than the corres-
ponding energy for mwNf. ii) The total cross section at the
resonance is ~ 300 mb which is to be compared with ~ 200 mb for
TNf. The elastic cross section is also enhanced for forward
angles. It is thus clear that the impulse approximation is very
poor for this model case. We are examining various other fea-
tures of the model, and also the accuracy of the Padé approximant.




SERIOUS AMBIGUITIES IN INELASTIC PHASE SHIFT ANALYSIS

Hugh Burkhardt

‘Department of Mathematical Physics

University of Birmingham, England

ABSTRACT

In the region above the inelastic threshold there is a
continuum of amplitudes which give the same experimental
observables. This is because the unitarity condition,
which in the elastic region allows the determination of
the complex scattering amplitude from the real cross-
section ( and other observables if there is spin ),
becomes only an inequality constraint which allows a
continuum of angle dependent phase functions. In prac-
tice this ambiguity is usually serious, though it is
.often unrecognised because artificially restricted
parametrisations are used to give a unique, but arbit-
rary solution.

Extra theoretical input of a dynamical nature can in
principle remove the continuum ambiguity but, because
numerical analytic continuation is always implied,

only with data of absurd accuracy. Thus unique answvers
can only be found in practice by introducing model-
dependent assumptions; it is important to recognise this
and to ensure that these assumptions are as dynamically
plausible as possible.

I1.B.31
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Effective Isospin Potential in Nuclear Excitations 1.B.32

RENZO LEONARDI
I.N.F.N. Sezione di Bologna (Italy) and Facoltd di

Scienze dell'Universitd, Trento (Italy)

We have discussed(l)some isospin effects in strength distributions of
excitations carrying a unity of isospin on a target T (isovector excitations).
In particular we have discussed the way in which the centroid energies split
among the three available isospins T - 1, T, T + 1. The energy separation
between these three energies is given in terms of an isoscalar, an isovector,
and an isotensor effective potential. This last potential, not yet considered
in the literature, has been proved to be systematic and significant in size.
In order to illustrate the origin and the meaning of the isotensor potential
we focus on excitations induced on & nucleus T by the transfer of two parti-
cles coupled to isospin T = 1 (or two holes or one particle and one hole).

If the indices 1 and 2 label the nucleons of the pair and o, B label the nucle-
ons of the target and one treats the interaction of the pair with the target
perturbatively, it can be shown that 1) the isotensor potential emerges from
second order effects and 2) it can be profitably expressed a) averaging on the
isospin of the target b) on the isospin of the pair c) averaging on the iso-
spin of both. We have in the three cases respectively:

a) V12 (tensor) = K12 [3(%1.%)(€é.%) - (T + 1)(%&.%é)]
b) Vg (temsor) = K o [3(:;&'—{)(%8'—;) - o+ 1) '%B)]

v t = Vv > - +> >
¢) (tensor) t [3(1.'1')2 # 3T - (T + 1)]
2 L
In the zero range approximation (V. =V 8 -r K K v b
ge app mation ( 1o o (r1 a) ) 107 Kygo Uy con De
simply expressed in terms of the (microscopic) interaction strength V_, the

0
density distribution of the neutron excess pair of the target Pen? the density

distribution of the transferred pair p and a mean energy denominator (generally
negative) arising from perturbation theory to second order.

2 2 2
Vo > > V0 > > V0 ->
K = — - — - — 1 1 t
12 % Pen (rlrz), KaB = p(rars), Vt = jp(r T )pe (r r') dr d4r
Isotensor effects can be measured remembering that
T(E - E - + - = ]
( - T) (T IXET T _ 1) pure isotensor effects

(1) Submitted to Phys. Rev.



1.B.33
On the Interaction of Slow JQ?Mesons with Nuclei

G.Go.Bunatian
Joint Institute for Nuclear Research

The /Tt meson-nuclei interaction is described with the
help of the effective quasipotential V cpe Por JCmesicatoms
not only commonly observed transitions (for them we have a
satisfactory degeription) but also the binding energy Ene’
width P ne and &)ne function have been thoroughly investigated
for different (ne) states of the J{ -meson (see for example
fige1)e The Ene,r,:,e values depend on the form of the wavefunc-
‘tions which are small inside the nucleus
for all states including 1S. Since the

value offge,'nuclear shift in Ene’ is

m| @4 . determined by the overlap ofd_;)nefuncti-
m%%fﬁ’”ﬁ Al g ons with nucleus, hence it strongly de-
A pends on 1, [15¢> D/‘S' " qu ~£s5d ¢

We have investigated the dependence of

ke
i Jes i 208pg 7 Ewsne
2 rm'w

160 *

ép
0 55 @t jgs/%—'&/ﬁ 89 2 45,

a0 | all results on the veff parameters, in
1 g particular on nuclear density distribu-
it sy S 4 8 . . .6 . .

o 4 tion (for light nuclei e.g. Li~ it is
- very strong). For the elastic scatte-

ringYin-on nuclei the dependence of
the cross section on veff parameters
has been carefully studied as well, In
fig.2 the dash~point curve was obtained
taking into account the Lorentz-Lorenz
effect and pair absorbtion; the dashed
curve — without considering the Lorentz
~Lorenz effect, and solid curve was ob-
tained +taking into account niether Lo-
rentz-Lorenz effect nor pair absorbtion.
In most cases as well as in case illus-
trated in fig.2 the description of the
\C/experiment cannot be considered satis-

o factorye.
ek §ig.2
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Calculation for the reaction K™d »m Ap with two-step process

T. Ishihara, Y., Iwamura and Y. Takahashi
Science University of Tokyo, Shinjuku-ku, Tokyo, Japan

E, Satoh
Seikei University, Musashino-shi, Tokyo, Japan

An enhancement in the Ap invariant-mass distribution near
2130 MeV has been reported from a study of the reaction K d-wap
by several experimental groups., In particular, the data observed
by Cline et alVare quite interestingjthere are two peaks just
below 3N threshold and just above AN threshold. The physical
meaning of these enhancements is not clearly understood so far
partly because of the difficulties of the relativistic calcu-
lation of triangle diagram shown in fig.l.

We have applied Shapiro's model®to caloulate the triangle
diagram, here we used Hilthen type deuteron wavefunction at
vertex A, Y,(1520) at vertex °
B and Satoh's two body Pax
matrix@,) in whioch Z A con-
version is explicitly taken
into account, at vertex C.
Then we come to conclusionss
(1) the two peaks are natu-
rally and automatically ap-
peared if we use the Tasx
matrix at vertex C, (2) the
positions of the two peaks
are essentlially depending on
the Taz matrix, (3) the peak
just below X N threshold is
due to the Ap resonance(not
cusp effect) which would not
be able to be explained 2000 2100 2200 2300
without considering s A con- M(Ap) (MeV)
version at vertex C and Fig. 1. Ap invariant mass spectrum
(4) the peak just above AN and trianele dia
threshold is due to two-— gLe diagram.
channel final state interaction, its characteristic is inoluded
in the Taz matrix. The result of our calculation is shown in
fig.l so as to compare with the experimental data by Cline et al.
Caloulated cross secticn is drawn by solid line in fig.l. The
half width caloulated with the paramrters fitted to the cross
section was estimated to be 7.l MeV whereas Cline et al esti-
mated to beT £ 10 MeV.

1. D.Cline et al, Phys. Rev. Letters 20, 1452 (1968)
2, I. 8, Shapiro, " E., Fermi " course 38, p.210 (1967)
3. E., Satoh, Nucl., Phys. B49, 489 (1972)
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I.C.2
THE ROLE OF A33 - ISOBARS IN PION CONDENSATION AND PION SCATTERING

G.E. Brown and W. Weise

Department of Physics, State University of New York
Stony Brook, N.Y. 11794

In an investigation of pion interactions with nuclear matter, the Ajxgj
isobar has been introduced into a many-body description of the nuclear medium.
The isobar is assumed to interact with nucleons through meson exchange mecha-
nisms, mainly the exchange of pions and p mesons, supplemented by short range
repulsive correlations generated by w mesons. Coupling constants, as far as
they are not known from isobar decay, are derived from quark model consider-
ations.

The isobar enters as an excitation channel into the pion self energy in
the nuclear medium and therefore determines the response of the system to ex-
citations carrying the quantum numbers of a pion. Two cases of interest are
studied:

1. Pion condensation in dense neutron matter, which is of some relevance for
neutron star dynamics. A realistic calculation of the critical density Pc fo;
negative pion condensation has been carried outl, giving pg = 2 p, (in units
of nuclear matter density, Po = 0-17/fm3). If isobars are not included, the
critical density becomes larger than 3 Po- Repulsive isobar-hole correlations
(mainly the Lorentz-Lorenz correction plus additional pieces due to p meson
exchange) turn out to be extremely important. The equation of state for dense
neutron matter in the presence of a pion condensate is also studied.

2. Pion scattering in nuclear matter is described in terms of the coupling of
a pion to a T = 1 spin~isospin mode built up by isobar-hole correlations
(among which the one-pion exchange piece alone generates the conventional mul-
tiple scattering series). Self energy interactions of an isobar in the nuclear
medium are estimated and found to be nearly as attractive as those of a nuc-
leon. Neither the position nor the width of the 3.3-resonance in nuclear mat-
ter is found to undergo drastic changes due to the coupling to many-body de-
grees of freedom?

References:
l. S.-0. Backman and W. Weise, Phys. Lett. 55B, 1 (1975)

2. G.E. Brown and W. Weise, in preparation.




- ++ * I.C.3
THE (p,m ) REACTION AND A = COMPONENTS OF NUCLEI

Leonard S. Kisslinger and Gerald A. Miller
Carnegie-Mellon University, Pittsburgh, Pa. 15213

ABSTRACT

The single pion production process (p,m) is an especially promising one
for exploring new aspects of nuclear structure. The momentum transfer at the
m-production threshold is about 2.5 fm™ so that for the single nucleon mech-
anism one deals with high momentum components of nuclei. It has recently been
shownl that by using new developments in the treatment at the pion optical po-
tential, it is possible to calculate the known (p,m ) cross sections with
satisfactory agreement with experiment. Here we make use of these theoretical
developments for (p,m ) to study the (p,m ) reaction, where quite different
physics enters.

For momentum transfers of 22 fm1 one can expect not only to explore the
high momentum components of ordinary nuclear wave functions, but also to begin
to be sensitive to meson degrees of freedom. The main point is that nuclear
vertex functions for nucleon transfer drop very quickly for momentum transfer
22 fm~! while the high spin and angular momentum properties for baryon reso-
nance transfers provide relatively large high momentum components, especially
at the nuclear surface. -

The (p,m ) should be especially promising for exploring A components of
nuclei because the reaction can proceed via a single A** transfer mechanism.
In the present work we use an isobar model in which the baryon resonances are
treated on the same footing as nucleons.? For the deuteron, the A-A compo-
nents have been calculated in perturbation theories and in coupled-channel
calculations. However, adequate quantitative techniques for handling the
many body problem have not yet been developed. Hence a qualitative model
based on perturbation calculations?® is used. The overall normalization is
the biggest uncertainty. We observe that nuclear collective modes involving
spin and isospin will play a dominant role, so that the role of baryon reso-
nances is deeply involved with interesting nuclear structure physics.

In order to assess the utility of the (p,m”) reaction in learning about
A" components, it is necessary to evaluate the cross sections for the "ordi-
nary nuclear" or "background' processes which compete. We consider the
following terms: proton charge exchange (p,n) followed by an (n,n”) reaction;
emission of a 7°(p,n°) followed by a pion charge exchange reaction (v*,n”).
These should be the main background processes. Distorting optical potentials
must be used for all of these processes.

Estimates of the cross sections at several energies are made. As the ener-
gy increases from threshold, the A*Y transfer processes stand out from the
background. Even with A probabilities as small as .0001, the A transfer pro-
cess can compete with the ordinary background charge exchange reactions_at
medium and high energies. Furthermore, there is strong dependence on N spec-
troscopy so that by choosing suitable nuclei one can get excellent tests of
the baryon resonance models.

*Supported in part by the National Science Foundation.

1. G. A. Miller, Nucl., Phys. A 224, 269 (1974); G. A, Miller and S. C. Phatak,
Phys. Letters 51B, 129 (1974).

2. S. Jena and L. S. Kisslinger, Ann. Phys. (N.Y.) 85, 251 (1974).

3. R. Schaeffer, L. S. Kisslinger, and E. Rost, to be published.
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ON THE EXCITATION OF THE N (1236) IN NUCLEI I1.C.4

M. Dillig, M. G. Huber
Inst. for Theor. Physics, Univ. of Erlangen-Niirnberg, Germany

The excitation of a bound nucleon into the N*(122§) resonance
has been investigated in a particle hole model’, for the case
of light nuclei. It turns out that interesting features are
expected to occur such as a collective shift of the center of
gravity of the excitation spectrum and a (possible) fine struc-
ture, which might be detectable in reactions under appropriate
kinematical conditions. The details of the collective excita-
tion spectrum depend on tae structure of the target nucleus

and the strength of the N -interaction.

First steps towards a quantitative investigation of the model
mentioned above have been performed:

1. ACAYXN) interaction has been derived on the basis of a One-
Boson-Exchange-Model (with the exchange of =, h,8 ,8 mesons) ;
a consistent set of coupling constants could be obtained
from different models (expecially from the quark model);

2. the binding energy of an N*(1236 in light nuclei has been
calculated, including 15t and 2nd order contributions. It
turns out, that a corresponding single particle potential
for a A in a nucleus is comparable or somewhat stronger
than the single particle potential for a nucleon.

3. The width of a bound N* has been calculatet in 15t order
perturbation theory for the nN, N, n, NN chgpnels. At least
for these channels the total widths of an N* is significantly
reduced compared to freec & 120 MeV. An estimation of the
nNN channel is in progress.

4. An estimation of collective effects resulting from the NA
residual interaction is under way.

The results of the calculations are compared tg experimental
data available for light nuclei (deuteron and “He). The in-
vestigation of those collective excitations of the nuclear
(3,3) resonance may lead towards a better unterstanding of
both the NN* interaction and the properties of the nuclear
many body problem.

1. M. Dillig, M. G. Huber, Phys. Lett. 48B, 417 (1974)
2. M. Dillig, M. G. Huber, "Mesonic Effects and Nuclear Struc-
?ure")(Ed. K. Bleuler, Wissenschaftsverlag, Mannheim, p. 80
1975




NN* ADMIXTURES IN THE DEUTERON I.C.5

E. Rost
Nuclear Physics Laboratory, Department of Physics and Astrophysics
University of Colorado, Boulder, Colorado 80302

ABSTRACT

In view of the current interest in nuclear isobars in a nuclear physics
context, a semi-phenomenological calculation was performed considering NN*
admixtures in the deuteron for all presently accepted N%¥ isobars. The Reid
hard core potential was used for the NN components with its intermediate
range attraction modified by the presence of the NN* components. The
renormalized strength of the intermediate range attraction was treated as
the eigenvalue in a coupled-channel bound state system, the deuteron binding
energy being constrained to equal the measured value of 2.225 MeV. The inter-
actions coupling the NN* with the NN components and the diagonal NN* inter-
actions were generated by a generalized OPEP potential with coupling constants
directly obtained in terms of experimental N¥* — TN widths. The results of the
coupled channel calculations yield several NN* amplitudes in the 0.1-0.3%
range with a total NN* admixture of about 1.5%. Some of the NN* components
are rather large at high momenta and thus may be observable in high momentum
transfer processes.

87



88

NUCLEAR MODIFICATION OF 7-N RESONANCE I.C.6

William A. Friedman¥*
University of Wisconsin, Madison, WI 53706

Recent studies of an isobar-doorway model for T-nucleus reactions in the
(3,3) resonance region suggest an effective t-matrix appropriate for use in a
multiple scattering treatment. Due to nuclear effects, this amplitude differs
from the free T-N amplitude. Past discussion has centered on the shift in the
resonance energy. We suggest that the amplitude should also have an addition-
al width, which has a simple physical interpretation, and which can have a
marked influence on the cross sections.

The additional width, designated as I'V, arises from the shortening of
the life-time of the A-resonance due to A-N collisions. Its source is thus
analogous to the atomic phenomenon of collision broadening. We estimate Ty

by P+='ﬁc(P“/mAc) P Opy » @B

where Py is the momentum of the incoming T, p is the average nuclear density,
and Opy is effective A-N cross section. The additional width provides a re-
duced amplitude at resonance, (teff =(FWN/(PHN+P+))tfree).

Using the data for the m-d total cross section, the optical theorem,
and an assumption that single scattering (with teff) dominates the forward
scattering amplitude, we estimate, for the deuteron, I't & 16 MeV<<110 MeV=l__.
With electron scattering estimates of p, we obtain, from Eq. (1), the value
of 160 mb for opy. It is then possible to estimate TV for other nuclei, e.g.,
65 MeV for 12¢, and 80 MeV for 325. These values are of the same order as

P“N.

We obtain the following simple empirical relationship which fits the
maxima in the measured total cross sections for nuclei with 2<A<32:

oM v (/3 (/@ AT P22, gRax )
Here, the first factor (oAl.7) provides for absorption shadowing, the
second involves the effect of broadening; the third is a kinematic factor
necessitated by shifts in the momentum for the maxima; and the final factor
is the simple single scattering result. (The widths are energy dependent;
those given above are their values at the resonant energy.)

The line shape of the T-A resonance is determined by considerations
in addition to P“N+P*. The absorptive shadowing varies with the energy:
O0ff resonance, ONA%AO“N; while at the resonance peak the result is given
by Eq. (2). The peak is suppressed relative to the wings, giving an ap-
parent broadening. If shadowing is not accounted for, 'Y would have to be
much larger to fit the data, e.g., I't ~200 MeV for 12¢.

Finally we note that the existence of T might decrease the pion ab-
sorption in multiple-scattering calculations and hence improve the agreement
between theoretical and experimental total cross sections for charge-
exchange reactions.

*Supported in part by the National Science Foundation.




I1.C.7
MODIFICATION OF THE A-PROPAGATOR IN NUCLEAR MATTER*

F. Lenz, E. J. Moniz and K. Yazaki
Massachusetts Institute of Technology

We have studied various modifications of the %N 3-3 resonance
in nuclear matter. Our starting assumption is that of an
elementary isobar coupled to the P-wave TN system. We calculate
the isobar self-energy and fix the free parameters (the isobar
bare mass and the nNA coupling constant and interaction range)
to the 3-3 scattering amplitude. With this model, we evaluate
the self energy for an isobar at rest inside nuclear matter.
Differences from the free self ehergy arise because of Pauli
blocking, distortion of the pion propagator through an optical
potential, and hard-core correlations. The isobar mass is
defined by the zero of the real part of the A-propagator, and
we find an upward shift in nuclear matter (depending upon the
specific model, this shift can be 10-20 Mev). Above the
resonance energy, the imaginary part of the self energy is
decreased. Such effects provide a correction to the (e,e')
and total photoabsorption cross sections in the relevant

energy region.

* Work supported in part by the U. S. Atomic Energy Commission.
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I.C.8
ORIGIN OF THE N¥ (31200 ENHANCEMENT AND THE D¥ EFFECT. -

R. Baldini-Celio, F,L. Fabbri, G. La Rosa and P. Picozza
Laboratori Nazionali di Frascati del CNEN, Frascati, Italy

We present a calculation of the differential cross section for the pro-
cess D+p—*D+X at the kinematical conditions of the Saclay-Caen-Frascati expe
riment{l » where data show a very sharp peak, at small momentum transfer,
corresponding at a My invariant mass of ~3op0gpMeV, in a pure I=1/2 isospin
state. In this calculation the deuteron is treated following the impulse approxi
mation and the nucleon-nucleon interaction is assumed to be dominated by
one pion exchange with Ag3(1236) excitation in the deuteron according to the
graph in Fig.l. No arbitrary normalization is made and the agreement with
the experimental data, as is shown in Fig. 1, is very good. This model provi-
des also an enhancement in the D-® invariant mass, to be connected withthe
well known D¥(2200) effect, seen in many experiments. A prediction, without
arbitrary normalization, is reported for the process p+D-eD+i+R~ at P==5.5
GeV/c. In Fig. 2 is shown a comparison with experimental data(2),normalized
to the total experimental cross section, which is satisfactory, taking into ac-
count at these energies other mechanisms may contribute,

Moreover this calculation has been extended for polarized deuterons.
Sizeable effects are provided. For example, in the Saclay experiment kinema
tical conditions, for 8=7°, we get at the peak:(do,-de6)/de=-15% and
(de -do )/de=+30%, being do, do, and dG, the différential cross sections re-

spectively for deuterons unpolarized and polarized with spin projectionl and
0 normally to the scattering plane.

(1) - J. Banaigs et al.,, Phys. Letters 45B, 535 (1973).
(2) - H. Braun et al., CBH 73/2 (1973).

fig. 1
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(77 12C) BACKMARD ELASTIC SCATTERING AT INTERMEDIATE ENERGIES. I.D.1

F. Balestra, L. Busso, R. Garfagnini and G. Piragino.
Istituto di Fisica del1!'Universitd, Istituto Nazionale di Fisica Nucleare, Sezione di Torino, ltaly.

R. Barbini, C. Guaraldo apd R. Scrimaglio
Laboratori Nazionali di Frascati del CNEN, Frascati, ltaly.

F. Cannata
Istituto di Fisica dell'Universitd, Bologna, Italy.

Measurements and analysis have been made of the differential cross section in the proces ( )2-,12C) ref.
(1), and ( 1[*',12C) with incident energies from 60 up to 90 MeY of the pion beam of the LEALE Laboratory
of Frascati and in the angular region 160° = 1809 laboratory angle. The experimental apparatus is described
in ref. (2).
The data are compared with elastic differential cross sections calculated with the optical potential of ref.
(3),in which the contribution of the nucleon momenta constitutes a longitudinal current that is non-zero and
reduces by a factor (1/2) the terms containing the Laplacian of the density in the new Kisslinger potential
of ref. (&), thus recovering the result of Mach, ref. (5). The cross sections calculated with the quoted
potential are in better agrsement with the experimental data than previous calculation with potential of
ref. (4) and ref. (6).
References: (1) R. Barbini et al.,Lett. Nuovo Cimento 12, 359 (1975).

(2) F. Balestra et al.,N.l.H. 118, 347 (1974).

(3) F. Cannata et al.,Phys. Rev. cJlo 209 {1974).

(4) S. Kisslinger and F. Tabakin, Phys. Rev. C, §, 188 (1974).

(5) R. Mach, Nucl. Phys. A205, 56 (1973).

(6) M. Ericson and T.E.0. Ericson, Ann. Phys., 36, 323 (196).

(7) R.M, Edelstein et al., Phys. Rev., 122, 252 (1961).

(8) ByField et al., Phys. Rev., 86, 17 (1952),
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(77%, 12C) BACKNARD INELASTIC SCATTERING AT INTERMEDIATE ENERGIES: LOW EXCITED STATES. 1.D.2

R. Barbini, C. Guaraldo and R. Scrimaglio.
Laboratori Nazionali di Frascati del CNEN, Frascati, Italy.

F. Balestra, L. Busso, R. Garfagnini and G. Piragino.
Istituto di Fisica dell'Universitd, Istituto Nazionale di Fisica Nucleare, Sezione di Torino, Italy.

We have measured, with the pion beam of the LEALE Laboratory of Frascatisthe ( Izt12C) backward inelastic
differentil cross sections,at the pion energies 60-90 MeV. in the experiment described ir ref.(1). The ex-
perinantal apparatus 2 consists in a magnetic spectrométer with a self shunted streamer chanber(3) for iden-
tifying scattering events, by detecting both the incident and scattered pion tracks.The resolution of the
apparatus turned out to be less than 2% in the energy range considered, sufficient to clearly separate the
k.43 MeY level, the group of levels around 10 MeV and the group of levels starting at 15 MeV. As f3r as the
7.66 Me¥ level is concerned,our apparatus is fully able to separate it from the 9.63 MeV level for incident
pion energies less than about 70 MeV, while it is at its resolution limits near 90 MeV. We took advantage
of the redundancy of parameters measured for each event for statistically assigning each event to the inela-
stic channels. In tables are regorted differential cross sectiongcorresponding to excitation by negative
and positive pions of the individual nuclear levels or groupsof levels of 12, Excitation of the 7.66 MeV
level is of the same order of magnitude of the others. The differential cross sections for the over-all ex-
citation of the group of levels around 15 MeV are larger than the pthers, according to the first data of
Baker et al.(4). References: (1) R. Barbini et al.,lettere Nuovo Cimento 12, 359 (1975).

(2) F. Balestra et al.,N.{ M. 119, 347 (1974).

(3) F. Balestra et al.,N.i. M. 125, (1975).

(4) W. Baker et al.,P.R. 1.1‘2', 1763 (1958).
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9.63 MeV 170° - 180° 0,80 + 0,32 [o0.38%0,27 0.55%0, 30
' Mev 160° « 170° 0,70t 0.44 [1.33%0,56 {1,78t1,78
170° « 180° 0.95% 0.3 [1.40% 045 |2.08%1.13 180° - 170° t.4sto.89 J1.22%0.,41 [o.68t0.%
15 MeVv 170°- 180° 2.31to89 [1.45%0,3 1,63%0.5
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I.D.3
f
(n': 12C) BACKWARD [NELASTIC SCATTERING AT INTERMEDIATE ENERGIES: VIRTUAL STATES AND QUASI-FREE SCATTERING

R. Barbini, C. Guaraldo and R. Scrimaglio
Laboratori Nazionali di Frascati del CNEN, Frascati, ltaly.

F. Balestra, L. Busso, R. Garfagnini and G. Piragino.
Istituto di Fisica dell'Universitd, Istituto Nazionale di Fisica Nucleare, Sezione di Torino, ltaly.

We have analyzed the energy distribution of nilnelastically backward scattered from 12C, obtained for pion
incident energies from 60 up to 90 MeV, in the experiment(” performed at the LEALE Laboratory of Frascati.

A typical inelastic spectrua for 75 Me¥ J{_ at 165° laboratory angle is shown in Figure. The form of the
spectrun is roughly in accord with quasi-free scattering,modified by bound and virtual states at small ener-
gy loss. At low ene{'ay loss there are binding effects: the ground state and the individuals levelgs or

group of levels of “C. At intermediate energies,the excitation of a structure between 20 MeV and 35 MeV

can be positively identified in the excitation of the electric-dipole giant resonance: the corresponding dif-
ferential cross sectionghave been calculated. We discuss the possibility that the same excitation energy may
also correspond to the kinematics of elastic scattering of the 77 meson by an{ particle,in the three e=parti-
cle model of 12C: the corresponding differential cross sections have been calculated. The high energy loss
region of the spectrum is broad peak , which resembles the form expected for quasi elastic RN scattering.
The spectra are compared with the similar ones observed by other authors with pions and with protons.
References: (1) R. Barbini et al.,Lett, Nuovo Cimento 12, 359 (1975).
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(n ’ #He) INELASTIC SCATTERING AT 110 MeV.

I1.D.4

F. Balestra, L. Busso, R. Garfagnini, G. Piragino and A. Zanini.
Istituto di Fisica del1'Universita, Istituto Nazionale di Fisica Nucleare, Sezione di Torino, ltaly.

R. Barbini, C. Guaraldo and R. Scrimaglio.
Laboratori Nazionali di Frascati del CNEN, Frascati, [taly.

We have measured the (}Z+, #He) interaction at 110 X 11 MeV with a diffusion cloud chasber filled with he-
liua at 15 ata in a magnetic field, ref.(1), exposed to the pion beam of the LEALE Laboratory of Frascati.
The value of the total inelastic (reaction and absorption) cross section is 19211 ab. We have analyzed
all the inelastic interactions. In Figures are reported angular behaviours of the reactions:ﬂt"He —-)R’#
#p+l and n*o-l*He—) qu» ne 3He which represent, respectively, the 44% and the 17% of total inelastic
events. A preliminary analysis of angular distributions gives some indication on a single scattering mecha-

nism. References: (1) L. Busso et al, N, LM, 19.’2_, 1 (1972).
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rential cross:sections in the same energy

region (data are from CERN Report CERN-HERA

69-1, 1969).

Differgntial cross iections for the reactions
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versus , pion scattered angle. at 110
MeV pion energy. In the Figure is also plot-
ted, for comparison with (2), the differen-
ce between the elastic differsntial cross
sactions of )Z"on "4 and 3He at 100 Mev
(Dubna-Torino collaboration).
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(nf He) INELASTIE SCATTERING AT 160 MeV.

F. Balestra, L. Busso, R. Garfagnini, G. Piragino and A. Zanini.
Istituto di Fisica del1'Universith, Istituto Nazionale di Fisica Nucleare, Sezione di Torino, Italy,

R. Barbini, C. Guaraldo and R. Scrimaglio
Laboratori Nazionali di Frascati del CNEN, Frascati, Italy. -

We have measured the (r(*: 4He) interacton at 160% 18 MeV with a diffusion cloud chaaber filled with helium
at 15 atms in a magnetic field(1), exposed to the pion beam of the LEALE Laboratory of Frascati. The value

of the total inelastic (reaction and absorption) cross section is 232 % 11 mb . We have analyzed:all the ine-
lastic interactions. In Figures are reported angular behaviours of the reactions:]l"'-t- bye —y ”"i»
#p+ T and n*ﬁHe —y xten + He which represent, respectively, the 44 and the 18% of total inela-
stic events. A prelininary analysis of angular distributions gives some indication on a single scattering

mechanism. References: (1) L. Busso et

al,N. .M, 102, 1 (1972).
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CERN-HERA 69-1, 1969).
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I1.D.6
+
Measurements of n~ Nucleus Total Cross Sections at Energies Below 200 MeV.

BURLESON, and K. JOHNSON, New Mexico State Univ./LASL
CALARCO, Stanford Univ.

COOPER, D. HAGERMAN, H. MEYER, and R. REDWINE, LASL

. HALPERN, L. KNUTSON, and R. MARRS, Univ. of Washington
. JAKOBSON and R. JEPPESEN, Univ. of Montana

Measurements have been made of total cross sections for ni on various nuclei,
using the Low Energy Pion Channel of LAMPF. Pions were selected with either
a DISC or a time-of-flight system, and standard transmission techniques were
used, with both scintillation counters and wire proportional counters. The
statistical precision was generally ~ 2-3%. The data include measurements

on “He between 26 and 105 MeV, on the isotope sets (12¢c, 130, (160, 180y,
and (*0Ca, “4Ca, 48Ca, with natural Ti) between 85 and 200 MeV, and on 18
nuclei with 4 < A < 208 at 85 MeV. Preliminary results indicate that the
additional scattering per extra neutron is much less in the Ca isotopes
than in the C or O isotopes than would be expected on the basis of an A2/3
dependence, and that the A dependence at 85 MeV, on the low energy side of

the resonance, is generally characterized by o ~ A%-8 with o(v™)/o(n¥) ~ 1.4
for all A.
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The (W+,ﬂ°) reaction for light nuclei in the (3,3) resonance region

Y. Shamai, J. Alster, E. D. Arthur, D. Ashery, S. Cochavi, D. M. Drake
Yavin

M. A. Moinester, and A. 1.
Tel Aviv University and LASL
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We studied the reaction
(n*,m) on 7Li, 10B, and 13c
from Eq* = 70 to 250 MeV, at
the LEP-channel of LAMPF. The
cross sections were obtained
by measuring the radioactive
decay of the product nuclei
following the (w*,m°) reaction.
The cross sections are thus
integrated over all angles and
include the contributions of
all particle bound states of
the product nuclei. Thus for
the reaction on 13C we measured
the cross section to the iso-
baric analog state only, for
10B the cross section to two
states which are not IAS, and
for 7Li the cross section to
one IAS and one excited IAS.
The figure shows that there

is a slight, broad maximum
centered around 150 MeV. The
errors in the figure are sta-
tistical only. At the present
stage of data analysis there
is still a 20% uncertainty in
the absolute values of the
cross sections. Our prelimin-
ary estimates for nucleon
charge exchange by secondary
protons in the target could
lower the (m*,m0) cross sec-
tion by 10 to 20%. The IAS
transitions are much stronger
than other transitions. The
larger cross section in 7Li
compared to 13C is consistent
with a smaller absorption in
the lighter nucleus. The re-
sults for IAS transitions do
not agree with published cal-
culations which include
absorption.,

D.
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THE (w,d) REACTION I.D.8

Robert A, Eisenstein and Gerald A. Miller
Carnegie-Mellon University, Pittsburgh, Pa. 15213

ABSTRACT

We study the reaction in which the annihilation of a pion in a collision
with a nucleus results in a final state consisting of a deuteron and a resi-
dual nucleus. The present availability of good pion beams as well as a high
resolution detector to measure the energy of the final deuteron, hence the
final nuclear state, presents the opportunity for performing an accurate ex-
periment. :

There are several features of this reaction which make it unique. The
dominant characteristic is the high momentum transfer inherent in converting
the sum of the mass and kinetic energy of the pion into the kinetic energy of
the emitted high energy deuteron. Furthermore, this process presents a differ
ent kinematic situation than the more typical (w,NN) reaction in which the ab-
sorption of a low energy meson results in the emission of two nucleons with
approximately equal and opposite momenta. 1In that reaction, the high momentum
components of the relative wave function of the pair are stressed. In the
present case, it is the high momentum components of the center-of-mass wave
function of the pair which are important.

We assume that the pion interacts with two of the target nucleons by
being absorbed on either one. Thus our interaction Hamiltonian, H, is

ikex ik - x
Jam g | N )
HY2E % 1[e Gk e te %% 32"2} 1

where the subscripts refer to the nucleon on which the pion is absorbed. The
transition rate is just the matrix element of H between the initial T=1 bound
pair and the final outgoing deuteron plus two-hole state. From (1) we note
that the initial state may have S=1 or S=0. In the present calculations plane
waves are used to describe the motion of the incident pion and outgoing deu-
teron.

We have examined the reaction at incident pion energies of 50 and 100MeV,
For these energies the spin flip term of (1) is dominant. We find consider-
able sensitivity to both the radial and angular momentum parts of the initial
di-nucleon wavefunction. Configuration mixing gives a large collective en-
hancement to the cross section. The kinematics of the reaction are such that
there is little sensitivity to the short range behavior of the di-nucleon
wavefunction.

The magnitude is about tens of microbarns and should be observable under
experimental conditions at LAMPF. However, a full distorted wave calcula-
tion is needed and is presently being carried out by us and by Benz and
Kerman at MIT.

REFERENCES
1. R. A. Eisenstein and G. A. Miller, to be published May 1975, Physical

Review C.
2. P. D. Barnes et al., LAMPF Proposal 140 (1973).
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FORWARD ELASTIC SCATTERING AMPLITUDES FOR ' FROM 12C AND 40Ca*

M. Warneke, L. Y. Lee, B. W. Mayes,
E. V. Hungerford, and J. C. Allred
University of Houston, Houston, Tx. 77004

N. Gabitzsch, J. Hudomalj-Gabitzsch, D. Mann, T. Witten,
T. Williams, G. S. Mutchler, and G. C. Phillips
Rice University, Houston, Tx. 77001

ABSTRACT

Elastic differential cross sections in the angular region from
5° to 22° were measured at five energlef2 [90- 2%0 MeV], spanning the
pion nucleon (3,3) resonance for nt C and *“Ca. Total cross
sections were also measured for these targets at the same energies.
The data were taken on the P° channel of the Los Alamos Meson
Physics Facility. Pion trajectories and momenta were calculated
from a system of multi-wire proportional counters, multistrip scin-
tillators and counters and magnets. The nuclear (£5) and Coulomb
(fc) amplitudes interfere at small angles. The magnltude of the
interference is proportional to the ratio of the real (Re f (0°))
and imaginary (Im f (0 )) parts of the forward elastic n—nucleus
scattering amplltude. Im £,(0°) can be obtained from the total
cross section via the opt1ca1 theorem. Re £5(0°) derived from the
data will be compared with the results of optical model calcula-
tions and, in the case of “4C, with dispersion relation calculations.

*
Supported by U.S. E.R.D.A.
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Abstract
VI International Conference on Illigh Energy Physics and Nuclear Structure
June 8—14, 1975
1.D.10
Alpha and Multinucleon Removal from 58Ni and 60Ni by Fast Pions, *
H. E. JACKSON, D. G. KOVAR, I.. MEYER-SCHUTZMEISTER, J. P.
SCHIFFER, S. VIGDOR, T. P. WANGLER, Argonne National Lab., R. E.
SEGEL, ANL and Northwestern, R. L. BURMAN, P. A. M. GRAM, D. M.
DRAKE, LASL, R. B. CLARK, Texas A & M, B. C. COOK, Iowa State, and
V. G. LIND, E. N. HATCH, O. H. OTTESON, R. E. MCADAMS, Utah State.
—As has been shown in earlier experiments, the interaction of fast pions with
complex nuclei shows unexpectedly large multi-nucleon removal cress
sections with indications of a favoring of the removal of one or more a
particles. In an effort to obtain information on the nature of the reaction
mechanism respousible for these effects we have &erformed an extensive
series of measurements for targets of 28Ni and °YNi in which the removal
cross sections were studied as a function of projectile type, charge, and
energy. Measurements at LAMPF were made using beams of 200-MeV
protons, 100 and 220-MeV s and 220-MeV T 's and at ZGS using 370-MeV
T~ beams. A comparison of 220-MeV mt and T on °SNi shows striking
similarities in the distribution of isotopes produced. Both the average
number of nucleons removed and the average ratio of neutron removal to
proton removal is independent of pion charge. There is no significant
difference between data for 100-MeV 1t and 220-MeV TT+. In contrast, there
is a clear energy dependence in the results for 100" and 200-MeV protons.
Protons seem less effective than pions of the same energy for removing
nucleons. While nuclei which could result from a removal are seen with
relatively large cross sections, y-rays from neighboring nuclei are also
observed with substantial strength. Results for even nuclides are shown in
the table below.

Production cross sections (mb) from 58y Target

~DNNucleus 56, 54 52 50 48 46 . 42 X
roduced Fe Cr Cr Ti Ti *“ca .J°
Projectile

- iden.
ot (100-MeV) 25 34 20 44 7 23 6 301
mt(220-MeV) 38 47 20 40 6 34 10 365
T (220-MeV) 28 43 39 46 16 33 13 326
P (220-MeV) 29 44 15 26 4 9 <2 232
P (100-Mev)! 84 19 12 6 4 0.5 - 146

The lack of an energy dependence shown by the distribution of residual
nuclides {or pions in contrast to the obvious sensitivity to proton energy
suggests that the pion rest mass contributes to these processes and that the
pions are absorbed. However, the lack of dependence on the charge of the
pions suggests that the pion is not absorbed.

*
Supported by the USAEC and NSF.

1
C. C. Chang, N. S. Wall, and Z. Fraenkel, PRL 33, 1493 (1974).
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VI International Conference on High Energy Physics and Nuclear Structure
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I.D.11

oK

Systematics of Fast Pion Induced Processes in Complex Nuclei,
R. E. SEGEL, Northwestern and Argonne National Laboratory, H. E.
JACKSON, D. G. KOVAR, L. MEYER-SCHUTZMEISTER, S. VIGDOR,
and T. P. WANGLER, Argonne National Laboratory, J. P. SCHIFFER,
University of Chicago and Argonne National Laboratory, V. G. LIND,
E. N. HATCH, O. H. OTTESON, and R, E. MC ADAMS, Utah State,
R. L. BURMAN, P. A. M. GRAM, and D. M. DRAKE, Los Alamos
Scientific Laboratory and B. C. COOK, Iowa State-—Ge(Li) detectors have
been used to measure prompt garnma rays produced by bombarding various
targets with 100- MeVrt, 220 MeV =%, 380 MeV n~, and 200 MeV protons.
Special care was taken to determine absolute cross sections which, in
several cases, disagree with published values. The absolute incident flux
was measured by integrating the current in a phototube which viewed a
plastic scintillator through which the beam passed. The integrated current
was calibrated at low beam intensity against the number of beam particles
counted in a coincidence telescope which included a second phototube
viewing the same scintillator. Dead time was measured by triggering a
pulser with the scattered beam and comparing the number of triggers with
the pulsexr peak in the spectrum. Gamma-ray energy resolution was about
3 keV. Good quality spectra were obtained in 3—6 hours. Gamma-ray lines
have been identified corresponding to total cross sections between 200 and
600 mb, depending on the projectile and target nucleus. The cross section for
producing nuclei differing from the target by one or more alpha particles with
220-MeV T is €80 mb for ~“Ca and ~ 130 mb for the Ni isotopes. The com-
bined cross section fort, a, or t + a removal from 27A1 fw'lth 100-MeV TTJ') is
~065 mb, for t and t + a removal with 220-MeV 1~ from ~105 mb. Alpha
removal from 40Ar (with 380 MeV 7)) is ~12 mb while with 220-MeV = no
evidence was found for either t removal from 93Nb or a removal from i3 8Ba.,
though for these latter two cases the limits are rather poor. For targets
up to and including Ni,other even reaction products are seen with cross
sections usually ~ 1/2 those in the a or (t+a) removal chain, Identification
of transitions in odd or odd-odd nuclei is more difficult but where
identification of transitions in odd nuclei has been made, these cross
sections are comparable to those for adjacent even nuclei. For Al and V
the centroid of product nuclei corresponds roughly to the removal of equal
numbers of neutrons and protons. For S, Ca, and 8, proton removal is
slightly favored while for ONi neutron removal is somewhat stronger.
Neutron removal dominates the Ar products while for 93Nb the most
prominent lines, after inelastic scattering, correSpond to 88Zr (p + 4n
removal) with a cross section of 100 mb and to 84Sy (p + a + 4n removal)

with = 60 mb. From 1J8Ba, 128ye (2p + 8n) and 126Xe(Zp + 10n) are seen
with ~85 and ~81{ mb respectively.

“Supported by the USAEC and NSF.
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I1.D.12

CHARGED PION SCATTERING ON 4He NUCLEI IN THE
ENERGY RANGE FROM 68 TO 208 MeV

L.Alexandrov, T,Angelescu, I.V.Falomkin, M.M.Kulyukin,
V.I.Lyashenko, R.Mach, A.Mihul, Nguyen Minh Kao, F.Nichitiu,
G.B.Pontecorvo, V.K.Saricheva, M.Semergieva, Yu.A.Shcherba-
kov, N.I.Trosheva, T.M.Troshev

Joint Institute for Nuclear Research - Dubna
F.Balestra, L.Busso, R.Garfagnini, G.Piragino

Istituto di Fisica dell' Universita di Torino

Istituto Nazionale di Fisica Nucleare - Sezione

di Torino

New data on differential cross sections for elastic
scattering of charged pions on th~ 4He nucleus are presented.
Data have been obtained using a high pressure streamer
chamber exposed at the JINR syncrocyclotron.

Measurements have been performed at 98, 135, 145 and
156 MeV for both negative and positive pions and at 120,

174 and 208 MeV for negative pions.

An energy independent phase shift analysis has been
performed for each energy and the total elastic cross section
dependence on energy is given.

Total and differential elastic cross sections are com-
pared with optical model computations using Kisslinger and
Laplace potentials,

The results of an energy dependent phase shift analysis
are also given. -



I1.D.13
+
g = ELASTIC SCATTERING ON JHe NUCLEI IN THE

ENERGY RANGE FROM 68 TO 208 MeV

T.Angelescu, I.V.PFalomkin, M.M.Kulyukin, V.I.Lyashenko,
R.Mach, A.Mihul Nguyen Minh Kao, F.Nichitiu, G.B.Ponte-
corvo, V.K.Saricheva, M.Semergieva, Yu.A.Shcherbakov,
N.I.Trosheva, T.M.Troshev

Joint Institute for Nuclear Research - Dubna
F.Balestra, L.Busso, R.Garfagnini, G.Piragino

Istituto di PFisica dell' Universitad di Torino

Istituto Nazionale di Fisica Nucleare - Sezione

di Torino

Differential cross sections for the elastic scattering
of both charged pions on 3He nuclei are given for 68, 98,
120, 135, 145 and 156 MeV. In addition X~ JHe elastic
scattering differential cross sections are given for 198
and 208 MeV. All the experimental data have been obtained
using a high pressure streamer chamber exposed at the
JINR syncrocyclotron.

The differential cross sections are compared with the
results of an optical model calculation using Kisslinger
and Laplace potentials, taking into account the nucleus
spin and isospin. Total elastic cross sections and their
dependence on energy are discussed.

A phase shift analysis has been performed with the
phase shift values, for high partial waves, fixed by the
optical model.

The 7 JHe H coupling constant estimated according to
the Chew-Low theory for.EBHe scattering is also presented.
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1.D.14
PRODUCTION OF 2%Na FROM THE IRRADIATION OF PHOSPHORUS, SULFUR AND

CALCIUM BY 70 — MeV %
N. Yanaki, D. Ashery, S. Cochavi and A.I. Yavin
Department of Physics and Astronomy, Tel-Aviv University,
Tel-Aviv, Israel; and Centre d'Etude Nucléaire de Saclay.

* and 1~ beams from the electron linear ac-

The secondary
celerator at Saclay were used to irradiate natural targets of
Phosphorus, Sulfur and Calcium at En=70 MeV. The activated tar-
gets were investigated after the irradiation with the help of a
shielded Ge(Li) detector. 2754 keV and 1368 keV gamma rays from
the produced ?“Na nuclei were measured. The cross sections for
the production of 2“Na are shown in the table, where only the sta-
tistical errors are included.

It is interesting to note that the cross sections for =~ are
larger than the respective cross sections for n* by about a
factor of six. This is probably caused by pion absorption, which
in the case of 7~ interaction with these target nuclei is likely
to cause predominantly the emission of several alpha particles.
(Absorption of 7% in these target nuclei can produce 2%“Na only if

several protons are emitted as well).

TABLE: cross section for production of Na?*
with E"=70 MeV.

Target | Pion Beam Cross Section (m.b.)
Ca ™ 3.4+ 1.1
Ca T+ < 0.6
S T 15.2 £ 0.6
S a+ 2.4 £ 0.3
P ™ 37.5 £ 1.2
p I 6.8 £ 1.1
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+
THE REACTION 1 O(r ,p) "0 AT 70 MeV

D. Bachelier, J. L. Boyard, T. Hennino, J. C. Jourdain, P, Radvanyi and
M. Roy-Stéphan

Institut de Physique Nucléaire, B. P. n°l. 91406, Orsay, (France)

We give here the first results of an experiment presently being perfor-
med on the 160('n"*', p)150 reaction with a 70 MeV pion beam of the Saclay
linear electron accelerator. The simplest mechanism for such a reaction
would be a neutron pick-up leading mainly to the two hole states of 15o : the
6.18 MeV state (p3/2) -1 and the ground state (pl/2) -l ; these states should
then be excited with a ratio of about 2 as in ordinary medium energy (p, d)
and (3He, a) reactions.

The energy of the outcoming protons (maximum energy 185 MeV) is
measured with a range telescope consisting of a variable carbon absorber
and of 13 plastic scintillators. This allows the coverage of 16 MeV excita-
tion energy of the residual nucleus per measurement ; the total energy re-
solution achieved in practice is 3.2 MeV. A AE/Ax discrimination on the
first three scintillators and a lead shielding allow a good rejection of para-
site particles, The flux of incident pions is measured with a monitor teles-
cope, at 90° to the beam, previously calibrated at low intensity with in-beam
detectors. The 16¢ target is a cell filled with water. The energy calibration
of the range telescope has been checked with the incident pions and with the
ground state protons of the 1ZC('n-'*', p)“c reaction at 70 MeV,

The first results have been obtained at proton angles of 25°, 35°, 45°,
55° and 105°, The cross-section corresponding to the 6. 18 level, which at
25° is of the order of 40 Mb/sr, decreases by a factor of only about 4.5 from
25° to 55°, It is remarkable that the ratio of the cross-sections correspond-
ing to the 6. 18 MeV and to the ground state is larger than 10 at all angles. A
peak is also observed at about 11,5 MeV excitation energy, which might be
the first T = 3/2 state of 150,

One might possibly consider a different behaviour for the wave func-
tions of 3/2~ and 1/2~ neutrons in 16g 5t very high momenta (around 3fm'1).
However these results all seem in disagreement with a simple neutron pick-
up model ; a mechanism involving at least two nucleons of the target nucleus
would seem more appropriate,
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I1.D.16
CHARGED PARTICLE EMISSION FROM NUCLEI BOMBARDED WITH 235 MEV PIONS AND

800 MEV PROTONS.t J. F. Amann, P.D. Barnes, M. Doss, S. A. Dytman,
R. A. Eisenstein, J. A. Penkrot, and A. C. Thompson, CARNEGIE-MELLON
UNIV., Pittsburgh, Pa. 15213.
The mechanism by which energy and momentum are transferred to a
nucleus in a high energy scattering event has been studied extensively
for the case of incident protons.1 Particle emission spectra for outgoing
p,d,t,3He,4He particles have been observed as well as Li through S ions
in very energetic (5GeV) collisions.2 Although both the pre-compound model
of Griffin and intra-nuclear cascade calculations give reasonable agree-
ment with the lower energy part of the emitted proton spectra, they under-
estimate the higher energy proton cross sections and all the complex
particle cross sections.l An attempt to calculate the inflight pion in-
duced proton emission spectra in the intra-nuclear cascade model has been
reported3, but no data was available for comparison. The observed singles
gamma ray spectra induced by stopped and inflight pions and protons
have been discussed in terms of the removal of one or more "a clusters™.
Low energy (<25 MeV) alpha emission has been observed4 for 70 MeV 7 on Al.
We have made a direct measurement- at LAMPF of the cross section at
90° for p, d, t, 3He and %He emission induced by 235 MeV positive pions and
800 MeV protons from 500 mg/cm? targets of Mg, Ni, and Ag. The detec~
tor systoem was a four-element telescope consisting of two Si surface bar-
rier detectors (250u and 5001 thick) followed by a dual crystal intrin—
sic Ge spectrometer (3 cm thick). With this system we had excellent
particle identification and were able to measure proton (o particle)

spectra from 20(50) MeV up to 110(400) Mev with a resolution of 1-10 MeV
determined by the target thickness. The beam energy spread was 20 MeV.

The solid angle (6.5 msr), detection efficiency and effects of energy
loss in the target were determined from Monte Carlo calculations. The

absolute cross—-section should be determined to 20%.
For all targets with either pion or proton bombardment, the various

particle emission spectra were characterized by an exponential fall-

off of the type d20/dQdE = N, exp(-bp3) ,

where p, is the momentum per nucleon. For pions the slope parameter b in-
creases with outgoing particle mass Ao but is roughly independent of target
mass Ar. The parameter N, decreases _rapidly with A, but increases

slowly with Ap; e.g. Ni gives b = A, with a much larger value of b
than suggested by the proton emission calculations of Harp gg_gl.3 Their
characterization of pion absorption is apparently not correct. Our results
are similar to calculated spectra for 250 MeV proton bombardment of Ni. We
are investigating whether a pick-up mechanism could explain the large
number of complex particles detected.

(1) J. M. Miller,Proc. of the Int. Conf. on Nucl. Phys.,Munich, North Holl-
and, p.597 (1973); H. Feshbach, ibid. p.631; K. Chen et al.,Phys. Rev.
C4,2234(1971) ;C.K. Cline, Nucl. Phys. Al193, 417 (1972).

(2) R. Korteling and C. Toren, Phys. Rev. C7, 1611 (1973).

(3) G. D. Harp et al.Phys. Rev. C8, 581 (1973).

(4) A. Doron et al. Phys. Rev. Letters 34B, 485 (1975) and reference cited.

t Work supported through ERDA contract AT(11-1)-3244.




1.D.17
ELASTIC SCATTERING OF 50 MeV wt FROM 12¢f{-- J. F. Amann, P. D. Barnes,

M. Doss, S. A. Dytman, R. A. Eisenstein, J. Penkrot, A. C. Thompson,
CARNEGIE~-MELLON UNIV., Pittsburgh, Pa. 15213.

A beam from the LEP channel at LAMPF was used for this experiment. The C-MU
intrinsic Ge spectrometerldetected the scattered T's. The results are shown
below with the predicted angular distributions from the Kisslinger2 (K)
potential and the separable Londergan, McVoy, Moniz3 (LMM) potential. These
potentials are constructed from the free m-N phase shifts; the resulting
minima are much deeper and further backward than the data. The local Lap-
lacian4(LL) model (not shown) yields similar results. When the complex
parameters by and by are varied in the K and LL models (holding the matter
radius fixed at 1.64F), good fits are obtained. However, K violates unitarity
slightly, and LL, while satisfying unitarity, produces m's in some regions of
the nucleus. The fits determine Re(bg) and Re(bl) with higher precision

than Im(bp) and Im(by). (See table).

We have reexamined the 30.2 MevV wt-12¢ data5 and reach similar con-
clusions. Both K and LL (with the free m-N parameters) produce minima fur-—
ther backward and much deeper than the data. Fairly good fits can be
obtained if bo and b, are varied; again the real parts are better deter-—
mined than the imaginary. While our fit is better than ref.(5) both it and
LL violate unitarity,slightly.

These findings differ from analyses6 at higher energies where simple K
and LL models give fairly good fits to the data with no unitarity problems.
Failure of these models at 30 and 50 MeV is probably due to breakdown of the
simplifying assumptions made in their derivation, namely low nucleon density,
no nucleon binding and no nucleon Fermi motion.

Energy Model x2 Pg> b,
50 MeV K 7.24 ~2.,74%17 —1.04%137% 5.89+27% 2.99x10%
LL 6.28 —6.51£5% -2.50%22% 8.51+5% 4.32+11%
Free m-N values ~0.93 +0.55 7.72 1.01

1. J. Amann, et al., Nucl. 10 —
Inst. Meth. (to be pub.) —]
2. L. Kisslinger, Phys. Rev. -
98 (1955) 761. _ —
3. J. Londergan, K. McVoy,
E. Moniz, Ann. Phys.86
(1974) 147. 5 -
4. e.g. H. Lee, H. McManus,
Nucl. Phys. Al67 (1971)257. P
5. J. Marshall, M. Nordberg,

R. Burman, Phys. Rev. Cl \gi i
(1970) 1685. -0
6. M. Sternheim, E. Auerbach g
Phys. Rev. Letters 25 ~~
(1970) 1500. b‘ 3 -
+ Work supported by ERDA T
contract AT(11-1) 3244.
!
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RECOIL MOMENTA DISTRIBUTIONS AND y RAY YIELDS 1.D.18
FROM PION REACTIONS WITH C, N, Na, S, AND Ca®

C. E. Stronach and C. M. Dennis
Virginia State College, Petersburg, Va. 23803

W. J. Kossler and H. 0. Funsten
College of William and Mary, Williamsburg, Va. 23185

B. J. Lieb and W. F. Lankford
George Mason University, Fairfax, Va. 22030

H. S. Plendl
Florida State University, Tallahassee, Fla. 32306

The interaction of pions with a number of nuclei has been studied at the
SREL! synchrocyclotron through observation of the y ray spectra taken with a
Ge(Li) detector in prompt coincidence with incident pions. Yields and cross
sections for production of the excited states have been measured and will be
presented.

By measuring the Doppler broadening of de-excitation photopeaks of states
of daughter nuclei produced in pion-nucleus interactions, the recoil momentum
distributions of these nuclei can be determined?. After making corrections for
detector resolution and slowing down of the nucleid, if any, the mean recoil
momenta were extracted for states of daughter nuclei produced by 7~ ahsorption
on 14N, 325, and 40Ca, and those produced by the interaction of 190 MeV 7" with
40ca. Broadened peaks in the 7~ + 40Ca spectrum include the first excited
states of 36Ar (336 MeV/c) and 28si (286 MeV/c). The first excited state of
28gi (87.5 mb) in the n* + *Oca spectrum displays a mean recoil momentum of
400 MeV/c.

The gross features of the y spectra from 7~ absorption on 325 and 40ca
have been interpreted as consisting of a sum of overlapping Comptor. edges, for
some of which the photopeaks were also observed. The theoretical Compton cross
sections were used to unfold the observed spectra. After making corrections for
prompt background these spectra were summed to obtain an average of about four
¥y rays per stopped w~.

* This work is supported by NASA grant NGR 47-014-006 and NSF grant NSF-GP-
42001.

1. SREL is supported by NSF, NASA, and the Commonwealth of Virginia.

2. W. J. Kossler, H. O. Funsten, B. A. MacDonald, and W. F. Lankford, Phys.
Rev. C4, 1551 (1971).

3. C. W. Lewis, submitted to Nuclear Instruments and Methods (1974).




ToTAL CROSS SECTION  (BARNS)

I.D.19

*
PION~-NUCLEUS TOTAL CROSS SECTIONS IN THE (3,3) RESONANCE REGION

A. S. Carroll, I-H.Chiang, C. B. Dover, T. F. Kycia,
K. K. Li, P. 0. Mazur, D. N. Michael, P. M. Mockett,**
D. C. Rahm and R. Rubinstein¥¥%*x
Brookhaven National Laboratory, Upton, New York 11973
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Using the intense pion beam of the
Brookhaven AGS, we have performed trans-
mission measurements of total cross
sections for natural targets of Li, C,
Al, Fe, Sn and Pb between 160-440 MeV/c
lab momentum. Most of the targets were
6" X 6" and ~ 5gr/cm? thick. A fixed
four-momentum transfer from 7 X 1074 to
5 X 10-3 Gev/c2 was covered at each
momentum. Considerable care was taken
to determine various experimental cor-
rections, such as multiple scattering
in the target, finite spot size and pion
decay.

The Coulomb and Coulomb-nuclear
interference contributions, obtained from
an optical model calculation, were sub-
tracted from the data. The resulting
"nuclear" cross sections are shown in
the figure. The solid curves are drawn
to guide the eye. For Li and C, there
is good agreement with previous measure-
ments.l A Laplacian optical potential
linear in the nuclear density was used,
but with a modified resonance form for
the nN (3,3) channel. A mass dependent
increase of both the elementary reson-
ance energy and width was used. This
improves the agreement with the data, as
compared to a Fermi-averaged free space
amplitude, which leads to a peak position
which is too low in energy.

REFERENCES

* Work supported by Energy Research
and Development Administration.

*%  Present Address: University of
Washington, Seattle, Washington 98195
*%% Present Address: National Accelera-
tor Laboratory, Batavia, Illinois 60510
1. A.S. Clough et al., Nucl. Phys. B76,
15 (1974); C. Wilkin et al., Nucl. Phys.
B62, 61 (1973).

2. C.B. Dover and R.H. Lemmer, Phys.

LABORATORY KINETIC ENERGY (MeV)ReV: C7, 2312 (1973).
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I.D.20
m"-*He SCATTERING AROUND THE %, RESONANCE

F. Binon, P. Duteil, M. Gouanére, L. Hugon, J. Jansen, J.-P. Lagnaux,
H. Palevsky, J.-P. Peigneux, M. Spighel and J.-P. Stroot

IISN (Belgium) - IPN (Orsay) Collaboration

Tn--*He scattering has been measured at the CERN SC with the double
achromatic spectrometer already used for m-!2C scattering measurements. Re-
sults were obtained for (i) the elastic differential cross—section between
10° and 180° at 110, 150, 180, 220 and 260 MeV; (ii) the scattering at very
forward angles (between ~ 4° and 20°) at 110, 180 and 260 MeV; (iii) the

total cross—section at eleven energies between 67 and 285 MeV.

The total cross—section is maximum at about 160 MeV. The real part of
the forward scattering ampliitude goes through zero around 180 MeV. Twominima
are observed in the angular distributions. The first one, which takes place
at nearly constant angle ch = 75°, is deepest at 220 MeV. It is probably
connected to the zero of the non-spin-flip m-N amplitude. The second one
which appears for large momentum transfers, moves towards smaller angles as

the pion energy increases,

A parametrization of the nuclear scattering amplitude which, among other
things, takes into account explicitly the position of its zeros, as they re-
veal themselves by the dips in the angular distributions, has been used to
fit the differential cross-sections. The resulting fits are good in the com-
plete angular range at all energies. Starting from the fitted amplitude, it
is easy to reconstruct the phase shifts. The usual ambiguities linked to
this type of analysis are easily removed for the available low-energy data
(around 60 MeV). Going up in energy, a continuity argument allows the se—
lection of a set of phase shifts which show a reasonably smooth behaviour in

the complex plane.




I.D.21
ACTIVATION STUDIES OF PION-INDUCED REACTIONS ON C, N, 0, F, Al, AND Cu
G. W. Butler, B. J. Dropesky, A. E. Norris, C. J. Orth, R. A. Williams

Los Alamos Scientific Laboratory, University of California
Los Alamos, New Mexico 87544

G. Friedlander, G. D. Harp, J. Hudis
Brookhaven National Laboratory, Upton, New York 11973

N. P. Jacob, Jr., S. S. Markowitz
Lawrence Berkeley Laboratory, University of California
Berkeley, California 94720

S. Kaufman
Argonne National Laboratory, Argonne, I1linois 60439

M. A. Yates
Carnegie-Mellon University, Pittsburg, Pennsylvania 15213

To establish useful techniques for monitoring pion beam intensities at
LAMPF, the excitation functions for the 1zc(ni,n'N)11C reactions have been
measured over the energy range of about 50 to 500 MeV. The excitation
functions, clearly reflecting the (3,3) pion-nucleon resonance, show an up-
ward energy shift in the resonance peak for m and a downward shift for ﬂ+.
The orﬂ_/or,"+ ratio at 180 Mev1ls 1125 + 0.1?é Cross sections for the neu-
tron knock-out reactions on " °N, "0, and “F have been measured over the
same energy range. The oﬂ;/og+ ratio for all three target nuclei is 1.7 =
0.2 at 180 MeV. A number of cross sections for the more complex 7 re-
actions on N, 0, and F yielding 110 and 13
cross sections for the 27A1(ﬂi, spa11ation)18F reactions have been measured
and preliminary indications are that the or,"__/c;,”+ ratio at 129 MeV is about
0.9. The yields of about 25 gamma-emitting products from # -induced spal-
lation of copper at 190 MeV have been measured and compared with those
from 349-MeV proton-induced spallation and with yields calculated with the
Vegas intranuclear cascade plus evaporation codes. Interpretation of these
preliminary results in terms of present models will be discussed.

N have also been measured. Some
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THE ELASTIC SCATTERING OF POSITIVE PIONS I.D.22

BY CARBON AT 147 MeV

*% i %
C. A. Bordner, P. A. M. Gram, W. V. Hassenzahl,

H. H. Howard,# T. R. King,+ A. T. Oyer,+ G. A. Rebka,+ F. T. Shive1y++

We will present recent measurements of the differential cross section

for ﬁ+ - 12

C elastic scattering at ten angles in the range 35° to 85° at

an incident pion energy of 147 MeV (250 MeV/c). These data have been
obtained in a '"good geometry'" experiment, using a double focussing spec-
trometer. Values of the cross section have been determined by measuring

the ratio of the carbon scattering peak to the hydrogen scattering peak

from the same CH target at each angle, and using the best available m-p
scattering data.1 We believe the carbon cross sections have been determined
to an accuracy of 10% at most angles. They should complement the larger

supply of ™ - 12C data already available.

1 P. J. Bussey, J. R. Carter, D. R. Dance, D. V. Bugg, A. A. Carter, and

A. M. Smith, Rutherford Lab. Preprint No. 107.

*

Supported in part by AEC Contract AT(11-1)-2197 and W-7405-ENG-36.
%%

Colorado College, Colorado Springs, Colorado 80903.

* University of California, Los Alamos Scientific Laboratory, Los Alamos,
New Mexico 87544,

T University of Wyoming, Laramie, Wyoming 82071 .,

++University of California, Lawrence Berkeley Laboratory, Berkeley,

California 94720 .



1.D.23
SINGLE PROTON EMISSION FROM m ABSORPTION AT REST IN LIGHT NUCLEI

B. Coupat, P.Y. Bertin, D.B. Isabelle, G. Kawadry and P. Vernin,
Laboratoire de Physique Corpusculaire, Université de Clermont, BP 45,
63170 AUBIERE, France

and

A. Gérard, J. Miller, J. Morgenstern, J. Picard and B. Saghai
DPhN/HE, Centre d'Etudes Nucléaires de Saclay, BP 2, 91190 GIF/YVETTE, France

Absorption of negative pion at rest by nuclei occuring only if at least
two nucleons are involved in the capture process, is a sensitive probe to
study nucleon correlation in nuclear matter!. Using the pion beam facility
of the Saclay linac® we have undertaken a preliminary study of the (w , p)
reaction in various light nuclei.

Two different technics were used : either a measurement of the radioac-
tivity of the residual nucleus, or a direct detection of the emitted proton
with a NaI (T1) crystal. Due to the poor resolution of this type of spectro-
meter it can only be used if the residual nucleus has a large gap and large
value of the nucleon separation energy (few MeV at 1east2. Among 1light nuclei
the only possible case is 3B produced in the reaction !*N(m , p)!3B. We per-
formed this experiment and the data are presently analysed. The results will
be presented at the Conference.

The activation method provides a measurement of the total probability of
absorption with proton emission, as it is not possible to determine the final
state of the residual nucleus. The following target nuclej have been irradia-
ted : °Be, '2C, '®0, 27A1. A1l residual nuclei are B-emitters. The radioacti-
vity is measured between beam pulses using a plastic scintillator telescope.
The analysis of the raw data is performed to include all the corrections to
the detection of B8 radioactivity.

The '2C result has already been published®. We found a probability of

(4.5 £ 0.8) x 10°* for single proton emission per Eion absorbed at rest in !Z2C.

We will present the corresponding result for '°0, 27A1 and eventually °Be.
This experiment will provide the first set of data for proton emission

from m  absorption at rest for nuclei with A ranging from 9 to 27. We must

remind that this reaction is the inverse of w production by proton which has

already been observed*. To compare the two reactions it is necessary to perform

measurements of the m absorption probability in flight and we have done a
preliminary experiment of this type. We wish to emphasize the need for more
theoretical calculations of the process (v , p).

1. K. Chung, M. Danos and M.G. Huber, Phys. Lett. 29B, 265 (1969) and Z Phys.
240, 195 (1970)

2. P.Y. Bertin et al., Inter. Report C.E.A., DPhN/HE/71/3

3. B. Coupat et al., Phys. Lett. 55B, 286 (1975)

4. S. Dahlgren, P. Grafstrom, B. Hoistad and A. Asberg, Nucl.Phys. A204, 53,
(1973) and Phys. Lett. 47, 439 (1973)
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I.D.24
THE 1ls AND lp SHELLS OF LIGHT NUCLEI STUDIED IN (p,d) AT 185 MeV.

B. Fagerstr6ém, J. Kdllne, O. Sundberg and G. Tibell

The Gustaf Werner Institute, Univ. of Uppsala, Uppsala, Sweden

Recent (p,d) measurements on 12C, 14N and 160 1 have established the
location of the 1s1/2, 1p3/2 and lpj/2 neutron sub-shells in the nuclei of the
upper lp-shell mass region. This has now been complemented with the correspon-
ding information for the light nuclei and experimental results will be presen-
ted for the target nuclei 6,7ni, 9Be, 10,11p and 13c. Spectra were recorded
at © = 2.50 with an energy resolution of 0.6 MeV (FWHM) or better and extended
to sufficiently large separation energies (Eg) to cover the ls pickup cross
section, e.g., Eg S 80 MeV for 13c. Beyond the sharp lp peaks in the low-energy
region (Eg £ 25 MeV) a broad peak assigned to ls-neutron pickup appeared in
all spectra. One example is presented in the figure which shows the spectrum
for 1 B(p,d)IB. This spectrum exhibits five prominent lp peaks above Eg=25 MeV
and superimposed on a smooth cross section a broad ls peak at Eg = 37 MeV. The
spectroscopic strengths carried by these peaks were extracted by a DWBA ana-
lysis giving S(1s) = 2.0 and S(1p) = 3.0. The agreement with the shell model
prediction verifies the ls assignment made. As in several other cases the low-
energy side of the ls peak shows some structure of unknown origin. A compari-
son between the present results on the ls neutron shell and the more frequent
information on the ls proton shell shows, apart from some detailed differen-
ces, that the ls peaks in the neutron and proton removal spectra are located
in the same Eg range and that both increase in energy and width with A.

l. J. Kéllne and B. Fagerstrdm, Proc. 5th Int.Conf.High Energy Phys .Nucl.Structure
(Uppsala 1973) p. 369.

13 T T T T T T
1°8 (p.d) °B ﬂ
E, =185 MeV
0.3f p o L! J
- 8 =25 I
= !
=
Ny
0.2 s
£ 2
£
luu
b
Nbé ’
0.1 ﬂ ﬂ
. 1
= VUJ

—1
E, IMeV) 50 40 30 20 10
1

-
Es IMeV) 60 50 %0 30 20 0




1.D.25

FISSION OF HEAVY NUCLEI INDUCED BY STOPPED NEGATIVE PIONS
Yu.A.Batusov, D.Chultem, Dz.Ganzorig and 0.Otgonsuren
Joint Institute for Nuclear Research,Dubna,USSR

Using a mica detector technique relative fission probabilities
of IS heavy nuclei from Ag to U in negative pion capture have been
determined.

It is shown that for nuclei with (Z-i)z/A~80,~25 and~ 20 the
fission probabilities are~I03,~IO5 and2=IO6 times lower than
for thorium and uranium isotopes.

The results are compared with statistical model calrxulations
based on the I'./I' ~dependence of the excitation energy and of
nuclear paremeters ( fission barriers, neutron binding energies,

nuclear density parameters and mass formula constants ).
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COULOMB CAPTURE AND X-RAY CASCADES OF MUONS IN METAL 1.1
HALIDES.

A. Brandao d'Oliveira, H. Daniel and T. von Egidy

Physics Department, Technical University of Munich,

Munich, Germany.

Muonic X-ray yields have been measured for Al,AlF

3'
AlCl3, AlI3, KCl, KBr, KI, Cd,Csz, CdClz, CdBrz, CdIz,
Sn, SnClz, SnCl4, Sb, SbF3, SbF5, CbSl3 and SbCls. The

yields were normalized with the total intensity of the

Lyman series. The capture ratios between Coulomb capture

in the anion and the cation were determined for all compounds
listed. Chemical effects in the intensities were observed.

All observed intensities were compared with cascade calculations
assuming a modified statistical population of the levels

with principal quantum number n = 20. Good fits were

obtained for all solid sources but not for the liquids. The
captureratios measured in the present experiment and all
previous experimental values for ionic compounds were compared
with the Fermi-Teller "Z-law" formula and with various
modifications of this formula. It was found that a good
representation of the experimental data can be obtained

with one of the modifications but not the original "Z-law".
The physical basis of this formula will be discussed.
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1.2
RECENT EXPERIMENTAL RESULTS OF THE MESIC CHEMISTRY PROGRAM AT LAMPF*

J. D. Knight, C. J. Orth, M. E. Schillaci, University of California, Los
Alamos Scientific Laboratory, Los Alamos, NM; R. A. Naumann, Princeton Univer-
sity, Princeton, NJ; H. Daniel and K. Springer, Technical University of Munich,
Munich, Germany; H. B. Knowles, Washington State University, Pullman, WA.

During the initial phase of experiments at LAMPF aimed at studying the
effects of chemical structure on the capture of negative muons in matter, we
have examined the muonic x-ray spectra of several groups of low- to medium-Z
target materials, including strongly ionic to purely covalent solids, aqueous
solutions of simple ions, and two metal hydrides. The observations were made
using a standard muon telescope arrangement with associated fast electronics,
and the muonic x rays were detected with Ge(Li) detectors. The muon channel
was operated at 130 + 5 MeV/c with no measurable pion contamination and the
spot size at the target was ~ 4 cm x 12 cm.

Following are some results of our measurements:

1. Chemical bonding and state of aggregation - no significant spectral
differences were observed between water and ice, between graphite and diamond,
nor between the graphite and diamond forms of BN. The higher members of the
C Lyman series are markedly more intense in various organic compounds than in
diamond and graphite.

2. Z-law, solids -

a. The observation by Zinov et al.1 of periodic variation of capture
fraction in metal oxides is confirmed; capture fraction appears to correlate
with electronegativity;

b. in crystalline alkali halides, capture probability varies more
nearly as z1/2 than as Z;

¢. 1in BN, N/B capture ratio is about 3 times Z-law;

d. in N- and O-containing organic compounds deviations from Z-law
are small but appear to be real.

3. Z-law, aqueous solutions of alkali halides - capture probabilities of
cations (anions) relative to oxygen in the water do not vary with changes of
the anion (cation). They exhibit a smooth, monotonic dependence on Z, with
the anions capturing more strongly than the cations.

4. Lyman intensity patterns, metal hydrides - relative intensities of
higher members of the Lyman series of CaHy (ionic hydrogen) and TiHz (inter-
stitial hydrogen) are similar.

5. Charge displacement effects - no significant spectral differences
were observed for N and O in para-CHzCgH4NO, and para-ClCgH4NO;, nor for N
and C in neutral and basic forms of glycine in aqueous solution.

*
Work performed under the auspices of the U. S. Atomic Energy Commission.

1V. G. Zinov, A. D. Konin, and A. I. Mukhin, Sov. J. Nucl. Phys. 2, 613 (1966).



Asymmetry and Energy Spectrum of High Energy Neutrons II.

Emitted in Polarized Muon Capture

K. Kume, N. Ohtsuka, H. Ohtsubo, and M. Morita
Department of Physics, Osaka University, Toyonaka, Osaka 560, Japan

The high energy neutrons emitted mainly by the direct process,
U+ (A,2) > (A-1,Z-1) + n + Vo

have an angular distribution with respect to the muon polarization
vector P. The transition rate per unit solid aggle and unit energy
is expressed by d°W/dQ dE_ = [N(E_)/4m)[1+0(E )P-k], k being the
unit momentum of the emitPed neutPon. The asymmetry coefficient
a(E_ ) is large and it has a strong energy dependence in muon capture
by ‘°Ca,’ see, Fig.l. Among many theoretical attempt to explain
this asymmetry, Bouyssy, Ngo, and Vinh Mau? noticed importance of
the distortion of neutron waves due to the nuclear potential. Its
effect is, however, not strong enough to produce a peak of the
neutron asymmetry at the energy around 20 MeV. We show this can

be explained by taking into account a realistic reaction mechanism
with the effect of channel coupling. In Fig.l, the curve A shows
the asymmetry o in the DWBA calculation with no small component of
the muon wave function. The energy dependence is relatively good,
but the magnitude of o is too small. If we add this small component,
o becomes worse, as in curve B. The
X(ER) Fig.1 | asymmetry in curve C is large with
o5t T a nice energy dependence, by taking
into account the effect of the
channel coupling in the final state.
In all three cases, calculations

c involve the first order of the
nucleon velocity terms in the
effective Hamiltonian, the
relativistic muon wave functions
with charge distribution of the
finite size nucleus, and the optical
ORN A potential with no energy dependence.
In curve C, we assume the Rosenfeld-
0.0 : . . \ : A | type residual interaction. The

/f\L///—E\\\ :;;;4§:- energy spectrum of the emitted high

01 { I~ energy neutrons is also investigated.
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1. R. M. Sundelin and R. M.

—0.2} Edelstein, Phys. Rev. C 7, 1037
(1973).

2. A. Bouyssy, H. Ngo, and N. Vinh
Mau, Phys. Letters 44B, 139
(1973).
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MUONIC X-RAY SERIES IN METALLIC Al, Fe AND In.

R. Bergmann, H. Daniel, T. von Egidy, F. J. Hartmann, H.-J.
Pfeiffer, K. Springer
Physik-Department, Technische Universitdt Milinchen, Munich, Germany
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Muonic X-rays of metallic
Al, Fe and In have been
measured at the supercon-—
ducting muon channel of SIN,
Villigen, Switzerland. The
channel was fed with pions
of 150 MeV/c. Muons of

85 MeV/c were focussed on
the target of typically

50 x 70 x 1 mm”. X-ray
spectra were simultaneously
taken with a 0.5 cm3 high-
resolution intrinsic Ge
detector (0.25 kev fwhm at

"6 keV) and a 42 cm3 Ge(Li)

detector (2.2 kevV fwhm at
1.3 MeV) and recorded with
a computer on-line and a
multichannel analyzer. A _
typical telescope rate (123)
at 10 EA proton current was
1.5:10°/s. The distribution
of the muon stops in the
target was measured with
the help of the induced
radiocactivity. Parts of the
iron spectra are shown in
fig. 1. Lines from levels
with principal quantum
number n up to n 14 were
observed in the K, L, M, N,
and O series. The experi-
mental intensities will be
compared with computed
values calculated with
various initial distribu-
tions and a standard cas-
cade program.

Fig. 1




ATOMIC CAPTURE OF NEGATIVE MESONS; THE FUZZY FERMI-TELLER MODELII'5

M. Leon and J. Miller

University of California
Los Alamos Scientific Laboratory
Los Alamos, NM 87544

A model for the atomic capture,of negative mesons has been developed
which, like the Fermi-Teller model,” treats the meson classically and the
electron cloud in the statistical approximation. The present model allows
for the inherent probabilistic nature of the response of the atomic electrons
to the invading meson. Hence the average energy loss and angular momentum
loss of the Fermi-Teller model are replaced by distributions of energy and
angular momentum losses, and the meson slows down in discrete steps rather
than continuously. Results obtained in this Fuzzy Fermi-Teller model are com-
pared with earlier calculations, and possible applications of the model for
the investigation of chemical effects in negative meson capture will be dis-
cussed.

1M. Leon and R. Seki, Phys. Rev. Lett. 32 (1974) 132; and, to be published.
P. K. Haff et al., Phys. Rev. AlO (1974) 1430; and, to be published.
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I1I.6

The GZ(ZG)Z contribution of vacuum polarization to level shifts
in high Z muonic atoms.

M. K. Sundaresan
and
P. J. S. Watson
Department of Physics,
Carleton University,
Ottawa, Canada.

ABSTRACT

Recently results of two calculations of the az(Za)zvacuum polari-
zation contribution to level shifts in high Z muonic atoms have appearedl’z.
The results of these calculations are in disagreement with one another,

Wilets and Rinker !

claiming that the expected level shift is very small,
while Chen® claims it is enough to remove the discrepancy between theory
and experiment in muonic X—rays3. It is therefore necessary to ascertain
what the correct value is, and we have been performing the calculation

using the method due to Owen". Results of the present calculation will be

presented.

REFERENCES
1. L. Wilets and G. A. Rinker, Jr. Phys. Rev. Letts. 34, 339, (1975)
2. Min-Yi Chen, Phys. Rev. Letts. 34, 341, (1975)
3. P. J. S. Watson and M. K. Sundaresan, Can. J. Phys.52, 2037, (1974)
4. D. A. Owen, Phys. Rev. D8, 424, (1973)




E2(El) PARITY MIXING IN MUONIC ATOMS

L.M.Simons
CERN, Geneva, Switzerland

One of the most exciting discoveries invhigh energy physics
in the last years has been the measurement of events in neutrino
physics wich could indicate the existence of weak neutral currents.
The interest in experiments also in other fields of physics has
then rapidly increased wich could also demostrate the existence
of weak neutral current effects.

In muonie atoms usually it is proposed to measure parity
violating effects in the 2s-ls M1(El)-transition.In contrast to
the effects expected there we think that a parity vioiating
effect in other transitions like the 3d-1s and the af-2p E2(El)-
transition is much easier to measure.

The main reason for this is that background problems are much
less severe here and that also the posibility to reduce the back-
ground by a coincidence method is given.This and other experimen-

tal considerations will be discused.

I1I1.
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I1.8

EFFECTS OF NON-STATISTICAL HYPERFINE POPULATIONS IN MUON CAPTURE
BY POLARIZED NUCLEI

N.C. Mukhopadhyay
Theory Group, SIN, Villigen, Switzerland

and

L. Hambro
Theory Division, CERN, Geneva, Switzerland

We have examined muon capture by polarized nuclei regarding
its usefulness in probing the difference between the hyperfine
capture rates A, . The capture rate A is given by

A= N,A_+N_A_ , (1)

no+

where N_ are the weights of the hyperfine population given by

N = N_SPERra3aBy, N, - 1-no, (2)
a,b being the muon and nuclear polarizations at ths instant of
muon's entry in the 1S orbit, N_Stat is I, I being the nuclear

2I%1

spin. N, are independent of time,since Tr‘(Ptpu ® p1) does not
change with time, P+ being the projection operators for the hyper-
fine states and p’s the density operators. If the rate A is deter-
mined for two values of polarization b, Ay can be separately
determined by the equations

= rn (2)a(2)_ (1)p(2) (2)y (1)_
Aa [NB A NB A }/[NB Na
Ng LI, (201, (3)
where a = (+,-), B = (-,+) superscripts indicate the two mea-
surements. For [§[ and B having magnitude unity parallel and
antiparallel to a, the capture rates differ by ~30% in hydrogen,
10

deuterium, °Li, B targets. Adequate techniques exist to ex-
ploit the effect and determine A+ to a fair level of precision.




11.9

MIGOAL'S QUASIPARTICLE APPROACH AND ITS IMPLICATIONS OF ALLOWED
MUON CAPTURE STRENGTH IN !'2C

John D. Immele - -
Lawrence Livermore Laboratory, Livermore, U.S.A.

and

N.C. Mukhopadhyay, CERN, Gen&ve, and SIN, Villigen, Switzerland

An open-shell extension of Migdal’s theory of finite Fermi sys-
tem is specialized to !2C to describe the T=1 states. The Migdal
spin-spin interaction term g’ has a preferred value of 0.5 to fit
the rate of the process !2B(g.s.)§ !2C(g.s.). Low-lying T=1 states
are well-reproduced. While the '2?B(g.s.)%!?C(g.s.) weak transi-
tions and their electromagnetic analogues are well-described, an
improvement over the closed-shell RPA, the isovector M1 strength
is found to be grossly overestimated. This means that the allowed
muon capture strength is ill-reproduced.

A careful examination of the difficulty suggests that the
trouble may lie with the neglect of the graphs of the type given
in fig. 1, which is necessary to restore the Pauli principle. This,
however, leads to an energy-dependent p-h interaction and is thus
incompatible with the basic philosophy of the Migdal approach.

Fig., 1
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Quantum Electrodynamics Tests with Muonic Atoms* I1.10

C. K. Hargrove, E. P. Hincks, H. Mes and R. J. McKee,

National Research Council of Canada,

M. S. Dixit, A. L. Carter, D. Kessler and J. S. Wadden,

Carleton University,

and
H. L. Anderson,

University of Chicago

Muonic x-rays in the energy region 100 to 500 keV are well
suited to test quantum electrodynamical (QED) effects. Dis-
crepancies between the predictions of QED and high precision
measurements of the energies of higher transitions (n=5+4 and
n=4+3) in muonic atoms have been reported from two independent
experiments.!s2 Although much of the discrepancy was later re-
moved by careful theoretical work (see, for example, the review
by Watson and Sundaresan3) it remained at between one and two
standard deviations for transitions in Ba, Pb, Tl and Hg. We
have recently made new measurements of the higher lines in Cd,
Ba, Pb and Bi using the SREL synchrocyclotron and will report
the progress on our comparison of experiment with theory.

*Supported by the National Research Council of Canada and the
National Science Foundation and part of the program of the
Canadian Institute of Particle Physics.

M. S. Dixit et al., Phys. Rev. Lett. 27, 878 (1971).

2H. Walter et al., Phys. Lett. B40, 197 (1972).

3p. J. S. Watson and M. K. Sundaresan, Can. J. Phys. 52, 2037
(1974) .
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PARTIAL MUON CAPTURE RATES IN 12C I1.11

V. Devanathan and P.R. Subramanian
University of Madras,Madras-600 025,India
and "
R.D. Graves and H. Uberall#*
Catholic University of America,Washington DC 20064

Partial muon capture_rates to the ground state and the three
lowest excited states of B have been calculated using two versi-
ons of the shell model, and the generalized Helm model . The para-
meters for the latter model were obtained from an improved fit“ to
the inelastic electron scattering data, whereupon use of the model
leads to good agreement between calculated and measured™ captured
rates (see Table I). In contrast, the rates calculated from the
single-particle shell model (sps) give overestimates by factors
of four. For the capture rate to the B ground state, we also

used a configuration mixing model (cfm) which predicts the rate
correctly.
Table I 12
Partial muon capturelﬁates in"°C §o -1

the four lowest levels of B (units 10~ sec )

Level Helm sps cfm exper.

1; 6.21 35.8 5.26 5.74%0.80

2 0.13 0.80 - 0.21%*0.39

2" 0.68 3.51 - 0.3720.57

1 0.37 2.85 - 0.73%0.41

Work supported in part by the National Science Foundation.

Also at Naval Research Laboratory,Washington DC 20375

1M, Rosen, R. Raphael, and H. Uberall, Phys. Rev. 163,
927 (1967)

2 H.Uberall et al, Phys. Rev. C6,1911 (1972)

3 G.H.Miller et al, Phys. Lett. 41B,50 (1972)

4

M.Hirooka et al, Prog. Theor. Phys. 40,808 (1968)
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11.12
CHARGE PARAMETERS, ISOTOPE SHIFTS, QUADRUPOLE MOMENTS,

AND NUCLEAR EXCITATION IN MUONIC17O’171’172’173’174’176Yb.*

A. Zehnder and F. Boehm
California Institute of Technology, Pasadena, Ca. 91125

W. Dey, R. Engfer, H.K. Walter, and J.L. Vuilleumier
Laboratorium flr Hochenergiephysik, ETH, 5234 Villigen, Switzerland

Muonic x~ray and nuclear gamma rays from six separated isotopes of ytter-
bium were measured simultaneously. The parameters of the deformed charge dis-
tribution, the quadrupole moments and the isotope shifts are given in Tables I
and II. The analysis includes QED corrections for the monopole and the quad-
rupole Coulomb potential and El and E2 nuclear polarization.

The isotope shifts were interpreted in a model-independent way. From the
static splitting of the 3d state in '73%Yb a nearly model-independent spectro-
scopic quadrupole moment was found and used for testing the assumed charge dis-
tribution.

In !72Yb evidence was found for a pronounced resonance between the 3d3,2-
1s;/2 muonic states and a nuclear state at 6.9314 MeV. Several nuclear gamma
rays were observed and the isomer shifts for the first excited 2t and 0t states
were evaluated and are (73+60) eV and (-3.2+1.4) keV, respectively.

Table I Parameter of a deformed charge distrib-| Table II The isotope shift
ution p(r) = p [1+exp(48n3 (r-c)/t)]~l with c=c, | and its equivalent radius R,
(1+32Y20+3“Y“09. The skin thickness was t = are given with k = 2.34 and
2.18(2) for all isotopes. By was chosen to re- o = 0.136. The analysis was
produce the measured or calculated hexadecapole carried out as described in
moments. The quoted errors for Q are statistis— | ref. 1.

tical. By considering the model—aependence the

total error for all isot is 0.3b.

erro isotopes is GEuls GRtls
Yb co(fm) B2 Qo(b) (keV) (mfm)
170 6.212(5) 0.322(1) 7.80(4) |'7°7172yp -10.64(36) 18.0(6)
171 6.214(5) 0.327(1) 7.95(4) | 1707172y _5.78(37)  9.8(6)
172 6.227(5) 0.325(1) 7.91(4) | 172717%p  -8.75(23) 14.8(4)
173 6.234(5) 0.324(1) 7.92(5) |'7*717%b  -5.07(40) 8.6(7)
174 6.246(5) 0.320(1) 7.82(5) [!7%7178vp -7.86(32) 13.3(5)
176 6.271(5) 0.309(1) 7.59(5)
REFERENCE

1. R. Engfer, H. Schneuwly, J.L. Vuilleumier, H.K. Walter, and A. Zehnder,
Atomic Data & Nuclear Data Tables 14, nos. 5-6, (1974).

Work carried out at the CERN Synchrocyclotron, Geneva, Switzerland.




*
MUON CAPTURE IN ATOMS, CRYSTALS AND MOLECULES 11.13

%k
P. Vogel, P.K. Haff, V. Akylas, and A. Winther
California Institute of Technology, Pasadena, California 91125

A comprehensive description of muon capture in all but the lightest atoms
is given. After verification that the process can be calculated by classical
mechanics, the frictional force derived from the stopping power of an electron
gas is used in the classical equation of motion for the negative muon. The
method developed allows calculation of the angular momentum and energy distrib-
ution of captured muons. Formulae, based on the statistical atomic model, are
derived for the energy at which the muons are typically captured and for the
capture and energy loss cross sections. The transport equation describing the
combined effect of stopping and capture in a target is derived and solved. It
is shown that the angular momentum distribution of the captured muons is near-
ly statistical. The subsequent cascade is followed classically to the elec-
tron K-shell energy, where a comparison is made with a quantum calculation.
The "standard" quantum cascade calculation, expected to be accurate at the
lowest muon states, is shown to be in error when applied at high (n = 14)
quantum numbers in small Z muonic atoms. The shape of the angular momentum
distribution is not qualitatively changed during the cascade. In mixtures of
monoatomic gases with atomic numbers Z; and Z2 the calculated capture ratio is
proportional to the relative concentration and to (21/22)145. The capture
ratios in cubic ionic crystals are calculated by the Monte Carlo method and
the results agree well with the experimental data. In such crystals electro-
static ionic charges lead to systematic deviations from the Z law. Another
approximate method of studying the capture process in a solid target is de-
veloped. Using this method with Hartree-~Fock atomic densities and potentials,
it is shown that the angular momentum distribution of muons in atoms near
shell closure Z = 18 is steeper than statistical while in the transition metal
nickel it is flatter, in qualitative agreement with the experiment. As an
example of capture in more complicated systems the SFg molecule is studied.

* Work supported in part by the U.S. AEC AT[04~3]-63 and the National Science
Foundation [GP-28027].

*% Permanent address: Niels Bohr Institute, DK-~2100, Copenhagen, Denmark.
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*
MUONIC x-RAY STUDIES IN Sm 11.14

R.J. Powers
California Institute of Technology, Pasadena, California 91125

and
CEN-Saclay, Gif-sur-Yvette, France 91190

P. Barreau, B. Bihoreau, J. Miller, J. Morgenstern, J. Picard, and L. Roussel
CEN-Saclay, Gif-sur-Yvette, France 91190

P. Bertin
Université de Clermont~Ferrand, Clermont-Ferrand, France

We have measured the muonic isotope shifts of the 2p + ls transitions
using separated samples of Sm with A = 144, 148, 149, 150, 152, and 154 at
the electron Linear Accelerator at Saclay (ALS). The purpose of this ex-
periment was to study the evolution of nuclear radius and deformation as a
function of neutron number in this transitional region of the periodic table
where nuclear properties vary rapidly from those associated with non-deformed,
magic-in-neutron-number (N = 82) nuclei (A = 144) to highly deformed rotors
(A = 152 and 154). The absolute energies of the muonic transitions were de-
termined relative to muonic 2°%®Pb, which has been well studied previously,
in order to allow the determination of the nuclear charge parameters.

The muon stopping rates (typically 20 k/s) were sufficient to allow the
observation of transitions to and from the weakly populated muonic 2s state
in several isotopes. Initial fits of the 152gm data using the 231/2 -+ 2p3/2,

3d5/2 > 2p3/2, 2p3/2 -+ 131/2, 3p3/2 > 181/2’and 3d5/2 > 131/2 transition

energies as well as the 2p hyperfine interaction energies to a deformed Fermi
distribution yield a dynamic E2 transition moment corresponding to an intrin-
sic moment Qo = 5.74 + 0.06 b (assuming the rotational model) and a static E2
moment of the first excited state corresponding to Qo = 5.80 + 0.18 b. The
dependence of this analysis upon the nuclear charge model will be discussed.

* Supported in part by the U.S. AEC AT[04-3]-63.




II.15
NEGATIVE MUON SPIN ROTATION AT OXYGEN SITE IN PARAMAGNETIC MnO*

S. Nagamiya, K. Nagamine, O. Hashimoto and T. Yamazaki
Department of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo, Japan
and
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720

The negative muon (u~) has been applied to study hyperfine field at the
oxygen site in MnO in paramagnetic phase. This material is antiferromagnetic
below Ty = 116 K, where oxygen atoms play important role in superexchange
interactions between Mn** d-spins.

Negative muons from the 184" Cyclotron at LBL were stopped in a single
crystal of MnO (3cm x 4cm x Sgr/cm?) at room temperature on which an exter-
nal magnetic field (6.830 and 1.1061 kOe) was applied perpendicularly to the
muon beam. Fig. 1 shows the time spectrum of decay elect.ons from muons.

The short-lived component is due to muons bound to Mn nuclei (u~Mn), whereas
the long-lived component is due to u~0. We have analyzed the long-lived com-
ponent to get the precession frequency and relaxation time of u~0 in MnO.

The x?-fits for this component and u~C at H = 6.830 kOe are plotted in Fig. 2
as a function of precession frequency. The comparison with a carbon run

gave a paramagnetic shift (A) of w~0 in MnO,

A = 8H/H = 1.1 + 0.2 %. (1)
The relaxation time 2 of M”0 extrapolated to zero external magnetic field is
To = 1.5 + §:8 pusec at H = 0, (2)

Paramagnetic MnO is one of exceptional cases where the 170 NMR data are
available.! The present value of A(u~=0) is about 3 times smaller than the
‘paramagnetic shift of 170 (A(170) = 3.21 + 0.02 %). This reduction cannot
be accounted for by the reduction of 2s electron density alone. Therefore,
it suggests that the polarization of local Mn** d-. pins is reduced due to
the increase of superexchange interaction in the presence of u~ at the oxygen
site. The relaxation time T, can be explained if we take into account the
reduction of 2s electron density as well as the enhanced local superexchange
interaction.

! D.E.O'Reilly and T.Tsang, J. Chem. Phys. 40, 734 (1964).

1.5 ¥ T T T T T
A 100
) Electron lime spectrum
" from @ in MNO 1080 -
_Lo-z . . 1
Y g 1060}~ actv | HOinMa0
X =, \‘ H] | H 300°K )
2 1ES % a0k : =
[+3 ‘-
(51 £ I
0.5 - © - ; 4
1
1200 |- -
200 d wC
Consionl bock B 1
o v L L 4 1 : ! 1 L ] 1
|
°c a0 M ime 12 B @ 38 00%% 88 96 92 94 96 98 100 102
N . hadaitd g Frequency (MH2)
T TB2EITS
Fig. 1 Time spectrum of decay Fig. 2 x2 vs. Larmor frequency for
electrons. u~0 in MnO (upper) and u~C (lower).

* Work supported by JSPS (Japan), NSF and the US-AEC.
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LIFETIMES OF NEGATIVE MUONS BOUND TO ACTINIDE NUCLEI* I1.16
0. Hashimoto, S. Nagamiya, K. Nagamine and T. Yamazaki
Department of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo, Japan
and
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720

We have determined lifetimes of muons bound to 238U, 235U, 232Th and
239py by observing decay electrons from ls muons in order to study systemat-
ics of muon capture rate in this region and also to see any difference
between the lifetimes through the observations of decay electrons (te) and
of fission fragments (tf), as discussed by Bloom.!

Muons from the 184' Cyclotron at LBL were stopped in a metallic target,
and the time distribution of u~ -+ e~ decay was observed in the same way of
the uSR experiment.? The results are

Te(238U) = 81.5 * 3.0 nsec Te(235U) = 78 £ 5 nsec

1e(%32Th) = 80.4 t 2.5 nsec 1e(23%u) = 77.5 £ 2.0 nsec.
The present value of Te(238U) is closer to Tf(238U) [= 75.8 + 0.8 nsec3] than
the old value of Tt by Sens', but still a ‘little longer than Tf(238U). The
T values for the other nuclei (235U, 232Th and 239Pu) reported by three
groups3 are scatterd too much to be compared to the present 1, values.

The reduced capture rates, Ac/<p>, versus (A - Z)/2A are plotted in
Fig. 1 for both the fission mode and electron decay mode, where A, = 1/T -
1/Ttfree and <p> is the overlap of muon and nuclear charge densities. The
straight line is extrapolated from the systematics of capture rates in light-
er nuclei than 209Bi. 1In actinide region the reduced capture rate in elect-
ron decay mode is less dependent on (A - Z)/2A than in the lighter nuclei.

! S.D.Bloom, Phys. Lett. 48B, 420 (1974).

2 T. Yamazaki et al., Phys. Lett. 53B, 117 (1974).

3 J.A.Diaz et al., Nucl. Phys. 40, 54 (1963); B.Budick et al., Phys. Rev.
Lett., 24, 604 (1970); D.Chultem et al., JINR E15-8134 (Dubna, 1974).

% J.C.Sens, Phys. Rev. 113, 679 (1959).
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Fig. 1 Primakoff plot of A, for heavy elements.
* Work supported by JSPS (Japan), NSF and the US-AEC.
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STRANGE DEPOLARIZATION OF NEGATIVE MUON IN TRANSITION METALS* 11.17

K. Nagamine, S. Nagamiya, 0. Hashimoto, S. Kobayashi and T. Yamazaki
Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo Japan
and Lawrence Berkeley Laboratory, University of California, Berkeley, Calif., U.S.A.

We have studied depolarization phenomena of negative muons in
paramagnetic metals at various temperatures. The LBL facility for nega-
tive muon spin rotation was used.

Mo: A free precession was observed with alTost full amplitude
at RT and 18 K, which is contrary to the Dubna work.l

Pd: A very pure Pd sample (5 ppm Fe) was used to avoid depolari-
zation due to iron impurities. No precession signal has been observed at
any temperature (RT, 77 K and 4 K). This is yery surprising in view of
the known NMR data for dilute Rh in Pd host.? If the p—Pd felt the same
internal field as the Rh nucleus, the p Pd would show relaxation times
much longer than the u 1lifetime of 100 nsec. This fact indicates either
1) presence of a giant hyperfine anomaly (the hyperfine field by the uPd
is 10 times greater than that by the Rh nucleus, or 2) a fast depolariza-
tion before reaching the 151/ state of the muonic atom.

Ni and its Alloy: %n paramagnetic phase of Ni (T = 700 K) there
was no precession signal. We observed appreciable precession signal in NiCr
alloy at room temperature as the Cr concentration increased toward the
critical concentration (12%), where the magnetic moment of the alloy
ultimately becomes zero.

* Supported by Japan Society for the Promotion of Science, the National
Science Foundation and the U.S.A.E.C.
1) A.E. Ignatenko, Nucl. Phys. 23 (1961) 75.
2) A. Narath and H.T. Weaver, Phys. Rev 3B (1971) 616.
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PROBING THE GIANT MOMENT IN A DILUTE PdFe ALLOY I1.18
BY POSITIVE MUONS AT VERY LOW TEMPERATURES*

K. Nagamine, S. Nagamiya, 0. Hashimoto, N. Nishida and T. Yamazaki
Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo, Japan
and Lawrence Berkeley Laboratory, University of California, Berkeley, CA94720

Metallic palladium with dilute iron impurities has interesting magnetic
properties at low temperatures; the impurity spin strongly polarizes the
neighbouring Pd atoms, forming a large polarized complex. The ut spin rota-
tion method was used to explore the details of this giant moment, since u
stays preferentially at octahedral interstitial sites in the f.c.c. metal.

The polarized positive muons at the L.B.L. 184" cyclotron were used. A
palladium metal with 150 ppm Fe impurity under 1081.1 (0.3) G applied field
was cooled from 4.2 K to 0.11 K using a 3He-"*He dilution refrigerater .

The time distributions at 4.2 K and 0.11 K are shown in Fig. 1, where we
can see a clear difference of the damping in the precession amplitude. We
found that a Gaussian type relaxation (Aexp(-02t2)) gives a better fit than
an exponential type. This shows that the observed relaxation orginates from
the static inhomogeneity in the local interstitial fields. The results of
relaxation parameter (o) and the local field (B ) are summarized in Table 1,
The temperature dependence of ¢ does not follow!that of the magnetization
of the giant moment.

The observed small shift of B. even at 0.11 K (+0.06 + 0.03%) may arise
from a cancellation between the LoFentz field {(+0.41%) and a Knight shift
(-0.35 + 0.03%), which is due to the conduction electron polarization induced
by the iron moment.

* Supported by Japan Society for the Promotion of Science, the National Science
foundation and U.S.A.E.C.

Table 1 Summary of u'SR in PdFe Alloy (150 ppm Fe) ! L1
1 )
o ,g I I
il | !
T (B -B__.)/B o (usec™ 1) i|'= g"“? !
- AT S R TAR KL I TPP N
(X) " eft ext = 1 PRI v
(%) g .
£ I
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Fig. 1 Time spectrum of posi-
tive muon decay in PdFe alloy
at 4.2 ¥ and 0.11 K,
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HYPERFINE FIELD ON POSITIVE MUON IN NICKEL I1.19
IN THE TEMPERATURE RANGE OF 0.12-300 K*

K. Nagamine, S. Nagamiya, O. Hashimoto, T. Yamazaki and B. D. Patterson
Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo, Japan
and Lawrence Berkeley Laboratory, University of California, Berkeley, CA94720

We extended the u spin rotation experlment in a single cryvstal nickel 1)
to temperatures down to 0.12 K using a 3He-"He dilution refrlgerater The
polarized u* beam at the L.B.L. 184" cyclotron was used.

The local field on u at various temperatures has been determined. By
subtracting the Lorentz field (4nM/3), the hyperfine field (Hj,¢) can be ob-
tained. The low temperature limit of H, _ was obtained to be 640.7 + 2.2G.
The relative values of H., , normalized %o the lowest temperature value are
shown in Fig. 1, where wénput also a relative change of the saturation mag s
netization (M) and hyperfine f1e1d on Ni nuclei (H_ ) measured by NMR study ).
In contrast to the others, the y' hyperfine fields"are almost temperature in-
dependent.

From the known hydrogen diffusion properties, we guess that the positive
muon is well localized at octahedral sites below 77 K. At higher temperature,
the thermal excitation of u might cause further broadenlng of the location.
Then we expect a decrease of the hyperfine field, in contrast to the experi-
mental tendency.

* Supported by Japan Society for the Promotion of Science, the National
Science Foundation and U.S.A.E.C.

1) M.L.G. Foy, N. Heiman,'W.J. Kossler and C.E. Stronach, Phys.Rev. Lett.
30,1064(1973); B.D. Patterson, K.M. Crowe, F.N. Gygax, R.F. Johnson,
A.M. Portis and J.H. Brewer, Phys. Lett. 46A,453(1974).

2) R.L. Streaver and L.H. Bennett, Phys. Rev. 131,2000(1963).

Fig. 1 Temperature dependence of the re-
duced muon hyperfine field (Hint) norma-
lized at lowest temperature.
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Statistical Theory of Muon Capture I 1I.20

Y.Kohyama and A.Fujii
Physics Department, Sophia University, Tokyo, Japan

A statistical method of calculating the total muon capture
rate is formulated and applied to several heavy nuclei,

The assumption of the SU(4) symmetry reduces 6 conventional
nuclear matrix elements into a single term

froes¥r= f‘#ff(jﬁ:;" TV M ) Y = My, g-E:)
and the total capture rate is expressed as the sum over the
partial capture rates Efug;. In the statistical treatment
the final state f is regarded to distribute continuously,
labeled by a continuous variable E=E,-E; and the sum ;Z is
replaced by an integral jQE, The??;-dependence is purposely
singled out, and expanded around a constant value » 3

(M €017 = 1My, E)1%+ (vp = "”fLJ | My, E) 12
lM(genncan be expressed as a product of the single particle
strength function O(v, E) and the factor F(E) which manifests
the exclusion principle when a nucleon jumps from the proton
to neutron Fermi sea. The function D(» £) is characterized
by the energy weighted sum rules [E"D(WE)dE (n=o0,1,2),
which are related to the nuclear structure parameters,

The Gaussian shape of D(v,E) is assumed., It yields the fol-
lowing total capture rate in units of 10° sec™ (2nd row) in
contrast to the experimental rate (3rd row), the last 5 of

which are, however, for the natural element,

58 156

Fe %°Fe ‘’Fe “*zn "%sm '"‘Ga '**wW **‘pb
4.88 4.06 3.31 5.70 9.21 12.4 13.2 13.7
6.11 5.56 4.7z 5.74 10.7 12.1 13.1 13.0




11.21
Statistical Theory of Muon Capture II

Y.Kohyama and A.,Fujii
Physics Department, Sophia University, Tokyo, Japan

The statistical theory is further refined in the following
points,

1) SuU(4) symmetry is assumed only for relativistic correc-
tion terms, so that 2 nuclear matrix elements fl-gavd'and
fo. e %" govern the capture rate,

2) The exponent e **“
The former/latter induces the nuclear transition of parity
change no/yes.

3) The pairing effect changes the nucleon distribution
near the top of the Fermi sea. This effect requires some
modification of the exclusion principle factor ((E) .

k) The capture rate for the natural element is obtained
by the weighted mean of the rates for isotopes.

A calculation is forwarded with 4 strength functions,
whose shapes are assumed to be the superposition of 2
Gaussian bumps. The ratio R of the calculated and
experimental capture rate is plotted as a function of Z.

R

1.1 ™

1.0 |

0.9 L
Y 1 § i 1 1 i [y 3

is separated into ces(v-r) and Am(w-w),
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MUONIUM CHEMISTRY IN THE GAS PHASE 11.22

D.G. Fleming, J.H. Brewer and D.M. Garner
TRIUMF and Dept. of Chemistry, University of British Columbia

A.E. Pifer, T. Bowen and D. Delise
Dept. of Physics, University of Arizona

K.M. Crowe
Dept. of Physics and Lawrence Berkeley Laboratory, University of California

Studies at LBL of u+ depolarization in liquids have yielded a number of
rate constants for chemical reactions of muonium (Mu) atoms with various re-
agentsl. Comparison of these rate constants with those of atomic hydrogen (H)
in analogous reactions has led to the direct observation of large isotopic dif-
ferences, as high as a factor of 10% in some cases. Unfortunately, liquid phase
results are difficult to interpret theoretically due to competing effects of
diffusion and many-body collisions. In the gas phase, certain simple reactions
can be characterized by reaction cross sections, for which any difference be-
tween Mu and H should agree with the quantitative theoretical predictions of
dynamic isotope effects.

Recent experiments at LBL using the "Arizona" beam line, have allowed a de-
termination of the rate constants for the reaction of Mu with added Brp and Cl,
(v5 x 104 ppm.), in 1 atm. Ar moderator. A typical pair of ptsety v, time his-
tograms are shown in Figure 1. The total rate of disappearance of Ehe Mu signal

0 is composed of any 'background" relaxation
rate A, (top spectrum) and the rate A, of
the chemical reaction of Mu atoms with
added reagent (A=A0+Ar). In the absence of
any spin-exchange collisions, it is the rate
A, (bottom spectrum) which is of interest,
since this is proportional to the thermal
collision cross section of Mu atoms with
added reagent, the simplest reaction of
which leads to a diamagnetic bond incorpor-
ating the Mu; eg.,

0 25 50 75 10 1B5 150 175 200 225 Mu + Br

2 + MuBr + Br

BN NUMBER (20 NANOSECONDS / BIN) The bimolecular rate constant (kvov)
0,20 can be simply determined from the fitted
value of A, for a given concentration of
added Br, or Cl,. The results at 22°C are:
k(Mu+Bro)=(2.420.3)x10!! and k(Mu+Cly)=
(6.0+0.4)1019 ¢ mole=! sec~!. The corres-
ponding H atom rate constants? are ~3 x 1010
and 8 x 102, respectively. The Mu atom
rates are about a factor of ten faster in
both cases; the additional factor of 3 over
that expected from the difference in mean
velocities is indicative of some 'dynamic"
enhancement in the rate.

-0.20 T T T T T T T T
O 25 S50 75 100 125 BO 175°200 225

BN NUMBER (20 NANOSECONDS /BN) 1. J.H., Brewer, et.al., Phys. Rev. A8, 77

Fig. 1. (Top); Ao fit of Mu preces-— (1973); ibid, A9, 495 (1974).
sion in 1 atm. Argon. (Bottom); re- 2, B.A. Thrush, Prog. Reaction Kinetics,
laxation A=A, +A, upon addition of 3, 65 (1965).

~ 10-3 ppm. Clo.




NUCLEAR STRUCTURE STUDIES IN HEAVY DEFORMED

N I1.23
NUCLEI USING MUONIC ATOMS

D. A. Close, J. J. Malanify, and J. P. DavidsonT

Nuclear Analysis Research Group
University of California
Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87544

Nuclear charge parameters for four nuclei in the actinide
region, 232Th, 23 U, 2 U, and 239pu, have been determined using
muonic X rays. A large volume, high resolution Ge(Li) detector
was used to measure transitions between circular orbits. The
theoretical transition energies were obtained by numerically in-
tegrating the Dirac equation with a monopole potential derived
from a Fermi charge distribution. Corrections for vacuum polari-
zation and higher-order vacuum polarization, Lamb shift and the
anomalous magnetic moment of the muon, nuclear polarization, and
the screening effect of the electrons were added to the eigen-
values. A generalized least-squares fitting routine was used to
minimize the X% between the experimental and theoretical energies
for the 3d-2p and 2p-1ls transitions. The results of these anal-
yses are shown in the following table.

a (fm) c (fm) B2
Nucleus Aa (fm) Ac (fm) AB? (barns)
2320y 0.471 6.998 0.253 9.62
0.002 0.003 0.001
238 0.472 7.048 0.280 11.14
0.003 0.004 0.001
235, 0.471 7.024 0.269 10.59 -
0.003 0.004 0.001
239p, 0.465 7.074 0.282 11.55
0.007 0.008 0.001

The values of a, c, and By and their errors were calculated
by the fitting routine which properly evaluates the error matrix.
The quadrupole moments are the calculated values based on the
values for a, c, and Bz. The data are being further analyzed to
extract higher-order deformation parameters and higher-order
moments of the charge distribution.

® - : )
Work performed under the auspices of the U. S. Energy Research
and Development Administration.

TOn Sabbatical leave from the University of Kansas, Lawrence, KS

66045, 1974-75 academic year; presently with the Physics Divi-
sion of Los Alamos Scientific Laboratory.
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AN INVESTIGATION OF CHEMICAL EFFECTS ON NEGATIVE MUON CAPTURE 11.24

L. F. Mausner, R. A. Naumann, Princeton University
J. A, Monard, S. N. Kaplan, University of California
Lawrence Berkeley Lsboratory

To systematically investigate the influence of chemical structure on the
atomic capture of negative muons, muonic X-ray spectra have been measured for
several isoelectronic and isostructural molecular series and related pure ele-
ments at the Lawrence Berkeley Laboratory 184" Cyclotron. Relative intensities
were determined using an efficiency calibrated Ge(Li) detector and correcting
for X-ray attenuation in the targets employed. Some of the results are sum-
marized below.

A. Seven muonic Lyman series lines were observed from a liquid Ar target
with relative intensities consistent with neighboring isoelectronic ions, but
in stark contrast to the single Ky line previously reported for a gaseous ar-
gon target!. These results mey imply a large physical state difference for
muon cagpture in liquid or gaseous Ar.

B. The Kg/Ky ratios decrease through the isoelectronic series S™2, C17,
Ar, K+, ca*2, This trend can be correlated with the maximum angular momentum
(Imax) of the initially captured muon at the valence radius of an atom or ion.
Imax < r VE, where r is the atomic or ionic radius and E is the ionization po-
tential,

C. Using the standard cascade computer code with an initial angular mo-
mentum distribution of the form (2L + 1) exp(ql), we obtain a good fit to these
Ks/Ky ratios for o= 0.2-0.3.

D. In general, elemental KB/KQ ratios slowly decrease with increasing Z.

E. The muonic Lyman series intensity patterns from ionic solids contain-
ing the same ions are similar. The intensity ratios are similar for C1™ in
NaCl, KC1l, and CaClz, for Ca'® in CaS and CaClp, for Na¥ in NaCl and NaClOs,
and for S in CaSO4 and MgSO4. Conversely, differences are observed for S
between CaS and CaSO4, and for Cl in NaCl and NaClOg4.

F, We observe deviations from the Z-Law in ionic solids which appear to
correlate with the effective charge on the ions,

G. Comparison of the capture ratios of NaCl vs. NaClO4, and CaS vs. CaSO4
shows higher Z Law deviations for the oxysalts, suggesting preferential trans-
fer of initially captured muons to the tetrahedrally coordinated oxygen from
the central chlorine or sulfur atoms,

H. Muon Auger and radiative transition rates out of the N, = 14 state in
the helium atom were calculated using screened hydrogenic wave functions. Com~
parison of the classical rotation frequency of a muon captured on-this state
to these transition rates, suggests that several orbits are possible before
the muon deexcites. This result is consistent with the hypothesis of "mesomo-
lecular" orbitals.

*Work performed under the auspices of the U. S. Atomic Energy Commission
1. G. Backenstoss et. al., Phys. Lett. 36B, 422(1971)




1I.25
PRECISION MEASUREMENT OF GROUND STATE MUONIUM
HYPERFINE STRUCTURE INTERVAL Av*

D.E. Casperson, T.W. Crane, V.W. Hughes,
P.A. Souder, and R.D. Stambaugh, Yale Univ.,
P.A. Thompson, Los Alamos Scientific Laboratory,
H.F. Kaspar and H-W. Reist, Univ. of Bern,

H. Orth and G. zu Putlitz, Univ. of Heidelberg,
and A.B. Denison, Univ. of Wyoming

At LAMPF the hfs transition AF=zl in muonium has been measured at a weak
magnetic field of <2 mG by the microwave magnetic resonance method in low
pressure krypton. The Stopped Muon Channel yielded a high purity beam of
momentum 78 MeV/c and polarization 0.8. With a primary proton current of
10 A averageoznd duty factor 0.05, the wt instantaneous stopping rate was
about 4.5 x 1 secl in a 1.7 atm krypton target system 25 ecm in length.
The resonance line was observed by an "old muonium" method in which a low
power oscillatory field is used and decay positrons are observed only from
muonium that has lived longer than 3 usec, to achieve a narrow linewidth of
about 220 kHz. Also the line narrowing method of separated oscillating
fields was used. The data-taking time of about 600 hours was equally divid-
ed between the two methods. Proportional wire chambers as well as scintil-
lation counters were used.

The data on the AF=:1 weak field transition for muonium were obtained
for krypton pressures ranging from 1.7 to 5.3 atm. Preliminary_analysis of
these data, when combined with our earlier higher pressure data’, yields Av,
as well as a and b, which are respectively the linear and quadratic hfs
pressure shift coefficients: %v=hu6% 301.1(1.6) kHz (0.36 ppm); a=-10.60(11)
x 10~9/Torr; b=8.6(2.1) x 10~1°/Torr?. The error assigned to Av is a
statistical error, which dominates systematic errors. Our Av value agrees
with the value quoted by Telegdi et al.,? Av=4463 304.0(1.8) kHz (0.4 ppm).
Using our value for Av together with the best known value’ for g, we obtain
a value for p,, /uysand hence for the ratio of muon to electron mass:
wlup = 3.183 331 5(62) (2.0 ppm); mu/me=206.769 22(41) (2.0 ppm).

*Research (Yale Report No. C00-3075-109) supported by the U.S. Energy
Research and Development Administration under Contract No. AT(11-1)3075.

1p.a. Thompson et al., Phys. Reve A 8, 86 (1973).
2H.G.E. Kobrak et al., Phys. Lett. 43B, 526 (1973).
3E.R. Cohen, B.N. Taylor, J. Phys. Chem. Ref. Data 2, 663 (1973).
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11.26

High-Order Vacuum Polarization in Exotic Atoms, by G. A. Rinker, Jr., LASL,
and L. Wilets. U. of Washington.*

Electron-positron vacuum polarization potentials, accurate to all orders
n2 3 in (Za)?, are calculated using realistic nuclear charge distributions for
selected nuclei throughout the periodic table. These potentials are employed
to determine the muonic energy shifts listed in Table I. These correspond to
the diagrams

+ . +..‘ )

r&

where X is a nuclear vertex with appropriate form factor. Accurate shifts for
other values of Z or for other exotic particles may be interpolated by assuming
that for a given level, AE“Zk, and for a given nucleus, AEx<r _1>k, where

k is determined in each case by fitting to nearby values. Further details
concerning these results are being reported elsewhere.!®

Table I. Vacuum polarization energy shifts of order a(zo)™ 253.

Z 26 56 78 82 92 98 114
E (eV)
1s,/2 12 151 418 492 691 839 1370
2s1/2 3 60 201 244 367 463 817
3512 1 27 100 123 193 248 462
2pL/§ 3 84 287 348 517 646 1110
2p3 2 3 81 277 335 500 626 1080
3p 1 34 130 160 250 322 593
3d; 4 1 38 150 186 299 390 738
3ds 2 1 36 145 180 288 374 706
4f 0 17 75 95 158 210 417
5g 0 9 41 53 89 119 245
6h 0 4 23 30 51 71 148

1G. A. Rinker, Jr. and L. Wilets, "Vacuum Polarization in Strong, Realistic
Electric Fields,' submitted to Phys. Rev. A. See also L. Wilets and G. A.
Rinker, Jr., Phys. Rev. Lett. 34, 339 (1975); G. A. Rinker, Jr. and

L. Wilets, Phys. Rev. Lett, 31, 1559 (1973).

*Work performed under the auspices of the U.S. ERDA.
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| 11.27
MUONIC X-RAY MEASUREMENTS OF NUCLEAR CHARGE RADII IN THE MASS-60 REGIONT

E. B. Shera, E. T. Ritter"H', R. B. Perkins, and L. K. Wagner"H“}'

Los Alamos Scientific Laboratory, University of California, Los Alamos, NM 87544

H. D. Wohlfahrt and G. Fricke, University of Mainz, Mainz, Germany
R. M. Steffen, Purdue University, Lafayette, IN 47907

The muonic 2p3/y*1sy/2 and 2pj/p*lsy/p transition energies for the 16 separated
isotopes Fe-54,56,57,58, Co-59, Ni-58,60,61,62,64, Cu-63,65 and Zn-64,66,68,70
have been measured in the stopped-muon channel of LAMPF. Subsets of three dif-
ferent nuclides were measured simultaneously to extract precise values of iso-
tope and isotone shifts. Equivalent-charge-radii differences between isotopes
were determined from the Ford-Wills radial moments (rl.55)with accuracies of
about *10-3 fm. Some details of the measurements, together with results for
the even Fe isotopes, appear in ref. 1. Isotope shift data for all the nuclei
studied are summarized in the lower half of the figure below, in which values
for the differences in charge radii, ARy, between isotopes differing by both
An=1 and An=2 are plotted. The isotope shift values are plotted below the
isotope pairs (in the upper half of the figure) to which they correspond. Two
effects are readily apparent. 1) The isotope shifts between even nuclei (An=2)
form an approximately linear sequence--strikingly independent of Z--as n

increases from 28 to 40. The cause of this systematic behavior is not presently

understood. 2) A pronounced even-odd staggering exists for the An=1 shifts.
This effect, which has been observed in other optical and muonic isotope shift
studies, is also evi-

dent in our isotone
shift data. Detailed 2 | @ E@
Hartree-Fock predic- Cuw 2
tions of the nuclear K @
charge dist?ibution of Nt [sgl=——=[60}=[01}=[62}——=][¢4] —_
these nuclei are pre-
sented in the follow- Co 59
ing paper. l
" per Fe | B9
|
g’& 2?* l: lfgh 2?'/1_’
2 40
} &R« 1SoTopE SHIETS AN2
(-] -—Lan
tSupported by ERDA and 50mfm ‘°\ +ANeIn
Deutsche Forschungsge- T ©
meinschaft. \\\7\\\w
ttVisitor from ERDA. ] *
N LA § o
+ftAlso, Florida State U. Ny \\
1E. B. Shera et al, 0ds . . ,
Phys. Rev. Lett. 34, 535 28 30 232 34 3% 28 40
(1975). NEUTRONS

147



148

Deformed Hartree-Fock Description of the Fe, Ni, and Zn Isotopes* I11.28
G. A. Rinker, Jr., LASL, and J. W. Negele, MIT

We have carried out constrained Hartree-Fock calculations for 5“’56:58Fe,
58’60’62’6“Ni, and 6“’66’68’7°Zn, using a theory based on a realistic two-body
interaction and a phenomenological pairing force, with a basis which allows
the solutions to exhibit axially-~ and parity- symmetric deformations.! The
energy-of-deformation curves are shown in the upper figure, as a function of the
intrinsic mass quadrupole moment QO(Q0=200fm2 corresponds to $~0.2). These
curves are generally too flat to produce a definite ground-state deformationm,
with the exception of %%,58Fe and 792n. For °%Fe, our prediction for the
charge quadrupole moment (+100fm2) is in agreement with a recent measurement?
for the first 2t state (+120 fm?). Although approximation of most of these
nuclei by a single deformed in-
trinsic state is very crude, one

T 1 T 1 1 i

still obtains some insight into i S, THH

the behavior of charge radii in 3 : 1
M 43 ~

this region. Shown in the lower 4 QVI Fe =370 -

figure are the rms radii/Al/3 of -
the constrained spherical calcu~ 5
lations and of the prolate and
oblate densities nearest the local
energy minima (or the extrema of
the flat central minima for 58160
Ni), along with radii interpreted
from a LAMPF muonic-atom experi-
ment reported in the preceeding
paper. From these results one
observes, for example, that the

in the Fe isotopes reproduces
much more of the experimental so-
lutions, and that the one true

. o h

A N \/

- *Zn ::\}\\\\\\\,///////t

spherical nucleus 70zn is in ex- - -:fth~—_ﬂ////,/’ "
cellent agreement with experiment. - \\fifz///,,—— J

Evidently a better description 5 i
of these nuclei will require in- 8 7%, [ i
clusion of non-axial shapes,

- 4 59y .
superposition of many nearly de- ]
generate shapes, and polarization i ‘

1 1

arising from the residual n-p -q}o o0 _Qo o 100 1}a 300
interaction. Mass Qo (Fm?)

*Work performed under the auspices

of the USERDA
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I11.29
MICROSCOPIC CALCULATIONS OF ISOTOPIC SHIFTS IN

DEFORMED NUCLEI

Dieter Zawischa
Institut fur Theoretische Physik der TH Hannover, Germany
and
Josef Speth
Physics Department, SUNY-Stony Brook, N. Y. 1179k

We used the linear response theory including pairing correlations, to
calculate microscopically the change of the ms charge radii and the mesonic
isotopic shifts due to the addition of one or two neutrons to an even nucleus.
For the evaluation of the corresponding e_quation1 we used single particle
energies and wave functions of a deformed Woods-Saxon potential. It turns
out that the static and low energy results depend very sensitively on the
single particle energy scheme. Therefore the spectra of the odd mass nuclei
were used to extract corrections to the theoretical s.p. energies. By this
method we finally obtained one Nilsson level scheme which is used for the
whole region.2

As residual interactions (particle-hole and particle-particle) density
dependent zero-range forces have been used with parameters which previously
have been adjusted in the lead region. A large configuration space is used
so that no effective charges have to be introduced.

Some preliminary results are given in the table.

A<r>[10 3 1) AEis[keV]
Isotope Pair Theory Exp. Theory Exp.
157Gq_156G4 29.5  21:13% 1.85
15854-1560g 153.0 135¢20% 8.63
171yy,-170yy, 64.9  L1:10® b2k 4.86+.52°
172yy-170yy, 99.7 118:16* 6.67  10.64t.36°
18y 182y 68.7 102¢12% 5.62

8. Heilig and A. Stuedel, Atomic Data and Nucl. Data Tables,
in print.

Py, Zehnder, thesis (Diss. Nr. 5280), ETH, Zurich.
1. J. Meyer and J. Speth, Phys. Letters 39B (1972) 330.

2. D. Zawischa and J. Speth, Phys. Letters, in print.
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I1.30
Muonium and Free-Muon Precession Components in

Noble Gases at Low Pressure*

A. E. Pifer, T. Bowen, and D. A. DelLise

Department of Physics, University of Arizona, Tucson, Arizona 85721

and
J. H. Brewer and D. G. Fleming

TRIUMPF, University of British Columbia, Vancouver 8, B.C.

Observations on the fractions of stopped muons which precess
at the free muon rate and at the muonium rate are being carried out
for positive muons stopping in noble gases, particularly neon and
argon, near atmospheric pressure. The muons are supplied by a
30 MeV/c beam at the LBL 184" Cyclotron. Al1 inside surfaces of
the gas target chamber are chromium plated; since chromium is anti-
ferromagentic at room temperature, muons stopping in the walls are
completely depolarized and do not contribute to the precession
signal. Results are very sensitive to small concentrations of
jmpurities. Data will be presented for various target gases and

impurities.

*Work supported in part by the National Science Foundation.




SHAPE ISOMER EXCITATION BY MU-MINUS CAPTURE 11.31

S. N. Kaplan and J. A. Monard
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720

S. Nagamiya
Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720
and
Department of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo, Japan

ABSTRACT

There are a number of reported measurements of negative muon (u ) life-
time in 238y, All such lifetime measurements known to us have used either
nuclear fission (1) or a decay electron (te) to signal the muon disappear-
ance. There appears to be a significant discrepancy between t¢ and 1., as
T§ = 75.8 + 0.8 nsec! while Te = 81.5 ¢ 3.0 nsec2. Bloom3 suggests that the
difference is real; that the electron measurements give the true muon life-
time, t(u), whereas the fission measurements observe two lifetimes, one from
U~ capture and the other from fission decay of the shape isomer which, he
postulates, is copiously excited by non-radiative capture of the 2p-1s
muonic transition.

It follows from Bloom's arguments and recent y-decay measurements on
the shape isomer® that one would expect to see y-rays from the fission
isomer in 238y following u~ capture. Extending Bloom's arguments to analyze
the time distribution of nuclear y-rays following u~ capture, we would
expect (neglecting lifetimes of intrinsic levels) that two distinct life-
times should be observed. The y-rays from the u~-capture-product levels
should have the true y~ lifetime, t(u). Any y-rays from back decay of the
shape isomer will, however, have a lifetime t = [1/t(n) + 1/1(i)]-! where
t(i) is the isomer lifetime. Furthermore, compared to electron measurements,
the y-ray measurements are much more free from long-lived background arising
from the muons that stop in the low-Z material of surrounding counters.
Because of relative capture and decay rates, such background is reduced more
than a factor of 100.

Very preliminary results from the first few hours of an experimental
run show no candidates for shape-isomer y-rays with yields greater than 2 %
of the 3d-2p X-ray yield. The present data are not yet sufficient to give
lifetimes from any individual y-ray peaks. However, a mean life obtained by
averaging over all y-ray counts in the energy range 1-2 MeV gives t(u) = 85
+ 5 nsec [The statistical error is about 1 %. The remainder is a conserva-
tive estimate to allow for the, as yet uncorrected, background periodicity
due to muon-beam time structure.]. This result is in good agreement with
electron measurements.

REFERENCES

1 J. A. Diaz et al., Nucl. Phys. 40, 54 (1963); B. Budick et al., Phys. Rev.
Lett. 24, 604 (1970); D. Chultem et al., JINR E15-8134 (Dubna, 1974).

2 0. Hashimoto et al., Contributed Paper to this Conference (1975).

3 s. D. Bloom, Phys. Lett. 48B, 420 (1974).

% P. A. Russo, J. Pedersen and R. Vandenbosch, Nucl. Phys. A240, 170 (1975) .
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11.32
PRECISE MUONIC X-RAY ENERGIES AND THE VACUUM POLARIZATION

G. Backenstoss*, H. Koch**, A. Nilsson*** and L. Tauscher¥*

CERN, Geneva, Switzerland
*University Basel, Switzerland
**University Karlsruhe, Germany
***Research Institute for Physics Stockholm, Sweden.

Considerable efforts have been made to determine X-ray energies of
heavier muonic atoms with the highest possible accuracy in order
to decide whether discrepancies exist to theoretically predicted
energies and of which type they are. Since the transitions are
chosen such that other sources of uncertainties such as finite
size effect, nuclear polarization and electron screening are mini-
mized, possible deviations are thought to be connected with quan-
tum electrodynamical corrections, predominantly vacuum polariza-
tion.

Hence, additional information is desirable which we obtained by
measuring the energy difference between the 4+3 transitions in
p-Ba and the 5+4 transitions in u-Pb which are doubletts inter-
leaving each other. The components are, however, sufficiently se-
parated that the energy difference can be determined with a high
precision. Any effect depending independently on Z and the muonic
state (n,%3) should be detectable sensitively in this way.

We measured the X-rays from a composite Ba-Pb target simultane-
ously with two Ge(Li) detectors and obtained for the energy dif-
ference

AE = E4f N 3d(Ba) - E5g N 4f(Pb)
for the transitions between the states with 2+Yy2 and those with
2-y2 the following values (AEexp) which are the averaged results
of both detectors and which agree within their errors.

L+Yy2 2.567+0.013 2,578
L-y2 3.611+0.016 3.620

These data agree fully with the calculated values (AEtQ) which in-
clude the terms of the order o (2Za), &2 (%Za) and o(Za)3+s%+7, In ear-
lier work a discrepancy was reported—~) for the 2+¥2 transition
difference, which however was not measured directly as difference,
yielding (AEtn - AEgxp) = 34 eV.

A determination of the absolute energies will be attempted with a
special calibration method utilizing built in calibration lines.
This should yield another cross check on this important problem.
The purely statistical error is excepted to be of the order of 15
ev.

1y M.S. Dixit et al. Phys. Rev. Lett. 27, 878 (1971).




OBSERVATION OF THE LARMOR PRECESSJON oF I11.33
THE MUONIC HELIUM ATOM, ap"e

P.A. Souder, D.&. Casperson, T.W. Crane
V.W. Hughes, D.C. Lu, and M.H. Yam, Yale Univ.,
H. Orth and G. zu Putlitz, Univ. of Heidelberg,
and H-W. Reist, Univ. of Bern

The muonic helium atom ajt~e” is the simple atomic system in which one of
the electrons in a normal helium atom is replaced by a negative muon.l When a
IC is stopped in He, the muonic helium ion (ap~)™ in its ground 1S state is
normally formed. Both electrons are lost through Auger processes, and since
the ionization potential of He is higher than that of ajt~e™, the ion cannot
capture an electron from a neighboring He atom. Thus a donor atom with a low
ionization potential such as Xe must be added to formap~e™ .

The method of our experimental study of the atom is the usual one for
observing the Larmor precession of muonium (1.4 MHz/G) or free muons (13.6
kHz/G).2 Polarized negative muons from a 100 MeV/c beam at SREL stopped in a
target containing 14 atm He to which Xe could be added. Plastic scintillators
detected the stopping muons and their decay electrons, and pulse height
analyzers recorded the time spectra of the events. We first measured the
residual polarization of (o™)* in pure He. A precession amplitude Ay =
1.24% + 0417%.was observed at a magnetic field of 67 G at a frequency (0.91
MHz) corresponding to free muon Larmor precession. This amplitude corresponds
to a residual polarization P=0.06, which contrasts with the expected value
P=0.17 for W~ captured by atoms with spinless nuclei. Previous experiments
with He had established an upper limit on P at about this value«h Adding 0.2%
Xe did not affect this amplitude, but adding 1.2% Xe resulted in a signifi-
cantly smaller amplitude Au = 0.25% + 0.2 suggesting that al~e  was being
formed.

To provide more direct evidence, we searched for the characteristic
muonic helium atom Larmor precession frequency (the same as for muonium) at
several magnetic fields: 3.1G; 3.4G, 3.7G; and 4.6G. A 2% admixture of Xe
in 14 atm of He was used for these data. At the expected frequency, a posi-
tive amplitude was present for each magnetic field. The average amplitude,
Ay -.-y was 0.53% + 0.09%. This clearly demonstrates the formation of polar-
ized ap"e™ atoms and indicates that it is possible to perform precision
measurements of the hyperfine structure interval AV as has been done for
muonium.” \ comparison of Av between p*e~ and p "€~ should yield a precise
comparison of the U* and L™ magnetic moments, serving as a test of one of the
predictions of CPT invariance.

*Research (Yale Report No. C00-3075-110) supported by the U.S. Energy Research
and Development Administration under Contract AT(11-1)-3075.

1. K.N. Huang et al., Fifth International Conference on High Energy Physics
and Nucledr Structure, ed. by G. Tibell, (North-Holland Pub. Co., 1973), p.312
2. R.D. Stambaugh et al., Phys. Reve Letts 33, 568 (1974).

3. R.A. Mann and M.E. Rose, Phys. Rev. 121, 293 (1961).

L. D.C. Buckle et al., Phys. Rev. Lett. 20, 705 (1968); V.G. Varlamov et al.,
JETP Lett. 16, 224 (1972). P. Souder, et al., Abstracts, Fourth Intl. Conf.
on Atomic Physics, Heidelberg, 1974, p. 32.

5. V.W. Hughes, Annu. Rev. Nucl. Seci. 16, 445 (1966).
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IT.34
EMISSION OF THE AUGER ELECTRONS IN M -MESIC ATOMS AND ESCAPE OF

CHARGED PARTICLES IN M -MESON CAPTURE BY LIGHT (C,N,0) AND HEAVY
(Ag, Br) NUCLEI.

Yu.A.Batusov, S.A.Bunyatov, L.Vizireva, G.R.Gulkanyan,

F.Mirsalikhova, V.M.Sidorov, Kh.Chernev,

Joint Institue for Nuclear Research, Dubna, USSR -

Abstract
The probabilities of emission of Auger electrons of (204+100)keV
in M - mesic atoms of light (C,N,0) and heavy (Ag,Br) elements

were determined to be o<1 = (1.1i_().3)'10_2 2

and B = (31+1)°107°,

respectively. The multiplicity was also determined and the spectrum

of the Auger electrons from heavy element mesic atoms was measured.
There were obtained the relative probabilities of emission of

one, two, three and four charged particles in ‘f(--meson capbure

by (C,N,0) and (Ag, Br) nuclei (Table I). The total yield of charged

particles per one capture act is (7.4+1.4)% for (C,N,0) and

(2.91+0.2)% for (Ag,Br) nuclei.

Table I.

The probabilities escape of charged particles per one capture act, (%)

Number

e C,N,0 Ag, Br
particles
I Wl o= 1.5 % 1.1 Wl = 2.7 + 0.2
1 T
3 Wy = 1.7 t 0.1 Wy = 0.02 + 0.005 -
1 T
4 W, = 0.5+ 0.08 W, ~ 0.001
4 - 4 .
1 T
Tatal W= 7.4 + 1.4 W = 2.9 + 0.2
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I1.35
SEARCH FOR RADIATION TRANSITIONS FROM THE MESIC MOLECULAR
STATES

K.Andert, V.S.Evseev, H.G.Ortlepp, V.S.Roganov, B.M.Sabirov,
H.Haupt, H.Schneuwly, R.Engfer

Joint Institute for Nuclear Research, Dubna,USSR

Abstract

B using a planar Ge(Li) diode having a high energy reso-
lution the energy spectrum of muonic X-ray radiation from
oxygen (water) has been measured by means of the pure muonic
beam from the Dubna synchrocyclotron. The intensity of radia-
tion transitions from the mesic molecular state to the ground
mesoatomic state (the expected lines at K- and L-series
boundaries) has been shown to be 10-4. These results show
that the types of decays of the mesic molecular states sug-

/152/

pion charge exchange rate in hydrogeneous compounds and the

gested in

structure of muonic X-ray spectra disagree with the experiment
The wupper 1limit for mesic molecular states with respect to

/1,2/

their postulated properties has been discussed.
References

1. S.S.Gershtein et al., Uspekhi Fiz. Nauk 97, 3 (1969).
2. L.I.Ponomarev. JINR P4-7264, Dubna (1973).

to explain the Z_3 dependence of the negative
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1I1.36
DEPENDENCE OF MUONIC X-RAY SPECTRAL STRUCTURE UPON ATOMIC

VALENCY
K.Andert, V.S.Evseev, H-G.Ortlepp, V.S.Roganov, B.M.Sabirov,
H.Haupt,H.Schneuwly, R.Engfer

Joint Institute for Nuclear Research,Dubna,USSR

Abstract

It folloago%he model of large mesic molecules/l/ that
there must be observed the dependence of muonic X-ray spectral
structure upon the sign and the value of the atomic valency.
The structure of the K-series of N and S compounds where these
atoms have -3,0,+5 and -2,0,+6 valencies, respectively, has
been investigated by using the Dubna synchrocyclotron separat-
ed muonic beam. No dependence upon the sign and the valency
module has been noticed for S. For both N compounds, where
the nitrogen atom has a -3, +5 valency, a considerable reduc-
tion of transition intensities from the states with a large hn

(with respect to the N2 case, where zero valency takes place)
similar in the absolute value has been observed. The obtained
results are in contradiction with the consequences on the

large mesic molecule model.
References

1. S.S.Gershtein et al. Uspekhi Fiz.Nauk 97, 3(1969),
L.I.Ponomarev, JINR P4-7269, Dubna (1973).
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3 I11.37

-12
STUDY OF THE REACTION M ¢ — 4te %He 31 n v

Yu.A.Batusov, S.A.Bunyatov, L.Vizireva, G.R.Gulkanyan,

F.Mirsalikhova, V.M.Sidorov, Kh.Chernev, R.A.Eramzhyan

Joint Institute for Nuclear Research, Dubna, USSR

Abstract

The reaction Ju’lzc —*~4He4He3H n?y was investigated experi-
mentally. The upper limit of its relative probability is determined
to be w,‘éZ'lo_2 « Possible mechanisms of the reaction are consider-
ed. It is shown that at the probability of (1.1i_o.1)°1o"2 per the
capture act, this reaction proceeds according to the scheme predict-

ed by the resonance mechanisms of the jw--meson capture by carbon

nucleus.
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11.38
NEGATIVE MUON DEPOLARIZATION IN HYDROXIDES AND ACIDS

VeleGoldansky, Ve Se.Evseev, TeNs.Mamedov » Yue Ve Obukhov ’
VeSeRoganov, M.Ve.Frontasyeva, NeI.Kholodov

Joint Institute for Nuclear Research, Dubna, USSR

The values of the residual polarization of f['-mesons on
oxigen contained in hydroxides (§ ) and acids (}) have been
measured by the muon spin precession method in the weak trans-
verse magnetic field. The periodical dependence on the atomic
number Z has been observed.

d4/a,

1.0 T T T T T T T
ZK Om Hn
08 I N+OH-~—H7N=0

I e
ﬁ/ [ | A7k

04 1

0 10 20 30 40 50 60 70 80

The obtained results are explained by the concept /1/ on
the chemical reactions of the oxigen mesic atom f,N. The value
of the residual polarization a/ac (ac is the value in carbon)
increases from the beginning of the period to its end due to
the weakening of the bond between the group OH and the central
atom Z /2/ and, consequently, the chemical reaction probabili-
ty with forming H -FN'- 0 increases. This reaction stops
the depolarization caused by the paramagnetism of the free
atom f‘N electron shell.

References
1e¢ AcAsDzuraev et ale SoveJETP 66, 433 (1974).
2. GeSeaborge. Chemisiry. 1963.




11.39
NEGATIVE MUON DEPOLARIZATION IN THE BENZENE AND

CARBON TETRACHLORIDE MIXTURES

VeleGoldansky, VeSe.Evseev, TeN.Mamedov, Yu.Ve.Obukhov,
VeSeRoganov, M,VeFrontasyeva, NeIl.Kholodov

Joint Institute for Nuclear Research, Dubna, USSR

The values of the residual polarization a/ac (ac is the
value in carbon) of /1'-mesons in Clig and C& , mixtures at
different component concentrations have been measured by the
muon spin precession method in the weak transverse field.

The non-linear dependence of a/ac on the concentration
of the components has been founde It evidences for the fast
chemical reaction of carbon mesic atom.

The competing acceptors method in the frame of /1/ gives
the rate constant K = (1.9 + 1.2)-10712 sek™! cm? which
coincides in the magnitude order with that of the chemical

reactions limited by diffusion /2/.
a/ac
0’07 T T T ’
)\ l T
//
05 | rd ]
-
~
04 L1~ 1
03 L 1 1
1009, 50% 100%,
CeHe CcCey

References
1¢ AcAeDzZuraev et ale Sove JETP §_6_, 433 (1974).

2 Advances in Radiation Chemistry. 1, 33. Wiley Intersce. 1969.
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11.40
SHIFTED ELECTRONIC X-RAYS FROM MUONIC HEAVY ATOMS

W.D.Fromm, Dz.Gansorig, T.Krogulski, H.G.Ortlepp, S.M.Polikanov,
B.M.Sabirov, U.Schmidt

Joint Institute for Nuclear Research, Dubna, USSR

R.Arlt
Technical University, Dresden, GDR

At the separated ,u beam of the Dubna synchrocyclotron mu-—
onic spectra of the e{ements U, Th, Pb, Ir and Ta were investi-
gated in the low-energy region. A conventional 1234 counter te-
lescope and two-dimensional (time-energy) registration of the
Ge(Li)-detector signals were employed. The energy calibration
was performed by means of radioactive standards measured in the
duration of the full experiment as random coincidences.

The gamma-ray spectra associated with nuclear muon capture
(delayed) show unshifted electronic X-ray groups from both Z
and Z-1., The -ray spectra associated with the muonic cascade
(prompt) showlbesides muonic transitions normal X-rays from
the target material Z and electronic X-rays close to the posi-
tions of (Z-1) X-rays but shifted by some hundreds of eV to
higher energy. The observed K -shifts range from about 350 eV
for Uranium /1/ to about 160 eV for Iridium where a similar
shift was also revealed from the measurements at CERN /2/.

Vacancies in the electronic K-shell are produced by muonic
Auger transitions in the muon cascade. At n~7 where this pro-
cess mainly occurs the screening of one atomic charge unit by
the muon is not yet complete /3/ and an energy shift of the
X-rays has to be expected if the refilling of the electronic
vacancies is sufficiently fast.

Theoretical values for the shifts basing on cascade calcu-
lations with account of the refilling process are presented,

A discussion of the role of multiple vacancies in the electro-

nic L-shell is given.

References:

1. R.Arlt, Dz.Ganzorig, T.Krogulski, H.G.Ortlepp,S.M.Polika-
nov, B.M.Sabirov, W.D.Fromm, U.Schmidt, H.Schneuwly,
R.Engfer. JETP Lett.,20,635 (1974).; JINR, E6-8127(1974).

2. R.Arlt, R.Engfer, W.D.Fromm, Dz.Ganzorig,T.Krogulski,
H.G.Ortlepp, S.M.Polikanov, B.M.Sabirov, H.Schneuwly,
U.Schmidt; JINR E1-8504, Dubna(1974); Phys.Lett. B

3. P.Vogel, Phys.Rev. A7,63(1973).



11.41

STUDIES OF MUONIUM INTERACTIONS IN MONOCRYSTALLIC GERMANIUM
V.G.Firsov, G.G.Myasishceva, Yu.V.Obukhov, V.S.Roganov

Joint Institute for Nuclear Research
Dubna, U S S R

The dependence of the amplitude and the initial phase
of the residual polarization vector of positive muons upon
temperature and the intensity of the external magnetic field
have been studied in monocrystallic germanium. The parameters
of the theory of the muonium depolarization stage have been
determined within 100-200°K. The dependence of the lifetime
of free muonium atoms in Ge upon temperature givegthe value

of the activation energy of muonium tran-
sition to the diamagnetic state to be as follows:
E = 0.20 + 0.02 eV.
References
¥ G.G.Myasischeva et al. Sov. JETP, 53,451(1967);
D.G.Andrianov et al. Sov. JEPT 56, 1195 (1969);
I.G.Ivanter et al. Sov. JETP 54, 559 (1968), Sov.JETP
55, 1521 (1968); D.G.Andrianov et al. Dokl.Acad.USSR,
201,884(1971), V.I.Kudinov et al. Sov. JETP 21,49(1975).
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I11.42
INVESTIGATION OF ATOMIC CAPTURE OF MUONS AND STRUCTURE

OF MUONIC X -RAY SERIES IN MAGNESIUM OXIDES

V.N.Pokrovsky, L.I.Ponomarev, V.G.Zinov

I.A. Yutlandov

Joint Institute If'or Nuclear Research Dubna, USSR.

Intensities of muonic ¥ -rays in Mg, MgO and Mgo,,
targets were measured with Ge(Li) detector. Atomic capture
of muons in the same compounds was studied with Serenkov
detectors. The resultsobtained are discussed in terms of

present modelS of negative nuon atomic capture.




1I1.43
CALCULATION OF QUASI-STATIONARY STATE CHARACTERISTICS

OF HYDROGEN MESIC MOLECULES

L.I.Ponomarev, I.V.Puzynin, T.P.Puzynina

Joint Institute for Nuclear Research, Dubna, USSR.

The method for solving three-body problem with the Cou-
lomb interaction developed in authors' earlier papers /1,2/
was employed to calculate the quasi-stationary levels of hyd-
rogen mesic molecules. The energies and widths of all the

quasi-stationary levels of ’:F/A,olo(/u){"f}u) F"V;F?(and o(-b/u mesic

molecules are found.

References:

l. A.V.Matveenko, L.I.Ponomarev, Zh.Eksp.Theor.Fiz. 59,
1597 (1970), English Transl.Soviet Phys.JETP, 32, 871
(1971)

2. L.I.Ponomarev, I.V.Puzynin, T.P. Puzynina. J.Comp.Phys.
13, 1 (1973).
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1I1.44
THE POLARIZATION MEASUREMENT OF STOPPEO MUONS BY HANLE SIGNALS

A. Possoz, L. Grenacs, J. Lehmann, 0. Meda and L. Palffy
Institut de Physique Corpusculaire, Université Catholique de Louvain
Louvain-la-Neuve, Belgium

J. Julien and C. Samour
Centre d’Etudes Nucléaires de Saclay, Orme des Merisiers
Gif-sur-Yvette, France

ABSTRACT

The “"dispersive” Hanle signal generated by the polarization of
stopped muons in graphite is used for the measurement of the residual
polarization of ¥~ in muonic 12c.

INTROCUCTION

When muons, polarized initially along the beam (z-axis), are
subject to a transverse magnetic field By, the time-integrated avera-
ge transverse component (y-component) of the polarization in the case
of a single frequency problem is given by :

-1 - %— BX.Y.TU
P T[Bx] =P 1 g H sin(Bx.Y.t]dt = 5 p
s e 1+ (Beyet)

M
0

where P,,, Ty and y are the residual polarization, the disappearance
time and the gyromagnetic ratio of the muon. The relaxation rate A
of the polarization of the muon can be taken into account by

T, > 1/(171 + A). This function of By, a "dispersive" Hanle signal 1
can be degected with an electron counter located on the y-axis (the
"absorbtive" signal can also be detected along the z-axis). We used
the dispersive signal to measure P, of u~_in graphite. The measure-
ment was done at the muon-channel of ALS 2 with an instantaneous
stop-rate & 108 s~1. 1In order to increase the detectable effect,

the ratio of countings R(By) of two detectors located symmetrically,
with respect to the target, on the y-axis,was measured (see figure).
The results (taking A = 0 3), P,(fd) = + 18.0 % and P(bd) = - 18.3 %
(7 % relative error) agree with those obtained using other methods 3.

CONCLUSION

This signal 1is unaffected by the time-structure of the beam,
its figure of merit at large stop-rates (>> T ~1) exceeds that of
the Larmor precession method. The use of the"Hanle signal(s) for
muon polarization measurements at "pion factories”, at least for
single-frequency problems, is therefore recommended.
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ExoTic AToMs AND CoNDENSED NUCLEAR STATES
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MESONIC POLARIZABILITIES I11.1

F. Cannata

Istituto di Fisica Nucleare, Sezione di Bologna,
Istituto di Fisica dell’Universita, Bologna, ltaly

Polarizability effects have been calculated both for the Comp-
ton scattering and for the energy shifts in exotic atomsl). The

2)

results obtained in the non relativistic quark model agree with
those obtained by the use of effective Lagrangianss) in a pseudo-
potential approach; the pion and kaon electric polarizabilities
() are respectively: O(Tl'i=~5 . 10_4 Fm‘; , O(kigf; . 10_4 Fm‘3 .
These values are still too small to be quantitatively compared

4) . 2 .3

with the existing experimental upper limit k™ <2+10°° fm”.

The most relevant feature of the effective Lagrangian approach
is that it gives the relation: &X =-{3 (ﬁ= magnhetic polarizability)
for scalar or pseudoscalar charged mesons. This leads to a picture
of charged spin zero mesons as diamagnets. Furthermore the rela-
tion A = -~ (5 gives as a consequence: _(E']l.fw %S')-dw«o( where
6%“0 is the total photoproduction cross section on the spinless
target. We stress that in a non relativistic framework the polar-

izability is extremely sensitive to the charge of the constituents.

REFERENCES

1) F. Cannata, P. Mazzanti, unpublished.
2) F. Cannata, Lett. Nuovo Cimento 6, 379 (1973).

3) F. Cannata, P. Mazzanti and S. Zerbini, Lett. Nuovo Cimento 10,
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4) G. Backenstoss, Phys. Lett, B43, 431 (1973).
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I11.2
The Lorentz-Lorenz Correction in Pionic Atoms and

%
Pion Condensates

Gordon Baym
Department of Physics
University of Illinois
Urbana, Illinois 61801
and

G. E. Brown
NORDITA, Copenhagen
and
State University of New York
Stony Brook, L.I., New York 11794

Calculation of the pion self energy including only pions and short-
range repulsive correlations in intermediate states produces the Ericson-—
Ericson Lorentz-Lorenz correction. Extension to include p-mesons in
intermediate states can increase this correction by more than a factor
of 2, the precise amount depending upon the behavior of the two-nucleon

correlation function at short distances.

The Lorentz-Lorenz correction for pions is related to the Landau

Fermi liquid parameter go'. A numerical value for this parameter can be

obtained from the position of the M 1 spin-flip resonance in Pb208.
Using this datum, we find the Lorentz-Lorenz correction to be about

double that found by Ericson and Ericson. This implies that the pion

self energy is reduced by ~40-45% at nuclear-matter densities. Such

a large Lorentz-Lorenz correction strongly inhibits pion condensation

in neutron stars.

*
Research supported in part by U. S. National Science Foundation Grant

168 NSF GP-40395 and USAEC Grant No. AT(11-1)-3001.



4 I111.3
Negative Pion Capture by "He

K.KUBODERA ,Dept. of Physics,Univ. of Pennsylvania,Philadelphia

Barrett et al (BMMZ)I}ecently measured various correlation
quantities for the particles emitted in non-radiative T -capture
by 4He ; do/dpd, do/dpn, do/dpdn and do/d(cosedn) for the final
d+2n channel as well as do/dpp, do/dppn, do/d (n+n missing mass)
and do/d(cosepn) for the p+3n channel were measured. No absolute
cross sections were determined. Though the geometry of their ex-
periment is limited and substantial part of the phase space 1is
cut off, the observed spectra appear to have non-trivial struc-
tures. A strong peaking observed in the angular distribution
seems of significance, too.

In Ref.(2) we have shown that the zero-range two-body absorp-
tion model (Eckstein model) supplemented with final-state en-
hancement factors can explain all the essential features of the
BMMZ data. It might also be mentioned that neither the simple
final-state interaction argument nor the Eckstein model without
final-state interactions can reproduce the assembly of the BMMZ
data. As a typical example of comparison of the various treat-

ments we present in the Figure below the result for do/dpn.
References

1) R.Barrett et al, Nucl.Phys.
A216 (1973)145.
2) K.Kubodera, Phys.Letters B,

in press.
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PION CAPTURE IN °H and He I11.4
A.C. PHILLIPS

Manchester University, England
F. ROIG

Universidad de Valencia, Spain.

The impulse approximation provides an accurate description of
radiative pion capture in 3He; the corrections to the impulse
approximation are less than 12% and are comparable with those that occur
in related weak interaction processes. In addition there is no
indication of a three-nucleon resonance(l). In contrast the calculations
of non-radiative capture are unreliable; the 2-N absorption model
predicts capture rates in 3He that are factor of 2 too big(z). In view

(3)

the theoretical predictions for pion capture in 3H. The impulse

of these results and in anticipation of a new experiment we present

approximation and the 2-N absorption model give

\s
W(w+ 0> 3ary) 0.07 x 10155'1 = 0.07 + 0.02

T2 -
W W 3a ) (1.0+ 0.3))(10155 !

Alternatively charge independence can be used to obtain a result which is
less subject to the uncertainties of the 2-N absorption model. The

data on pion capture in 3He, an estimate for the 2p capture rate(z),

and the isospin branching ratio (w4*Me=>anp,I=3)/(x3 Nesnap;I=%)
calculated using the 2-N absorption model, give

s - -
WG >3asy) = 0.07 x 101°s71

W= 3a) (0.5 + 0.1) x10

= 0.14 + 0.03

15_-1
s

This is an upper bound since final state interactions will increase the
isospin branching ratio.

1. P. Truoll et al, Phys. Rev. Lett. 32 1268 (1974) and

A.C. Phillips and F. Roig, Nucl. Phys. A234 378 (1974)
2. A.C. Phillips and F. Roig, Nucl. Phys. B60 93 (1973).
3. H. Baer private communication.




NUCLEAR RESONANCES IN HADRONIC ATOMS
III.5

M. Leon

University of California
Los Alamos Scientific Laboratory
Los Alamos, NM 87544

The E2 nuclear resonance effect in hadronic atoms offers a way to in-
crease the hadronic information that can be obtained from hadronic x-ray ex-
periments.l The effegt occurs when an atomic deexcitation energy closely
matches a nuclear excitation energy, so that some configuration mixing occurs.
It shows up as an attenuation of some of the hadronic x-ray lines from a reso-
nant versus a normal isotope target.

The effect was observed very clearly in pionic cadmium in a recent LAMPF
experiment.2 A planned LAMPF experiment will use the nuclear resonance effect
to determine whether the p-wave T-nucleus interaction does indeed become re-
pulsive for Z 2 35 as predicted.3 The effect also appears in the kaonic molyb-
denum data4 taken at LBL, because several of the stable Mo isotopes are reso-
nant.

A number of promising cases for m , K, p, and I atoms will be mentioned,
and a spectacular and potentially very informative experiment on p - 100vo
will be proposed.

ly. Leon, Phys. Lett. 50B (1974)425; ibid., 53B (1974)141.
2y. N. Bradbury et al., Phys. Rev. Lett 34 (1975) 303.
3M. Ericson et al., Phys. Rev. Lett. 22 (1969) 1189.

4C. E. Wiegand and G. L. Godfrey, Phys. Rev. A 9 (1974)2282.
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u-Particle Emission Following n~ Capture in 12C. I111.6
K. 0. H. Ziock, J. Comiso, T. Meyer, and F. Schlepuetz

Physics Department, University of Virginia, Charlottesville, VA 22901

Indirect evidence based on the observation of y-ray emission from nuclei
following pion absorption indicates that the de-excitation of the residual
nucleus proceeds frequently by way of a-particle emission.l To provide direct
evidence for this emission, we have investigated the charged particles emit-
ted from 12¢ following pion absorption. The negative pion beam from the
LAMPF biomedical channel was stopped in a 0.74 mm thick plastic scintillator.
The stopping of a pion in the scintillator provided a start signal for a
time of flight (At) measurement of the secondary particles over a flight
path of 60 cm from the target counter to a surface barrier detector which also
measured the total energy E; "as measured" of the secondaries. Since the
target is infinitely thick for a's of less than 30 MeV, this energy must be
distinguished from the energy "as produced" E, whose determination was the
object of our experiment. A scatter plot of Ej vs At clearly showed lines
corresponding to masses 1, 2, 3, and 4. Lines corresponding to masses 6 and
7 were barely discernible.

While it is not possible to decide for any individual a-particle whether
it was produced with an energy close to Ej near the exit face or with a higher
energy deeper inside the target, there is, nevertheless, sufficient informa-
tion in the complete E, spectrun to unambiguously determine the spectrum of
the energies Ep with which the particles
were produced in the target. As one can L 103
show, the spectrum 'as produced'" is given |

by [dv (E)]
E

d
E %Eiiii

R
dE 'a'ﬁ]
E Ep
p

v(E ) 2
_ P d Ry _
1) N(Ep) = No 3 [ 2] {d IIEIIII

&

where N is the normalization factor,
v(E) 1s°the spectrum ""as measured,” and
R = R(E) the range energy relation. To
unfold our data, we fitted an analytic
expression to the measured spectrum v(E)
for use in Eq. 1. Figure 1 shows v(Ey)
and N(Ep). The production rate of a-
particles integrated over all energies I
above 0.5 MeV was found to be 4
R=1.00 + .07 a's/pion. The average i i 1
a—energy was 4.4 + .3 MeV. III
| o) INO OF COUNTS IIIIII J
b) | PRODUCTION RATE
V. G. Lind et al., Phys. Rev. Lett. oor . . \ .
32, 479 (1974). KINETIC ENERGY(th?EV) %
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Kaon Absorption and Alpha Cluster I11.7

H. Nishimura and A. Arima

Department of Physics, University of Tokyo, Hongo, Tokyo, Japan

This short note is point out two things-s(l) An alpha cluster in target

nuclei (call them A) comp-etes with protons in absorbing a negative Kaon.
(2) If the Kaon is absorbed by the alpha cluster, the excited states of residual
nuclei (call them B) have very high spins. Because of very high values of
spin, the excited states of B prefer alpha emission to neutron emission. This
explaines the large production rate of the nucleus missing two alpha- particles.
The residual nucleus C is already cool and can emit only an alpha particle.

Table 1 shows the calculated spectroscopic factors Sy, of the alpha cluster

in 5SNi. The principal and angular momentum quantum numbers og the alpha
cluster are N and L. The use is made of the wave functions of 2°Ni obtained
by Auerbach and Shimizu? We assume that there exist in the nucleus B a level
for each value of 2N+L which contains the sum rule limit of spectroscopic factor
of the alpha cluster.

Table 2 shows that (1) among many L with the same value of 2N+L, the higher
value of L the larger Sy, and (2) the smaller 2N+L, the larger Syg,.

The calculation of Keon absorption widths is done under the following
assumptions., (1) The alpha cluster immediately leaves the nucleus B after the
Kaon absorption. (2) The widths are calculated by a formula

ra=2wsNLf¢§L(R) 2 o (RIRaR (1)

where W is the imaginary part of t matrix of K-alpha scattering.
single alpha particle wave function of a Woods-Saxon potential.
¢Knlis a Kaon wave function.

Several calculated values are shown in table (2). They show that Kaon
absorption by the alpha cluster competes with that by the protons.

¢NL is a

Table 1

N L=0 1 2 3 4 b 6 7 8 % 10 il 2
12| 0.005 | 0.011 ] 0,014 [ 0.011] 0.008 | 0.0017 | 0.00k2 |
11 ] 0.013] 0.029] 0.056 0.107[0.267 1 0.485 ]

10 0.023]0.130] 0.272]0.498]1.029 [ 2.129 |

9 [0.280] 0.739] 1.429 2.6L6T] 5.0L4 |

8] 0.23071.20 [ 2.50 [Lk.70 [ 8.50 |

Table 2
proton O0f7/2 2.22eV alph [2n+1=12 0.13eV | 2n+l=9 1=9 0.15 | 2n+L=7 0.24
0d5/2 0.57 11 0.29 | T 0.15 |alpha total
total 3.7 10,L=10 0.1k total 8.55 | 2.93eV
8 0.13 8 8 0.11
total 0.51 6 0.11
L “total 0.39

Table 3 Partial width
alpha !neutron
n=0,1=9 | 16keV |[60eV
1kkeV |100eV
80keV |160keV
600keV| 2kev

2hlhikev| 20kev . N. Averbach, Phys. Rev. 163 (1967) 1203
LhkeV | 1MeV K. Shimizu, D. Thesis Univ. of Tokyo

R. Seki, Phys. Rev. C5 (1972) 1196, CT (1973) 1260

=l OV IN\VIN
P

N O
£ O oo ]

B. . Martin and M. Sakitt, Phys. Rev. 183 (1969) 1352
W. A. Bardeen and E. W, Torigoe, Phys. Rev. €3 1785 (1971)
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AN OPTICAL MODEL ANALYSIS AND THE EFFECT OF III.8
L.S FORCE DUE TO STRONG INTERACTIONS IN p-ATOMS :

H. Nishimura and T. Fujita
University of Tokyo, Department of Physics, Tokyo, Japan

We made an optical model analysis of recently measured x-ray
transitions for several p-atoms. The analyses made so far have
shown that effective optical potentials which give the best fit for
the x-ray data are quite different from that predicted by the free
scattering lengths(z). Especially, the real part of the former
potentials is strongly attractive whereas that of the latter is
repulsive, A similar situation existing in kaonic atoms seems to
be explained by taking into account Yg(l405) resonance just below
the K-N threshold(3). One might be tempted to treat the problem in
p-atoms in an analogous way. However, one knows experimentally no
well established resonances near the p~N threshold.

We point out that the all existing analyses neglected a correc-
tion from the spin-orbit force due to strong interactions, which is
known to play an important role in nucleon-nucleus optical potential.
We also notice that, though the p-nucleus optical potential form
factor is usually assumed to be the same as the nucleon density
distribution, it might be better to use a form factor similar to
nucleon-nucleus optical potential. Thus we use this new type of
form factor and, treating the strength of the real and imaginary
part of the potential as free parameters, perform two types of
x2-fitting: (1) both the energy shifts and widths of x-ray are con-
sidered; (2) only the widths are considered. For case (1), indicated
by dashed line in the Figure, a X2-minimum obtained when the poten-—
tial has a weakly attractive real part while the imaginary part is
slightly weaker than predicted by the free scattering lengths.

Thus the problem of the sign change of the real part still
remains. However, if we exclude the energy shift (Case (2), shown
by the solid line in Figure), the potential parameters just pre-
dicted by the free scattering lengths correspond to a X¥2-minimum,
This is a rather surprising result,

On the other hand, we have confirmed numerically that the
inclusion of L .S force in the analysis of the x-ray data changes
considerably the resulting energy shifts and widths. New experi-
ments of p-atoms including precise measurement of L.S splitting
would be quite helpful and interesting.

a References
imag square fittin
15 X=9 __,%.r.-.:m (1) G. Bakenstoss, et al.,
- :DF.=13 Phys. Lett. 41B(1972)552.

\\Qg (2) R.A. Bryan and R,J.N, Phillips,
} Nucl. Phys. B5(1968)201.
/// (3) W.A, Bardeen and E.,W, Torigoe,

Phys. Rev. €3(1971)1785.




3 I11I.9
Panofsky Ratio in “He

M.Mizuta, Y.Kohyama and A.Fujii
Physics Department, Sophia University, Tokyo, Japan

The charge exchange and radiative capture rate of 7C in
3He leading to *H is calculated by the nuclear physics
approach. The effective hamiltonian is obtained by the non-
relativistic reduction of the C.G.L.N. amplitude, the trion
(®He - 3H ) wave function is assumed of the form
* = /?g g t+ VFF; st P 25,

and the Irving or Irving-Gunn type radial dependence is
adopted. The initial pion orbital is either 1ls or 2p state.
The nuclear matrix elements allow fully analytic integration
and yield the following capture rate for the choice F =
0.90, R,=0,02, P, =0,08, and Ry, = 1.2, 1.5 where Ry is

the ratio of the D state and S state radius. P( 1s ) is

the Panofsky ratio for 1ls orbital capture only and P is that
with the correction due to the 2p orbital capture. In case
I the Irving type is adopted for all states, and in case II
the Irving-~Gunn type is assumed for S state but the Irving
type for the other states. The units are 10'® gsec™’! for the

1ls capture and 10'° sec™ for the 2p capture,

Case I Case I1
Rp = 1.2 1.5 1.2 1.5
Wre(1ls) 9.21 9.20 9,09 9.06
Wy (1s) 3.34 3.32 2.91 2.84
¥Wre(2p) 0.285 0,276 0,236 0,218
V¥ y (2p) 1.12 1.13 0.943 0.925
P (1s) 2.76  2.77 3.12 3.19
P 2.63 2.63 2.99 3.06

The experimental Panofsky ratio is 2,68 + 0.13.
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II11.10
COMPARISON OF PION-INDUCED NUCLEAR REACTIONS WITH SPALLATION REACTIONS

H. Ullrich, H.D. Engelhardt and C.W. Lewis

CERN, Geneva, Switzerland, and IEKP, University of Karlsruhe, Germany

Nuclear reactions induced by stopped ™ have been studied via in-beam
y-spectroscopy on the nuclei '®0, !°F, 3'P, and “°Ca. A large variety of resi-
dual nuclei have been observed which correspond to the removal of up to 10 nu-
cleons. Figure 1 shows the summed yields per stopped pion for all four target
nuclei as a function of the number of removed nucleons. The distribution shows
a maximum at two nucleons, as expected. However, the yields for the removal
of more than two nucleons are comparable, and lie surprisingly well on a straight
line in the logarithmic presentation of Fig. 1. This behaviour suggests a com-
parison with _spallation reactions which are well described by Rudstam's empiri-
cal formulal’: o(Z,A) « exp [PA—R(Z—SA)ZJ, where Z and A are the atomic number
and mass of the residual nucleus, and the parameters P, R, and S have been de-
termined by Rudstam. The parameter P depends mainly on the energy of the pro-
jectile, but not on its type. The data in Fig. 1 can be fitted with P = 0.14,
corresponding to 500 MeV. Also shown is a line with a slope P = 0.43 %= 0.13,
corresponding to 140 MeV (mwcz).

The Z-dependence should have a Gaussian distribution, exp [—R(Z—SA)ZJ.
The predicted distribution with S = 0.486 and R = 2.8 for our range of residual
nuclei is shown in Fig. 2. A least-squares fit for our data gives R = 3.7.

The comparison indicates a strong similarity between reactions induced by
pion absorption at rest and spallation reactions. The A-distribution of our
data, however, corresponds to spallation data with 500 MeV projectile energy.
This difference is most likely due to the peculiarity of the pion interaction
during the first step of the nuclear reaction.

o o expl-Rx?)

Y o« exp [PlA, - N1) Z-0486A
X e -

61— Rep 37

Repent ® 28

1 2 3 & 5 6 7 L} 9 10 -10 =05 0 «08 10

Fig. 1 Fig. 2

1) G. Rudstam, Z. Naturforsch. 2la, 1027 (1966).




NUCLEAR y-RAYS FROM KAONS STOPPED IN 27Al 1II.11

C. J. Batty, S. F. Biagi, R. A. J. Riddle, A. Roberts,
B. L. Roberts, D. H. Worledge
Rutherford Laboratory, Chilton, Didcot, U.K.

N. Berovic, G. J. Pyle, G. T. A. Squier
Physics Department, University of Birmingham, U.K.

A. S. Clough, P. Coddington, R. E. Hawkins
Physics Department, University of Surrey, U.K.

Lack of knowledge of the kaon-nucleus interaction has so far limited
the usefulness of data obtained from kaonic atoms in providing nuclear
structure and size information. In an attempt to provide additional data
we have observed nuclear y-rays in coincidence with stopping kaons. Data
were taken for three thicknesses (3, 5 and 8 gm/cm?) of Aluminium in order
to study the possible role of multiple interaction processes in the target.
The y-rays observed are used to identify the residual nucleus and thus to
add information about the kaon interaction with the target.

The 1.83 MeV y-ray from 26Mg is clearly observed but the corresponding
y-ray from 2%A1 at 1.81 MeV has not been observed above the statistics.
We estimate the latter transition to be at least an order of magnitude
weaker indicating that removal of a single proton is much more likely
than single neutron removall. Other lines observed with strengths
comparable to that for 26Mg are from 23Na, 2lNe and l9F corresponding to
residual nuclei with an o, o+ d and 2a respectively less than 27A1. Much
weaker lines are observed from 21+Mg and 22Ne. The yields of all these
lines vary linearly with target thickness indicating that multiple
processes do not contribute significantly. The results will also be
compared with similar pion experimentsZ?.

1. P. D. Barmes et al. Phys. Rev. Lett. 29, 230, (1972).

2. D. Ashery et al. Phys. Rev. Lett. 32, 943, (1974).
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STRONG INTERACTION EFFECTS IN KAONIC ATOMS III.12

C. J. Batty, S. F. Biagi, R. A. J. Riddle, A. Roberts
B. L. Roberts, D. H. Worledge
Rutherford Laboratory, Chilton, Didcot, U.K.

N. Berovic, G. J. Pyle, G. T. A. Squier
Physics Department, University of Birmingham, U.K.

A. S. Clough, P. Coddington, R. E. Hawkins
Physics Department, University of Surrey, U.K.

X rays from atoms formed by stopping K mesons from a separated kaon
beam (momentum 600 Mev/c * 1.5%) at the Rutherford Laboratory, have been
observed from targets of S, Co, Ni, Zn, Ag, Cd, In, Sn, Ho, Yb, and Ta.
These targets were chosen so that the last observed X~ray transition would
be measurably broadened and shifted in energy by the K -nucleus strong
interaction. The 6h to 5g transition was experimentally resolved from the
adjacent n = 8 ton = 6 transition by using a high resolution, large volume
lithium drifted germanium detector, even though this energy difference is
less than 17. In S the 4f to 3d transition was well resolved from the
adjacent n = 8 ton =4 and n =9 ton = 4 transitions by using a 4 cm3
high resolution Ge(Li) X-ray detector (600 eV fwhm at 122 keV). These
data have been interpreted in terms of a kaon-nucleus optical potential as
discussed by Sekil. The results are in general agreement with the
predictions of Seki and Kunselman?.

The data from Ho, Yb, and Ta, where the 7i to 6h transitions are
broadened and shifted, are more difficult to interpret since the splitting
of the atomic levels due to the static quadrupole moment of the nucleus is
much greater than the corresponding strong-interaction broadening. This
is discussed in more detail in a companion paper.

1. R. Seki. Phys. Rev. C5, 1196, (1972).

2. R. Seki and R. Kunselman. Phys. Rev. C7, 1260, (1973).



QUADRUPOLE HYPERFINE STRUCTURE EFFECTS IN EXOTIC ATOMS

C. J. Batty, S. F. Biagi, R. A. J. Riddle, A. Roberts,
B. L. Roberts, D. H. Worledge
Rutherford Laboratory, Chilton, Didcot, U.K.

N. Berovic, G. J. Pyle, G. T. A. Squier
Physics Department, University of Birmingham, U.K.

A. S. Clough, P. Coddington, R. E. Hawkins
Physics Department, University of Surrey, U.K.

For nuclei with ground state quadrupole
deformation the electromagnetic central force
experienced by the orbiting particle can be
expressed as a series multipole expansion.

In exotic atoms the L = 2 component causes a
hyperfine splitting of the energy levels which,
unlike in the atomic case, can be significant
compared with the binding energy. This effect
is due to the Bohr orbit of the particle being
much closer to the nucleus than in normal atoms.

Observations of this splitting in pionic
atoms have been reported!»2, We have obtained
data for pionic and/or kaonic holmium, tantalum,
ytterbium, hafnium and bismuth. The splitting
is clearly visible in the holmium and tantalum
data. An example is shown in the figure for
the n = 8 ton = 7 transition in kaonic tantalum.
The data have been analysed to yield quadrupole
moments. The effect of the nuclear deformation
on the kaon-nucleus strong interaction is being
considered.

1. R. A. Carrigan et al. Phys. Lett.
25B, 193, (1967).

2. P. Ebersold et al. Phys. Lett.
53B, 48, (1974).
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PHOTON SPECTRUM IN PION CAPTURE ON TRITIUM 111.14

H. W. BAER, Case Western Reserve Univ.; J. A. BISTIRLICH, S. COOPER
and K. M. CROWE, Univ. of California LBL; J. P. PERROUD, Univ. of
Lausanne; R. H. SHERMAN, Los Alamos Scientific Lab.; F. T. SHIVELY,
Univ. of California LBL and LASL; and P. TRUOL, Univ. of Zirich.

2

Radiative m capture on the isotopes of hydrogen ]H, H, and 3H provide an
unusually clear example for study of the nuclear force. Measurements on 1H
provide a determination of the mN coupling strength and link 7N scattering to
photo-pion production via the Panofsky ratio. Data on 2H first determined the
odd intrinsic parity of the pion and currently provides the basis for one of
the most accurate values of an (neutron ‘'S scattering length). The importance
of data on 3H for study of the nuclear force in a pure I = 3/2, three nucleon
system at low relative momenta has long been realized, but measurements were
not performed due to the great amounts of tritium required. We report here the
3y (7 ,v)3n reaction. The experiment was performed at
the Clinton P. Anderson Meson Physics Facility using a 5.88g liquid tritium
target (with radioactivity of 5.7 x ]04 Curie), a High resolution electron-~
positron pair spectrometer, and a m beam of good momentum resolution and small

first measurement on the

achromatic spot size produced at the extended low-energy-pion (LEP) channel.
To obtain an accurate normalization, two identical target cells filled with
1iquid ]H and 3
change of targets. The
detection efficiency between 50 and 150 MeV (via the Panofsky ratio), the reso-
lution at 129.4 MeV, and the w stopping rates. A spectrum of 3000 events of
the 3H (7 ,v)3n reaction with stopped pions was obtained in an 8-day run.

The spectrum shape and branching ratio will be compared to ca1cu'lat1'ons1

for radiative/total absorption rates from the 1s Bohr orbit which are related
by charge independence to the 3He(n_,y)3H data, and which use the 2N absorp-
tion model to calculate the total 1s width.

H were mounted on a mobile boom, thereby allowing rapid inter-

]H data provide calibration of the pair spectrometer

* Research supported in part by the U. S. Atomic Energy Commission and ERDA.
Ta. ¢ Philips, private communication (1975).



I1I11.15
STUDIES OF STRONG INTERACTION EFFECTS IN ANTIPROTONIC ATOMS.*
C. Cox, M. Eckhause, J. Kane, M. Rushton, W. Vulcan, R. Welsh, COLLEGE OF
WILLIAM AND MARY, Williamsburg, Va. 23185; J. Miller, R. Powers, CALIFOR~
NIA INSTITUTE OF TECHNOLOGY, Pasadena, Cal. 91109; P. Barnes, R. Eisen-
stein, and R. Sutton, CARNEGIE-MELLON UNIV., Pittsburgh, Pa. 15213;
W. Lam and D. Jenkins, VIRGINIA POLYTECHNIC INSTITUTE, Blacksburg, Va.

240613 T. King, R. Kunselman and P. Roberson, UNIV. OF WYOMING, Laramie,
Wyo. 82070.

We have collected x~ray spectra from the antiprotonic atoms 6Li, 7Li,
¢, si, s, p, Fe, Y, Zr, Yb, and Cs. The data were collected at the
Brookhaven AGS using a 750 MeV/c antiproton beam Approximately 330 anti-
protons stopped in a given target (5-8 gr/cm ) per 1012 protons in-
cident on the production target. The x-rays were observed using both
planar (1 cm3) and co-axial (50 cm3) Ge(Li) detectors; resolutions were
0.6 keV at 122 keV and 1.1 keV at 279keV, respectively.

The data are being examined for evidence of strong interaction
shifts and line broadenings in the atomic transitions. The results of

analysis will be presented and compared to available P- nucleus optical
models.

*
Work supported by ERDA and NSF.
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III.16
Fundamental Properties of K , P and ¥ from Exotic Atoms *

G. Dugan, Y. Asano, M.Y. Chen, S. Cheng, E. Hu,
L. Lidofsky, W. Patton, C.S. Wu

Columbia University, New York, N.Y. 10027

V. Hughes, D. Lu

Yale University, New Haven, Conn. 06520

Hadrons from the low-energy separated beam of the Brook-
haven AGS were stopped in Pb and U targets to form hadronic
atoms. The energy spectra of the hadronic atoms were measu-
red to high precision using Ge(Li) spectrometers. The data
acquisition system was computer controlled and stabilized:
the energy calibration spectrum was taken simultaneously
with the data spectrum. The experimental transition energies
were corrected for ADC nonlinearities and data-
calibration spectrum shifts, as well as the presence of
unresolved noncircular transition contaminants. Experimental
energies were determined for the six circular transitions
(n=13-n=12 through n=8-n=7) of the K™Pb atom, six_circular
transitions (n=16-n=15 through n=11-n=10) of the p-Pb atom,
and four circular transitions (n=15-n=14 through n=11-n=10),
of the £ -Pb atom. The energies of these transitions were
computed from quantum electrodynamics, including all signi-
ficant orders of vacuum polarization, electron screening and
nuclear polarization. The masses of K7, p and ¥ were
adjusted to achieve a best-fit with the experimental energiess
the results were: m,_ = 493.668 + 0.014 MeV; My = 938.155 +

0.053 MeV; my_ = 1197.24 + 0.14 MeV. The fine structure

splitting of the transitions (n=11-n=10) in p-Pb and p-U
atoms, and the (n=12-n=11) transition in 7 -Pb_atoms, were
analyzed to determine the magnetic moments of p and I .

The results were: u§ = -2.790 + 0.021 n.m.;
+0.41
—1040_0' 28 n-m.
o= or
z +0.28
0.65_0'40 n.m.

Finally, energy shifts from the QED predictions were observed
for the principal circular transitions in K“U and pU atoms.
These shifts were shown to be due to the dynamic E2 effect,
such as has been observed in muonic atoms.

* Research supported in part by the National Science
Foundation.



111.17
NUCLEAR SPECTROSCOPIC QUADRUPOLE MOMENTS FROM MUONIC AND PIONIC

ATOMS

W. Dey, P. Ebersold, B. Aas, R. Eichler, H.J. Leisi, W.W. Sapp
and F. Scheck™)

Laboratory for High Energy Physics, Swiss Federal Institute of
Technology Zurich, c/o SIN, 5234 Villigen, Switzerland

*) and SIN

ABSTRACT

We have analyzed the quadrupole splitting of the 4f-3d,
5f-3d, and 5g-4f X-ray transitions in muonic !7SLu 1). This
analysis permits a precise determination of the ground state
spectroscopic quadrupole moment @ 2). The data were corrected
for small effects of the finite nuclear size, the dynamical
nuclear excitation, nuclear polarization, vacuum polarization,
M1 and E4 hyperfine interaction and X-ray transitions between
non-circular orbits. The results are displayed in Table I.

The quadrupole splitting of states in pionic atoms is,
in addition to the electromagnetic part, also affected by the
pion-nucleus interaction 3). Using a measured value for the
strong-interaction shift €4, one can extract Q in a nearly
model-independent fashion from the observed quadrupcle split-
ting (see ref. 4). We have analyzed the 5g-4f transition in
pionic '75Lu, taking into account the small effects of the
finite nuclear size and of distortions of the pionic wave
function due to the strong interaction 5J). The result, along
with that for '®°Ho, is shown in Table I. The strong interac-
tion shift and width of the 4f level in 7 !7%Lu are found to
be e, = 0.867(7) keV and T, = 0.23(7) keV, respectively.

Table I Ground state spectroscopic quadrupole moments
of 175Lu and !®%Ho

Isptope Transition Q(b) Reference
175y u 4f-3d 3.49(2) (1)
u 5f-3d 3.49(5) (1)
u 5g-4f 3.49(5) (1)
T 5g-4f 3.47(7) (5)
165Hg T 5g-4f 3.47(11) (4)
REFERENCES

1) W. Dey, Thesis ETHZ (1875) (unpublished)

2) H.J. Leisi et al., J. Phys. Japan Suppl. 34, 355 (1973)
3) F. Scheck, Nucl. Phys. B42, 573 (1972)

4) P. Ebersold st al., Phys. Letters 53B, 48 (1974)

5) P. Ebersold, Thesis ETHZ (1975) (unpublished)
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I1I1.18

OBSERVATION OF NUCLEAR ROTATIONAL SPECTRA IN PION CAPTURE ON
1751y ANO !8SHO

P. Ebersold, B. Aas, W. Dey, R. Eichler, H.J. Leisi, W.W. Sapp
and H.K. Walter

Laboratory for High Energy Physics, Swiss Federal Institute of
Technology Zurich, c/o SIN, 5234 Villigen, Switzerland

ABSTRACT
In experiments designed to study X-rays of pionic atoms of 175y 1)
and !'%%Ho 2) we have observed a large number of nuclear y rays.
They can be assigned to even isotopes of Yb and Dy, and corres-
ponds to E2 transitions between the members of the ground-state
rotational band. Rotational states with spins up to I=12% have
been seen. We interpret these y rays as arising from the reactions

175 y(nw~, xn) Y757Xyp* and ®S5Ho(w~, xn) 1657 Xpy*,

Isotopes in the final state corresponding to neutron numbers x =
3,5,7,9, and 11 in the case of Lu have been observed.

From the measured intensities of the y rays the following obser-
vation can be made:

i) The E2 transition intensities within the rotational band in-
crease as one approaches the nuclear ground state. Hence indi-
vidual rotational levels are fed not only by the preceeding
rotational transition but also by highly excited nuclear
states.

ii) For each target nucleus the yields of the isotopes in the fi=-
nal state follow an evaporation-type distribution, with a
maximum at x=7 in the case of *73Lu and x=5 in the case of
165

Ho.

iii) Comparing the intensities of the nuclear y rays with the in-
tensities of the pionic X-rays we conclude that pion capture
in these nuclei is dominated by the observed capture reac-
tions, i.e. by multiple neutron emission.

REFERENCES
1) P. Ebersold, Thesis ETHZ (1975} (unpublished)
See also abstract "Quadrupolmoments from muonic and pionic

atoms”, submitted to this conference.

2) P. Ebersold et al., Phys. Letters 53B, 48 (1974)
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ISOTOPIC EFFECTS IN ANTIPROTONIC ATOMS

H. Koch*), G. Backenstoss**), P. Blim*), W. Fetscher*), R. Hagelberg®),
A. Nilsson+), P. Pavlopoulosff), H. Poth*), I. Sick**),

L. Simons++), L. Tauscher**)

The measurement of strong interaction effects in antiprotonic atoms
(shifts, widths, intensities of X-ray lines) yields information about the
total amount of nuclear matter (protons and neutrons) present in the nuclear
tail. The existing data can be analysed in terms of an optical potential,
but it turns out that the relative amount of antiprotons absorbed on protons
and neutrons cannot be deduced from the data. This number, however, is very
much needed if one wants to interpret the data in terms of neutron distribu-
tions alone. A very elegant method of determining this ratio is the measure-
ment of isotopic effects, if isotopes with known proton and neutron distribu-

tions are chosen.

We report here about the first measurement of isotopic effects on
5—160/180. The experiment was performed at the CERN Proton Synchrotron with
two targets of 180 g D2160 and D2180, respectively. To reduce the syste-
matic errors to nearly zero, both targets were of exactly the same shape and
were interchanged after several bursts, so that the beam distribution and the
absorption corrections were identical in both targets. The water was enclosed
in Ti boxes, which gave excellent calibration lines. Preliminary results are
obtained for the difference of the energy shifts of the n = 3 level and the

ratio of the absorption widths of the n = 4 level :

€1 — €18 = (57 + 50) eV; I‘15/I‘18 = (0.74 + 0.15) .

For the comparison of the data with calculations, proton and neutron
distributions derived from electron scattering, muonic atoms, and binding
energy data were used. The result is that the assumption of equal antiproton

absorption on the proton and neutron of the nucleus seems to be justified.

*) Institut fur Experimentelle Kernphysik, Universitat and Kernforschungs-
zentrum, Karlsruhe, Germany.

*%) Institut fur Physik, Basel, Switerland.

t) Research Institute for Physics, Stockholm, Sweden.

+t+) CERN, Geneva, Switzerland.
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The K~ Nucleus Optical Potential 1I1.20

S. Y. Lee
Department of Physics
National Central University
Chung Li, Taiwan, R. 0.China

The K~ nucleus optical potential have puzzled us for years
(H. Koch, Messungen an Kaonischen Atomen, preprint KFK-Ext3/
73-3). The widths and shifts of the kaonic atoms can not be
explained by a simple multiple scattering expansion, where the
first order optical potential is simply U®* = t¥*.p»n . There
are already many recipes resolving this ambiguity. One promissing
resolution is taking the binding energy effect of the nucleons
and the kaon into account in the optical potential (M. Alberg,
E. M. Henley and L. Wilets, Phys. Rev. Lett. 30,255,1973).
However the kaon interacts mainly with nucleons near the nuclear
surface, the above mentioned resolution is not appearing. On
the other hand, the data through the periodic table can equally
fitted by the optical potential of Y= tF.pm + o ¢ with
only one free parameter (J. Hufner, H. Schmidt and S. Y. Lee,
unpublished). To find justifiecation of this optical potential,
we calculated the differential cross section for the K™ at
300 MEV/C on the oxygen target and then compared with the
differential cross sections calculated from other potentials.
Possible experiments are suggested to pin down this problem.




I11.21
THE STUDY OF THE RELATIVE CHANGE OF THE CHARGE BY HYDROGENE ATOMS

IN TRANSITION METAL HYDRIDES
M.F.Kost, V.I.Mikheeva, L.N.Panurets, A.A.Chertkov

Institute of General and Inorganic Chemistry, USSR Academy of
Sciences, Moscow, U S S R

Z.V.Krumshtein, V.I.Petrukhin, V.M.Suvorov, I.Yutlandov

Joint Institute for Nuclear Research, Dubna, USSR

Abstract

The capture rate of negative pions in hydrogen is measured
in hydrides of some transition and near-transition metals. These
data have allowed to establish the electron density near protons
shown to be almost two times larger in ionic hydrodes than in
metallic ones. The relative change in electron density in hydrogene
atoms has been determined by moving from the 2nd group metals to
the 5th group of periods IV-VI in the Periodic Table. The relative
difference in the electron density of hydrogene atoms is determined

by dihydride-trihydride pairs for Y, La, Ce and Er.

We
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I11I.22

THE STUDY OF NEGATIVE PION TRANSFER IN CmHn+ Z MIXTURES

V.M.Bystritsky, V.A.Vasiljev, I.Galm, V.I.Petrukhin,

V.E.Risin, V.M.Suvorov, B.A.Khomenko
Joint Institute for Nuclear Research, Dubna,USSR

Abstract

The SL:meson transfer from hydrogen to atoms Z is
studied in the mixture of CmHn + Z type, where Z = He, Ne,
Ar, Kr and Xe. The <A 2’ transfer rates have been measured,
and the obtained <V\Z)'= f(Z) relation makes it possible
to estimate the transfer contribution to the suppression of

meson capture by hydrogen atoms in hydrogen compounds.




I11.23
THE STUDY OF THE NEGATIVE PION TRANSFER TO CARBON IN ORGANIC
MOLECULES
V.I.Petrukhin, V,V,Risin, I.F.Samenkova, V.M.Suvorov

Joint Institute for Nuclear Research,Dubna,USSR

Abstract
A difference is observed between the rates of negative

pion transfer to carbon atoms of organic molecules in the
saturated aliaphatic series CmHn and the mixed gases H2+CmHn.
This difference is shown to be originated in the different
excitation energies of hydrogen mesoatoms formed in free hyd-
rogen (HZ) and in chemically bound one (CmHn). Neither the
grouping of atoms Z in the molecules, nor their encirclement
by hydrogen atoms, nor the particular properties of the
chemical bond among atoms Z seem to have any effect on the

transfer process.

189



I11.24
NEGATIVE PION CAPTURE BY HEAVY NUCLEI

S.R.Avramov, V,S.Butsev, D.Chultem, Yu.K.Gavrilov,
Dz.Ganzorig, S.M.Polikanov

Joint Institute for Nuclear Research,Dubna,USSR

The stopped pion capture by Bi, Pb, Hg, Au, Pt, Ta nuclei
has been investigated by using the bio-medical pion beam from
the Dubna synchrocyclotron/l/. A wide distribution of the
neutron multiplicity has been observed in the (ﬂt-, Xn) reac-—
tions. Mostly, high-spin states are excited in these reac -
/2,3/: 204me(9-), 202me(9-), 201me(13/2+), 199my,
(13/2%), 197mep(13/2%), 198mp1 (s Ty, 290mpi (st 193mpi(9/27)y,
191mpy (9/27), 200Myu(127), Au(127), Au(127), 194mpe

186my 117y, 77Mye(37/27)

(= 10),
Among the products of negative pion capture the isotopes

tions

having (Z-2) and (Z-3) have been also found. These isotopes
may be produced either in the radiative decay of (Z-1) nuclei
or as a result of charged fragment emission. It is possible
that some of them are due to the decay of new high-spin

nuclear isomers.

References
1, V.M.Abazov et al. Preprint JINR, P13-8079, Dubna, 1974.
2. V.S.Butsev et al, Abstracts of the XXV Meeting on Nuclear
Spectroscopy and Nuclear Structure, Leningrad, 1975,
pp. 147, 149, 150.
3. V.S.Butsev et al, Preprints JINR, E6-8535; P6-8541,
Dubna, 1975,
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Radiative pion capture by 614 11I.25

R.A.Sakaev, R.A.Eramzhyan
Joint Institute for Nuclear Research, Dubna

In the framework of the shell modelsg‘&,(/(;g)process is in-
Table 1. Yield ( R/ ) of ®He vestigated. The capture takes
in radiative capture from s- place from gs-and from p-shell
-and p-mesoatomic states of megoatom. Transitions to
Jt 10" 7" 2- 13 [ZAR the positive and giant reso-
Rs %|0.72 1057 1058 {073 |1.34 | nance states are considered.
Re2%|0.04 037 035 |0.73 |083
R %1076 10.82 10931026 |2.47
Table 2. Yield ( R %) of °He
in positive parity states

The pionic wave function is
calculated from the Klein-Gor-
don equation with the Kisslin-
ger-Erison potential. The radi-
ative branching ratio f =Rg+Rp ,
wnere B 5=2 s Ws/T

Q p= ﬁzp- Q/p/[;zp and ‘(/S=0~4

0.0 008 016 045
003 005 007

. 0 0 00/ Wp=0.6 5=01% Ked [4p= 0.0/5 ey
2 38 .6 | in good agreement wi%h experi-
mental data. o
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Experimental Search for Condensed Nuclear States I1I.26

S. rrankel and W. Frati
Department of Physics
University of Pennsylvania
Philadelphia, Pennsylvania 19174

0. Van Dyck and R. Werbeck
Clinton P. Anderson Meson Physics Facility
Los Alamos, New Mexico 87544

V. Highland
Department of Physics
Temple University
Philadelphia, Pennsylvania 19122

Backward (180°) elastic scattering of 800 and 600 MeV protons at
LAMPF has been used as the experimental tool tc search for the presence
of nuclear states of very high binding, suggested by Feenberg and Primakoff
and by Lee and Wick. Among the targets used were a Au foil irradiated
by ~3 x 1017 300 Gev protons at Fermi lab, and a Pt target which was for
many years the internal target for the 3 GeV protons at PPA.

No evidence for condensed nuclear states was observed, and an upper
limit of condensed nuclei per normal nucleus will be presented.




I1IL.27
Instability of Neutron Star Matter for Pion Condensation

Y, Futami, Y. Takahashi and A. Suzuki
Science University of Tokyo, Shinjuku-ku, Tokyo, Japan

The following statement is well-known; if an approximate
eigenmode satisfying the RPA equation possesses complex frequencies,
then the Hartree-Fock state becomes unstable with respect to the
corresponding collective oscillationsd We would like to discuss
the problem of pion-condensation from the viewpoint of collective
oscillations. In our case, the Hartree-Fock state is neutron star
matter in which all the single-particle states are filled by neutrons
up to the Fermi momentum set by the total nucleon density. For
simplicity, let us consider the Hamiltonian which consists of a kinetic
energy of nucleons, the pion energy and the p-wave part of the &-N
interaction. In order to 1nvestlgate the instability with respect to
the appearance of condensed % with momentum'ﬁ, we introduce an operator

(—) ( ) (=)= (<) [ (B (peh.)*
P * X Py T8 J (1)

where ¢# ) is the field operator for pions, X's are the coefficients,
and the last term represents the particle-hole operator coupled with
pion fields in the interaction Hamiltonian. From the RPA equation

(=) (=)+
[H,sk ]=“’Sk , (2)
we can obtain the eigenvalue equation
for the energy of 6 in neutron star
matter. These eigenfrequencies are
w represented by points in Fig. 1.

The instability occurs at such a
\ ( density that the minimum point between

P and Q is raised to touch with the
dotted line. Thus the instability
condition is given by

Ly 8 (q.-q)
29 = QnZ Z:(w € &) (3)

AN

Fig. 1. Graphical analysis of

the eigenvalue equation for Eq. (3) is the Migdal's criterion for
the energy of o . The region the appearance of condensed negative
of coblique lines represents pions.# Next we consider the

the continuous spectra. Hamiltonian for only the ™ field with

single momentum k_-kz, neglecting the
other pion fields. In this case, within an approximation of W+EDRVE,
the critical density which is determined from the instability condition
similar with Eq. (3) agrees with the one obtained by use of the mean
field method.3

1. K. Sawada and N. Fukuda, Prog. Theor. Phys. 72 653 (1961).
2o A. B. Migdal Phys. Rev, Lett. L, 257 (1973
3. R. F. Sawyer and D. J. Scalapino, Phys. Rev. D7, 953 (1973).
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ON ABNORMAL NUCLEAR MATTER II1.28

E. NYMAN and M. RHO
Service de Physique Théorique
Centre d'Etudes Nucléaires de Saclay
BP n°2 - 91190 Gif-sur-Yvette
France

We have studied the suggestion of T.D. Lee that at some density greater
than that of normal nuclear matter, an abnormal state with vanishing nucleon
mass and a larger binding energy could exist. The original calculation,
based on the o-model Lagrangian and interactions mediated by the scalar
meson in semi-classical (tree) approximation, indicated that such a state
could exist already at a few times the normal matter density. We consider
quantum corrections to this, and have evaluated all one-loop graphs, as
well as what we consider to be the most important two-loop diagram. Suitable
renormalizations render the results finite. In normal nuclear matter, this
set of graphs leads (in non-relativistic approximation) to the Hartree-Fock
energy p us t e correlation energy approximated as a sum of ring diagrams

(i.e. random phase approximation).

In the tree-approximation, the 0-model Lagrangian leads to a three-body
force which is too strong to be consistent with the conventional theory of
nuclear binding energies. However when loop corrections are included, the
strength of the three-body force becomes very sensitive to the parameters
of the theory. We have chosen the mass of the oc-meson (which is an arbitrary
parameter) such that the three-body force is negligibly small in normal nu-
clear matter. Approximating the singularities of the self-energy of the me-
son in medium by a single pole, we have been able to make an analytic calcu-
lation of the one- and two-loop contributions to the energy density. Our .
preliminary results indicate that the quantum corrections could make a

qualitative change in the structure of the abnormal state.
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P-D elastic scattering at large angle

H.Tezuka & M. Yamazaki
Depertment of Physics, Tokyo Institute of Technology

IV.A.L

Recent experiments show that there exists a large backward peak
in the differential cross section of p-d elastic scattering in the
GeV region. To explain this peak, some theoretical calculations

have been reported.*'z'3

We have adopted the phenomenological model
which connects the p-d differential cross section
to that of ®-N through the left Feynman graph.
Then the p-d differential cross section is given
by

d O-H Sxy do™

.1__G_2 o’ ﬂ 2 2 2 1 1a 12 3 2 7
38,300 (oY 7 ST T e (- gt egut )} S 8

where J is a free parameter and we adopt the value of 1.03. The
notations of this equation are the same as Barry’s® Comparing with
the data of Berkeley,” we get good agreements at deuteron incident
momenta 6.60GeV/c and 5.75GeV/c, but at 4.50GeV/c the calculated
cross section is too small compared to the experimental data. This
disagreement seems to be for lack of the £ meson contributions. As
this effect is doubly included in our model, our calculated values
are smaller than those of Craigie-Wilkin.

1) A.K.Kerman & L.S.Kisslinger :Phys.Rev. 180(1969)1483

2) N.S.Craigie & C,.Wilkin :Nucl.Phys. B14(1969)477

3) J.S.Sharma, V.S.Bahasin & A.N.Mitra :Nucl,Phys. B35(1971)466
4) G.W.Barry :Ann.Phys. 73(1972)482

5) L.Dubal et al. :Phys.Rev. D9(1974)597
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NON-EIKONAL CORRECTIONS TO THE GLAUBER MODEL IV-A.2
AND PROTON-He4 SCATTERING AT 1 GeV

M. Bzeszynski and T. Jaroszewicz
Institute of Nuclear Physics, 31-=342 Krakéw, Poland

A multiple scattering formula is discussed which gives the
corrections to the Glauber model at medium energies, coming
from the non—eikonal propagation of the projectile through the
nucleus. The formula is derived from the Watson series assuming
(i) the fixed scatterers approximation and (ii) the specific
prescription for the off-shell continuation of the t—matrix el-
ements for the scattering on the target nucleons /such that
they depend on the momentum transfer only/, together with putt-—
ing the resccatering terms /i.e. terms in which a given nucleon
is struck more than once by the projectile/ equal to zero. The
approximation (ii) is quite well motivated at energies of order
1 GeV /see the accompanying paper reporting the calculation
based on the first order eikonal expansion/. We do not make any
approximations in the, free waye ?ropagators which are left in
their exact form, Go(3)=(k2=B2)—1, k being the initial projec-
tile momentum.

The main effect of the non—eikonal propagation is to
change the phases but not the moduli of the separate Glauber
multiple scattering terms; this affects significantly the re-
gions of the minima in the cross—section, where there is a
strong interference between various multiple scattering terms.
The figure below shows the comparison between the Glauber model
predictions and t&e results obtained with the formula proposed
for the proton-He* scattering at 1.05 GeV. The standard

gaussian parametrization of the
) QQ] individual amplitudes was used,
sT with the slope 5 GeV—=2, the real
to imaginary part ratio =033, and
the total NN cross—section 44 mb.
TLAB=1.05 GeV The experimental data is not
plotted here because we have used
thi simple gaussian form of the
He4 wave function /with the oscil-—
lator parameter R=1.37 fm/, this
being inconsistent with the elec=-
tron scattering data at large mo-
mentum transfers. Our results sug-
gest that the non-eikonal propaga-
tion effects may be responsible
for the very shallow minimum in
the p—Helt cross=-segtion recently
measured at Saclay'.
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N 1. Se. Baker et al., Phys. Reve
Lett. 2, 839 (1974)0

9
e A_ Fige1. p—He‘* scattering at 1.05
«0 ok .8 1.2 Ge;g GeVe See the text for details.
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IV.A.3
ON THE MODIFIED KERMAN, McMANUS, AND THALER OPTICAL POTENTIAL
AND ITS APPLICABILITY TO THE SCATTERING FROM LIGHT NUCLEI

Me BZeszyiskli and T. Jaroszewicz
Institute of Nuclear Physics, 31-342 Krakéw, Poland

It is claimed that the KMT optical potential in its commonly
used form has to be modified in order to reproduce the correct
high energy limit /i.e. the Glauber formula/. It is shown that
when assuming the commonly used off-shell prescription for indi-
vidual t-matrices, {K1t|¥)=t(¥-kK’), it is necessary to replace
the KMT potential Vgyr=Vp+VR by the modified one, Vy=VDp, where
VD denotes "direct" terms and VR - rescattering %erms, i.e. the
terms in which the projectile is scattered more than once from
one given nucleon. For medium energies this modification is e-
quivalent to the recently proposed prescription for the multiple
scattering calculations /see the accompanying paper/. The impor-
tance of such a modification of Vopt is illustrafed in Fig.1,
where the cross—section for high energy proton=He4 scattering is
plotted, calculated with the usual /broken line/ and modified
/solid line/ potentials obtained from the t-matrices parametr-
ized as gaussians in the momentum transfer, continued off-shell
in the above-mentioned way. These potentials are calculated to
/practically/ infinite order in t. The convergence of Vopt is
shown 1in Fig.2; it is seen that Vopt has to be taken to at least
fifth order in t if the exact result is to be reproduced for
larger momentum transferse.

A
3 do mb 3
10 LV [ G'e_va-] 10
p-He4
102 | 102
Vopt=VEuT Vopt="u
vV =V 1
1 opt='M 10° ¢t o __ 1
10" | (Glauber model) | § 0 eeeeeeen. 3
0 ———— 4
10 —cn—.._go
100 |
101
-1 |
10 -
10~2
\Cf’ffgﬁl: 2
1072 f i RN
4 A [} 4 > L £ [ A A A A '
.0 ol 8 GeV?2 o0 olt .8 1.2 GeV2

Fige1. KMT versus the modified Fig.2. Convergence of Vopte The
optical potential in the high numbers indicate the order to
energy p-He# scattering. which the potential is taken.
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IV.A.4
TWO-COMPONENT MODE L. OF HIGH-ENERGY HADRON SCATTERING

FROM NUCLEL

R, pyMARZ®), A, MapECKI®O*) 4ng p. PreCH P

(x) Instytut Fizyki Jadrowej, Krakdw, Poland
(xx) Laboratori Nazionali del CNEN, Frascati, Italy.

We have developed a model of high-energy hadron scattering from nuclei
which includes the two basic mechanisms of multiple collisions: i) in a sequen
ce of collisions of the projectile with target sub-units all scatterings are near
ly forward; ii) one scattering in the sequence occurs at a large angle and the
remaining ones are forward, The Glauber model takes into account only for-
ward scatterings, In our attempt to include both the mechanisms we treat the
large-angle term in the Born approximation with waves distorted by forward
scatterings along the initial and final projectile direction, Our expression for
the scattering amplitude (meant as the operator acting between nuclear states)
at momentum transfer g is the following:

F = Feorward ¥ Flarge »

. A
= dp [42 1904 _ -3
forward 21r‘/‘(.i be (1 _]Hl(l 'onrward( bj)))’
1q-b
F fdbe /dzz (-r)H(l-Bk-Bk);where
1arge -1 1arge k(#])

B0 50 00,0, EO 201 - ooy,

B = Yeorward™® k  Yforward
the axes 0z0), 0z(), 0z are directed
P +*He
along the initial projectile momentum, A
the final momentum and along the bi-
gsectrix of the scatterln an(%e Sem >
respectively, while B b denote
the projections of vectors on the planes
perpendicular to these axes. The pro-
file functions vgypwards Ylarge are the
Fourier-Bessel transforms % the two
parts of the elementary amplitude which
describe the elastic projectile -nucleon
scattering at forward and large angles.
The application of our model to
elastic p-%*He scattering at 1 GeV is
presented in Figure (full line, the dashed line corresponds to only forward
collisions); see also Lett. Nuovo Cimento 12, 101(1975). The large-angle
term begins to be important in the region of the minimum making the mini-
mum appreciably shallower,

(3-B’j)a(z-zj);

flarge(r - I'j) = Targe




IV.A.S
TEST OF 1 GeV NN MATRIX ON ELASTIC SCATTERING

GLAUBER MODEL CALCULATION

I.Brissaud, L.Bimbot, Y.Le Bornec, B. Tatischeff and N. Willis
Institut de Physique Nucléaire, B.P. n0l, 91406, Orsay (France)

At 1 GeV, currently used phenomenological nucleon-nucleon amplitudes
are restricted to central terms having a gaussian g-dependance. Recently
Comparat and Willis 1 have obtained a complete nucleon-nucleon scattering
matrix(including all A, B, ... amplitudes) by using the pp scattering phase
shifts at 970 MeVZ2 and searches on pn scattering observables. We present
here results concerning differential cross section and polarization for 1 GeV
protons incident on 12C. The calculations are performed in the Glauber
model 3 using this NN matrix.

In figure 1.a, we are comparing the isospin-independant terms
A4(q) and Cg(q) to the corresponding phenomenological amplitudes 3. Cross
sections and polarizations calculated to the Glauber optical limit and experi-
mental data 4 are shown in figure 1.b. We see that the angular distribution

has a too pronounced minimum compared with
AT Comparar | Ab the data. This is probably due to the very
03 ™~ — (W e small values obtained for the real part of
c SN, 7T ot c! Ag(g) at small q transfersi.e. the nuclear
; absorption has been underestimated. A small
bumpat q=1.5 fm~1 is connected to the very
deep minimum of the cross section curve.
Similar conclusions can be extracted from
the analysis of 1l GeV p+ 208py, scattering.
We therefore tend to conclude that the Glauber
approach with a realistic NN matrix need some

/sr)

Lt Ep-104G | improvements, particularly to the eikonal
z - [C\f}fﬁ‘f?&n approximation 3.
(o} malrix
2
S Sen, ] 1., V.Comparat and A, Willis, annual report
/ARG (1974) IPN-Orsay, France and to be pub-
N lished.
o} 1 2. N. Hoshizaki et al., Prog. Theor. Phys.
42, 815 (1969).
Pl 3. I.Brissaud et al., Phys. Rev, Cl11,(1975),
./»/‘\‘( to be published ; Phys. Lett. 48B, 319(1974)
A Ftll : 4. R.Bertini et al., Phys. Lett. 45B,119
03 ! s TqtmT (1973) ; V.G. Vovchenko et al., Sov. Journ,

Nucl. Phys. 16,628 (1973).

Fig.la) matrix elements.

b) polarization and
cross sections.
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IV.A.6
Proton production in nuclei by 600 McV protons

H. D. Orr, III
NASA, Langley Research Center, Hampton, Va. 23665
R. D. Edge
University of South Carolina, Columbia, SC 29208
T. A. Filippas

Greek Atomic Energy Commission, Athens, Greece

Abstract: The absolute differential cross sections for low-energy proton

production in targets of C, A1, Ni, Cu, and Au under 600 MeV proton
bombardment have been determined at several angles in the forward and
backward hemispheres. A semiconductor detector telescope was used to
identify the secondary protons in the energy range from 2-15 MeV.
These results are compared to others at 60 MeV; an overall decrease-
in the cross section with increesing incident energy is found. The
results are also compared witk Monte Carlo calculations based on the
cascade-plus—-evaporation model; the predictions are found to be in
fair agreement with the present experiment for light nuclei, good a-
greement for medium mass nuclei, but poor agreement for heavy nuclei.
These results suggest the importence of nucleer structure effects in
the case of light nuclei and changes in the Coulomb barrier in excited

heavy nuclei.




IV.A.7
NUCLEAR INDUCED BREMSSTRAHLUNG by G. L. Strobel and K. C. Lam

We present a bremsstrahlung model similar in outlook to
the Bair et al. model for nucleon-nucleon bremsstrahlung. We
treat the nucleus and the projectile each as an elementary
particle with given electric charge, magnetic moment, spin and
mass. We assume the exchange of neutral mesons is responsible
for the nuclear scattering Such a model is gauge invariant
and satisfies Low's low energy theorem.

In relating bremsstrahlung to elastic scattering, the basic
input parameter to be specified is t(qg), the nuclear scattering
amplitude (q is the momentum transfer). This amplitude can be
parameterized in several ways. At energies less than 200 MeV
we will use a more or less standard optical model potential in
the Schrddinger equation. At energies above 200 MeV we will use
Glauber theory with the energy dependent potential used by
Boridy and Fesbach. The electro-magnetic interaction is inclu-
ded to first order only. Thus all photons involved are real
final state photons with k2=0, where k is the four momentum of
the photon. Hence no electro-magnetic form factors of the
projectile or nucleus are needed. However, we sometimes use a
nuclear potential plus the potential of an extended charge
distribution to describe the nuclear scattering amplitude.
Nuclear double scattering is neglected in the bremsstrahlung
calculation. These terms have been shown to be small for non-
relativistic proton-proton brensstrahlung in the overall center
of mass frame. We will present some analysis on the effect of
assuming scalar meson exchange compared to pseudo-scalar meson
exchange, the Z, atomic weight, projectile energy, and gamma
energy systematics of the calculated cross sections, and some
isotopic effects. Also a classical explanation of the dif-
ferential bremsstrahlung cross section systematics is given.

In general the cross section for a given gamma energy increases
for higher proton energy and for larger target charge. The

cross sections are generally largest when the gamma production

angle is one half the proton scatterig angle.
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IV.A.8

THE INDIVIDUAL NUCLEONS AND THEIR CLUSTERING IN 6Li

AS PROBED IN (p,d) AND (p,2p) REACTIONS.

Jan Kallne

The Gustaf Werner Institute, Univ. of Uppsala, S~75121 Uppsala, Sweden

The residual states accessible by single nucleon removal from 6Li are dis-
cussed. It is noticed that not only residual nucleus hole-states but also
states of fragmented systems are important. Events of fragmentation are

taken as evidence of nucleon sub-structures (cluster) in the target nucleus
which could be searched for in reactions like (p,d) and (p,2p).-The figure
shows schematically two spectra for the target nucleus 6Li obtained with the
(p,d) reaction at 185 MeV (G=2.5°) /1/ and the (p,2p) reaction at 100 MeV
(Gl=@2=35°) /2/. These represent the nucleon momentum situations q> 150 MeV/c
and q << 150 MeV/c. The 1ls nucleon removal from 6Li yields in both spectra the
sharp peak at Ex=16'7 MeV (corresponding to the 5Li/SHe state at 16.7 MeV,
J"=3/2+) and the broad peak at 19 MeV (corresponding to a fragmented system)
in the (p,d) spectrum, only. The apparent differences are due to a q depen-
dence. The ls nucleons in 6Li are assumed to form an o core which becomes in-
creasingly enforced at high q. This would result in a q dependence in the
partition of the ls strength on the residual nucleus states and fragmented
states as demonstrated by the spectra.-— It is concluded that pickup and
analogous reactions would prove useful to learn about individual nucleons
forming clusters in nuclei, particularily, if simultaneous detection of the
recoil products can be provided. 6Li just presents an exceptionally clear-

cut case where the fragmentation and thus the

*Lipd)’Li —

SLitp.2p) *He - clustering manifested itself by a quasi-free

4He(p,d)3He peak distinguishable at high q.

/1/ J.Kdllne et al, Phys.Lett.52B(1974)313
/2/ R.Bhownik et al, Nucl.Phys.A226(1974)365
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IV.A.9

PION PRODUCTION THROUGH THE REACTION d(p,dn')n AT 600 MEV™

E. V. Hungerford, J. C. Allred, K. Koester,
L. Y. Lee, and B. W. Mayes
University of Houston, Houston, Tx. 77004

T. Witten, J. Hudomalj-Gabitzsch, N. Gabitzsch, T. M. Williams,
J. Clement, G. S. Mutchler, and G. C. Phillips
Rice University, Houston, Tx. 77001

ABSTRACT

The production of pions through the three body process p + d »
d+ 7t +n is being investigated at the Space Radiation Effects
Laboratory'r at an incident energy of 600 MeV. The pion and
deuteron were detected in coincidence with multi-wire proportional
counters and the deuteron momentum was magnetically analyzed.
Although isospin conservation forbids a w~-N(A(1236)) final state
interaction, the m-d system can resonate in a T = 1 state. Prelim-
inary data show an enhancement of the cross section at a w-d mass
of 2180 MeV with a full width at half maximum of 90 MeV. The cross
section for this enhancement is a significant fraction of the in-
clusive pion production cross section at this angle. An experi-
mental study of the angular distribution and a detailed momentum
spectrum of the deuteron from the reaction is in process.

*Supported by the U.S. E.R.D.A.

SREL is supported by the National Aeronautics and Space Administra-
tion, the Commonwealth of Virginia, and the National Science Founda-
tion.
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QUASI-ELASTIC DEUTERON PRODUCTION IV.A.10
A. P. Sathe and E. A. Remler
College of William and Mary, Williamsburg, Virginia 23185

ABSTRACT

The recent developement of the Wigner representation of scattering as a
practical tool for treatment of complex multiparticle processes(l) has enabl-
ed us to begin analysis of inclusive production(ﬁfoss—sections for fragments
from medium and high energy nuclear collisions. Initially, to test and
demonstrate this new method, we are examining data using only the simplest
possible models. A number of experiments have measured quasi-elastic deu~
teron production by protons on nuclei; of these, the most complete set known
to us are at .580 Gev(3) and 1 GeV. (43 Discussion of these has centered on
two questions: the elementary production mechanism for two fast forward nu-
cleons (e.g. to what extent it depends on initial state correlations) and,
the cross-sections' dependence on Atomic Mass A (which requires understanding
of multiple collisions suffered by participants in the nuclear medium before
and after the elementary production). In the absence of practical theoreti-
cal methods of dealing with the latter question,_explanations have been
limited to noting that the data seems to go as A-/2, corresponding to emana-
tion from an 'active region’ about the terminator line situated at the nu-
clear surface. The terminator grows as Al/3, Our analysis indicates that
such statements conceal a theoretically richer picture. The graph compares
the .580 GeV data with two calculations based on nuclear models simplified to
allow analytic expression of results. The solid line is a nucleus of uniform
density throughout. The dashed line corresponds to a uniform core plus half
density uniform skin. There are no free parameters except, having not as yet
calculated the elementary vertex for nucleon pair produc&ign, there is an un-—-
known overall normalization fixed to agree with data at These results
indicate good agreement with data is probable at this energy using a realis-
tic nuclear skin. Theory however implies flattening of A dependence (satura-
tion) at higher energies in contradiction to the 1 GeV data point for 208pyp,
More accurate data and comparison with production by other projectiles can
now be analyzed in terms of nuclear surface properties.
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1. E. A. Remler, Use of the Wigner Representation in Scattering Problems,
College of William and Mary preprint.

2. E. A. Remler and A. P. Sathe, Quasi-Classical Scattering Theory and
Bound State Production Processes, to be published in Annals of Physics.

3. W. K. Roberts et. al., unpublished report, NASA TN D-5961, (Aug. 1970).

4. R. J. Sutter et. al., Phys. Rev. Lett. 19, 1189 (1967).



ELASTIC SCATTERING OF 0.72 GeV PROTONS FROM 4He FOR IV.A. 11
0.13 Gevzlc2 < -t £ 0.55 GeV2/c2

J. C. Fong, G. J. Igo, S. L. Verbeck, C. A. Whitten, Jr.
University of California at Los Angeles, Los Angeles, Calif. 90024

D. L. Hendrie, V. Perez-Mendez, Y. Therrien
Lawrence Berkeley Laboratory, Berkeley, Calif. 94720

G. W. Hoffmann
University of Texas, Austin, Texas 78712

ABSTRACT

At the Lawrence Berkeley Laboratory 184" synchrocyclotron an experimental
technique using a gas target and a AE-E telescope of solid state detectors has
been employed to measure the elastic scattering of 0.72 GeV protons from 4He in
the region of four momentum transfer, -t, from 0.13 to 0.55 GeV2/c2. With a
suitably chosen collimation system the detector telescope viewed reaction
' —r——T—T——TF—7 products from the He gas target between the
angles Opin and Op,x, such that all alpha par-
ticles within this angular range must come from
elastic scattering. From the relation -t =
2myTy1, the energy of the alpha particle measures
-t directly; and the energy spectrum dYy/dTy can

¢

T 1 171
L1 1 1

! g *Help, p) *He | be converted directly into an angular distribu-
720 Mev tion. The excellent particle identification
2t LBL | provided by the AE-E detector telescope is very

important since the yield of 3He particles is

larger than that for o particles in certain

regions of the energy spectra. The intensity

of the proton beam was measured and monitored

by a system of ionization counters, two sets of

monitor counters and beam counters; and the

cross sections were measured absolutely to

‘ better than * 10%. The range of -t covered in

‘ NORALS this experiment includes the interference region

] # %3 1 (-t = 0.23 Gev2/c2) between single and double

scattering processes in multiple scattering

o2k f | theories where there has been disagreement be-

‘ tween two experimental measurements at 1.0

+ Gev.2:3 4 preliminary angular distribution from

the data analysis is presented in Fig. 1. The

ol 02 03 o4 o5 osdata is currently being analyzed in terms of
“1Gevrer® optical model and multiple-scattering theories.%

We are also currently obtaining elastic scatter-

ing data at 0.59 GeV using the same experimental

technique.

L4 2 !

dotdQem Imb/se)
o
[¢,)
T
1

Fig. 1. Elastic scattering
of protons from 4He at 0.72
GeV.

1. C. A. Whitten, Jr., Nucl. Instr. and Meth. (to be published).
2. H. Palevsky et al., Phys. Rev. Lett. 18, 1200 (1967).

3. S. D. Baker et al., Phys. Rev. Lett. 32, 839 (1974).

4. D. W. Rule and Y. Hahn, Phys. Rev. Lett. 34, 332 (1975).
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IV.A.12

P -3He elastic scattering at intermediate energies and the NN interaction.

R.Frascaria, N. Marty, V.Comparat, M, Morlet and A, Willis.
Institut de Physique Nucléaire, 91406, Orsay (France).

D.Legrand, D.Garreta, R.Beurtey, G.Bruge, P.Couvert, H, Catz,
A.,Chaumeaux, J.C.Faivre, Y.Terrien and R. Bertinix.
DPhNME, CEN-Saclay, 91190, Gif-sur-Yvette (France).

The 3He(p, p)3He cross section was measured at 1 GeV, at the CEA
Synchrotron Saturne. A liquid 3He target 2 cm thick 1 and the spectrometer
facilities £ were used. The results are given on fig.1l. The absolute uncer-
tainty on the cross section is + 9%. They are compared to calculations perform-
ed with the 3He form factor from ref.3 which is in good agreement with the

grEerm) " T electron scattering results. The cross sections are
- calculated in the Glauber formalism including the
spin-isospin dependence of the NN interaction at
all orders of the scattering expansion.The sensi-
tivity to the phase shifts is illustrated in fig. 1
where three different phase shift analysis are used
a) pp phases from Hoshizaki4 and pn phases from
ref.5 ;b) andc) the same pn phases and pp pha-
ses from Matsudaéwhose analysis is made by adding
31 new NN data (16 of them are polarization mea-
surements). The agreement is better till

q2 & 20fm~2 with curve 1.b or 1.c.

The same calculations are performed at 600 MeV
where more NN data and more systematic analysis
exist. On fig.2, a) The pp-phases are from Mc
Gregor et al ! and in b) and c) pp-phases from
Cozzika et al 8. For the three curves the pn-
phases are taken from Mc Gregor 9). The calcu-

lations are compared to the experimental results
at 600 MeV from Boschitz et al 10,

References :

1. S. Buhler, Proc. of the 8th Int, Cryog.Engeen, Coni, Berlin (May 70).
2. R, Beurtey et al,, Bul, Inf, Sci. Tech, CEA n®179, 67 (1973) and Phys.
Rev. Lett, Vol, 32, n%5 (1974) 839,

. M, Fabre de la Ripelle, session d'études La Toussuire (1971)55 and Lett,
Nuovo Cimento, Vol 1 n®14 (1971) 584,

. N, Hoshizaki, Rev. Of Modern Phys., Vol 39 n°3(1967) 700,

. V. Comparat and A, Willis, private communication,

. M.Matsuda and W, Watari, Lett. Nuovo Cimento Vol. 6 n®1(1973) 23.

. M.H. Mc Gregor, A,Arndt, R.M, Wright, Phys, Rev, 169, B1149(1968)

. G, Cozzika, Note CEA-N-1720, juillet 74

. M.H.Mc Gregor, A,Arndt, R.M, Wright, Phys. Rev.173, n°5(1968)1272.
. E,T.Boschitz, NASA TMX-52673.

R T A % Université-de Strasbourg (France)



MEASUREMENT OF THE NEUTRON FLUX GENERATED BY THE IV.A.13
LAMPF 800 MeV PROTON BEAM STOP

Dennis G. Perry

The flux and spectral shape of the neutrons generated by 800 MeV protons
incident on a copper beam stop have been measured at the LAMPF Radiation Ef-
fects Facility using the technique of threshold activation detectors. The
detectors used were 235U, 238U, Au and Ir. The induced activities measured
were generated from the following reactions: 235U(n,f), 238U(n,f),
197Au(n,y)198Au, 197Au(n,2n)196Au, 197Au(n,3n)195Au, 197Au(n,4n)194Au,
191Ir(n,y)1921r, 191Ir(n,2n)1901r, ]Q]Ir(n,3n)1891r, ]93Ir(n,n')]93m1r.
The measured spectral shape agrees well with the shape generated by a Monte

2

Carlo calculation. The total flux measured was 1.6 x 1013 n/cm--sec-mA.
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IV.A.14
SCATTERING OF PROTONS ON HELTUM BETWEEN 348 AND 1154 MeV

E. Aslanides+, T. Bauer, R. Bertini , R. Beurtey,
A. Boudard, F. Brochard , G. Bruge, A. Chaumeaux ,
H. Catz, J.M. Fortaine, R. Frascariatt,
P. Gorodetzky® J. Guvot, F. Hibou,
M.. Matoba®™™*, Y. Terrien and J. Thirion

CEN Saclay, BP 2, 91190, Gif-sur-Yvette, France.

Proton elastic scattering on 4He has been measured at Tp = 348, 650,
1057 and 1154 MeV. The obtained angular distributions are prasented for
]t]< 0.7 (GeV/c)z. The deepest minimum is observed for t = — 0.26 et
Tp = 650 MeV. Glauber type calculations- are in progress to f£it those angular
distributions.

i

CRN Strasbourg
-t

IPN Orsay
++

+ . .
On leave from the Kyoto University, Kyoto, Japan.



1 GeV-PROTON SCATTERING IV.A.15

FROM "Oca, "2ca, *ca, *8ca ana "Pri

G.Alkhazovf,T. Bauer, R. Beurtey, A. Boudard, G. Bruge,
A. Chaumeatix, P. Couvert, G. Cvijanovichtt, H.H. Duhm®Tt,
J.M. Fontainetttt, D.Garreta., A. Kulikov T, D. Legrand ,
J.C. Lugol, J. Saudinas, J. Thirion, A. Vorobyov t,

CEN Saclay, BP 2, 91190, Gif-sur-Yvette, France.

Using the high-resolution spectrometer SPES-1, the angular distribu-
tions of 1.04 GeV protons, scattered from 40Ca, 42ca, bhcy o 480, and 4873
nuclei are measured in the angular range 4-19°. Here we present the elastic
scattering cross sections (fig.l1) which, we hope, combined with the appro-
priate elastic electron scattering data, may furnish an interesting infor-
mation on the differences between the neutron distributions in these nuclei.
The elastic cross sections for the case of 40Ca and 48Ca are in good
agreement with those, obtained by Gatchina group [[]. The analysis of the
data, corresponding to excitations of low-lying states, is in progress.

++ Leningrad Institute for Nuclear Physics, Gatchina., USSR
i Upsala College, East Orange, New Jersey, USA

1, Institut fur Experimentalphysik, Hamburg, Germany.
it CNRS

[}] G.D.Alkhazov et al., Physics Letters, in print.
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The elastic cross sections
(lab. system, preliminary) of
1.04 GeV proton scattering from
the following targets :40Ca(100%);
42ca(76 72) + 4Oca(22 2) ;
440295 Z) + 40ca( 5 2) 3
48¢a (67 7+ 40ca(30 7) ;

4811 (98 .7)
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IV.A.16
PWBA (p,d) CALCULATIONS AT INTERMEDIATE BEAM ENERGIES

D.G. Fleming, J.W. Grabowski and E.W. Vogt
TRIUMF and Depts. of Chemistry and Physics, University
of British Columbia, Vancouver, B.C., Canada, V6T 1W5

With the advent of new high intensity and variable energy proton accelera-
tors in the intermediate energy range, one can_expect some renewed interest in
direct reactions of the type (p,d), (p,t), (p,”He), etc. There are advantages
and disadvantages in extending the study of pickup reactions from their tradi-
tional low energy regime. Distortion effects should be less at higher energies
and the '"dynamics'" of the transfer process may well be more amenable to reliable
calculations. On the other hand, quantum oscillations in the angular distribu-
tions become disturbingly rapid and do not reveal the orbital angular momentum
of the transferred nucleon. Instead, interest centers on angular distributions
averaged over such rapid oscillations.

An early motivation for our work was the hope that absolute spectroscopic
factors in (p,d) reactions could be more reliably obtained, from DWBA calcula-
tions at intermediate energies, than the usual '"factor of two' accuracy expected
at low beam energies. Unfortunately, sources of uncertainty still remain, par-
ticularly in the choice of the deuteron optical potential. The PWBA treatment,
while obviously incorrect in that it ignores all distortion effects, is never-
theless a useful tool in gaining an initial understanding of the expected momen-
tum transfer dependence in angular distributions at intermediate energies.

The PWBA calculations can be carried out analytically for various form
factors. We illustrate this radial dependence using square well, harmonic oscil-
lator and Woods-Saxon (WS) potentials. In each case the differential cross
section can essentially be factored in two parts; one part describing the rapid
oscillations with angle and the other part the 'envelope' of the cross section
about which the oscillations occur. The latter dependence is illustrated in
the accomfanying Figure for a WS potential in a PWBA calculation of the
12¢(p,d) e 1P3/, transition at 700 MeV. (Data from J. Thirionm, Proc. Int.

Conf. on Nucl. Phys., Munich, 1972; American
2C (p.d) Elsevier, 1973, p. 782).

Ip 3/2 There are distinct differences in calcu-
700 MeV lated differential cross sections depending on
: the choice of form factor, but these are only
& —WS PWBA ENVELOPE apparent at angles R 30°, which is generally
4 e pwBA ENVELOPE beyond presently available data. Calculations
\} ~ NORM. AT 10° have also been carried out for the 185 MeV (p,d)
,fu* data from Uppsala (J. Kallne et. al., Gustaf
\ k ¢ Werner Institute, Preprint No. GWI-PH2/74) and,

Y again, the envelope of the experimental cross

! sections are rather well reproduced. No attempt

has been made to extract any spectroscopic in-
formation, only to reproduce the overall shape
of the angular distributions; in this regard,
the PWBA calculation is much more successful
at & 200 MeV than it is at say 20 MeV.

do/dQL (mb/sr)
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IV.A. 17
GLAUBER CALCULATIONS FOR p—AHe ELASTIC SCATTERING

J.P. Auger
Laboratoire de Physique, Faculté des Sciences d'Orléans,
45045 Orléans Cédex, France

J.R. Gillespie*
Institut des Sciences Nucléaires, BP 257, 38044 Grenoble, France

R.J. Lombard
Institut de Physique Nucléaire, Division de Physique Théorique
91406 Orsay, France )

The multiple scattering model of Glauber has been used to calculate
p- He scattering at 0.6, 1.0 and 20 GeV. The calculation includes spin -
independant and spin-dependant amplitudes as well as the Coulomb interaction
and a correction for overlapping interactions.

The nucleon-nucleon profile function is determined directly from two-
particle scattering data. The “He wavefunction was taken as Gaussian. The
overlapping interaction (3—?o§y) correction for the eikonal phase function
is that derived by Wallace 1 involving the nuclear density, the pair
correlation function, and the interaction between the incident particle
and the target nucleons., For this interaction we employed an effective
potential which reproduces the spin-independant amplitude at low momentum
transfer (to 1.0 fm~l).

The Coulomb interaction deepens the first minimum at 600 MeV but redu-
ces it at 1.0 and 20 GeV. The overlap term is negligible at 0.6 and 20 GeV
and provides a 20 % correction at 1 GeV.

(1) S.J. Wallace, Phys. Rev. C8, 2043 (1973).
*On leave of absence, Dept. of Physics, Boston University.
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IV.A.18

EFFECTS OF ANTISYMMETRIZATION IN ELASTIC SCATTERING
OF HIGH-ENERGY PROTONS FROM NUCLEL

A. MALECKI®©) ang p. PICCHI®
(x) - Laboratori Nazionali del CNEN, Frascati, Italy.
(o) - Instytut Fizyki Jadrowej, Krakow, Poland.

We have studied elastic scattering of high-energy protons from nu-
clei taking into account the mechanism of exchange between the projectile and
thetarget. This is equivalent to antisymmetrization between the incident pro-
ton and the ones in the target nucleus.

We considered scattering from “D and 4He around 1 GeV using the
approximation of single collisions. The nuclear wavefunctions including short-
-range repulsive correlations were applied. For large momentum transfers
(q> 0.8 GeV) the correlations are very important increasing the cross-sec-
tion by several orders of magnitude.

The rearrangement of protons was achieved by the two procedures:
exact antisymmetrization and the so-called knockon approximation. For illu-
stration we quote the cross-section formulas for 4He (without correlations):

2

(do/dn')exa ctantisym.

(do/dmknockon

while in the absence of exchange one has: (do/dn)

18 |3p®)+p®) 5@ 25 25 ®) 5" 0|2

|2D(P) + 2D™) _ g(p)|?2

direct |2p(P) +2p®)| 2,

the various amplitudes are given by the following self -explanatory diagrams:
é P g P g P —_— P

3

SsST O
Ssov T
330D T
Ssov T

D(p) E (P) [! (P Eu(n)

where single lines describe bound states of nucleons, the double line - the
state of free proton, and the wavy line denotes the interaction; the indices (p)
and (n) correspond to the p-p and p-n interaction, respectively.

In general the effects of antisymmetrization are small for forward
scattering angles, and large in the back hemisphere. We have found that the
graphs E' and E'" are quite important at large angles (8> 120°) invalidating
thus the knockon approximation. The backward peaks observed in the p-—2D and
p—4He elastic scattering are appreciablyaffected by these graphs.

Currently we are studying the effects of multiple collisions and the
relativistic corrections resulting from the deformation of recoiling nuclear

216 wave function,




IV.A. 19
INVESTIGATION OF PION AND KAON PRODUCTION ON NUCLEI

M. Dillig, M. G. Huber
Inst. for Theor. Physics, Univ. of Erlangen-Niirnberg, Germany

In the protoninduced production of m and K on nuclei both very
large momenta (p & 500 MeV/c) and considerable angular momenta
( €>10Hh ) are transferred to the target nucleus even at
threshold energies. Thus one may expect to investigate the
nucleus under conditions which in conventional nuclear reaction
at low energies are not accessible. Additionally, there are
interesting phenomena expected to occur which are related to
the reaction mechanisms, such as coherence effects in ®m produc-
reactions)

tion by complex prqggptiles (3. e. in (d,n) or (a,m)
and the formation of (real) N* in nuclei (such as 4,.A and

Some of those questions have been investigated in the frame of
a One-Nucleon-Model (ONM) and a Two-Nucleon-Model (TNM). Those
models have been applied to the Tp,n*) and the (p,n-) reac-
tion leading to bound excited states of the final nucleus; the
calculated cross sections have been compared to experimental
data at Tp = 156, 185 and ?00 MeV, respectively (Orsay,
Uppsala, CERN and Saclay2) results). From this work the follo-
wing conclusions can be drawn:

1. The ONM generally leads only to a very poor description of
all available data; this is mainly due to the uncertainties
related to the pion nucleus optical potential, to the post-
pior ambiguittes and to the (nN) interaction;

2. in the TNM a consistent and qualitatively quite reasonable
description of the various reactions can be achieved, both
near threshold and above the resonance; the two particle
mechanisms tend to reduce the influence of the ambiguities
mentioned above;

5. the contributions of three body terms have been estimated;
they become increasingly important at large values of the
momentum transfer (Ap » 600 MeV/c).

The two models have also been applied to the qzC(d,n+) reaction
at Tp = 185 MeV. Preliminary results (in DWBA) indicate that,
the Cross section for this reaction is reduced over the (p,n )
values by one to two orders of magnitude. This reaction, how-
ever, seems to be particularly interesting as a further test

of the assumptions entering the analysis of the (p,mx) data.

In the frame of a similar model for the K-production the (p,K)
reaction has been calculated; preliminary results indicate
that cross sections of the order of 1 nb/sr can be expected at
1 GeV.

1. S. Dahlgren et al, Uppsala Report GWI-PH 1/74
2. E. Aslanides et al (private communication)
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IV.A.20
K+ and T Momentum Spectra at 0° from

2.5-3.1 GeV/c Protons*

T. Bowen, D. A. DelLise, and A. E. Pifer

Department of Physics, University of Arizona, Tucson, Arizona 85721

A partially separated 0,9-1.8 GeV/c K" beam at the Bevatron
was utilized as a spectrometer (0.9% FWHM) to study the K+ and w+
momentum spectrum at 0° from carbon bombarded by protons. Most
data were taken at a proton momentum of 2.5 GeV and a few points
were measured at proton momentum of 2.7, 2.9 and 3.1 GeV/c. Plots

of (dzo/dep)Oo will be presented.

*Work supported by the National Science Foundation.
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IV.A.21

Search for Spectral Peaks from (p,K+) and (p,w+) Reactions*

T. Bowen, D. A. DeLise, and A. E. Pifer

Department of Physics, University of Arizona, Tucson, Arizona 85721

A partially separated 0,9-1.8 GeV/c K* beam at the Bevatron

was utilized as a spectrometer (0.9% FWHM) to search near the upper

end points of the K" and = spectra from target bombardment by

2.5 GeV/c proton for spectral peaks which might be attributed to

(p,K+) and (p,n+) reactions. No peaks were observed above back-

ground. The following cross section upper limits were obtained

(1 nb =102 b):

90% Confidence Upper

Intident Laboratory . do o
Reaction Proton Momentum Meson Momentum Limit t°('d'§)1 ab at 0
126,713 2.50 Gev/c 1.704 GeV/c 20 nb/sr
d(p.K" )M, 2.70 1.056 170
%e(p.K*) 9pe, 2.50 1.418 1
125(0,k") 3, 2.50 1.438 2.8
200,64 %, 2.70 1.635 600
12600613, 2.89 1.818 84
%6re(p.k") re, 2.50 1.488 9

*Work supported by the National Science Foundatijon.
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IV.A.22

Characteristics of Low Z Fragments Produced in the Interaction of 800-MeV
Protons with Uranium.

G. W. Butler, and D. G. Perry, University of California, Los Alamos Scien-
tific Laboratory, Los Alamos, New Mexico 87544,

A. M. Poskanzer, Lawrence Berkeley Laboratory, University of California,
Berkeley, California 94720,

J. B. Natowitz, Cyclotron Institute and Department of Chemistry, Texas A&M
University, College Station, Texas,

F. Plasil, Oak Ridge National Laboratory, Oak Ridge, Tennessee

The energy spectra of Tight nuclear fragments produced by the inter-
action of 800-MeV protons with uranium have been determined at three lab-
oratory angles by means of dE/dx-E measurements with silicon detector tele-
scopes. Individual isotopes of the elements helium through boron were
resolved by utilization of the power law particle identification technique.
The evaporation-1ike energy spectra were integrated to obtain angular dis-
tributions and formation cross sections.

The experiment was done in the LAMPF Thin Target Area, which is located
upstream of the first pion production target, at an _average proton intensity
of 5uA. The detectors were 4.6 m from a 3.5 mg/cm uranium target and they
subtended a solid angle of 1076 sr. Two silicon detector telescopes were
used to measure the energy spectra at 45, 90, and 135 deg, with one detector
telescope always at 90 deg in order to normalize the individual runs.

The cross sectijons for the formation of the nuclides nearest the line
of beta stability were the highest, with the cross sections for both the |
neutron-deficient and neutron-excess nuclides falling off rapidly. The
angular distributions tend to be forward peaked in the laboratory frame of
reference. The energy spectra have less prominent high energy portions,
and the peak energies are somewhat higher_than for the data from earlier
experiments at proton energies of 5.5 GeVl and 1.0 GeVZ. Also the 800 MeV
formation cross sections are significantly lower, illustrating the strong ?
energy dependence of the formation of 1ight fragments in this region of
proton bombarding energies. .

TA. M. Poskanzer, G. W. Butler, and E. K. Hyde, Phys. Rev. C3, 882 (1971).
2E. N. Volnin, A. A. Vorobyov, V. T. Grachov, D. M. Seleverstov, and E. M.
Spiridenkov, Publication 101, Leningrad Institute of Nuclear Physics,
June 1974.




IV.A.23
ELASTIC AND INELASTIC SCATTERING OF 1 GeV PROTONS BY NUCLEIL

E. Boridy and H. Feshbach

Laboratory for Nuclear Science and Department of Physics
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

ABSTRACT

The elastic and inelastic scattering of 1 GeV protons by
nuclei has been calculated using the first order Rayleigh-Lax
term in the optical potential which has been generalized so as
to include the spin-spin term in the nucleon-nucleon scattering
amplitude. The effect of the spin-orbit term, the dependence on
the target nucleon density as well as the effect of correlations
as given by the second order optical potential have been
evaluated. Calculation of inelastic scattering to collective
levels employs the Tassie transition potential. Comparison is

made with the Saclay experimental results with target nuclei
ranging from He to Pb.

This work is supported in part through funds provided by ERDA
under Contract AT(1l-1)-3069,

221



222

IV.A.24
Calculation of the Reaction pd++3Hey at Intermediate Energies

Harold W. Fearing

Nuclear Research Centre, University of Alberta, Edmonton, Alberta

We have calculated the cross section for the reaction pd«+3Hey in the
intermediate energy range using a distorted wave impulse approximation model
analogous to that used previously 1) with some success for the similar reac-
tions pd>tnt* and pd+*Hem®. Such (p,Y) reactions, like (p,m), involve large
momentum transfers and thus also give information on high momentum components
of the wave functions. Furthermore distortion effects are easier to calculate
than for (p,m). Hence a comparison of (p,y) and (p,m) reactions in a simllar
model may provide a check of the non-pionic aspects of the model and, ulti-
mately, some insight into the proper way of handling the pion distortion.

The basic physical assumption of the model is that the process is domin-
ated in the resonance region by the two nucleon subprocess, in this case
pn+dy. The cross section is then the product of the cross section for the
subprocess, kinematic factors, spin factors, and a form factor. This form
factor is essentially a Fourier transform involving the wave functions and
distortion factors which account for the interactions of the proton as it
traverses the nucleus.

In the present calculation,wave functions and other input used were the
same as in the (p,m) calculation of Ref.(1) and in particular the deuteron D
state was included. Proton distortion was put in using a Glauber formalism,
and is not particularly important. There are thus no freely variable param-
eters. The main uncertainties are the uncertainty (here, relatively small)
in overall normalization due to distortion effects, as discussed in Ref. (1),
and an uncertainty of perhaps 30%, particularly at forward and backward
angles, due to ambiguities in the input pn*dy data.

The figure shows a comparison of the
theory with the data of Heusch, et al.2) to
The agreement for both shape and normali- L prda—rs'He
zation is remarkable and remaining differ- sf\ ¢
ences are well within the uncertalnties
of theory and experiment. The theory also ,|
seems to reproduce the energy dependence %
of the 90° cross section in the region
Ep > 350 MeV, although the data from var-
ious groups is not consistent. It begins
to fail, however, below Ep=350 MeV where
mechanisms other than the resonance begin
to be important for np-dy.

1) H.W. Fearing, Phys. Letters 52B (197L4)
407 and Phys. Rev. C11 (1975) in press.

2) C.A. Heusch, et al. Univ. of Calif.
Santa Cruz, Report Nos. 73/00k, s
73/005, 73/007 (1973)

Figure Caption: Center of mass gamma

angular distribution at E%AB = 462 MeV.
Curves a and b correspond respectively
to the theory without and with distor-
tion effects. ° s 0 om ¥ 75 130 %

s
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HIGH-ENERGY PROTON-NUCLEUS SCATTERING AND CORRELATIONS* IV.A.25
R. D. Viollier'

Institute of Theoretical Physics, Department of Physics
Stanford University, Stanford, California 94305

ABSTRACT

Effects of long-range correlations on high-energy elastic and inelastic
proton-nucleus scattering are investigated using the eikonal approximation. We
treat multiple scattering of the proton in a coupled channel formalism where
virtual excitations and de-excitations of the nucleus are allowed during the
scattering process. This is completely equivalent to considering many-body
correlations to any order. We also study effects of spin and isospin depen-
dence of the nucleon-nucleon interaction in elastic and inelastic p+ nucleus
scattering. We propose to use inelastic scattering to known nuclear states as
an analyzer of the different components of the nucleon-nucleon interaction.
The strong p+ nucleus interaction is treated in close analogy to electromag-
netic and weak interactions where similar nuclear matrix elements occur. We
calculate cross sections and polarizations using all information available from
nucleon-nucleon and electron-nucleus scattering. Numerical results are com-
pared with experimental data for elastic scattering of 1 GeV protons on 12C
and electric excitations of the IWT(E/MeV) = 2+0(4.43), 0+0'(7.66) and
3°0(9.64) states in 12C. We predict the differential cross section and

. . . ‘s 1
polarization for a magnetic transition to the 1+1(15.11) state in 2C.

*Research sponsored in part by the National Science Foundation, grant
MPS 073-08916.

+On leave of absence from the Department of Physics, University of Basel,

Switzerland; Swiss National Science Foundation Fellow.
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The Clinton P. Anderson Meson Physics Facility Radioisotope Program by IV.A.26
H. A. 0'Brien, Jr., A. E. Ogard, P. M. Grant, J. W. Barnes, and B. R. Erdal,

University of California, Los Alamos Scientific Laboratory, Los Alamos,
New Mexico 87544

The powerful proton beam from the LAMPF accelerator provides a unique
opportunity to produce copious amounts of heretofore "rare" nuclides by
spallation processes in a variety of simultaneously-irradiated targets. These
nuclides are expected to be used extensively in medicine, geosciences,
physics, chemistry, metallurgy, and other fields of science and engineering;
in addition, they may be regarded as a by-product of the normal operation of
the machine since about 50% of the beam emeraes from the main experimental
area.

The tsotope Production Facility, a separately-funded addition to the
main LAMPF beam stop structure, provides a mechanism for remote target in-
sertion, irradiation, and removal from the proton beam at a position imme-
diately upstream from the main beam stop. When completed in the fall of
1975, this facility will contain nine independent target stations, each of
which is capable of accommodating a single target or combination of targets
up to 2.3-cm thickness.

A new program at LASL, designated the Medical Radioisotope Research
Program, was established to investigate medium-energy, proton-induced spal-
lation processes as a means of providing a new source of radioactive isotopes
of demonstrated or potential value in the health sciences. The program is
divided into five major areas of activity: spallation reaction research;
chemistry problems; remote process development; cooperative biomedical
research; and target and irradiation facility development.

The major progress to date includes the following: (1) thin-target,
proton-induced cross section studies from 211 MeV to 800 MeV using a variety
of target materials; (2) development of radiochemical recovery procedures for
43K from vanadium, 22Sr and 28Y from molybdenum, and !'23I and !'?7Xe from
lanthanum; (3) development of a fast-separation, ®2Sr/®2Rb generator system
for medical use; (4) three shipments of LAMPF-produced %2Sr to extramural
collaborating researchers; and (5) a major retrofit of the Isotope Production
Facility. Near-term plans for target scheduling and nuclide recovery studies
will be presented.

Very intense beams of charged particles pose major technological prob-
lems in the isotope production effort, particularly problems associated with
beam power density and target cooling, radiation-induced degradation of
targets and target-chamber windows, and chemical interactions between radi-
olysis products in the coolant fluid and the target surface. Recent ex-
periences with targets irradiated with 200-MeV protons to a fluence between
5,000 and 10,000 pA-hr will be discussed.




PROTON-NUCLEUS SCATTERING AT INTERMEDIATE ENERGIES IV.A.27

Gerald A. Miller
Carnegie-Mellon University, Pittsburgh, Pa. 15213

James E. Spencer
Los Alamos Scientific Laboratory, Los Alamos, N. M. 87544

ABSTRACT

Using potentials based on multiple scattering theory, a set of
coupled optical equations are solved for the differential elastic,
inelastic and charge-exchange cross-sections. Total reaction cross-
sections and asymmetries are also computed and the sensitivity to various
components such as the Coulomb, spin and isospin dependent terms are
studied using an interaction of the form:

2
eff _ _ > > A% (241 s '
VQ (xr) = Vo’zf(r) Vsoh(r)o-l +-§; - 1(WogoP< + WogoP>)
v 1/2-t) + A T.T + 2 (0T +
Coul(r)( _t) (A )gl(r)t' (A )g2 r)o

V3 > > >
()85 (0) (£ D G-D

where all terms are energy-dependent - particularly as one goes to lower
energies. The operators P,,< project onto T, and T states and are re-
tained explicitly here for contact with lower energies.

The influence of various channel coupling effects on elastic and
inelastic scattering over LAMPE energies (200-800 MeV) is considered using
different nuclear models. Based on what is known about the nucleon-
nucleon interaction at these energies, the validity of the DWIA is assessed.
The sensitivity of the results to specific forms and components of the
nucleon-nucleon interaction is also considered to explore to what extent
it is possible to determine this interaction from such experiments. An
explicit demonstration of how and why this should be possible is given in
terms of the particle-hole model which demonstrates the importance of
simple nuclear states.

Finally, we discuss the relations of experiments with protons to those
with other probes such as electrons and pions.
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IV.A. 28

Analysis of 1 GeV proton-scattering on D and He in a non-eikonal approach

A.S. Rinat (Reiner), S.A. Gurvitz and Y. Alexander
Weizmann Institute of Science, Rehovot, Israel

We have recently formulated a theory of multiple hadron scattering on
nuclei without invoking standard eikonal approximationsl). The total amplitude
differs from its eikonal (Glauber limit) in a number of contributions 1)
Propagator off-shell amplitudes due to retention of complete projectile
propagator 2) Non-eikonal contributions to standard propagator on-shell
amplitudes 3) Scattering from multiply struck nucleons (reflections). Off and
on-shell propagator contributions are ~ 1 m out of phase and the former
thus affect cross sections where Glauberjitheory predicts interference minima.
Non-eikonal corrections grow for fixed E with t but eventually -+ 0 if E » «,

Out og)all p4and4¥ data on D, 3He, 4He analysedz) we present the 1 GeV
data on D and 'He together with our (—) and Glauber (---) predictions.
The comparison shows the influence of 1) off-shell corrections in expected
minima when no other perturbation like the D-wave admixture in $, act 2) non-
eikonal corrections for large t. The theory appears to account for the data
out to large t values where cluster exchange overtakes scattering contributioms,

2 I
W e T 7T T T T
b 1o*
. , N p-*He slosilc scallering
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1) S.A. Gurvitz, A.S. Rinat and Y. Alexander, submitted to Annals of Physics
2) S.A. Gurvitz, Y. Alexander and A.S. Rinat ' u u " u
3) G.W. Bennett et al., Phys. Letters 19 (1967) 387.

4) S.D. Baker et al., Phys. Rev. Letters 32 (1974) 839.




LOW ENERGY SCATTERING FROM A COMPLEX TARGET IV.A.29
A. Delofrfl

Institute Tor Nuclear Researci, Warsaw, Poland

we have considered low energy scattering of a nadron
from a complex nuclear system. The accuracy of two basic me-~
thods are examined: (i) the fixed centres approximation (FCA)
and (ii) the eguivalent nuclear potential method. Detailed
calculations of tne huadron-nucleus scattering length A have
been performed for a simple soluble model yet containing all
the dynamical features of a complex systen. The model assumes
a two body target of two identical particles in a s-wave
bound state. The solution of the Faddeev equations nas been
compared with the results of various approximations. The
considered methods are found to ve reasonably accurate for
small mean separations of the target constituents. For strong,
attractive potentials the accuracy vecomes worse as the mean
separation increases. The scattering length calculated
according to the FCA method shows arong analytic behaviour
as a function of the hadron-nucleon potential strength s, as
there is no pole in the s-plane corresponding to the zero
energy wvound state. Due to the averaging procedure over tne
nuclear states A 1s always finite and passes instead
througn zero for some s value. Possible ways to alleviate
this difficulty are considered.
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IV.A.30
ASYMMETRY MEASUREMENT OF QUASI-ELASTIC SCATTERING OF POLARIZED

1 6

635 MEV PROTONS BY 2C AND "Li NUCLEI

V.S.Nadezhdin, N.I.Petrov, V.I.Satarov

Joint Institute for Nuclear Research, Dubna, USSR

Summary
The asymmetry has been measured with a scintillation counter
telescope for three values of the momentum projection of the
residual nucleus to the polarized beam direction equal to +80,;0
and -80 MeV/c. Scattering angles in c.m.s. of the incident and
nuclear protons are 57° and 4Q° for the 12C nucleus and 57° and

40° for the 6Li nucleus.




IV.A.31

Large angle pd scattering, the D form factor
and the isobar content of the D
S.A. Gurvitz and A.S. Rinat

Vleizmann Institute of Science, Rehovot, Israel

It is usually accepted that high-energy backward-angle p-D scattering is
governed by baryon exchanges. Specifically the failure of simple n Regge-
exchange to account for the observed cross-section has led to the assumptio:
that the D has exotic N* components. The observed intensity is then a measure
for the N* component in the D.1)

We have reinvestigated multiple scattering (as opposed to exchange) in
pD scattering (kf = 1.2, 1.7, 2.23, 2.78 and 3.3 GeV/c) by means of a theory
which does not use the standard S}konal approximations and which is believed
to be reliable out to large q2. For these large g2 one has also to consider
NN amplitudes for large q“ and these are not diffractive as assumed in a
standard Glauber analysis. The increase of the fyy for large q? causes the
single scattering amplitude to again dominate the large q2 pD amplitude.

The corresponding cross section degends on the known NN cross section
and the D body form factor, beyond the q“ range where the measured charge
form factor provides information.3

We found that a reasonable extrapolation of the D form factor may
simultaneously account for all or the major portion of the large q2 pD
intensity of all data. The _postulated extrapolation can be tested by forth-
coming d-D data from SLAC.4) If confirmed, much of the postulated e:idence
for N° content of the D should be questioned.

References

1) A.X. Kerman and L. Kislinger, Phys. Rev. 180, 1425 (1969).

2) S.A. Gurvitz, Y. Alexander and A.S. Rinat, submitted to Annals of
Physics.

3) A. Elias et al., Phys. Rev. 177, 2082 (1970).
4) J. Charpak, Communication to the Laval Conference, August 1974.
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IV.B

NUCLEAR STRUCTURE AND HYPERNUCLEI
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IV.B.1
MOMENTUM-CUTOFF SENSITIVITY IN FADDEEV CALCULATIONS OF TRINUCLEON

PROPERTIES

R. A. Brandenberg
Institute of Theoretical Physics,
University of Hannover, Hannover, Germany

and

9
Y. E. Kim and A. Tubis'
Department of Physics, Purdue University
W. Lafayette, Indiana 47907, USA

ABSTRACT

By increasing the cutoff qp,, from 1.7 fm~! to S 2.8 fm"! in
momentum~space Fadd?ev calculations of the trinucleon bound state of
Harper et al. (HKT)", we eliminate several discrepancies existing
between the HKT results and the results of coordinate-space Faddeev
calculations of Laverne and Gignoux (LG)2 Both of these calcula-
tions give complete solutions to the Faddegv equations for two-
nucleon interactions in the 1S_ and 3s; - D, states given by the
Reid soft-core potential. The calculated value of the b1nd1ng energy
(6.98 MeV), the minimum of the charge form factor (13.9 fm~ ) and
the ratio of the experimental to theoretical charge form factor at
the secondary maximum (3.5) are in good agreement with the results
(7.0 MeV, 14 fm'z, 3) of LG. We give a detailed comparison of re-
sults for the probabilities of wave-function components. We also
give a comparison 9f our results with the variational results of
Strayer and Sauer. The excellent agreement between the two differ-
ent Faddeev calculations and the convergence difficulties of the
variational method give some support to the Faddeev formalism as the
standard technique for calculating three-nucleon observables for
realistic nuclear interactions.

REFERENCES

1. E. P. Harper, Y. E. Kim, and A, Tubis, Phys. Rev. Lett. 28, 1533
(1972).

2. A. Laverne and C. Gignoux, Nucl. Phys. A203, 597 (1973).

3. M. R. Strayer and P. U. Sauer, Nucl. Phys. A231, 1, 1974.

*
Supported by the U.S. National Science Foundation
Supported by the U.S. Atomic Energy Commission.
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IV.B.2
LIFETIME OF NUCLEAR HOLE STATES CAUSED BY PHONON-HOLE COUPLING

G.J. Wagner, P. Doll, K.T. Kn8pfle and G. Mairle
Max~Planck-Institut fiir Kernphysik, Heidelberg, Germany

A quantitative understanding of the large widths of deep nuclear hole
states as produced in pick-up or knock-out reactions is still missing. We
show that 1d hole strength distributions in Ar and Ca isotopes are of a
quasiparticle structure whose width results from phonon-hole coupling.

40 zgectroscopic strengths of 2=2 pick-up from 36’38’40Ar (Ref.l) and
b

’44’48Ca (bars in Fig.l) have been obtained from (d,3He) reactions at
52 MeV. Due to the low level density the spreading widths (whigh vary in a
seemingly unsystematic way by a factor of 2 between 36Ar and Ca) could be
measured independently from the much smaller escape widths. The averaged
strength distributions (full line) show a quasiparticle behavior?. The
intermediate structure is related to the
energies of basis states where a
2s, ld3/2 or lds/p hole (with spin j) is
coupled to the ground or first 2% state
of the target (arrows, specified by 2]
and 2j%). Configuration mixing of these
basis states through standard phonon-
hole interaction3 yields the average
strengths distributions given by dashed
lines for ld3;, and dashed —and-dotted
lines for lds/o pick-up.

2-8043 <74 MPUH

The model reproduces the measured
widths within typically 107 without any
parameter adjustment. This demonstrates
the importance of phonon-hole coupling
for the spreading widths of nuclear
hole states. For deep hole states one
may suspect that other collective states
as e.g. giant resonances come into play.

1d — HOLE STRENGTH

1. P. Doll et al. Nucl.Phys. A230, 329
(1974)

. s

‘\'_;“‘“L__ 41l 2. C.A. Engelbrecht and H.A. Weiden-—
Y P i § B miller, Nucl.Phys. Al184, 385 (1972)
40ca | 3. S. Wiktor, Phys.Lett. 40B, 181 (1972)
) - —
A

I L...I.lu..

L 1 |
4 6

Fig.! Measured and calculated 1d hole
5 strength distributions in Ca
Ex (MeV) isotopes. For details see text.




IV.B.3
SELF-CONSISTENT HYPERNUCLEI WITH THE SKYRME INTERACTION

M. Rayet
Theoretical Nuclear Physics, Université Libre de Bruxelles,
B 1050 Brussels , Belgium

The good saturation properties of the Skyrme interactionsl)

have made it possible to obtain self-consistently reasonable
estimates for the binding energy B, _of the A hyperon inside va-
rious nuclei ranging from 016 to Pb208, The B, were obtained
with a Gaussian AN force fitted to the binding energy of AHe5.
They are plotted on fig. 1 versus A-2/3 and are seen to tend to a
saturation value D, of about 35 MeV in infinite nuclear matter
(the continuous lines on fig. 1 are fits of the calculated values
to the binding energy in a nuclear Saxon-Wood potential with ra-
dius r AL/3 ), As can be expected the calculated B, values are
larger than the experimental estimate in the range A = 40 to 100
(the large cross on fig. 1 which leads to an extrapolated value

D p nearer to 30 MeV), this overbinding being often ascribed to
the presence in the AN force of a hard core repulsion and of
p-wave suppression which were omitted here.

With a reliable self-consistent method for calculating hyper-
nuclear binding, it becomes possible to investigate also the cha-
racteristics of the AN particle motion in particle excited states.
The excitation spectra of the A particle in different hypernuclei
exhibit major shell excitationsﬁa%vﬁdch vary roughly like the
corresponding nuclear excitations (40 A’l/3), rather than like the

B, (Mev) 60 A~2/31aw suggested
Fig. 1 by Auerbach and Gal
from qualitative argu-
ments 2). This obser-
vation may have inte-
resting consequences
on the possibility of
strangeness analogue
resonance formation
in the hypernuclear
production processes
which was discussed
by Kerman and Lipkin3),

l) see e.g.:M. Beiner,
H. Flocard, N. van
Giai and P.Quentin,
Nucl. Phys. A238
(1975) 29

2) N, Auerbach and
A, Gal, Phys. Lett.
48B (1974) 22

3) A.K. Kerman and
H.J. Lipkin, Ann.

8 of Phys., 66 (1971)

738

| 1 ! 1

| 1 1
002 004 006 002 01 012 03 AR

235



236

IV.B.4
ON THE PRODUCTION OF HYPERNUCLEI IN

STRANGENESS-EXCHANGE REACTIONS

G.C. Bonazzola, T. Bressani, E. Chiavassa, G. Dellacasa,
A, Fainberg, M. Gallio, N. Mirfakhrai, A. Musso and G. Rinaudo

Istituto di Fisica Supericre dell'Universitd, I 10125 Torino, Italy
Istituto Nazionale di Fisica Nucleare, Sezione di Torino

‘e have recently finished1) an experiment on the production
of hypernuclei in the strangeness-exchange reactions:
- A A
K + A
induced by X of 390 HeV/c with forward emitted & ~. Targets of
120, 150 and 27A1 were used. The experimental spectra showed a
preferential production of excited hypernuclear states with cross
sections of some mb/sr, Similar spectra, with better resolution,
were later measured by Bruckner et al. ) at 900 MeV/c. The inter
pretation of these hypernuclear spectra is complicated by the
fact that, up to now, the theoretical predictions are at a ra-
ther qualitative stage. Better insight into the nature of these
excitations could be obtained with the knowledge of the differen
tial cross sections at different momentum transfers.
Since our spectrometer allowed the simultaneous measurement of m~
emnitted from 0° to 15°, we are trying to obtain the relative an-
gular distribution, without integrating over the entire solid an
gle as done up to now.
We could thus obtain the differential cross sections for momentum
transfers from 40 to 80 MeV/c. This set of data, even in a redu-
ced range of q , could possibly allow us to extract additional
information about the nature of the hypernuclear states produced
in strangeness-exchange reactions.

Z— "7 +

1) G.C. Bonazzola et al., Phys. Lett., 53B, 297 (1974); Phys. Rev.
Lett, 34, 683 (1975)
2) W. Bricker et al., Phys. Lett. 55B, 107 (1975).




IV.B.5
ON A POSSIBILITY TO RESEARCH HYPERNUCLEAR FROPERTIES

IN THE Kt - MESON ELECTROPRODUCTION REACTIONS

V.N. Fetisov, and M.I. Kozlov

(P.N.Lebedev Physical Institute of the USSR

Academy of Sciences, Moscow, USSR)

A study has been made of the process of hypernuclear electro-
production in the reactions  “z(e,e K*) #(2-1) on the p -
shell nuclei. It is shown that the hypernuclear levels can
be investigated by means of a coincidence recording of the

K* — meson and the scattered electron in the final state.

The capabilities of this method are illustrated by the cross
section calculations for the reaction 7Li(e,e K+)ZHe

and 9Be(e,e K*)?Li. Some level spectra of hypernuclei
with the lowest shell configuration /54 S4pn > have been
calculated on the basis of the shell model with the central

AN - interactions.
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IV.B.6
HYPERCHARGE EXCHANGE REACTIONS ON NUCLEI

WoBrlickner, M.A.FPaessler, K.Kilian, U.,Lynen, B,Pietrzyk, B.Povh,
H.G.Ritter, B.Schiirlein, H.Schrdder and A.H.Walenta

Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany
Physikalisches Institut der Universitéit Heidelberg, Germany

The reaction X + A ——47AA + T was studied on targets of 9Be, 120
and 60 with K~ of 900 MeV/c using a separated beam from the CERN PS.
The momenta of incoming XK~ and outgoing T have been determined with

a magnetic double spectrometer. Its angular acceptance was 5 msr

and the energy loss of the reaction could be determined to better

than 1 MeV. The double focussing property of the spectrometer was
essential for the separation of the pions from the hypercharge exchange
reaction from those pions originating from the decay of free K .

In case of 120, where an active scintillator target was used, this

pion background could be further reduced, by requiring a sufficiently

large pulse height in the scintillator target. The resulting spectrum

of the hypernucleus ?ﬁ

The level structures of the observed spectra will be discussed.

C is shown in fig. 1.

Pige 1: Energy spectrum of the

eV

= (k2 hypernucleus lfc.

3

‘g_' active target Eex is the excitation
8|  condition energy relativ to the
3Cr

hypernuclear ground-

I %1 state.

T ggﬁmﬁ 4

pastr by e bl
' 0 Eex
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IV.B.7
THE INVESTIGATION OF THE ¥ - TRANSITIONS

IN LIGHT HYPERNUCLEI

M.Bedjid1a§§9, A.Filipkogfkixx), I.Y.Ggo siord®, xx)
A.Gui_,chargx s M.Gusakow 2 S.Majewski s HJ.Piekarz ’
J.Piekarz™® and J.R.Pizzi™

lg)InS'l:i'l:ut de Physique Nucléaire, Universite Claude Bernard
de Lyon et Institut National de Physique Nucléaire et de
Physique des Particles /IN2P3/ - /France/

Institu®e of Experimental Physics, University of Warsaw
and Instituie of Nuclear Research, Warsaw

In the previous experiment [1] the § -transitions at

/1.09i0.01/ MeV ascribed to the mass number & hyperngclei we§e observed
in ¥ -spectrum induced by the K mesons stopped in Li and, ‘Li targets.
Another line at higher energy displayed in a spectrum with “Li target
has not been uniquely identified as a hypernuclear transition. In the
present experiment done at CERN a further investigation of the

¥ -transitions in light hypernuclei was continued. The J -spectra
induced by K~ — mesons stopped in ‘Li target were obtained in coincidence
with the accompanying pions, The charged
pions above 40 MeV were detected in a range
telescope., The plon telescope could also
detect high-energy conversion electrons from

JC° decays. In the obtained spectrum (Fig.1)
two & -lines at about 0,75 MeV and
/1.,08%0,02/MeV could be distinguished.
The latter one obtained in ceincidence with
pions was strongly enhanced as compared
to the background and corresponds to the
previously observed 1,09 MeV hypernuclear .
line. The origin of 0,75 MeV line is being 00} 75 Mev
investigated. If it is not a background : :
line it may tentative1y7be ascribed to S gol
the ¥ ~transition in ALix or in one of g :
the mass-number 4 hypernuclei. 60° }*
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Fig.1 The Xb-sgectrum.(in c?incidence with pions) obtained for
70.10° K stopped in 'Li-target.
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NucLEON NUCLEON INTERACTIONS
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Iv.C.1
Neutron-Proton Bremsstrahlung*, G. E. BOHANNON and L. HELLER, Los Alamos

Scientific Laboratory, and R. H. THOMPSON, Northeastern University.

We report results of a potential model calculation of neutron-proton
bremsstrahlung including rescattering and exchange currents.

Brown and Franklinl, in a calculation which included the exchange
current operator to lowest order in the photon momentum, have shown that ex-
change currents are important. Brown2 has also shown that rescattering must
be included.

Our calculation includes the normal one-body current operator and a
two-body operator due to one-pion-exchange. We perform the calculation in
momentum space because the exchange current operator is then conveniently in-
cluded without an expansion in the photon momentum.

We compare our results with the experimental cross sections3’4 at 130

MeV and 208 MeV.

*
Work performed under the auspices of the Energy Research and Development

Administration.
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problems in the nuclear interaction, Los Angeles, 1972, edited by I.
Slaus et al. (North-Holland, 1972); V. R. Brown and J. Franklin in The

Two-Body Force in Nuclei, proceedings of the Gull-Lake symposium on the

two-body force in nuclei, Gull Lake, Michigan, 1971, edited by S. M.
Austin and G. M. Crawley (Plenum, 1972).

2. V. R. Brown, Phys. Lett. 32B, 259 (1970).

3. F. P. Brady and J. C. Young, Phys. Rev. C 2, 1579 (1970).

4. J. A, Edgington et al., Nucl. Phys. A 218, 151 (1974).
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Iv.C.2

THREE BODY BREAK UP OF THE DEUTERON BY 800 MEV PROTONS™

T. R. Witten, T. M. Williams, M. Furié, D. B. Mann, J.
Hudomalj-Gabitzsch, N. D. Gabitzsch, G. S. Mutchler,
J. M. Clement, R. D. Felder, and G. C. Phillips
Rice University, Houston, Tx. 77001

B. W. Mayes, E. V. Hungerford, L. Y. Lee,
M. Warneke, and J. C. Allred
University of Houston, Houston, Tx. 77004

ABSTRACT

The break up of the deuteron by 800 MeV protons has been
studied in a kinematically complete experiment at the Los Alamos
Meson Physics Facility. The angles, time-of-flight, and momentum
of one proton were measured by a broad range magnetic spectrometer
using multiwire proportional and scintillation counters. The
angles and time-of-flight of the other coincident proton were
measured. A liquid D, target was located in the external proton
beam (EPB). Data were taken in two phase-space regions, corre-
sponding to final-state interactions (FSI) and quasi-free scatter-
ing (QFS). In the FSI region momentum spectra were obtained for
five angle combinations corresponding to small neutron-proton rela-
tive energies. The results will be compared to the predictions of
simple FSI theory. 1In the QFS region momentum spectra were
acquired for a number of symmetric and asymmetric angle combina-
tions corresponding to a wide range of momentum transfer. The data
will be used to determine the range of validity of the impulse
approximation.

*Work supported by the U.S. E.R.D.A.
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Iv.C.3

*
PION PRODUCTION IN THE ‘H(p,7 p)n REACTION AT Ep = 800 MEV

J. Hudomalj-Gabitzsch, T. Witten, N. D. Gabitzsch, G. S.
Mutchler, T. Williams, J. Clement, and G. C. Phillips
Rice University, Houston, Tx. 77001

E. Hungerford, L. Y. Lee, M. Warneke,
B. W. Mayes, and J. C. Allred
University of Houston, Houston, Tx. 77004

ABSTRACT

The LAMPF 800 MeV external proton beam has been used to study
pion production from hydrogen in a kinematically complete experi-
ment. The two charged particles emerging from a liquid hydrogen
target were detected in coincidence with multiwire proportional
counters, strobed with fast scintillator logic. A magnetic spec-
trometer was used to determine the momentum of the charged pion at
one angle, while the proton time-of-flight was measured at a
second angle. Data were collected for several pairs of angles and
spectrometer field settings so that the pion-proton relative ener-
gies were near the A++(3/2,3/2) resonance. A strong enhancement of
the cross section has been observed indicating the formation of the
At resonance where expected. A comparison of the data with simple
final state interaction models is in progress.

*Supported by U.S. E.R.D.A.
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Iv.C.4
STUDY OF THE REACTION pp>nd AT 398, 455 AND 572 MEV

D. Aebischer, B. Favier, G. Greeniaus*, R. Hess, A. Junod*¥*,
C. Lechanoine, J.-C. Niklés, D. Rapin and D.W. Werren.
University of Geneva, Switzerland.

ABSTRACT

An experiment to measure small angle pp elastic scatte-~
ring permitted the reaction pp+nd to be observed simultaneously
since the deuteron is emitted in a forward cone of ~10° in the
lab. A polarized proton beam was used. Incident and outgoing
particles were detected in a MWPC. system. Events for pp*nd were
identified either by using TOF and dE/dX measurements of the deu-
teron, or, when possible, by observing both the 7 and 4 tracks.
The analysis was made difficult by background due to the other
inelastic channels which generally have not been sufficiently
studied up to now. Results of differential cross section and
m—-production asymmetry measurements are presented.

The differential cross section is usually described by
the expression

do/dQ* = K (A + cos26* + B cos™o*)

A non-zero B-term implies the presence of high order waves in

the vd system. For B at 572 Mev, a good agreement is obtained
with the results of C. Serre et al. (nd»pp) and S.S. Wilson et
al. (np+ﬂ°d). At lower energy, the results seem to be incompa-
tible with those of Wilson. The total cross sections, obtained
by normalization to the pp elastic scattering, are in good agree-
ment with previous measurements.

The w-production asymmetry was measured for O.7s[cose*[<l.
At 398 Mev the values are consistent with zero. At 462 Mev, the
results agree with the fit given by M.G. Albrow et al. At 572 Mev
the points are higher than the fit to Albrow's data at 590 Mev.

*National Research Council Fellow at CERN,
now at the University of Geneva.

**Swiss Federal Institute of Technology, Zurich, Switzerland.




Iv.C.5
Meson Theoretical Description of the Short—Range Repulsion

*
in the Nucleon-Nucleon Interaction

G. E. Brown and J. furso
NORDITA, Copenhagen

and

A. D. Jackson
State University of New York
Stony Brook, L.I., New York 11794

Information on the short-range behaviour of the coupling of vector
mesons to nucleons can be obtained directly from the electromagnetic form
factors(l). Translation of this into the behaviour of the nucleon-~
nucleon interaction via vector-meson exchange(z) indicates much "softer"
short-range repulsions than would arising from empirical potentials such
as the Reid soft core.

It is shown, however, that the exchange of (p,w)-systems with inter-
mediate states involving one or two A(1230) isobars gives rise to con-

siderable repulsion additional to that from w—exchange.

1 R. Woloshyn and A. D. Jackson, Nucl.Phys., A185 (1972) 131.

2 A. D. Jackson, D. O. Riska and B. Verwest, to be published

* Work supported in part by USAEC Grant No. AT(11-1)-3001.
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IvV.C.6
np Total Cross Section Between 50 and 150 MeV

D.M. Asbury and A.S. Clough, University of Surrey, England
J.A. Edgington, R.C. Brown and Y. Onel, Queen Mary College, London, England
U. von Wimmersperg, University of Birmingham, England
|.M. Blair, AERE, Harwell, England
N.M. Stewart, Bedford College, London, England

In 1973 Astbury drew attention! to correlations between the structure
seen in various hadron-nucleon total cross sections, noting that 'bumps'
appear whenever the c.m. momentum p* reaches a value at which, in the 7N
system, nucleon Isobar production can occur in the s—-channel. Interpreta-
tions in terms of a naive quark model were postulated, and precise NN or NN
total cross section measurements were proposed as tests. Recently measure-
ments were reported? of the Pp cross section at low energies, in which
structure at p* = 231 MeV/c (corresponding to a c.m. energy in the 7N system
of 1236 MeV) was seen.

We have searched for similar structure in the np system; previous
measurements3:% of the total cross section as a function of neutron energy
were inconsistent, particularly near the lab energy (112 MeV) corresponding
to p* = 231 MeV/c. Measurements were of the conventional attenuation type,
utilizing targets of varying carbon/hydrogen ratio in the neutron time-of-
flight facility of the Harwell synchrocyclotron. Two pairs of targets were
used: graphite and paraffin wax, of approximate composition CygHzg; and
decalin (CygH;g) and p-xylene (CgHig), whose mass densities of carbon are
identical. Excellent agreement was obtained between the two sets of results.
The data, binned into intervals of a few MeV, have relative errors of less
than 1%, with absolute precision of ~2%. The np cross sections lie between
the previous (inconsistent) measurements, and the excitation function is

quite smooth with no apparent structure between 50 and 150 MeV.

References

A. Astbury, Rutherford Laboratory Report RPP/H/103 (1973)
A.S. Carroll et al., Phys. Rev. Letters 32, 247 (1974)
P.H. Bowen et al., Nucl. Phys. 22, 640 (1961)

D.F. Measday and J.N. Palmieri, Nucl. Phys. 85, 142 (1966)
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Iv.C.7 %
Neutron Production at 0° from the Reaction pp -+ np'rr+ at Medium Energies.

G. Glass, M. E. Evans, Mahavir Jain, R. A. Kenefick, L. C. Northcliffe, TAMU,

C. G. Cassapakis, INM; C. W. Bjork and P. J. Riley, UTex.; B. E. Bonner and
J. E. Simmons, LASL.

Neutron momentum spectra between 450 and 1300 MeV/c have been measured at
0° from the reactionp+p-*n+p+n+ at the incident energies 645, 764 and 798 MeV.
The neutrons were detected by proton production through the charge exchange
reaction in a liquid hydrogen radiator. The subsequent proton trajectories
through a magnet were measured with multiwire proportional counters. At the
highest two energies the momentum spectra show the general features expected
from the dominant effects of the (3,3) resonance with a peak correspondlng to
an invariant mass in the pm system of 1215 MeV/c? and a width =~ 90 Mev/c?.

The 645 MeV data, however, peak approximately 15 MeV/c? lower and have a width
~ 80 MeV/c? in the p7t invariant mass primarily because of the reduced overlap
between the A*+ mass distribution and phase space.

Over the energy region spanned in this experiment the assumptions inherent
in the Mandelstam theory' are no longer valid. On the other hand the One Pion
Exchange (OPE) or peripheral model? is not expected to fit the data in detail
either because it neglects final state interactions which are expected to be
important in this region. In contrast to previously published3 measurements
in this energy region our data have high statistical precision and should pro-
vide a strlngent test of improved theories. A modified one-pion-exchange

calculation" with three parameters has reproduced the observed peak positions
and widths for the 764 and 798 MeV data.

Deviations occur between the calculation and experiment at the higher two
energies which we attribute to an n-p final state interaction. At 645 MeV the

fit is worse presumably because of the increased influence of the n-p inter-
action.

*Supported in part by the U.S, ERDA.

!s. Mandelstam, Proc. Roy. Soc. A244, 491 (1958),
2E. Ferrari and E. Selleri, Nuovo Cim. 27, 1450 (1963).
3y. E. Barnes and D. V. Bugg, Phys. Rev. Letters 7, 288 (1961).

“R. C. Slansky, G. J. Stephenson, R. Gibbs, B. F. Gibson, Bulletin of APS,
Ser. II 20, 83 (1975).
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9 12 % 1V.C.8
(n,p), (n,d), and (n,t) Reactions on “Be and C at 800 MeV.

P. Riley, C. Bjork, C. Newsom, U. Tex. ; R. Kenefick, M. Evans, G. Glass, J.
Hiebert, M. Jain, L. C. Northcliffe, TAMU; B. Bonner, J. Simmons, N. Stein,

LASL; C. Cassapakis, UNM —— Preliminary measurements of charged particles

induced by the LAMPF 800 MeV neutron beam have been carried out on targets
of 12¢ and %Be at 0°, 16°

multi-wire proportional counters to define the trajectories of the emitted

, and 24°, A single arm magnetic spectrometer with

protons, deuterons and tritons was used.1 Particle identification was pro-
vided by a direct rest mass calculation, based on the measured momentum and
time-of~flight of the charged particles. The proton momentum spectra at 0°
from the 9Be + n and 12C + n reactions were compared with neutron spectra
from previous 9Be+p and 12C+p measurements2 which exhibited prominent 9Be
(p,n) and 12C(p,n) charge—-exchange peaks. The 0° high momentum peaks from
9Be+n and 12C+n have a similar structure to that observed in the correspond-
ing 800 MeV (p,n) work. However, while the high momentum neutron yield
from 9Be+p is greater than that from the 12C+p by about a factor of 1.7 (at
647 MeV), the high momentum proton yield from 9Be+n is slightly less than
that from 12C+n. At 16° and 24° there is no evidence for a direct charge
exchange peak, but a broad peak attributable to quasifree (n,np) scattering
is observed. The deuteron momentum spectra show no evidence for the direct
12C(n,d)llB or 9Be(n,d)SLi reactions with the present sensitivity. The 0°
deuteron spectra for the 9Be and 12C targets are similar to those we have
previously observed for a deuterium target, and show both a weak quasielas—
tic (n,nd) peak and a strong peak at the appropriate momentum for the quas-
ifree reactions n+p¥d++° and nina»d+qs . At 16° these latter quasifree
deuteron peaks have disappeared, as is expected from kinematic considerat-
ions. All the deuteron momentum spectra show continua presumably due to
pion production with 3-body final states. Although the absolute yield of
tritons decreases with increasing angle, the triton yield relative to
protons and deuterons increases. The triton momentum spectra show no part-

icular structure.

*Supported in part by the U. S. ERDA.
1. D. Werren, et al., LASL Report LA-5396-MS (1973).
2. C. Cassapakis, et al., Bull. of the Am. Phys. Soc. 20, 83, (1975).




Iv.C.9
MEASUREMENTS AND ANALYS.1S WITH A ONE PION EXCHANGE MODEL

OF THE np-+pX INCLUSIVE REACTION BETWEEN 1.4 AND 1.9 GeV/c
AND DIFFERENTIAL CROSS SECTION MEASUREMENTS OF THE np*pA§3
REACTION

G. Bizard, F. Bonthonneau, J.L. Laville, F. Léfebvres,

J.C. Malherbe, R. Regimbart

Laboratoire de Physique Corpusculaire, Université de CAEN
FRANCE

J. Duflo, F. Plouin,
C.N.R.S., Département Saturne, C.E.N. SACLAY, FRANCE

A set of 43 momentum spectra of the np»pX inclusive
reaction has been measured with a good statistical accuracy at
1.39, 1.56, 1.73 and 1.90 GeV/c (about ten spectra per incident
momentum) . The neutron beam was obtained by stripping a deuteron
beam. The final proton has been analysed in angular range from
0° to 20° (lab.) by a magnetic spectrometer.

The np+pA§3 differential cross sections%% are determi-
ned from these spectra. The whole results are analysed by a 7 ex-

change model with Dlirr-Pilkuhn and Benecke-Dirr parametrizations.
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Iv.C.10

Absolute Differential Cross Section Measurements for Proton-Proton Elastic
Scattering at 647 and 800 MeV.* H, B, Willard, P.R. Bevington, R. J.
Barrett, B.D. Anderson, F. Cverna, H. W. Baer, Case Western Reserve
University, Cleveland, Ohio 44106, A.N. Anderson, H, Willmes, University
of Idaho, Moscow, Idaho 83543, and N, Jarmie, Los Alamos Scientific
Laboratory, Los Alamos, New Mexico 87544,

Absolute differential cross sections for elastic proton-proton scattering have
been measured to better than 3% accuracy at 647 and 800 MeV and center-
of-mass angles from ~ 20° to 90°, The external proton beam at LAMPF
was scattered from polyethylene targets of several thicknesses from 3.5 to
19.7 mg/cmz. The scattered and recoil protons were detected by multi-
wire proportional chambers (MWPC) in coincidence, with kinematic criteria
of coplanarity and proper opening angle applied to distinguish elastic
scattering by protons from the quasi-elastic carbon scattering backgound.

In addition, background shapes were measured separately with carbon foils.
The incident beam intensity was measured with a specially constructed

700 Kg Faraday cup capable of absolute measurements of better than 1%.

At low beam intensities the beam was also monitored with an ionization
chamber calibrated to about 3%. MWPC efficiencies were determined from
the final data to better than 1% by requiring 3 out of 4 wire planes plus
kinematics to define each event through the fourth plane. Modular electronics,
designed and built at Case, encode the input data prior to processing in an
MBD micro-processor and storing in a PDP 11/45 computer system which
includes on-line graphics. A coincidence trigger tests each event to de-
termine whether prescribed coincidence requirements have been met. This
system is capable of handling up to 16 MWPC chambers and four logic gates
(e.g. scintillators) with a resolution time as little as 49 nanoseconds for
each event. Events which fail to satisfy coincidence requirements may be
resetin 200 nanoseconds. All known corrections, including multiple
scattering in the target and MWPC's, target thickness variations, electronic
dead time, and geometric inefficiencies have been carefully analyzed and
included in the quoted error. Our results, which constitute the most
accurate differential cross sections measured at these energies to date,

will be compared with previous data and current phase shift analyses.

*Work supported in part by the U.S. Atomic Energy Commission




PROTON-PROTON BREMSSTRAHLUNG IN THE IV.C.11
*
INELASTIC REGION

B. M. K. Nefkens, 0. R. Sander, D. 1. Sober
UCLA, Los Angeles, Ca. 90024

ABSTRACT

We present results from a new set of measurements of pp =+ ppy at an
incident beam energy of 0.72 GeV. The bremsstrahlung process at so high an
energy has never been explored before. The incident proton energy was chosen
such that the proton-proton interaction has a large inelastic component, yet
is low enough that photon emission involving virtual vector mesons is small.
Furthermore, ot(pp) varies rapidly with energy in this region. Our results
are compared with soft photon approximation calculations based on an extension
of the Low theorem1 to finite photon energies. Such calculations have proven
to be successful in describing pion-proton bremsstrahlung2 in the region of
the P33(1232) resonance. Among other things, we are interested in investi-
gating the possibility that the structureless, monotonically decreasing photon
spectrum in ﬂip - nipY is a feature of other hadron-hadron bremsstrahlung
processes.

Our results are obtained in a counter-spark chamber experiment in which
all particles in the final state are detected. We measure simultaneously
16 photon angles in forward and backward directions for planar and non-planar
geometry. One scattered proton is detected in the limited angular interval

50£7°.

*
Work supported in part by U.S. Atomic Energy Commission.

1k Low, Phys. Rev. 110, 971 (1958).

2D. I. Sober et al., Phys. Rev. D, March 1, 1975.
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A MODEL OF THE pp - pnw’ REACTION AT 764 MeV* IVv.C.12
W. R. Gibbs, B. F. Gibson and G. J. Stephenson, Jr.

Theoretical Division, Los Alamos Scientific Laboratory

To analyze reactions in which a pion is produced on a heavy nucleus, it is desirable to have
a description of the reaction mechanism which is compatible with our models of nuclear wave func-—
tions. To this end, we have made a model of the recently measured1 PP ~* pnn+ reaction at 764 MeV,
in which the neutrons were measured at 0° . The model employs relativistic kinematics but uses
non-relativistic representations of the pion production operator and of the pi-nucleon scattering
amplitude. We have assumed the Gallilean invariant form for the production operator and taken the
of f~shell extension of the scattering amplitude discussed by Goplen, Gibbs and Lomon2 for the
ﬁ+—D absorption, including the parameter values determined by them. The strong interaction in the
initial state is represented by a Gaussian hole cut from the relative p-p wave function; the size
of the hole defines a parameter. The curve in the figure includes the effects of the four graphs
obtained by producing a ﬂ+ or 7° off either proton and scattering it from the other. 1In the
region of interest, the process is dominated by the production of ﬂ+ from the incident proton,
and careful treatment of the initial state is carried out only for this case. As may be seen, the
one parameter fit appears to be quite good over much of the range of the data, however some caveats
are in order. The deviations around 780 MeV/c are believed to arise from strong n-p final state
interactions inasmuch as their relative kinetic energy becomes very small in this region. However,
this suggests that the triangle diagrams must be included, and they may have a noticeable effect
over the entire range. Also, the quality of the fit is very sensitive to the assumptions made
about the non—relativistic reduction of the production operator, suggesting the possibility of a
conspiracy of effects producing the fit to the inclusive reaction. To resolve some of these
questions, it is highly desirable to have kinematically complete studies of these very interest-—
ing reactions.

*Work done under the auspices of the U.S. ERDA.

1. G. Glass, et al., submitted to this conference; B. Bonner, et al., Laval.
2. B. Goplen, W. R. Gibbs aund E. L. Lomon, Phys. Rev. Lett. 32, 1012 (1974),

T 87
=
2 L
2}
2l
g e
f<1} L
Nb,d »)
e
0




Iv.C.13

SMALL ANGLE SCATTERING OF HADRONS BY DEUTERIUM AND
EXTRACTION OF HADRON-NEUTRON AMPLITUDES*

Girish K. Varma and Victor Franco
Physics Department, Brooklyn College of the City University
of New York, Brooklyn, New York 11210

When charged hadrons collide with protons and deuterons, both the Cou-
lomb and the strong interactions contribute to the scattering amplitude.
The analysis of these collisions at small angles, where the interference
between the two contributions is appreciable, has become one of the import-—
ant means of obtaining the real parts of the nucleon-nuclecn scattering
amplitudes. We have studied the problem of Coulomb- Tclear interference in
high energy hadron-deuteron collisions in a formalism™ which is exact with-—
in the frame work of the Glauber multiple diffraction theory. Realistic
wave functions are used for the deuteron and the effects due to extended
charge distributions of the incident hadron and the bound proton are ex-
plicitly included. Using the p-p measurements as input, the theoretical
results are ipplied to the p-d elastic and elastic plus quasi-elastic
measurements“ between 1 and 70 GeV, to extract the ratio of real to im-~
aginary part p and the slope parameter a, of the proton-neutron elastic
scattering amplitude. The results, shown in the table, differ signifi-

cantly from those of earlier analyses. The errors for p_ are ~ + 0.07. We

also derive approximate analytic expressions for hadron-deuteron elastic
and elastic plus quasi-elastic scattering, which give results very close to
those obtained from the more exact expressions. These approximate express-—
ions are much more convenient for the purposes of numerical evaluation and
are easily extended to include effects of charge-exchange, which are im-
portant at the lower energies, and also of quadrupole deformation of the
deuteron, which are important at larger momentum-transfers.

TABLE

P (GeV/c) 1.70 2.78 6.87 8.89 10.9 11.2 15.9 19.3 20.5

Pfn -0.33 -0.10 -0.45 -0.49 -0.48 -0.29 -0.50 -0.32 -0.48

P (GeV/c) 26.5 34.8 48.9 57.2 60.8 64.8 70.2
Ln -0.45 -0.38 -0.33 -0.36 +0.06 -0.05 -0.25

* Work supported in part by the National Science Foundation.

1. V. Franco and G. K. Varma, Phys. Rev. Lett. 33, 44 (1974).

2. N. Dalkhazhav et al., Sov. J. Nucl. Phys. 8, 196 (1969); G. G. Beznogikh
et al., Nucl. Phys. B54, 97 (1973); G. Bellettini et al., Phys. Lett.
19, 341 (1965).
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QUASIFREE NN -+ dm AS SEEN IN THE nd -+ dNm REACTION  1V-C-14

*
R. R. Silbar, Theoretical Division, Los Alamos Scientific Laboratory

The momentum spectrum of the outgoing deuteron in the reaction
nd >d+ ... at T = 800 MeV exhibits a large peak at p, = 1.60 GeV/c
with a FWHM of 70 MeV/c.1 This peak is considerably larger than that of back-
wards elastic scattering, nd + dn, at 1.82 GeV/c. Its position is just below
the maximum value of Py associated with pion production and is close to the

value of P4 that would correspond to a free NN - dm reaction.

This suggests that the peak at 1.60 GeV/c 1is due to quasifree
NN - dm, To check this the following calculation was done. We assume the
Nd - dNm amplitude is essentially the product of the momentum space deuteron
wave function Wd times the NN - dm amplitude. Assuming the latter is
slowly varying,

do (Nd -+ dNTr)/dpd de = consts X f(pd) do (NN =+ dm)/dQ , ¢8)

where the rapidly varying f(pd) is the phase space integral of [Wdlz over
the unobserved N and T momenta. For a Hulthén wave function f(pd) can
be evaluated analytically. The results of this simple calculation are:
1) The predicted Py spectrum indeed has a narrow peak of the right shape
at 1.61 GeV/c, with FWHM = 45 MeV/c.
2) The predicted peak height is about twice the observed height.
3) The integral on py over the peak gives 887% of the free cross sec

tion. Experimentally this integral is about 60%.

We conclude that this quasifree reaction model is reasonably successful
in explaining the data, but effects such as Glauber shadowing are perhaps

also present.

Work supported by the U. S. Energy Research and Development Administration.

1 LASL, UNM, Texas A & M, and U of Texas collaboration.
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Abstract Submitted for the

VI INTERNATIONAL CONFERENCE ON HIGH ENERGY PHYSICS AND NUCLEAR STRUCTURE
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Iv.C.15

Energy and Angular Distribution of Neutrons Produced by 800 MeV Proton-
Proton Collisions. J. PRATT, Temple University, R. BENTLEY, Los Alamos
Scientific Laboratory, H. BRYANT, R. CARLINI, C. CASSAPAKIS, B. DIETERLE,
C. LEAVITT, T. RUPP, D. WOLFE, University of New Mexico.--The energy spectrum
of neutrons for the reaction p(T=800 MeV)+p»n+p+7* has been measured at 0°,
14° and 27° laboratory angles. A neutron time-of-flight detector was used
for these measurements in conjunction with the ''chopped'" beam at the Clinton
P. Anderson Meson Physics Facility (LAMPF). The fraction of the beam used
for TOF had 80 ns between short bursts (31 ns in width) for the first us of
the spill. The remainder of the 350 us spill was not used. The observed
width of the A** was 85 MeV with instrumental resolution of about 20 MeV.
Preliminary results show that A*% (1232) production predominates and that
it falls off more slowly with increased 4-momentum transfer than at energies
above 2 GeV.
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Iv.C.16
An Exact Treatment of o-Meson Decay Effects in The Exchange
Contribution to Nuclear Forces.* EARLE L. LOMON, Laboratory for
Nuclear Science and Department of Physics, M.I.T.--Earlier work

on the o-meson exchange contribution to nucleon-nucleon forces
has been improved by an exact summation of all pion-bubble
inserts on o-meson propagators. The resultant theoretical one-
boson plus two-pion potentiall’2 is much less sensitive to un-—
certainities in the o-meson decay rate and is very close to
realistic nucleon-nucleon potentials. The implications of this
approach for a reliable treatment of off-shell nucleon effects
in nuclei will be discussed.

* This work is supported in part through funds provided by ERDA
under Contract AT(11-1)-3069.

l.Firooz Partovi and Earle L. Lomon, Phys. Rev. D5 1192 (1972)
2.M. Hussein Partovi and Earle L. Lomon, Phys. Rev. D2 1999 (1970)




Iv.C.17
POLARIZATION EFFECTS IN Pd BACKWARD SCATTERING

B.Z.Kopeliovich, I.K.Potashnikova

Joint Institute for Nuclear Research, Dubna,USSR

The polarization effects on the pd-backward scattering in the
framework of the triangular model (see, Fig. 1) are connected with the
polarization in pp —— dft . The comparison of the calculated
(using data from /1 /) value of polarization with a measured one at
the proton energy T = 425 MeV is shown in Fig. 2. The disagreement
is remarkable. On th8 other hand, in the resonant region at T ~ 600 MeV,
the contradiction is disappeared, as is seen from Fig. 3. If pthe
triangular mechanism is used for pp ot da7n* also, then the po-
larization values in the pd and )\'A/ backward icattering should be
connected in accordance with Fig. 4 Using the 77-p polarization
data one can find the isotopical bounds pm&8X and p™'™® for the Pd-
polarization., Such bounds for two energies sare shown in Figs., 5 and §.
Itts seen that polarization at ® ~ 180° should change a sign in the
region Tp = 1l.4 = 1,8 GeV.

References:

l. C.L.Dolnick, Nucl.Phys. B22,461(1970); 2. N.E.Booth et al.Phys.Rev.,
D4,1261(1970); 3. Yu.K.Akimov et al. Nucl.Phys. 8,637(1958); N
4. CERN-Holland Collaboration. M.Borghini et al. (1971)Phy5.[ettyf53b ,
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Iv.C.18
CHARGE FORM FACTORS OF NUCLEI IN THE ALPHA-CLUSTER MODEL

E.V.Inopin, Phys.-Techn.Inst.Acad.of Sc.Ukr.SSR,Kharkow, USSR.
v.S. Kinchakov, Far East State Univ., Vladivostok, USSR.
V.K.Lukyanov, Joint Inst. for Nucl.Research, Dubna, USSR.
Yu.S.Pol!', The Lebedev Phys.Inst.Acad. of Sc.USSR,Moscow, USSR.

The Brink alpha-cluster model /1 has been modified /2/
by an inclusion of the trial nucleon functions of the realis-
tic exponential behaviour instead of the usually used Gaussi-
an ones. The analysis of the P -and 8d.—-shell 4N-nuclei form
tfactors has been performed. It shows that in the ground state
120 and 2ONe are weakly clustered; 16O igs not clustered; 24M3
approaches the o -particle nucleus; 2881 and 328 have the
x -cluster nature,the K -clusters in 28Si being very 'spre-
aded" especially the central one; a suggestion on the & -clus-
tering nature of 40 Ca does not contradict the description of
its form factor. For all the nuclei it turns out that in the
excited rotational states the clustering is intensified. As an
example the figure gives the 2%Mg and 2551 form ractors (solid
curves - the realistic trial sym. Fermi functions; dashed-Gau-
ssian ones).

Referencesg:
1. D.M.Brink, Int.School of Phys. "Enriko Fermi'", course
XXXVI (1965)
2. E.V.Inopin, V.K.Lukyanov, Yu.S.Pol',Yad.Fiz.(Sov.J.of N.P.)
19, 987 (1974)
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One-Boson-Exchange Relativistic Amplitudes v.C.1s

as Quantum Mechanical Potentials in Lobachevsky Space

N.B.Skachkov

Joint Institute for Nuclear Research, Dubna

In author's paper (Teor.i Mat.Fiz. 22 (1975) 213; JINR
preprint E2-8285 Dubna, 1974) it has been shown that Feynman
matrix elements corresponding to the Born approximation to
the relativistic NN scattering amplitude (OBEP) can be trans-
formed to the three-dimential form. In this form theylook like
a direct geometrical generalization of the Fourier transform
ol quantum-mechanical potentials obtained by change of the
nonrelativistic Euclidean quantities by their analogs in Lo-
bachevsky space. In distinction with the Foldy-Wouthuysen
transformation the trangition to the three-dimential form
achieved by using the Lobachevsky geometry is obtained not
by expansion in egbpowers, but is an identical transformation.

The obtained form of OBEP makes them suitable for using in

two-body relativistic equations of a quasipotential type.
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Iv.C.20
A CASCADE-EXCITON MARRIAGE MODEL

K.K.Gudima, V.D.Toneev

JOINT INSTITUTE FOR NUCLEAR RESEARCH, DUBNA, USSR

A model vased on the kinetic approach to the nuclear
reactions at intermediate and high energies is developed. The
incident particle is supposed to initiate an intranuclear
cagcade which results in an excited nuclear system. A subs-
equent evolution of this system is described in terms of the
exciton model. The condition for possible treatment of the
fast particle as a cascade one is proximity of the local op-
tical potential calculated within the intranuclear cascade
model, W(Y) s % ’\féf("), to the experimental one. Otherwise
the particle is absorbed. The number of such absorbed ("exci-
ted") particles and that of intranuclear collisions (i.e."ho-
les") define the exciton number of "doorway" state. The Mon-
te Carlo method is used to calculate both the cascade and the
pre-equilibrium stage.

The cascade-exciton marriage model has turned out to
give

i) the particle angular anisotropy required at comparatively
low energies due to the cascade mechanism in a far nuc-
leus periphery,

ii) the fast particle yield at large angles at "frontier"
energies ( E 60 MeV , experiment 1)) que to the pre-
-equilibrium component.

One should note that the result of ref.1) cannot be
explained within either cascade or pre-eguilibrium approach
onlye.

Reference:

1) F.E Bertrand, R.W Peele. Physe.Rev. C8 (1973) 1045




.C.2
ON THE ROLE OF NUCLEON~NUCLEON RESONANT FORCES IN THE tv.c.21

nd-INTERACTION
VeN.Efimov and E.G.Tkachenko *)
Joint Institute for Nuclear Research, Dubna, U S S R

Two-particle resonant forces can produce in a three~part—
icle system a highly rarefied state ( a "rare gas® of three
particles) provided two-particle "resonance radii® are greater
enough than the potential force radii. The resulting long—ran-
ge interaction in the three particle system does not then de-
pend on details of the pairwise potentials 2 .

In the momentum representation the relevant one-dimensio-—
nal integral equations for the S-wave nd-interaction must be
cut off at large momenta, otherwise the three-nucleon doublet
S—state collapsing while the obtained long-range interaction's
law persisting at diminishing distances 2 e The cut—off para-—
meter defined through the experimental doublet nd-scattering
length, the calculated nd-scattering S—shifts expose excellent
agreement with experiment 3 e The NN-interaction has been ta-
ken either in the zero- or effective-range approximation, the
triton energy resulting in 8.,22-8.68 and 9.19-10, MeV inter—
valsy resp .y, depending on the cut—off fashion 3 e The cut-
off used does not influence quartet phase shifts 4 .

l. VeEfimove. NuclePhys. A210, 157, 1973.

2¢ LeH.Thomase. Physe.Reve 47, 903, 1935,

3¢ V.N.Efimovy E.G.Tkachenko. JINR, E4-8414, 1974,
4 V.N,Efimov, E.G.Tkachenko. Yad.Fiz. 18, 62, 1973,

*) VeGeKhlopin Radium Institutey, Leningrad, USSR.
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ABSTRACT Iv.C.22

Pion Production from Nuclei Bombarded by Protons of 1, 2, and

§_§§yf. R. D. EDGE and D. H. TOMPKINS, University of South Carolina,

and J. W. GLENN, Brookhaven National Laboratory. -~ The differential
production cross section for positive and negative pions has been found
for targets of Be, C, Cu and Pb bombarded by 1~, 2- and 3- BeV protons

at one or more of the angles of 0°, 17° and 32°, using a magnetic
spectrometer, and time of flight telescope. Isobar decay adequately
explains the production cross section, with the possible exception of 0°.
The spectral shapes show some agreement with Monte Carlo calculations of
Bertini.

*Work supported in part by the Atomic Energy Commission.




Iv.C.23
PION PRODUCTION AT THRESHOLD INDUCED BY 154 MeV PROTONS

Y.Le Bornec, B. Tatischeff, L.Bimbot, I.Brissaud, H.D.Holmgren*,
J.K2%llne, F.Reide and N. Willis.
Institut de Physique Nucléaire, B.P. n°l, 91406-Orsay (France)

Differential cross sections corresponding to (p, 7mt) reactions at threshold
(Ep = 154 MeV) have been measured on several target nuclei using the proton
beam of the Orsay Synchrocyclotron. The experimental set-up and measure -
ments on a 10B target have been reported previously. We present below,
results for the reaction 49Ca(p,nt)4lCa g.s.

In figure 1.a) the dependence of the differential cross section on the pion
energy is shown. The measured variation is stronger than that predicted by
phase space alone. In fact it is not possible to distinguish between the phase
space factors corresponding to one 2 and two nucleon mechanisms. Both
account for no more than 25 % of the observed variation. The curve corres-
ponds to a calculation in the framework of the one nucleon mechanism 3 using
Woods-Saxon wave function a) for the captured neutron and optical potentials
for the proton and pion distorted waves. The pion optical potential has been
calculated for different energies using the multiple scattering approximation
and m-N phase shifts of Roper 4. The curve has been divided by a normali-
zation factor : 53,

do/dQ(nb/sr)

. Bcm=18"6
q- 241 fm-!

T T In figure 1.b) the experimen-
do/dQcm nb/sr) tal agngula.r distributfc‘:n is
Ep-154MeV 7 compared with various cal-
culations using different
pion optical potentials and
single -neutron wave func-

) { tions defined in table 1. In
"OCo(p.Tr")“Cc gs. contrast to other calculatims,
-2 it is found that the normali-

e e e e

o | Emr 20 ' 0 2 30 Q'em 40 zation factor remains rather
S stable.
Fig.l- 40ca(p,mt)4lCa g.s. results
Table 1 - Parameters Curve | Neutron wave func. |Pionopt. pot.|norm,
used for the curves in a)v = -52.5MeV MST 1/56
fig.l.b), and corres- r =1,25fm a=,656n; Miller II 1/50
; ; ; V = -54.4 MeV Miller II 1/35
lization
f::til:sg normatizatio T "7 | r=1.23fma =.7m{ Miller I 1/37
e V=53 MeV | Miller I 1/30

1. Y. Le Bornec et al. Phys. Lett. 49B, 434 (1974)

2. B. Hofstad et al. Physica Scripta, 9, 201 (1974)

3. "PIUCK" code of P.D. Kuntz and E. Rost (Univ. of Colorado)
4. L.D. Roper et al. Phys. Rev. 138, B 190 (1965)

5. G.A. Miller, Nucl. Phys. A224, 269 (1974)

* On leave from the University of Maryland.
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.C.24
FIRST RESULTS OF ('P,Tr+) REACTIONS AT 600 MeV v

T. Bauer, R. Beurtey, A. Boudard, G. Bruge, A. Chaumeaux,
P. Couvert, H.H. Duhm, D. Garreta, M. Matoba, Y. Terrien

Département de Physique Nucléaire
CEN Saclay, BP 2, 91190, Gif-sur-Yvette, France.

L. Bimbot, Y. Le Bornec, B. Tatischeff,
Institut de Physique Nucléairé, BP1, 91406, Orsay, France.

E. Aslanides, R. Bertini, F. Brochard, P. Gorodetzky, F. Hibou,

Centre de Rechercﬁ; Nucléaire et Université Louis Pasteur
67037, Strasbourg Cedex, France.

First resultg of the (P,ﬂ+) reaction have been obtained with 600 MeV
protons on CD,, "Li and /Li targets. The experiment has been performed with
the SPES I spectrometer at Saturne. The pions were identified by :three
Cerenkov counters located near the focal plane of the spectrometer. Energv
s>ectra were obtained for these three targets with a450keV energy resolution
and angular distributions (from 81ap = 5° to 35°) for three levels of the
final nucleus have been extracted for the 6Li(p,n+)7Li reaction. A strong
excitation of the 7/2~ state of /Li has been observed. Assuming a one
nucleon model :or the m production, this strong excitation may be due to a
two step process as compared to a direct reaction.
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ELECTROMAGNETIC AND WEAK INTERACTIONS
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V.A

E- AND Y-NUCLEUS INTERACTIONS
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CORRELATIONS AND BINDING ENERGY SUM RULES V.A.1

A.E.L. DIEPERINK AND T. DE FOREST JR.

Instituut voor Kernphysisch Onderzoek, Amsterdam

Knock-out reactions of the type (e,e'p) provide an important
tool for the study of single-particle aspects of nuclear struc-
ture. While the results of recent (e,e'p) experiments basically
confirm the correctness of the independent particle shell model
(IPSM) picture it also appears that certain features can only be
explained if correlations are taken into account. Deviations
from the IPSM play an important role in Koltun's binding energy

1)

sum rule (expressed in a shell model basis, neglecting center-
of-mass effects):

EA = % (a% paB TaB * § Po Ea)’ (1)
where Py denotes the s.p. occupation probability and

€q = = <w[aa+(H—EA)aa[w>/pa, the mean removal energy. A
direct experimental test of (1), which holds if the hamiltonian
contains no more than two-body interactions, requires the inclu-
sion of the contributions from the normally empty states (o>F),
which are difficult to identify since they occur with too little
strength or above the experimental cut-off.
Theoretically the contribution of these states to the r.h.s. of
(1) can be estimated by assuming that the strength.comes from
2p2h correlations (described by the defect wave function y), and
that the excitation energy of the final 1p2h states can be eva-
luated with a free particle spectrum. Noting that the first term
in (1) cancels with the contribution of the particle energy the

sum o,B>F in (1) can be expressed as
1

2 = -
2 aB>F?h1h2<Fl<aleh1h2>l (€h1+€h2) B hEF(l Pn) ey
By using reasonable values for Py and €y one obtains in 12C a
net increase of 2-3 MeV binding energy per nucleon from the nor-
mally empty states,which is comparable to the observed discrep-
ancy of 3 MeV. It is interesting to note that after the elimi-
nation of the explicit sum a>F (1) takes on the form
EA=%’§<F(paTa+(2—pa)ea), i.e. the expression for the binding
energy in RBHF theory.
1) D. Koltun, Phys. Rev. Lett. 28 (1972) 182
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Electron Scattering from Sm

144,148,150

N. Haik, J. Alster, S. Cochavi and M.A. Moinester

Tel-Aviv University

J.B. Bellicard, P. Leconte, Phan-Xuan-Ho and S. Turck

Centre d'Etudes Nucléaires de Saclay
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We have started a program to

measure electron scattering

angular distributions for all .
the even Samarium isotopes at
200 and 400 MeV, using the
Saclay Electron Accelerator
facilities. We report here
results of the data obtained
for Sml%%,148,150 ¢ 400 MeV.
Energy spectra for low lying
states were measured, with
typical resolution of 130 keV,
over the angular range of 259
to 709, corresponding to
momentum transfers between 0.9
and 2.3 F~l. The measured
form factors for the elastic
scattering on Sm 144,148,150
are shown in Fig. 1. Good

fits were obtained with a
three parameter Fermi model
using the phase shift analysis
program ELAS1). Figure 2

shows the angular distributions
for the 3~ state of Sml% at
1.81 MeV, the 2+ state of Sml*8
at 0.55 MeV, and the 2% state
of Sm!30 at 0.33 MeV. 1In addi-
tion, we have obtained angular
distributions to states in
Smi*% at 1.66, 2.19, 2.32 MeV,
corresponding to JT = 2%, 4%,
and possibly 6% states respec-
tively. We observe also the
(37,4%) doublet at 1.17 MeV in
Smlaa, and the (2+,3") doublet
at 1.06 MeV in Smléo.

1. G.H. Rawitscher and C.R. *
Fischer, Phys. Rev. 122,
1330 (1961) and Phys. Rev.
135B, 377 (1964).




RESCATTERING EFFECTS IN THE Y+D+p+p+w_ REACTION V-A.3

J.M. Laget and I. Blomqvist

Département de Physique Nucléaire
CEN Saclay, BP.2, 91190, Gif-sur-Yvette, France.

We have investigated the effects of the pion nucleon rescattering on
the yield of the y+D»p+p+n~ reaction.

Starting from time ordered Feynman diagrams we have computed the non
relativistic limits of the corresponding matrix elements (keeping terms
in order p/m). We have described the pion photoproduction vertex by the
isobaric model and by the Born terms, and the pion-nucleon scattering
vertex by the isobaric model.

The interesting feature of this process is that these two particles can
be on their mass shell before the scattering. The singularities of these
diagrams are near the physical region and the rescattering matrix element
is then enhanced.

Its contribution becomes as important as the contribution of the pole
diagram (spectator nucleon model) near momentum of the spectator nucleon
P = 150 MeV/c. Strong deviations from the spectator model are predicted,
coming mainly from interference effects.

We have also investigated the proton-proton rescattering effects, but
they are smaller than the pion nucleon rescattering ones.

A comparison to the Saclay data [l] will be presented at the conference.

[1] P.E. Argan et al. Communication to this conference.
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THE D(y,pr ) AND THE “He(y,pm ) REACTIONS V.A.4
FOR HIGH VALUES OF THE RECOIL MOMENTUM

P.E. Argan, G. Audit, N. de Botton, J.L. Faure,
J.M. Laget, J. Martin, C. Schuhl, G. Tamas

Département de Physique Nucléaire
CEN Saclay, BP 2, 91190 Gif-sur-Yvette, France

In order to understand the behaviour of baryonic resonances in nuclei
we have undertaken the study of the A(Y,pT~)B reactions in the A(1236) re-
sonance region.

We have measured the 7~ photoproduction yield on deuterium with a
complete determination of the kinematics through detection of a pion and a
proton in coincidence. The bremsstrahlung end point was low enough to avoid
two pion emission. For low values of the undetected proton momentum
(10 ¢ p £ 80 MeV/c), we have deduced, in the framework of the spectator
nucleon model, the values of the cross section of the elementary process
Y+n *p+TT at [eﬁ]c.m. = 90° (dashed area in the figure), in good agreement
with the previously known data [IJ. But for high value of this momentum
(80 < p € 250 MeV/c) we have found significant deviations (experimental
points in the figure) from the spectator nucleon model.

Deviations were also found in the 4He(y,pn ) reaction studied with
the same methods. These results confirm departure from a model based on
the distortéd wave impulse
approximationt we had repor-

2

[ ted earlier .
-40 [1] see for instance : P.Benz
et al. Nucl. Phys. B65 (1973)
158.
L
XY [2] P.E. Argan et al. Phys.
N Rev. Lett. 29 (1972) 191.
a2
£
(8]
&
o .20
~
b
o
.10
80K ps < 250 MeV/c
b
1 L 1 .
1100 1200 1300 QMeV)
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160 FORM FACTORS INTERPRETED V.A.S
BY THE GENERALIZED HELM MODEL
1
B.A.Lamers*, R.D. Gfaves, and H.Uberall+
Catholic University of America,Washington DC 20064

The generalized Helm model has proved a convenient tool for
fittingl experimental electron scattering form factors by a few-
parameter expressions derived from appropriate Gaussian -smeared
transition densities that peak at the nuclear radius. Once fitted,
the model may be used for predicting transitions to the same levels
induced by other medium-energy reactions; and it is no% restricted
to nuclei near closed shells. For O, we combined low” - and high
-4 data to obtain these fits, some of which are shown in Figs. 1
and 2 for the 14-MeV (17,2” and 3~ ) and 19-Mev (17,17,2” and 4~ )
T=1 level complexes.

It is proposed to utilize this procedure for a tabulation of
medium-energy properties of nuclear levels by listing the Helm-
model parameters. Note that so far,conventional tables are largely
restricted to static properties of nuclear levels.

gt o

D e

Fig.l
Helm-model fit
to 14 MeV com-

plex
Fig.2
Helm-model fit

to 19 Mev com
plex

—>

*Now at Hughes Aircraft Co.,Culver City Cal. 90250

IAl§o at the Naval Research Laboratory, Washington DC 20375
H.Uberall,B.A.Lamers, J.B. Langworthy,and F.J. Kelly,Phys.
Rev. C6, 1911 (1972)

M.Strotzel and A.Goldman,Z. Physik 233,245 (1970)
I. Sick et al, Phys. Rev. Letters 23, 1117 (1969)

Work supported in part by the National Science Foundation.
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PION PHOTOPRODUCTION AND RADIATIVE V.A.6
PION CAPTURE IN FLIGHT FROM 10

Anton Nagl and H. ﬁberall*
Catholic University of America, Washington, D.C. 20064

In Medium Energy Physics, intormation on nuclear level form factors
gained in one nuclear reaction may be utilized in order to predict the out-
come of measurements for other reactions involving the same level. We here
use a phenomenological description of the T=1 levels in 1©0 by the generalized
Helm model ,* fitted® to the measured electron scattering form factors, in order
to predict angular distributions for charged pion photoproduction near
threshold, and for radiative capture of charged pions in flight on an
target, with excitation of the analog levels. Fig. 1 shows differential cross
sections for positive pions produced by 180 MeV photons., EL and ML levels are
labeled according to a scheme shown elsewhere.® The g.€ interaction and
plane-wave pions have been used.

160

1073 —
+
7 +P0~"N+7"£_180Mev
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6, SR i v

do/d.fme/sr
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Fig. 1 Angular distributions of =t produced by 180-MeV
photons with excitation of T=1, ML or EL levels.

Work supported in part by the National Science Foundation.

*Also at the Naval Research Laboratory, Washington, D.C. 20375

1M, Rosen, R. Raphael and H. Uberall, Phys. Rev. 163, %7 (1967).

2B. A. Lamers, R. D. Graves, and H. Ubergll, abstract, these proceedings.

8J. B. Langworthy, B. A. Lamers, and H. Uberall, abstract, these proceedings.
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V.A.7

EXPERIMENTAL STUDY OF SINGLE CHARGED PION PHOTOPRODUCTION
FROM COMPLEX NUCLEI

K. Baba, I. Endo, M. Fujisaki, S. Kadota, Y. Sumi
Department of Physics, Hiroshima University, Hiroshima, Japan

H. Fujii, Y. Murata
Institute for Nuclear Study, University of Tokyo, Tokyo, Japan

S. Noguchi
Department of Physics, University of Tkyo, Tokyo, Japan

A. Murakami
Department of Physics, Saga University, Saga, Japan

ABSTRACT

The differential cross section d?c/dQdp has been measured by
a magnetic spectrometer for the processes C(y,n”) at a lab angle
6=44.2° and Cu(y,nt) at 28.4° by using the 1.3 GeV electron syn-
chrotron at Tokyo. The initial photon energy, which covered inter-
vals from 300 to 850 MeV for carbon and from 400 to 750 MeV for
copper, was determined by a subtraction method with a 50 MeV width.

The observed pion-momentum spectra for carbon show singly-
peaked distributions, the width of which is approximately propor-
tional to the average incident photon energy <k>. The energy
spread of initial photons contributes to this width by about 50
MeV/c almost independently of <k>. Additional broadening of the
width is mainly due to the Fermi motion of target nucleon.

Values of peak momentum in these spectra are systematically
smaller by about 30 MeV/c than those of pion momentum correspond-
ing to free nucleon kinematics. A similar shift has also been
observed in quasielastic scattering of electrons from nuclei and
will be explained by nuclear binding effect and pion-nucleus final
state interactions.

The differential cross section do/df}, which is obtained by
integrating the pion spectrum over p, shows an indication of en-
hancement due to both of the A(1232) and N(1520) resonances. This
fact is contrasted to our previous data for carbon at 28.4°, in
which the N(1520) is observed, whereas the A(1232) is strongly
suppressed. This implies the predominance of the effect of Pauli
principle inside the target nuclei. In fact, this effect suppres-
ses a transition of nucleon to a state with small momemtum transfer
and consequently, the smaller 6 and <k>, the stronger the cross
section is suppressed.

The data for copper are very similar to those for carbon
apart from their absolute magnitude. The A-dependence of do/df
seems to be proportional to A rahter than to A in a relatively
low A region.

The coincidence measurement of the process C(y,n p) is also
performed parasitically. Prellmlnary results indicate that the
separation energy distribution in this process is extended to
much higher energy region compared with those observed in (e,e'p)
and (p,2p) reactions.
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THRESHOLD PION PHOTOPRODUCTION FROM 2C V.A.8

Anton Nagl and H. ﬁberall*
Catholic University of America, Washington, D.C. 20064

Charged pion photoproduction from 12¢ pnear threshold is now under active
investigation at MIT.} This reaction proceeds to the ground states of 2B or
12N, i.e. the T=1 analogs of the 15.1 Mev, 1t level in '2C. We described the
latter by an improved version of the Helm model fitted to the inelastic ee'
form factor.® The full xN interaction* was used in an impulse-approximation
calculation, together with pion wave functions distorted by an optical
potential®, in order to obtain the total cross sections shown in Figs. 1 and
2 (heavy lines). These are compared to earlier results of Koch® (light lines)
who used the shell model.

This work was supported in part by the National Science Foundation.

— — COULOMB
—— COULOMB + NUCLEAR

aylpbt

: /
154 56 58 160 ’ %2 e * % * %2 " %4 * o
k{MeVi k IMeV)
Fig. 1 Threshold nt photo- Fig. 2 Threshold =~ photo-
production cross section production cross section

*Also at the Naval Research Laboratory, Washington, D.C. 20375.

1A. M. Bernstein et al, Bates Linear Ac:elerator Newsletter, Vol. III, No. 1,
January 1975

2J. Deutsch et al., Bull. Am. Phys. Soc. 19, 1006 (197k)

3H. Uberall et al., Phys. Rev. C6, 1911 (1972)

4F, A. Rerends et al., Nucl. Phys. Bk, 1 (1967)

SF. Cannata et al., Canad. J. Phys. 52, 1405 (197L)

63. H. Koch and T. W. Donnelly, Nucl. Phys. B6, 478 (1973)
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V.A.9
11 -y11 .
The ~~B(Y,T )"~ C Reaction near Threshold

E. J. Winhold, L. J. McVay, K, Min, P. Pella, D. Rowley, P. Stoler,
S. Trentalange, and P. F. Yergin
Rensselaer Polytechnic Institute, Troy, N.Y. 12181

K.S.R. Sastry
University of Massachusetts, Amherst, Mass.

W. Turchinetz
Massachusetts Institute of Technology, Cambridge, Mass.

The yield for the 11B(Y,ﬂ_)llc reaction has been measured at a
series of energies near its 142.5 MeV threshold by the residual activity
technique. Measurements were made in steps of 1 MeV to 150 MeV and in larger
steps above this. The reaction was initiated by thin-radiator bremsstrahlung
provided by the MIT Bates Electron Linac. Such threshold (y,7m”) studies are
of particular interest in light of recently-reported (y,m ) measurementsl on
several light nuclei which disagree significantly with theory.2

The cross section deduced from the experimental yield data rises
abruptly within a few MeV of threshold to a value of about 12 microbarns at
150 MeV. This behavior is not inconsistent with the calculated Coulomb
correction of Tzara,? which predicts a step-like threshold behavior. Our
results are consistent in general with previous data for this reaction taken
only at higher energies. At 160 MeV for example, the cross section is about
25 microbarns, in reasonable agreement with the lowest energy data point of
Dyal and Hummel, While the cross sections to each of the several particle-
bound states of ~~C cannot be separately deduced from the present data, there
is significant strength near threshold to the ground or 2.00 MeV states, or
both. The data will be compared with theoretical calculations.

#
Supported in part by NSF and ERDA,

17, Deutsch et al., Phys. Rev. Lett. 33, 316 (197k

Bull. Am. Phys. Soc. 19, 1006 (197k)

27. Koch and T. W. Donnelly, Nucl. Phys. B6k, 478 (1973)

3¢. Tzara, Nucl. Phys. B18, 246 (1970)

l‘P. Dyal and J. P. Hummel, Phys. Rev. 127, 2217 (1962)
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V.A.10
MEASUREMENT OF ELECTRON-DEUTERON SCATTERING AT LARGE MOMENTUM TRANSFER*t
R. G. Arnold
The American University, Washington, D. C. 20015

ABSTRAC!

We have measured the electron-deuteron elastic scattering cross-section
at the Stanford Linear Accelerator Center at 8 values of the momentum trans-
fer q2 from 1 to 6 GeV2 (25 to 155 fermi~2). The scattered electrons and the
recoil deuterons were detected in coincidence using two high-resolution spec-
trometers. Elastic electron-proton coincidence measurements were also taken
for each value of q®. The deuteron cross-section is deduced from a ratio of
the deuteron form factor above a q of 1.4 GeV2? (35 fermi-2) where elastic
electron scattering probes the deuteron wave function near the core. It re-
presents, we believe, the first good look at the two-nucleon system when the
neutron and proton largely overlap, and gives new information on the nuclear
force at small distances. Preliminary results of our measurements will be
presented and compared to the predictions of the deuteron's electric form
factor by the impulse approximation, meson exchange current dominance and by
the quark dimensional scaling model.

*
Work supported by the National Science Foundation and the U.S. Energy
Research and Development Administration

tCollaboration: R. G. Arnold, B. T. Chertok, E. B. Dally, A. Gregorian, C.L.
Jordan, F. Martin, B. A. Mecking, W. P. Schiitz and R. Zdarko



THE NEUTRON CHARGE FORM FACTOR AND V.A.11
ELECTRODISINTEGRATION OF TRITON

*
B. A. Craver T and Y. E. KimT
Purdue University, West Lafayette, Indiana 47907

ABSTRACT

We report the results of a preliminary analysis of a proposed
experiment of Bertozzi1 to measure the neutron charge form factor,
th(Qz), by observing the three-body electrodisintegration of 34 in
which the emitted neutrons have a small relative momentum but carry
off all the momentum transfer, Q, leaving the proton behind at rest
(we refer to this configuration as '"Bertozzi'' geometry.) Neglecting
final state interactions between the proton and the emitted neutrons,
we estimate, in the impulse approximation, the differential cross
section for charge scattering as a function of the momentum transfer
for various electron scattering angles. We use the S-state triton
wave function of Harper et. al.? and the 1So scattering state for
the neutron pair, both generated from the Reid soft-core potential.
We find that for Q » 2 fm"l, scattering due to Fg (Q2) accounts for
more than 75% of the cross section. This is in sgarp contrast to
the experiments on elastic electron—deutzron scattering, from which
present knowledge of Fnh(Qz) is obtained™, and indicates that this.
approach_could result in a significantly more accurate determination
of th(Q ). The possibility of using geometries other than
"Bertozzi' geometry, and the effects of final state interactions,
exchange currents, and magnetic scattering will also be discussed.

REFERENCES

1. W. Bertozzi, private communication.

2. E. P. Harper, Y. E. Kim and A. Tubis, Phys. Rev. Lett. 28, 1533
(1972).

3. R. V. Reid, Jr., Ann. of Phys. (N.Y.) 50, 411 (1968).

4, S. Galster, H. Klein, J. Moritz, K. H. Schmidt, D. Wegener and
J. Bleckwenn, Nucl. Phys. B32, 221 (1971).

TSupported by the U.S. National Science Foundation.
*
Supported by the Atomic Energy Commission.
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V.A.12

ELECTROEXCITATION OF J = 67 STATES IN 50Cr AND 52Cr

J.B. Bellicard, B. Frois, M. Huet, Ph. Leconte, A. Nakada,
Phan Xuan HO, S. Turck, P. de Witt Huberts ¥
- CEN Saclay - B.P. n° 2 - 91190 Gif-sur-Yvette

and

J. W, Lightbody, Jr
National Bureau of Standards Gaithersburg, Maryland U.S.A.

We have observed the 6+ - states in 20Cr and 52Cr at Ex = 3.11
and 3.16 MeV, reSpectlvely, in a study of the excitation Spectrum up to
15 MeV with an overall energy-resolution of 3.5 10 4, using a 400 MeV
electron beam from the A.L.S, In fig. 1 are shown the E6 form-
factors obtained after substraction of the 'near-by 2; —-state contribution
assuming the 2'1*' form-factor shape. Recent ¥-decay studies of high-spin
states 1f / -shell nuclei, excited in heavy-ion reactions, have given
evidence for the relatively pure single-particle nature of these statesD.
To test this observation D.W.B.A., form-factors were calculated using
(1f 7/2 N_space wave functions with a harmonic oscillator length-parameter
b .95 fm. The curves shown in fig. 1 represent best fits to the data
by scahng the calculated form-factors, One notes the decrease of collec-
tivity by factors 0.2 and 0.6 for the Eé transitions in contrast to the
collective nature of E2 and E4-transitions in these nuclei.

T ' ’ ' " | REFERENCES
E E6 TRANSITIONS 1f,-shell .

(& o 1. G. Fortuna et al., Proceedings Int,
[ 7 Conf. on Nucl, Structure and Spec-
%-. 50Cr ﬁ(%{ 1 troscopy, Amsterdam, Vol, 1, p.85,

b Ex=3.1 M¢v (1974)
6 (xloo)
AL '{z_rﬁ x02 4 * on leave from Institute for Nuclear
/ ey \ Physics Research (IKO), Amsterdam,
1
‘; 52CJ‘ \

IO Ex=316Mev

jo

67

Fig. 1 : E6 form-factors in 50Cr

m and 52 Cr.
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V.A.13
EXTRACTION OF NUCLEAR FORM FACTOR FROM (e,e') CROSS SECTIONS

H.C. Lee and F.C. Khanna
Atomic Energy of Canada Limited, C.R.N.L., Chalk River, Ont., KOJ 1J0, Canada

It is shown that the equation for (e,e') in DWBA expressing
the differential cross-section, o(6), in terms of the nuclear
transition form factor, f,(qa), can be numerically inverted, at
least when the transition is dominated by one multipole. Sets of
"experimental' {oexp(83i)} are generated as input from a known form
factor and it is demonstrated that the form factor can be accur-
ately recovered in the inversion process. In extracting the form
factor from data the parametrization

(0) 5
£y(@) = £37°7(Q) + ) ¢, R, (qb)
n=]1
is used, where the trial form factor is given by

1££97a(0))] = (0gyp(8)/0yg 0 (800

and Rp) are taken to be spherical harmonic oscillator functions

with the length parameter b appropriate for the scattering nucleus.

The coefficients cp are determined by the variational equation

sx? = s g (oexp(ei)'ocal(ei))z/eiz

]
o
-

! T T T J
E{=300MeV, E,=2MeV

where €; is the error. The number 3.28, ERROS+10% ]

of terms N is roughly dictated by

the maximum momentum transfer
involved in the data. The figure
shows results for two extractions
for a 0*+2* transition in a ficti-
tious nucleus with Z=28. In case
a'' the data set corresponds to
q(6)=40~360 MeV/c in steps of 10
MeV/c with an error of 10%. 1In
case "b'" the data is extended up
to q(8)=580 MeV/c. 1In both cases
the extracted form factors, within
the range of momentum-transfer
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V.A.14
NUCLEAR TRANSITION FORM FACTOR AND TRANSITION DENSITY
IN INELASTIC ELECTRON SCATTERING

H.C. Lee and F.C. Khanna
Atomic Energy of Canada Limited, C.R.N.L., Chalk River, Ont., KOJ 1J0, Canada

Relative merits for analysing (e,e') data in the DWBA in
terms of the nuclear transition form factor and the transition
density are compared. It is shown that the description in terms
of the form factor is overwhelmingly favored. We list a few of
the reasons. (a) Four densities, the charge, the longitudinal and
transverse current, and the magnetization densities, supplemented
by the continuity equation which is in general difficult to imple-
ment, are needed in the density description. Only three indepen-
dent form factors (Coulomb, transverse electric and magnetic) are
needed in the other approach; (b) Corrections (such as two-body
correlation, exchange current, etc.) to the dominant one-body term
are relatively easy to calculate only for the form factor;

(c) Within limits a one-to-one mapping can be made from a set of
cross-sections to a section of the form factor whereas this map-
ping is not possible for the density. In an accompanying contri-
bution such a mapping for the form factor is demonstrated. The
figure here shows the uncertainty involved when a similar mapping
is attempted for the transition density. The density Py and the
uncertainty Apk are written as

A o
A = Ji @5, @anatde + [ @3, (ara’dg

- A A T T T T T T T
= oM )+ apM () [ T T
0.08 DENSITY AND ERROR i
. - L NVELOPE FROM FIT *o*
where f; is the form factor extrac-o N ° 1
ted from data, j, is the spherical Z 90§ ( .
Bessel function, and A is approxi- > i 4 .
mately the maximum momentum trans- » 0.04f | -
fer involved in the data. 1In the g ! W -
figure A =580 MeV/c for the shaded £ o.02L N pensiy n
and solid curve marked "b'", A =470 2 i Y FROM FIT rpE ATED ]
MeV/c for the curve(s) marked '"a" < A \
and A =320 MeV/c for the dash-dot R \ oensity row o7
curve. For the last case Apy is L N v TRIAL 7
not determined as f)(q) is assumed Z 021 \ \ 7 7
zero beyond q = 320 MeV/c. o) I A 74 T
= ~0.04— \ \\ / .
. 71
9 o \. ! /' / e
s 0.06IENSITY MPLIED BY Y+ =" /7
2 TOP%Mim DIFFRACTION kY / -
< | PATTERN ONLY X ;
@ N7/ T"CORRECT DENSITY
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PION PHOTOPRODUCTION IN C'2 JUST AROVE THRESHOLD V-A.15
A. M. Bernstein, N. Paras, W. Turchinetz
Massachusetts Institute of Technology, Cambridge, Massachusetts

E. C. Booth, B. Chasan
Boston University, Boston, Massachusetts

ABSTRACT

A bremstrahlung beam from the Bates Linear Accelerator has been used
to observe the Cl2 (v, )N reaction. The total cross section up to an ener-
gy of 12 MeV above threshold was_measured by cbserving the energetic B* rays
from the decay of 11 millisec. N12 by counting between accelerator beam
bursts. The results for the absolute yield curve are shown in the figure
(plotted as a function of the energy above the pion threshold). It is in good
agreement with theoretical predictionsl’2 Experiments on the (y,m) reaction
near threshold indicate the need for further investigation, since the
Li6 (v, +)He6 experimental data® is 60% smaller than theoretical predlctions1

and the B (Y,n )C exper1ment4 is about two times the theoretical predic-
tion-.

*
Funded in part by ERDA contract AT(11-1)-3069, and by NSF
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private communication.

H. Uberall, Private communication.
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V.A.16
Renormalization of the pion photoproduction hamiltonian in nuclei

J. DELORME: IPN, Université de Liyon, 43 bd du 11 novembre 1918
69621- Villeurbanne France

M. ERICSON: IPN, Université de Lyon, 43 Bd du 1l novembre 1918
69621~ Villeurbanne France

G. FALDT : Institute of theoretical physics - Lund - Suzde.

We investigate the nuclear renormalization of the effective
hamiltonian for pion photoproduction at threshold. As in the scattering
case, one source of renormalizationis the nuclear polarisability: the
production of the pion on a nucleon first excites the nucleus which is
brought back to the ground state in a second step when the pion is scatte-
red by another nucleon. This effect is described by the effective field
approach. We find that the short range and long range parts of the photo-

production interaction undergo very different renormalizations.

We show that meson exchange phenomena are responsible
for a second type of renormalization. Using both kinds of many body effects
i. e. nuclear polarizability and meson exchange contributions, we are able
to display the link between the soft pion approach and the microscopic

description of threshold pion photoproduction.



V.A. 17
- *
ANGULAR MOMENTUM TRANSFER IN THE Au197(7,n )Hgl97 REACTION

Heinrich A. Medicus and Robert Smalley+
Rensselaer Polytechnic Institute, Troy, N.N. 12181

The isomer ratio in Hglg7 from the Au197(7,1r-)Hgl97 reaction induced by
157-MeV bremsstrahlung from the Bates Linear Accelerator has been measured.
This ratio (after corrections for contributions from secondary reactions) is

. - +
6isomeric state Géround state~ 2°1 2 0.6. The spin of the ground state of

al9T is 3/2, that of the ground state of Hgt' is 1/2, and that of the isom-
eric state 13/2. Below the isomeric state are two states with spin 3/2 and 5/2,
respectively. Thus, the observed preference for the state with high angular
momentum must imply a photon absorption of relatively high multipole order for
this reaction, likely of 25-pole character. Photons of 150 MeV can easily pro-
vide an angular momentum of 5 units of h to a nucleus with a radius of 8 fm,
because kr = 6. At this photon energy mostly s-wave pions are emitted.

An explanation for the surprisingly high isomer ratio may be the following:
The ground state of the target nucleus and the four lowest states of the prod-
uct nucleus have the occupation numbers in the relevant subshells as given in
the table.

State Protons Neutrons
197 W91 o 295 pp 38y . iz 3P3 p 255 o 3Py p
Au ground st. 3/2+ 12 3 0 14 L 0 0
He'?T ground st. 1/- 12 & 0 12 i 0 1
1st ex¢. st. 5/2- 12 k& 0 12 4 1 0
2nd exc. st. 3/2- 12 [k 0 1% 3 0 0
isomer. st. 13/2+ 12 k 0 13 i 0 0

Occupation numbers that differ from those of the Aul97 ground state are under-
lined.

It is thus seen that the isomeric state and the second excited state can
be obtained simply by removing one neutron from a subshell and adding it as a
proton to the 2d3/2 proton subshell. The ground state and the first excited
state, however, need changes in two neutron shells and therefore should be less
favored.

That the second excited state (which immediately feeds the ground state)
is less populated than the isomeric state may be caused by the fact that there
are more 1113/2 neutrons available than 3p3/2 neutrons. It also may be that the
high angular momentum neutrons are closer to the nuclear surface so that the
pions emitted from there are less likely being absorbed by the nucleus. A cer-
tain enhancement of the 1113/@ — 2d3z /o transition could also be due to the
Position of the 1lh;y /o proton subshell just below the Fermi level which may
give rise to two-particle=two-hole configurations.

In addition to reaching these low lying states in Hg directly, they may
also be populated by y cascades from higher excited states which in our case
would have to have predominantly fairly high spins.

*
+ Work supported by the U.S. A.E.C. and the N.S.F.
N.S.F. Undergraduate Research Participant
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3he( 752p)n’

B. F. GIBSON V.A.18
Theoretical Division, Los Alamos Scientific Iaboratory
and

De R, LEFAMAN
The George Washington University

The cross section for the photodisintegration of 3He leading to the 3-body final state in which
both protons are detected has been calculated in the electric dipole approximation. The calculetion
was performed within the context of exact three-body theory. The N-N interactions were represented
by s-wave, spin-dependent separable potentials. The full photodisintegration amplitudes were ex—
pressed as sums of: the plane wave Born amplitude, terms involving only a single rescattering be—
tween pairs of nuclec».ns s and terms combining the off-shell N-d and N-;S scattering amplitudes. These
off-shell amplitudes were obtained by solving the corresponding integral equations using standard
contour-rotation techniques.

We present here mumerical results for the coplaner geometry in which the two profons are
detected at angles of isp where the angle is measured with respect to the perpendicular to the inci-
dent photon momentum., Calculations are shown for incident photon energies of 50, 75, and 100 MeV
and for angles of 5°, 10°, and 20°. The curves presented are the result of & couplete calculation
in which both the initial bound state and the final scattering state were generated nmumerically from
N-N potentials fitted to the low energy singlet and triplet scattering parameters. (The triplet
potential strength was reduced aboui 59/0 in the bound state calculetion in order to reproduce the

3

correct “He binding energy.) The sensitivity of such a coincidence experiment to the details of the
bound state can be estimated by comparing these results with those of calculations (not shown) for a
model in which the bound state wave function is represented by an analytic form similar to the exact
solution but where the two parameters are fitted to the binding energy and rms radius. Differences
of 50 — 100°/o can be seen for the coincidence calculations at these energies with epn 5°; +this is
to be contrasted with the differences that can be seen in a similar comparison of total cross section

calculations which are at most 20°/o in the photon energy range between 10 and 15 MeV.

1

E=1T5 59

W+ 7
TWork supported in part by

the U. S. ERDA. B 10°
'1

ir 20°
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HOLE STRENGTH AND MOMENTUM DISTRIBUTIONS FROM (e,e’) REACTIONS' '#1°

M. Bernheim, A. Bussie\re, A. Gillebert, J. Mougey,
M. Priou, D. Royer, I. Sick, and G. J. Wagner
CEN Saclay, BP 2, Gif-sur-Yvette, 91190, France

ABSTRACT

Hole strengths and momentum distributions have been measured on
12¢, 2853, 40ca and 58Ni using the (e,e’p) reaction at 500 MeV. The
range covered is O < Ey < 80 MeV in removal energy and O € p < 250
MeV/c in recoil momentum, with an energy resolution of 1.2 MeV.

After small radiative corrections, a shell model analysis of
the data has been performed, using Woods-Saxon wave functions and a
partial wave expansion of the distorted outgoing proton waves. The

istorted momentum distributions show an excellent agreement with
the experiment. The table contains the resulting number of protons
N &1d mean removal energy for each of the shell model states. The
numbers between parenthesis are only tentative.

The complete kinematic coverage of the reaction allowed us a
sum rule testl>2 of the shell model picture of nuglei. As for
12¢,2 5 significant discrepancy is observed for 208i and JONi which
indicates that the above limits on Ey and p are not sufficient to
observe all the binding energies and momentum densities of protons
in those nuclei.

1. D. S. Koltun, Phys. Rev. Lett. 28, 182 (1972).
2. M. Bernheim et al., Pays. Rev. Lett. 32, 898 (197h4).

Fig. 1 Sample of momentum distributions: Table I Numbers of
2s shell in *YCa protons and mean
energies (MeV) from

"o 1eE? K 95 € E ¢ 12.0 MoV DWIA analysis
E, - 4O7. MeV E - BE. MeV 8 - 52.9 nd N B>

1:‘_: ().IZ’%E”L6 T T T T T T T T T T T T T 12C lp 2'5 17.5 + 0.)4.
3 1s 1.0 38.1 +1.0
el | 1 ®si2s 0.4 13.8 £ 0.5
= I{ 1d 5.5 16.1 * 0.8

é lp 2.9 32.0

2ol | ] 1s 0.9 (5L.)
3 ¥ "Oga 25 1.3 11.2 % 0.3
¢ | 1d 7.7 1h.9 £ 0.8

0.05 {~ h lP 5.7 ,“'1-5

' 1s 1.5 (56.)

*"4 |H|'| *'0 . 58'
0.00 1 1 1 1 1Y L L 1 hIC BT I Ni 1f 7.6 9.3 + 0.3
[} 20 40 60 80 100 120 140 160 180 200 220 240 260 280 28 1.9 l""g? i 0'5
MOMENTUM IMeV/cl 1d 8'9 .
1p 6.8 L5.5
1s 1.0 (62.)
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V.A.20
HELIUM CHARGE FORM FACTORS AT LARGE MOMENTUM TRANSFER

Benson T. Chertok*
American University, Washington, D.C. and SLAC, Stanford, Ca.

ABSTRACT

Progress in physics is often stimulated when experiment and theory
are in clear disagreement. This is the situation with the elastic
charge form factor of He® where measurements at Stanford, which _
were confirmed at Orsay, reported a diffraction minimum at 11.5 F
followed by a secondary maximum which is approximately constant
from 13 to 20 F 2.

2
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dimensional scaling o5 1 Y i | A Y|
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to indicate the possible large q?-behavior of 3He and “He. Even
with the obvious disclaimer on the reliability of these q2 extra—
polations, it is clear that measurements beyond 20 F~? will indicate
the broad underlying features of the two bound helium nuclei. An
appraisal of the predictions and other features of the large q2
region will be presented.

*Research supported by the National Science Foundation, GP-16565.



HIGH MOMENTUM TRANSFER e-D SCATTERING AS V.A.21

A PROBE OF THE RELATIVISTIC STRUCTURE OF THE DEUTERON

Carl Carlson and Franz Gross
College of William and Mary, Williamsburg, Va. 23185

A calculation of the deuteron form factors based on the relativistic
impulse approximation is presented. The calculation is explicitly covar-
iant, and uses relativistic deuteron wave functions which have recently
been extracted from a new relativistic theory of nuclear forces.l At
high momentum transfer the form factors differ significantly from the
usual non relativistic form factors due to (a) recoil effects [previously
calculated only to lst order in (v/c)2] and (b) the small components of
the deuteron wave function which arise because of the Dirac nature of the
nucleons. Comparison of these results with the new SLAC data on e-d scat-
tering will give a precise estimate of the size of exchange current ef-
fects, if any.

1. J. Hornstein and F. Gross, Physics Letters 47B, 205 (1973) and F.
Gross, Phys. Rev. D10, 223 (197k4).
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V.A, 22
CONNECTION OF MUON CAPTURE AT LARGE ENERGY TRANSFER
TO PION ABSORPTION

J. Bernabeu, T.E.0. Ericson and C. Jarlskog
CERN -- Geneva

Muon capture is usually studied for space-like momentum transfer
of order 100 MeV/c. Its structure is theoretically well described in-
side the impulse approximation, but for fine details. In contrast, the
limit of large energy-transfer of order 100 MeV, with neutrino energy
close to zero, is up to now not.understood, and the impulse approxima-
tion will fail badly. We take here a completely novel approach to this
problem, linking it directly to the strong pion processes in a way we
believe quite quantitative. In this region the H capture process is
given symbolically by Iy.yx = V2+-A24-Ao, where and A are the
hadronic vector and axial currents. By PCAC the ax&al currelit is linked
to pion process by Qohp-g.A = < XI¢1T[N >, so that in the 1limit

-0 the A, term is then, by a mass extrapolation from mp to
given by the s wave ™ absorption from N to _X. This is sufflcgent
to provide a significant lower limit of dI'y,x/dv |v~0’ expressible di-
rectly in terms of Im ag, the s wave absorptive scattering length
for pions. Apart from other terms, coming from SZqu’ the A term
contains the p wave m absorption from N to X. It is a natural
consequence of this picture that the muon, for this momentum transfer,
behaves like a pion, leading to emission of correlated nucleon pairs,
eeey a8 for m absorption. In this sense the muon becomes a strongly
interacting particle.

Technically this program is carried through by the introduction of
structure functions which entirely describe the hadronic tensor W .
given by the expectation value of the product of two weak currents. The
information given by PCAC is contained in qMW and this is used,
as pointed out above, to express the muon abso%ptlon in terms of the ab-
sorptive mw~+N—-n~+N amplitude near threshold but with pion mass
equal m, .

In addition the axial part of the tensor can be determined also
for g2 ® 0 using pion pole dominance in the amplitudes proportional
to the momentum transfer. The corresponding vector contribution at
q2=0 1is provided by the total photo-absorption cross-section
v+N—-X, corresponding to an incident energy E c:mu/E. If the
approach proves to be significant we will have at our disposal a unique
way of learning about the off-shell behaviour of pions in hadronic
matter, in particular, for a vanishing mass and a momentum of order
50 MeV/C.

*Also at University of G8teborg, Sweden.



16 15 V.A.23
The "~0(¥,p) °N Reaction for Ey = 40 - 200 MeV

J.L. Matthews, W. Bertozzi, M.J. Leitch, C.P. Sargent and W. Turchinetz
Massachusetts Institute of Technology, Cambridge, Mass.

D.J.S. Findlay and R.0. Owens
Glasgow University, Glasgow, Scotland

1 Meas*rements have been made of the differential cross section for the
60(72p0) 5N process at the Glasgow University 130 MeV linear accelerator

(for Ey £ 100 MeV) and at the M.I.T. Bates Linear Accelerator (for Ey>100 MeV).

Both experiments employed similar techniques: protons were detected with

good resolution (<1 MeY% using a magnetic spectrometer, and the cross section
for reactions leaving '°N in its ground state unfolded from the endpoint
region of the bremsstrahlung-produced proton spectra.

The motivation for this work lies in the sensitivity of the (¥,p) re-
action to high-momentum components in the nuclear wave function, since little
momentum is carried in by the incident photon. A measurement of the angular
distribution of the photoprotons essentially maps out their initial momentum
distribution just as in the (p,2p) and (e,e'p) processes, but for the
region q > 300 MeV/c where there are few data from the latter reactions. The
fact that conventional shell models predict small amplitudes for these high
momenta has led various authors to propose that short-range nucleon-nucleon
correlations play an observable role in the (¥,p) process. However, as yet
there are no theoretical calculations which can account satisfactorily for
the present data below 100 MeV, and no calculations at all above 100 MeV.

A sample of the data is shown in the figure; it is seen that the cross
section at By = 45° is falling off

approximately exponentially with 100 160 (.0)5N
photon energy over the range of Y.pl Ngus.
the measurements (the line drawn sol * Glosgow @, «45°
through the points is arbitrary). ) ° MLT (preliminory) 8;=42°
There is no qualitative evidence
for a significant enhancement of 2.0l
the cross section due to corre- ’
lations at higher photon do
energies. i ©T
osf
o2t
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V.A.24
A MEASUREMENT CF THE LONGITUDINAL AND TRANSVERSE T[+ !
ELECTROPRODUCTION CROSS SECTION.

Bardin G. -, Duclos J. - Magnon A, - Michel B. (CEN-Saclay) -
Montret J.C. (University of Clermont-Ferrand),

region has been performed at the 600 MeV electron Saclay's Linac,
Owing to it's high electrun current and high (2%) duty cycle, we have
beer able to isolate the longitudinal part of the differential cross section
of the electroproduction reaction e~p=>e-nTt. Following Akerlof et al
(Ref. 1) we have selected the kinematics where theTI+ is emitted along
the direction of the exchanged photon. In this circumstance, we recall
that 1 - The cross section can be written as a purely electromagnetic
factor time the sum of “photoproductmn“ cross sections by transverse
and longitudinal photons = 4% a'/m. SAa ) AES rm(a\‘f'/,\n fé‘,J /A_n,n) E_r
being the adm1xture of 10ng1tud1na1 photon,

2 - The ''pion-pole'" amplitude Fig. la (relevant for the form-factor
determination) appears only in the longitudinal component whereas the M1l
excitation of the N¥ Fig. 1b only shcws up in the transverse part,

3 - The pion-pole contribution is maximum owing to the pole proxi-
mity. The invariant mass for theT[- N system was chosen to be 1175MeV.
The photon Q_2 was scanned from 1 to 3 fm~2 and for each Q_2 value the
cross-caction was measured for both a low and high €y . Unlike in the
work of Ref.1, we could go as low as &€y = .15, This allecw us to subs-
tract the transverse contribution in a model-independant way. Two magne-
tic spectrometers associated w1th scintillation hodoscopes were used to
detect the scattered e~ and the‘n' A third existing spectrometer was
used for monitoring, looking at the elastic scatterm% from hydrogen,
Until now, a sample of events from the Q_2 = 1 fm~% data point has been
analysed. We find for the transverse and longitudinalil- N center of mass
cross-sections : 4T/ awn = ST (7)) and I7/4ws = 4.-3(3.0) pblstrd.
This is a good confirmation that the pion-exchangec process is dominant
in our kinematics.

|
|
An experiment aimed at measuring the TT+ form-factor in the space-like ’ ‘

We hoI:E that at the time of the conference, more precise values for
Av'/alw_l versus Q%, will be available and that from them, a value for
(rn )‘/1. can be obtained.

Ref. 1 - C.W. Akerlof, et al (Phys. Rev. 1482 1967)
A!—
T/ :
e / -
- P
) Fig. la
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V.A. 25

1975y AT

a-CLUSTERING EFFECTS IN THE PHOTODISINTEGRATION OF
INTERMEDIATE ENERGIES

J-0 Adler, G Andersson and H-A Gustafsson
Department of Physics, University of Lund, Sdlvegatan 14,
S-223 62 LUND, Sweden.

The emission of a-particles from 197Au irradiated by 500 MeV
bremsstrahlung has recently been studied 1). A comparison with
cascade-evaporation calculations showed that about 15% of the
a-particles must be emitted during the cascade step. As the
a—clusteE}ng in heavy nuclei is most important on the nuclear
surface ,» we have calculated the angular and energy distribu-
tions resulting from the knock-out of surface a-pa{&icles by
cascade nucleons. The number of a-clusters on the ’Au surface,
defined as the region outside r = 7fm, was taken as 4 with a
mean kinetic energy of 16 MeV. The height of the coulomb barrier
used, 20 MeV, was taken from o-scattering experiments 3). The
figure shows the experimental angular distribution compared to
the sum of the calculated distributions for evaporated and
"directly'" emitted a-particles.

T T T T T
.5 ° experfment . —
calc. direct + evap
— — calc. evap
F
blc
©l® o5 B
00 310 610 910 |;0 |E‘aO 180
O ldegrees)
1) J-0 Adler, G Andersson and H-A Gustafsson,
Nucl Phys A223, 145 (1974).
2) D M Brink and J J Castro,
Nucl Phys A216, 109 (1973).
3) G Hauser et al,

Nucl Phys A128, 81 (1969).
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V.A.26
THE NEW MESONS AS MEMBERS OF A NONET

KURT JUST
Department of Physics

University of Arizona
Tucson, Arizona 85721

In the author's theory of massless quarks without charm, the
mesons J(3095) and (3684) belong to a nonet which
differs by a "mass parity" q =-1 from thatof - ¢ , ¢ , p ,
Ki - One further member is called !?(4150) because it
manifests itself in a broad resonance of e'e annihilations
above 4 GeV . Most distinctive for this proposal is that
single "unusual" mesons couple extremely weakly to the photon.
Since pairs of them interact normally, they decay strongly into
each other and thus have large widths (except J and ¢ ) .
While their weak interactions are negligible, they contribute
to processes which one described so far by weak and electro-

magnetic forces only.




ELECTRO- AND PHOTOPRODUCTION OoF % onN 27a1 V.A.27

I Blomgvist, P Jane¥ek and G G Jonsson
Department of Physics, University of Lund, Stlvegatan 14,
S-223 62 LUND, Sweden

H Dinter and K Tesch
Deutsches Elektronensynchrotron DESY, Hamburg, Germany

The total cross sectionsfor electro- and photoproduction of
7" on 27Al have been measured with activation method, The
experiment was carried out at LINAC II at DESY (Ee =130-600
MeV). The peak cross section of the resonance is about 15 Kb
which is smaller than found by Noga et al 1) and by Nydahlz)
(% 4o pb) but is in agreement with the result by Walters and
Hummel 3). Theoretical calculations have been performed by
Janelek 4) for transitions into the five lowest states of
the daughter nucleus, i.e. the 1/2%, 3/2%, 7/27, 3/27 and
5/2° 1levels, Simple structure can be assumed for these
states: one-particle harmonic oscillator states of valence
nucleons were coupled to the 26Mg core not participating

in the reaction. The contribution from the 1/2+ state is
very small, whereas the remaining states give about the same

contribution, each with a maximum of roughly 10 Kb,

We assume contributions from higher states with more compli-
cated structure to be small. In the calculations, no final
state interactions were included, so the theoretical result

is expected to give too great cross section,

The same formalism will be used for calculation of the elec-
troproduction cross section, Then the ratio O‘q/O‘e can be
calculated. This ratio is probably not very sensitive to

details in the nuclear structure.

1 V I Noga et al, Soviet J Nucl Phys 14 (1972) 506

2 G Nydahl and B Forkman, Nucl Phys B7 (1968) 9

3 W B Walters and J P Hummel, Phys Rev 143 (1966) 833

L) P Jane¥ek, Physica Scripta 7 (1973) 141 and
Physica Scripta 10 (1974 97
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V.A.28
KNOCK-OUT MECHANISMS IN (y, NUCLEON) REACTIONS AT INTERMEDIATE

ENERGIES

J-0 Adler, G G Jonsson and K Lindgren
Department of Physics, University of Lund, S&lvegatan 14,
S-223 62 LUND, Sweden

At energies above the pion production threshold, photons are
absorbed mainly via excitation of a nucleon resonance. This
excited state decays almost immediately into a stable nucleon
and a real pion. (Y, NUCLEON) reactions will result, if both
particles leave the nucleus without further interactions. If

the interaction between the resonance and the rest of the
nucleus can be neglected, the (y, NUCLEON) reaction should give
a spectroscopic factor comparable to that from the corresponding
pick-up reaction. The figure shows the situation for the
reaction 11B(y,p)lOBex. From measurements of 3.37 MeV de-excita-
tion y-rays we found for the transition to the [2+, 1, 3.37 >-
10pe jp= noti1.2 1 to be compared with the theore-
tical value 5’= 1.6 given in ref. 2)

state in

We are currently measuring (y, NUCLEON)

reactions on 40Ca leading to the

1* 1 1* -1 / //
l7 > 7 2.§g > 8ndz$7 s 3 2.53 >- /////
states in ““Ca and "7K respectively. (v,p)

The experimental errors are here
expected to be much less than for 2t 1 3.37
B. The same formalism will be used
to interpret the results.

Z? 1 10

B
1) J-0 Adler et al, proton ©
Nucl Phys A239 (1975) 44n, pick-up

371 11
2) S Cohen and D Kurath, 5 3 B

Nucl Phys A101 (1967) 1



V.A.29
ANALYSIS OF CHARGE DENSITY VARIATIONS IN NUCLEI

V.V.Burov, The Moscow State Univ., Moscow, USSR.
V.K.Lukyanov, Joint Inst. for Nucl. Research, Dubna, USSR.
Yu.5.Pol', The Lebedev Phys.Inst.Acad.of Sc.USSR,Moscow,USSR.

Three types of the trial CD-functions were used in analy-
sing experimental form factors/l/ by the HE—method/Z/

(0, solid ) o = R Y(-Rb) Y =(shR/b)/(ch¥b+chb)
— N n v no_n
(N, 80118 ) =% a.pleRE) =@ =" a6 diy/dR"

d =

(dash) P,,-gF(rRobon Ps(g(r‘ R, by)

I. For the F%f-variant an agreement 13 achieved in the region
of g up to Xo=qe“A4/i{7F“ (20 %) . In details, X,

values are correlated by the nuclear shell filling:

Xo(18)= 5.8 5 Xo(1p)=6-6; Xo(1cl5225¢p)= %1 ; Xo(1dl3/2)=9.2.
II. To find an agreement at all g, one needs to increase the
number of parameters using

o \e ELASTIC . - ap<(p -pIr*

He  FORMFACTORS O'W the P ~or £, —functions.
: IT1I.In many cases the CD- ambi-
Ojéjg:l;:;gp\ guity is found of the quali-
oﬂéﬁ?;:;*ﬁ% tative oharacter, when both
Ny P4 with the only bump at
0="¢ = r~R, and with the

many oscillations give the
same form factors.

OM 1. 6.C.Li, I.Siok, M.R.Yerian.
|5 . Phys.Rev., 9,1861 (1974)(and
| é refs. therein).

RSP 2. V.K.Lukyanov, I.Z.Petkov,

58, =~
e~/ B Yu.S.Pol'y transl. in Sov.

Journ. of N. Phys., 9,204

- (1969).
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A Study of Background for vV.B.1

Neutrino Electron Elastic Scattering at LAMPF*¥t

H. H. Chen and J. F. Lathrop
Department of Physics
University of California
Irvine, California 92664

ABSTRACT

We have built a detector system to study backgrounds for
neutrino electron elastic scattering at LAMPF. The detector
system consists of a large liquid scintillator anti coincidence,
an inert shield, a sandwich system of alternating layers of
thick plastic scintillator slabs and optical thin foil spark
chamber modules, and a CAMAC system interfaced to a PDP-11/05
computer. Results of this background study, conducted in situ
within the LAMPF neutrino house, and also at UCI are given here.
These results have led us to conclude that, at the V-A level,
it is feasible to study both the cross section and the
differential cross section for neutrino electron elastic
scattering at LAMPF.

*Research supported by NSF under grant No. GP 32860
tResearch supported in part by the U.S. Atomic Energy Commission.
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A STATISTICAL THEORY OF ¢f VIOLATION v.B.2

*

H.J. Kreuzer and C.G. Kuper
Theoretical Physics Institute and Department of Physics
University of Alberta, Edmonton, Alberta T6G 2E1l, Canada

It is argued that the violation of combined parity
in neutral kaon decay is statistical in origin. Rather
than introducing microscopic P violating terms in the
Hamiltonian ("superweak" theory), we show that a rig-
orous nonequilibrium theory can account for CP violation
as a manifestation of the irreversibility of a decaying
system.

In terms of Hagedorn's statistical model of hadron-
ic matter, we regard the kaon as clothed by a statisti-
cal distribution of pions. On account of the strong
pion-pion interaction, any fluctuation of the pion
distribution away from thermal equilibrium will relax
in a time ~10~2%23 sec. Under these conditions, we can
envisage processes in which &P is rigorously conserved
at a microscopic level, but nevertheless it is violated
overall. Two or more pions are "borrowed" from the
thermal bath, and subsequently returned. The total
angular momentum is necessarily conserved. However,
the relative angular momentum of the borrowed pions
may change; the strong interactions will restore the
thermal equilibrium of the bath virtually instantan-
eously, leaving an overall violation of cB.

Using the Takahashi-Umezawa formulation of statls-
tical mechanics, a model is presented in which ¢P is
violated only through nonequilibrium interactions with
a heat bath.

Quite generally the theory restores the complete
particle-antiparticle symmetry of the laws of physics.
It predicts the same time-dependent two-pion amplitude
for K, decay as the phenomenological "superweak" theory.
But, in contrast to the predictions of superweak theory,
an 1n1t1al KO will have precisely the same two-pion
amplitude as a Ky. On the other hand the charge asym-
metry of the leptonic decay modes does depend on the
initial state. Experiments in which the initial state
is KO can discriminate unambiguously between the statis-
tical theory and the superweak theory.

*
On sabbatical leave from Technion -- Israel Institute
of Technology, Haifa, Israel.




V.B.3
Asymmetry of Beta-Ray Angular Distribution in Polarized Nuclei

and G-Parity Nonconservation

M. Morita and H. Ohtsubo
Department of Physics, Osaka University, Toyonaka, Osaka 560, Japan
An extensive search for the second class current, fT’ in

Ho= (1) (£-£,Y )40k, (£ AEY O+ (EHELY DTV )

X @A) 2theee, ek sk, 0y = [y,Y,1/21,

has been done by Wilkinson and coworkers by means of the ft-value
ratios, since Weinberg proposed it. The result is, however, not too
clear, because of the nuclear structure. A nuclear-structure-free
experiment is to measure the energy dependence of the beta-ray
asymmetry in polarized nuclei, and it was, recently, performed by
Sugimoto, Tanihata, and Gor1ng at Osaka University, in the beta
decays of '°B and '®N. To conclude the existence of the induced
tensor in axial vector current from the result of this experiment,
we have to be careful for all possible higher order effects which may
affect the angular distribution of beta-rays, and there are no such
formulas ever published. We have the following rule to describe the
formulas correctly with inclusion of the Coulomb corrections, higher
order matrices, and induced effects, by replacing

cAfE > (fA—EofT)fE, cvf3x¥ > (1+up—un)(fv/M)f3+(fV/M)f¥x§,
C, LY, X) > =(£+2ME,) [(1/2M) f3+i (/M) £ (BB 1,

where ¢ is 1 for fA and 0 for fg, in the published formulas, (M.
Morita, Nucl. Phys. 14, 106 (1959); M. Morita, M. Fuyuki, and S.
Tsukada, Progr. Theoret. Phys. 47, 556 (1972). The same results have
been obtained by the elementary particle treatment of nuclear beta
decay. We have proved that, in the Gamow-Teller transition, the _
asymmetry [W(0) - W(T)]1/[W(0) + W(T)] = ¥P(p, /E,) (1 + 0zEc) for B
decay does not depend on E,(max), 0¢Z/R, and radlatlve correctlons.
The difference, a_ -~ o, of the experimental values for B and '*N
is about twice as large as the value expected from the CVC theory.
The strength of the induced tensor is glven by fT/fA— -(0.96 + 0.35)
X 10 " (in hA=m =c=1), or equivalently, f,_ = -(3.5 + 1.3)f,/2M. This
value gives (ft), /(ft)_ = 1.08 + 0.03 except for the GamowATeller
matrices, in agreement with experimental data. The sign for f
reduces the induced scalar coupling constant in the muon captufe
reaction effectively, in apparent disagreement with experiments.
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V.B.4
PARITY-NONCONSERVATION AND THE PHOTON CIRCULAR POLARIZATION IN
n+p-+d+y

* * *
B. A. Craver, T E. Fischbach , Y. E. KimT and A. Tubis
Purdue University, West Lafayette, In. 47907

ABSTRACT

The photon circular polarization Py for np capture at thermal
energies is calculated to all orders of the strong interactions.
Several phase equivalent transformations (PET)1 of the Rsid soft core
potential, and several different weak-interaction models >3 are used.
The calculations are facilitated by the use of Green's function tech-
niques. For a given weak-interaction model, PET of the two-nucleon
interaction (which are consistent with the one-pion-exchange tail)
decrease the magnitude of the calculated value of P, by a factor of
~ 2-4. This reduction appears to be due to short-range oscillations
of the two-nucleon wavefunctions induced by the PET. The calculated
values of P, are mostly all negative and are about 100 times smaller
in magnitude than the experimental result, P, = -(1.3 * 0.45) (10)-6,
of Lobashov et al.* Thus the glaring discrepancy between theoretical
and experimental results for Py seems to be mainly due to the use of
the wrong dynamical treatment of the weak interactions involved
and/or experimental data.

REFERENCES
1. J. P. Vary, Phys. Rev. C7, 521 (1973).
2. E. Fischbach and D. Tadic, Phys. Reports 6C, 123 (1973).
3. C. W. Kim and A.Sato, to be published in Phys. Rev. D.
4. V. M. Lobashov et. al., Nucl. Phys. Al97, 241 (1972).
TSupported by the U.S. National Science Foundation.
* .

Supported by the U.S. Atomic Energy Commission.



Contribution to the VI International Conference on High Energy
Physics and Nuclear Structure, June 1975, Santa Fe, N.M.

Neutrino Absorption in 10 V.B.5

J. B. Langworthy
Naval Research Laboratory, Washington, D.C. 20375

B. A. Lamers*and H. Uberalll
Catholic University of America, Washington, D.C. 20064

ABSTRACT

Nuclear matrix elements arising in the weak interaction (we neglect
pseudo scalar and weak magnetic terms) are the sgme as those in electro-
excitation.l B. A. Lamers, R. D. Graves and H. Uberall, in a paper submitted
to this conference, have developed nuclear multipole matrix elements for 17
levels in Helm model parameters by fitting electroexcitation data. Using
these parameters we calculate neutrino and antineutrino angular distributions
and total cross sections for both muons and electrons. Total cross sections
for the neutrino-electron reaction at low energy are shown for the levels
diagramed.

This work was supported in part by the National Science Foundation.
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*Now at Hughes Aircraft Co., Culver City, Cal. 90250

t+Also at Naval Research Laboratory, Washington, D.C. 20375

l?. ﬂbirall, B. A, Lamers, J. B. Langworthy and F.J. Kelly, Phys. Rev. C6, 1911
1972).
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BETA-DECAY ASYMMETRIES IN POLARIZED !2B AND !2N, V.B.6
AND THE G-PARITY NONCONSERVING WEAK INTERACTION

K. Sugimoto, I. Tanihata, and J. G8ring
Faculty of Science, Osaka University, Toyonaka, Osaka 560, Japan

In order to investigate a possible effect due to the second-class currentll
the ener%y dependence of B-ray asymmetry has been measured for the polarized
128 gnd 12N decays (IT,T,T,; 1%,1,F1 ~0%,0,0). The asymmetry is expressed as?’

A = {w(o) -w(m)}/{w(0) +w(m)} = Fr(p/E){1 +o-(1 -a)E}, and
agz +(2/3){(up-un)/(2M[£4]|) +(1/2M4) ~frl,

where P,A,E,p,M and up—un=h.7 are the nuclear polarization and alignment, the
electron energy and momentum, and the nucleon mass and transition magnetic mo-
ment, respectively. The upper sign refers to 12B, and the lower sign to 12y,
The form factors fj and fp are of the axial vector and unknown induced-~tensor.

Polarized !2B and !2N were produced through ''B(d,p)!?B and '°B(*He,n)!?N
reactions, respective1y3z The recoil muclei were implanted, through a collima-
tor, into a thin Al foil. The nuclear polarization (P=13% for 12, p=25% for
12N) were preserved by applying a static field Ho=2.2KG. The activities were
periodically produced and B rays, emitted from the recoil stopper, were de-
tected by two counter telescopes located each side of the polarization at beam-
off periods. At every other periods, the polarization was reversed by use of
the adiavatic-fast-passage method in NMR. Energy spectra of B rays from both
counters were accumulated for both polarization directions.

The normelized asymmetries QC(E) after necessary corrections are shown in
Fig.l, where @(E) =&(E)/&A and & is the energy average asymmetry. From an
aditional experiment, the nuclear alignments A were determined to be a(12B)=
+(0.03 +0.02) and A('2N)= *(0.03 %0.03).

The coefficients o were obtained to be

a_(12B)= +(0.31 +0.06)%/MeV, and o,(!?N)= -(0.21 +0.07)%/MeV.

The theoretical predictions to ox, without the second-class current, are
ofVCx +0.10%/MeV and aEVC: -0.17%/MeV. The prediction due to the weak magnet-
ism is symmetric between a pair of mirror B decays, and can be compaired with
the present result in an amount (a_ -04); (@ -o4)gye™ 0.27%/MeV and
(o —a+)exp= (0.52 £0.09)%/MeV. The experimental value is considerably larger

than the predicted value, and in favor
of the existence of the induced-tensor
current of which form factor may well be
comparable to the weak-magnetism term.

3

=2 4. %++(0.3120.06) %/MeV 13 g  Weinberg, Phys.Rev.112(1958)1375.
co.”.e 8 o 2 2) S. Nakamura, et al., Progr.Theoret.
- 5, 8 10, 12 1L 18 Phys.18(1972)1899; M. Morita and
4 E(Mev) I. Tanihata, to be published.
— -#"u_ dom(O. 1 3) K. Sugimoto, et al., J.Phys.Soc.Japan
13 Jred »17(0-21£0.07) *%/Mev 25(1968)1258; T. Minamisono, ibid.,
%g 2 Suppl.34(1973)32k.
12N(B*)




V.B.7

*x
TESTS FOR NEUTRINO HELICITY-FLIP IN ELASTIC vu-laand vp-eaSCATTERING

E. Fischbach, J. T. Gruenwald, S. P. Rosen, and H. Spivack
Purdue University, West Lafayette, In. 47907
and
Boris Kayser
National Science Foundation, Washington, D. C. 20550

ABSTRACT

The processes vy, P+ v pand ye = ye (and the corresponding anti-
neutrino processeg?'are analyzed assuming the mosc general scalar
(S), pseudoscalar (P), vector (V), axial-vector (A), and tensor (T)
couplings. For v,P scattering it is shown that measuremeinits of the
average momentum transfer {(t) and the final proton polarization

can be used to discriminate between the neutrino helicity-preserving
V,A couplings and the helicity-flipping S, P, T coupling§. Further-
more, for the V,A couplings themselves, measurements of P and (t)
can be used to establish whether or not the current is of the form
suggested by gauge theories. For y e scattering the same questions
can be probed by measuring the average energy (E’) of the scattered
electron. Detailed numerical results are given for v p, v, e and
also for y.e elastic scattering for a number of different experimen-
tal setups. Several new experiments are suggested which could be
done at LAMPF.

*
Work supported in part by the United States Energy Research and
Development Administration.
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Charge Asymmetry by Isotensor Currents V.B.8

Sadataka FURUL
Institute of Physics
University of Tokyo, Komaba
Meguro~ku, Tokyo 153, Japan

The isospin symmetry of the transition from a nucleon N to an isobar A by
electro~-magnetic or weak currents was discussed by several authors [1,2].

The current algebra predicts that the current is iso-vector and has the odd
property under the mirror operation U = exp(—lnI ) in the isospin space.

The strangeness conserving weak current is 1so—vector but it could include
the part with the even property under the mirror operation, which is known
as the second class current contribution [3]. One can naturally ask whether
weak and also electro-magnetic current between the I = 1/2 nucleon and the

= 3/2 isobar could include the iso-tensor part which has the even property
under the operation U [4].

Charge symmetry violating of the nucleon-nucleon potential is thought to be
due to electro-magnetic currents, and one can consider the isotensor current
effect in the long range potential by the my-exchange mechanisme. By the
interference of the two iso-vector photo-production vertices one obtains the
charge-independence violating potential and if there exists a mixing of the
iso-tensor part in the non-Born part of the 'iso-vector' vertex, the inter-
ference can introduce the charge symmetry violating potential.

A simple static model calculation using the zero-width Chew-Low's photo-
production amplitudes extrapolated to the soft-pion limit as the vertices
shows that the admixture of the iso-~tensor part of the order of 10% is non
negligible for the charge asymmetry of the nucleon-nucleon potential of 'S,
states [5].

The 7T y-exchange spherical charge symmetry v1olat1ng potential is written
in Figure 1. We assumed £2V,*(s=u=M?, t=0) /V'(z(s—u—M2 t=0) = 0.1, where the
bar indicates the non-Born part. The
n¥y-exchange spin-spin charge independ- ieev
ence violating potential with the Kroll-
Ruderman term as the vertices is written
as a comparison. Here we cut off the t

50
integration at tmax’=(2mn)2° A prelim-
inary calculation of the scattering
length with the Reid potential as the
reference shows that;
0.14 fm for =(2m_)?
|6a] = { max Ml geon s

0.45 fm for =(3m )2.
thax - (6]

0.27 fm for =(2m )2
{ tmax™(4m £=0.2

- 2
0.88 fm for tmax_(3mw) .

References;
[1] A.I. Sanda and G. Shaw, Phys, Rev. D3, 243 (1971)

[2] R.J. Oakes and H. Primakoff, Phys. Rev. D7, 275 (1973).

[3] N. Cabibbo, Particle Symmetries (Gordon and Breach 1965) p.l.
[4] M. Chemtob and S. Furui, Nucl. Phys. A233, 435 (1974).

[5] S. Furui (to be published).

[6] The computer code of Dr. Chemtob was used for this calculation.
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V.B.9

Energy Dependence of Beta-Ray Asymmetries
and Second Class Current

H. Ohtsubo, K. Kubodera and Y. Horikawa''
Department of Physics, Osaka University, Toyonaka, Osaka, Japan
epartment of Physics, University of Tokyo, Bunkyoku, Tokyo, Japan

The energy dependence of B-ray asymmetry, known to be important
to check the possible existence of second-class currents [1], has
recently been measured for'’B and N decays[2]. We have performed a
nuclear model independent analysis of this experiment and obtained
the conclusion that the experiment indicates the existence of the
second-class current whose magnitude is comparable to that of the
weak-magnetism: In the elementary particle treatment, the relevant
matrix elements of vector and axial-vector currents are written as
<P : ot 'V, (0)I'B; 11 s = zs)\QOquQOE;K(fm+ f‘m)/2M and
<P :0 \Ax(o)lp 1> = i8,f, - 9 la & )(f‘” 52 )/2M for g%,

where f —f + fmi Q=F; -Er , Q=F; +Fr, M and Eﬁ being nuclear mass and

Spin—one polarizatlon vector. The indices 2 denote the first- and
second-class current, respectively. (The pseudo—scalar term given by
PCAC can be safely neglected here.) Dropping f based upon CVC, we

obtain the following expression for the B-ray asymmetry coefficient;

A= F(a-B) (pe/E ) (1+44) + E, J=+(a-B)[1 + « E ] for B+,

+
)
where a. = 2y[+(fy - f) - fm]/f'A and 4 = -E (max)x(fy ¥ )15,
Here o,B and ¥y are populations of the states w1th J = +1,~1 and O,
respectlvely. The Osaka experiment gives(a_ - a)= (0 52 + 0. 09)x

107 /MeV for vy = 0.33. Therefore we obtain
€2y, (1), (N =2

fT/f“1 E(a -a )+ f‘M/f‘A = -(0.17 * 0.08)x10 /MeV
in the approximation f, = fut The effect of Coulomb interaction
for the asymmetry is found to be negligible[3]. Thus, the experiment
indicates the existence of the second-class currentﬁ It might be
mentioned here that a microscopic model[kL] gives f&/ﬁh -0.3x10 °/MeV
which is comparable to the experimental value.

[1] C.W.Kim, Phys. Lett. 34B(1971)38k4; B.Holstein,Phys. Rev.clk(1971)
T40; J.Delorme and M.Rho, Nucl. Phys. _3_1;(1971)317

[2] K.Sugimoto,I.Tanihata and J.Goring, to be published.

[3] M.Morita, Nucl.Phys. 14(1959)106; Phys. Rev. 113(1959)158k.

[4] K.Kubodera, J.Delorme and M.Rho, Nucl.Phys. B66(1973)253.
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V.B.10
Parity Violating Asymmetry in n + p > d + vy and the Isospin Structure of the
*
AS = 0 Nonleptonic Weak Interactions B. A. CRAVER, T ¥

%

Y. E. KIM and A. TUBIS,
%

Purdue University, W. Lafayaette, In. 47907, P. HERCZEG, Los Alamos Scientific

Laboratory, and P. SINGER, Technion-Israel Institute of Technology, Haifa,

Israel.

In addition to the recently observed photon circular polarization for
unpolarized thermal neutrons, a parity violating effect of interest in the
n+p-=+d+ Yy reaction is the asymmetry o in the photon angular distribu-
tion with respect to an initial neutron polarization.

We calculate o , using a two-nucleon strong interaction given by the
Reid soft-core potential and several of its phase equivalents.1 The calcula-
tions, which are exact with respect to the strong interaction, are facilitated
by the use of Green's function techniques. The asymmetry can be decomposed as
o =0 + o1, where 0o and oy are, respectively, due to the isoscalar
and isovector parts of the weak interaction. The mixing of opposite
parity states in the initial n-p and the deuteron states contributes only to
op in the impulse approximation. Nonvanishing contributions to Qo arise
from exchange-current terms,’ which could be important in models of the weak
interactions, such as the Cabibbo theory, where the isovector weak coupling is
much smaller than the isoscalar omne.

As preliminary results, we obtain, using the parity violating potential
described in Ref. 3,alk5X10"9 for the Cabibbo theory, and al§5x10"8 for
theories in which the isovector coupling is larger by an order of magnitude.
In both cases, 0o ~4x10~10 or 2x10™7 , depending on whether the weak matrix
elements are calculated in the factorization approximation or taken to be
about six times larger, as suggested by another estimate.’ As a consequence,
observation of o at the level of 10™° would represent evidence for the
existence of a AS = 0 , AL = 1 nonleptonic weak interaction only as long as
the factorization approximation gives the correct order of magnitude for the
weak matrix elements involved in 0o . Detailed results will be discussed.

*
Supported by the U. S. Energy Research and Development Administration.
+Supported by the U. S. National Science Foundation.

1. J. P. Vary, Phys. Rev. C 7, 521 (1973).

2. E. M. Henley, Phys. Rev. C 7, 1344 (1973); P. Herczeg and L. Wolfenstein,
Phys. Rev. D 8, 4051 (1973); P. Herczeg and P. Singer, Phys. Rev. D 11,
611 (1975) and references quoted therein.

3. E. Fischbach, D. Tadié and K. Trabert, Phys. Rev. 186, 1688 (1969).

4. B. H. J. McKellar and P. Pick, Phys. Rev. D 6, 2184 (1972).




V.B.11

Pionic effects in the weak axial current for nuclei

J. DELORME, M. ERICSON, A, FIGUREAU and C. THEVENET
Insitut de physique nucléaire de Lyon, Université Claude Bernard
43 bd du 11 novembre 1918, 69621-Villeurbanne. France

We have established the relation between the virtual
pion field in a nucleus and the weak axial current. We have shown
that there is an electromagnetic analog , namely the relation

between the electric field and the displacement field in dielectrics.

We have first derived the Klein-Gordon equation for
the virtual pion field in a nucleus. This equation displays two kinds
of modifications as compared to that for free nucleons: one is the
renormalization of the pion propagator by the interaction with the
nuclear medium, the other is the Lorentz-Lerenz renormalization

of the pionic vertex through short range correlations.

Using P. C. A. C. we have then deduced the expression
for the axial current. The analogy with electromagnetism shows that
the axial current and the gradient of the pion field play the respective
roles of the displacement vector and the electric field. The knowledge
of the pion field thus allows the determination of the axial and pseudo-
scalar coupling constants ga and gp renormalized by the nuclear
effects. We have shown on two solvable models that they can be totally

different from the nuclear matter values.
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V.B.12
DETERMINATION OF THE AXIAL-VECTOR FORM FACTOR

IN THE RADIATIVE DECAY OF THE PION®
A. stetz,t J. Carroll, D. Ortendahl, and V. Perez-Mendez

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

and

G. Igo, N, Chirapatpimol, and M. A. Nasser

Physics Department
University of California
Los Angeles, California

September, 1974

ABSTRACT

The branching ratio for the decay m + evy has been measured in a
counter experiment in which the et was detected in a magnetic spectro-
meter and the gamma-ray in a lead glass hodoscope. From the measured
branching ratio we determine Y, the ratio of the axial-vector to the
vector form factor. The latter is computed usgéngz CVC and T 0, the °
lifetime. Adopting a best value 0.86 x 10716 seconds, we obtain

y=0,15+0.1lory= 22,07 # 0.11. A comparison between the measured

values of Y, and various theories is made.



Double B-decay Nuclear ME for 4803,130Te and 128Te V.B.13
by
J.D. Vergados
Physics Department, University of Pa., Phila., Pa. 19174

ABSTRACT

It is well known that the two lepton mofe of the double B-decay,
if present, would indicate lepton violation. If the double B-de-~
cay is considered as a two-step process one obtains for the two and
four lepton life—gim%s:
(2) 2 1 £
T == 2 G _ 4
1/2 2 ME| Ty /5 [HE)2 o

The kinematic functions fo and £, are well known.,':1 N is the degree
of lepton violation and lMElz is the nuclear matrix element. If the
two modes cannot be distinguished (e.g. in geologic ores), then

2
I S (S 2
T/ ( £y f4) hee| )

in either case in order to determine T from the experimental life-
times one needs to know ‘ME‘Z. Transitions to ground states are con-
sidered.

We have performed shell model calculations of ‘ME‘Z using realis-~
tic interactions in the case of 48Ca, 130Te and 128Te. In the case
of #8Ca the nuclear wave functions were obtained within the 1£7/
shell. For A=130 and 128 the nuclear wave functions were of the form
4105 (p) @ 1Py (V=0 J=0)5 Yg=0¢(p) 9o h}i7, (v=0 J=0) + aldd> where
@i(p), Qf(p) anézwo are two-proton, four-proton a?d.closei—shellzzeu-
tron wave functions, respectively in the orbitals {2d s 18 s s

331/2}_;_ dd> = NA,Y"YBNi> withﬂ, = anti-smetrizZ{'% N =7é%rma1%é§.—
tion, Y= % 03 t+(i) and n=6 and 8 for A=128 and A=130 respectively.
The state |dd> has 88 shell model components and exhausts all the sum
rule. @ was calculated in perturbation theory and was found .015
(A=130) and .019 (A=128).

The results are presented in detail in the table. We simply re-
mark that the energetically allowed transitions exhaust .36%, .02%
and .04% of the sum rule for 48Ca, 1307¢ and 1287e respectively. (The
state ldd> is energetically inaccessible.)

T 2xp) 2
A £ £ 1/2(*%PY |y | M
(vears) (years) (years)
48 1012-6 1018+7 21021‘?9_9_) 1.2x1072 < 4x107%
130 1013+3 10213 | 1021-0 144 4.0x10°
1 - - - -
128 10%°+© 1024+% | 102%-18 174 1.2%10°

(1]

See e.g. H. Primakoff and S.P. Rosen, Reports on Progress in Phy-

sics, vol. XXII, 121 (1939).
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NONCONSERVATION OF MUON NUMBER AND CP NONINVARIANCE V.B.14

SAUL BARSHAY

Centre National de la Recherche Scientifique
Centre de Recherches Nucléaires and Université

Louis Pasteur, Strasbourg, Irance

Abstract

Based upon a possible quark-lepton symmetry, we suggest
that the conservation of muon number may be violated by a matrix element
of the order of the Fermi constant times the CP-violating parameter
times the squared electric charge. We urge a renewed experimental search

T + 4+ - . . . -
for the decay (4~ ——> e~ e e with a branching ratio of about

4 x 10‘9.
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RADIATIVE DECAY m =-e \)e Y V.B.15

F. Scheck and A. Wullschleger
SIN, CH 5234 Villigen, and ETH Zurich

ABSTRACT

We reanalyze the theory of radiative pion decay in the frame-
work of gauge invariance, PCAC and current algebra!’. It has been
put forward, in particular, that this process provided a counter
example to Feynman’s conjecture on the compensation of gradient
and contact terms. A careful application of gaugs invariance
shows that this is in fact incorrect.

We also review some model predictions for the axial form fac-
tor in this decay: Nonrelativistic quark model; current algebra
and vector dominance of the vector and axial-vector propagators.-
The theoretical predictions are not in very good agreement with
the measured value for this form factor, unless a rathsr small
value for the pion radius of the order of <r2?>!4 = 0.5 fm is
accepted. This decay mode calls for further exgerimental investi-
gation.

REFERENCES

') F. Scheck and A. Wullschleger, Nucl. Phys. BB7, 504 (1973)
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V.B.16
ELECTRON POLARIZATION IN POLARIZED MUON DECAY,
RADIATIVE CORRECTIONS

W. E. Fischer and F. Scheck®*, SIN, CH 5234 Villigen
* also at ETH Zurich

ABSTRACT

The experimental determination of the electron polarization
in the decay of polarized muons is of great importance for the
theory of purely leptonic interactions.We calculate the first or-
der radiative corrections to the electron’s longitudinal polari-
zation P,!). We find the surprisingly simple analytical result
for the radiative correction to Py (in p¥ decay)

sP (rad.corr.) _ _a [1-x 2 5-—2x—c0s0(2x+1)
L - B X 3—2x+cos0 (1-2x)

with x = E/Emax’ the reduced electron energy.

This correction is about 1% at x = 0.5, about 1 % at
x = 0.25. Only at very low energies does the correction increase
to 10-14 %.

In conclusion, for x large enough, say x 2 0.1, any size-
able deviation from Pg = *1, which is the expected value on the

basis of the "V-A" coupling, would be a rather clean probe of the
leptonic interactions.

REFERENCES
') W.E. Fischer and F. Scheck, Nucl. Phys. B83, 25 (1974)




V.B.17
SEARCH FOR SECONO CLASS CURRENTS IN THE B-OECAY OF A=12 ISOBARS

M. Steels, L. Grenacs, J. Lehmann, L. Palffy and A. Possoz
Institut de Physique Corpusculaire, Université Catholique de Louvain
Louvain-la-Neuve, Belgium

ABSTRACT

We have measured the nuclear spin-electron correlation in the
12B(1+) » 12C(0*) Gamow-Teller beta-transition. The correlation
coefficient corresponding to the aligmnment of the parent nucleus is
measured as a function of the kinetic energy of the B -particles.
This coefficient is found to be small and its implications on second
class currents are discussed.

INTROOUCTION

For an aligned nucleus the angular distribution of the emitted
B-particles, as given by Oelorme and Rho for a 1* -+ 0% transition 1,
involves the cos2 6 term with the following coefficient

%-AaE = %-A-%% (gA T8y T 2l"|glVl + 2l"IgTJ/gA (1)
where A, E and M are the alignment, the kinetic energy of the elec-
tron and the nucleon mass, respectively ; gp = 1.23 gy, gy 1s the
weak-magnetism term and gy the second class axial-vector coupling
constant. The second forbidden contributions can be taken into
account by introducing a term proportional to (E - E_) in the above
paranthesis 2,3 (E_ is the end-point energy). The aim of the expe-
riment is the dete%mination of the value of the guantity in the
paranthesis of equ. 1., more specificaly at E = EO.

MEASUREMENTS

The oriented nuclei are produced by the 11B[d,p]128 reaction.
The most relevent parameters of the production are ; thickness of
the production 1B target 110 ug/cmz, recoil angle of 12B (recoil
distance) 40 * 5° (100 mm), the recoils are implanted in a
0.8 mg/cm? thick Pd foil. The orientation of the implanted 12B is
maintained by a static magnetic field (B, = 30 G) perpendicular to
the reaction plane. The B -rays from the Pd foil are counted and
analyzed in their energy by two "identical” telescopes, made from
plastic phosphors, located above ("Up” ; 180°) and beloiw (”Oown” ;
0°) the reaction plane on the axis aligned with the Pd foil.
Unoriented 12B nuclel are obtained by the interruption of B, during
1 ms after the implantation ("beam-on”) period of 28 ms and before
the counting period of 36 ms. The counting of B -particles from
oriented/unoriented nuclei is alternated every 280 ms. The present
experiment is done at four deuteron energies : 1.6, 2.0, 2.1 and
2.2 MeV. 1In these production conditions the absolute value of A of
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In-FElastic Interactions O0f 69 GeV/c ProtonsVI'A'1

With BEmulSion Nucleons
OOE.BADAWY,A.A.EL-NAGHY’ Ao H.USBEIN’
N. METTWALLI and M.I. SHERIF,
High Energy Experimental Laboratory
Depattment Of Physics, Faculty Of Science
University O£ Cairo, CATRO -~ EGYPT.

In this paper the resulfsof the study of the inelastic pro-
ton - nucleon interactlons in nuclear emulsions at 69 GeV/c are
presented. A total of 1887 stars were obtained through 768 me-
ters scanned by the along the ftrack method in a search for the
inelastic interactions of protons with nucleons and nuclei of
nuclear emulsions type Br-2 irradiated at the Serpukhov accele-~
rator (USSR) with 69 GeV/c proten beam. I% was found that the
value 0f the mean f£ree path of inelastic infteractions with emul-
sion nucleons and nuclei ( Ai,t. )y is nearly the same for both
protons and pions in the range of energy from about 6,0 up to
300.,0 GeV, At the same time the value of the mean free path can
be compared with fthat calculated from the emulsion composition
and assuming ap N*/3dependence of cross section on atomic weight.

The charged multiplicity distribution of the p-p and p-n in-
teractions in our experiment together with those obtained from
the results of p-p experiments both in hydrogen bubble chambers
and nuclear emulsions were found 4o be consistent with the wangs
fivst model, which reflects the cell structure of the nucleon
in the energy range from 50.0 up to 303,00 GeV,

Results on the energy variation of the fopological cross— .
section, average charged multiplicity { nyrand the two particle
correlation parameter are discussed. The tendency of the ratio
({nyf D where D is the dispersionof the multiplicity dis-
tribu%ion to approach a constant value at high energy is discus-
sed in terms of a two-component model of high energy interactions.

The results of the different moments of the multiplicity dis-
tribution of p-p interactions is discussed to test the KNO. sca=
ling behaviour of cross section.

A comparison of these moments with the predictions of a semi-
classical composite model for p-p collisions at high energies is
found to prefer the construction of a proton out of three quarks,

A study of the rapidity distribution of the emitted secondari-
es considered all %o be pions indicates the coincidence of the di-
stribution of the parametet R(N = - In tan 8 /2 ) at our energy
69 Gev with that at 200 and 300 GeV in the reglon of target frepm-—
entation especialy for slow pions,

The angular distribution of the emitted secondaries was stu-
died in the C.M.S. 0f the two colliding nucleons in case of p-p
and p-n events for different multiplicities.
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VI.A.2
Cehereat Productiom Of Partieles By 69 GeV/¢ Protons
In Nuclear Emulsion
O.E.BADAWY , A.A.E1~-NAGHY , A, HUSSEIN,
N. METTWALI and M.I.SHERIF.
High Energy Experimeatal Laboratory
Department of Fhysics, Faculty of Science
University of Cairo, CAIRO, EGYFT.

This paper deals with an experimemtal study of the multi-
ple particle production through the coherent interaction of
69 GeV/c¢c protons with emulsion muclei. A stack of Br-2 nuclear
emulsion was exposed to 69 GeV/c protons at Surpukhov (USSR).
By along the track scanning methed, 768 meters of proton track
were scanned and 1887 interactions were found., Oubt of this
300 interactions were classified as white stars, (i.e. me.i_niy
due to p-nwcleon interactions).

An over-abundance in the multiplicity distribution of these
white stars was noticed at n h =1 and 3, This over-abundance
is attributed to the coherent production. In the present sna-
lysis we will meinly deal with the three prong coherent events
since they represent vane best sample for the following coherent
processes here: . . o

P+ A—=—DTUW+MmMIT + A
P+ A =~ AwRw4m ° + A
where A is a target nucleus im its greund state and m=0,1,24355¢¢0

Assuming a linear increase in the region of n,,.= 2,3 & 4
in the multiplicity distribution, a rough estimate “of the number
of the threeprong coherent events is obtained. This lead to a
value of mean free path for coherent three prong interaction of
33.39 ': %]..6'19'9 meters with a corresponding cross section S,y =
6420 + 1,74 mb,

1 deep analysis of the parameter Z_ sin ©; (where & is the
space angle of the outgoing particles relativeito the incident
beam direction) for both the clean and dirty events gave a
25 + 6 for the number of three prong coherent events, The
corresponding mean free path is )\ _ zg.72 * 10 meters and
6 oy, = 6-8 + 1.8 b, > -6

A through snalysis was done for the azimuthal angulsr distri-
bution of these three prong events satisfying the coherence kin-
ematical conditions., This distribution belimg inconsistent with
the random isotropic one, reflects the fact of the presence of
coherent sters. A trial was done to separate the number of the
coherent events from those due to normal p-n interactions., A
number of 24 three prong stars was obtained as being due to
coherent interactions, The corresponding mean free path is
}\5 = 32.0 meters and the cross section 186 = 6.47 mb.

The cross section of the three prong coherent interactions
of protons with nuclei was found to increase linearly with the
incident energz E_.. This energy dependence of the cross section
is compared with P the optical model calculations, and with the
behaviour of the coherent cross section in case of 7= nucleus
interactions.




VI.A.3

Nuclear interactions of 200 and 300 GeV protons in emulsion.

Barcelona-Batavia-Belgrade-Bucharest-Lund-Montreal-Nancy-Ottawa
-Paris-Rome-Strasbourg-Valencia collaboration
(sent by I. Otterlund, Lund).

Ne have studied interactions in stacks of Ilford K5 emulsions
irradiated to the FNAL 200 GeV and 300 GeV proton beam in 1972
and 1973. At the conference we will present results on the mul-
tiplicities of shower particles and heavy prong particles, on
the correlations between shower particles and heavy prong par-
ticles, on the energy transfer between the incoming proton and
the fast secondaries produced in the interactions and on single
particle inclusive angular distributions.

7 T | — T | E— T T Fig. 1 shows dif—
100~ % 1 ferential n_-dist-
- 200 GaV ) ributions at 200

@™
o

—— 300 GeV ﬂ and 300 GeV.

Fig. 2 shows the
J correlations bet-
ween <Nh> and

-]
o

NUMBER OF EVENTS
~
)

-1
R = ns(<nch>)

20

T T —T T T T N ™
5 10 15 20 25 30 35 40 I3 50
NUMBER OF SHOWER PARTICLES .n,

30 " , ; open circles this investiga-
tion, full circles Alma-Ata-

sl 200 Gev 4 -Leningrad-Moscow-Tashkent
collaboration, prenrint 1974
n. = number of shower par-

s ticles (fast moving se-

condaries with veloci-
ties exceeding 0.7c).
N, = number of heavy prong
particles (heavily-io-
nizing slow moving par-
ticles with velocities
below 0.7c, mainly
fragment products of
2 3 ¢ the target). <n_,> =
Remal Snan> = mean multinlicity in
PP interactions.

For small values of R there is no evident correlation to the
heavy prong multiplicity. We interpret this as a sign of
single collision events of diffractive or peripheral character.
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VI.A.4

A phenomenological model for high energy proton-nucleus
interactions.

and I. Otterlund®®

B. Andersson®
8 TH-Dpiv., CERN, Switzerland

mnDept. of Cosmic High Energy Physics, Univ.of Lund,Lund,Sweden.

We have developed a phenomenological model for high energy pro-
ton-nucleus interactions. In this model we describe multipli-
city distributions of shower particles and heavy prong partic-
les as a convolution of a leading particle contribution (LP-com-
ponent, index 0) and one (equal and independent) contribution

(index 1) from
proton and the
city of shower
tions from the

each of the repeated collisions of the impinging

nucleons inside the nucleus.
then results as a sum of contribu-

particles n
i, n

LP-componen

n

o’

The total multipli-
and from the RC-components, n

+ n

g = D * nl(v—l) = n,

Differential ns—distributions are given by the formulas:

P (ng) = Im(v) P (ng,v); m(v) = the probability distribution
s . co
v for v incoherent collisions.

= negative binomial distr.

P (ng,v) = ] P_(n.) P(n,v); P (n,)

N +n=n_
P(n,v) =) Pl(nz)——— Pl(nv); Pl(ni) = Poisson distr.
n_+ -- + n =n

2

In Fig. 1 we compare the experimental shower particle distribu-

tion at 200 GeV (ref. 1-3) with two distributions predicted

from the model. The dotted curve is valid for n_ = 7.68,

n = 3,0 (the Gottfried EFC-model) and the solid®curve for

n! = 9.3 and n = 2.3. The experimental distribution is compa-

tfble with a né value larger than the mean multiplicity in

pp collisions at the same energy.

1. Barcelona-Batavia-Belgrade-
Bucharest-Lund-Lyons-Montreal-
-Nancy-Ottawa-Paris-Rome-
-Strasbourg-Valencia collabo-

T T T T

300~ ' 200 GeV

Il \
I, ——Tye 93,7023 - = . .
; - == - Rae 2685030 ration, private communications.
ol \ o=32mb . 2. Babecki et al. private commu-
! \ nications.
3. Alma-Ata-Leningrad-Moscow-

-Tashkent collaboration,
preprint 1974.

1
30 3s 10

1 ] i L 1
$ 10 1$ 20 k3

NUMBER OF SHOWER PARTILES.n,
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VI.A.S

Search for Ultra-high Momentum Transfer
Scattering of Protons by Nuclei

L.M. Lederman, and L.E. Price

Columbia University, New York, N.Y.

A search has been made for high momentum nuclei or
nuclear fragments produced by a proton beam on a nuclear
target. Copper and tungsten targets have been used in
300 and 400 GeV/c beams at Fermilab. The recoil nuclei
are detected in dielectric track detectors made of
synthetic fused silica. The insensitivity of these
detectors to lightly ionizing particles makes it possible
to use a very large flux of protons while looking for
small numbers of recoil nuclei. The experiment is

sensitive to momentum transfers up to 300 GeV/c.
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CHARGED AND NEUTRAL PION PRODUCTION IN 7 Ne '1+A:6
COLLISIONS AT 200 GeV/c *

J. S. Loos, J. R. Elliott, L. R. Fortney, A. T. Goshaw,
J. W. Lamsa, W. J. Robertson, W. D. Walker, and W. M. Yeager
Department of Physics, Duke University, Durham, N. C. 27706

ABSTRACT

Production of charged and neutral pions in m Ne collisions
have been studied in an exposure of the FNAL 30-inch bubble chamber
filled with a mixture of Ne (~30 molar percent) and H2 (~ 70 molar
percent). Charged and neutral pion multiplicities are presented and
compared both to mNe collisions near 10 GeV/c and to wp collisions
near 200 GeV/c. Except for the coherent w Ne diffractive processes,
the same KNO scaling is found to apply to both w Ne and wp collisions.
Preliminary measurements for the charged pion rapidity distributions
will also be presented. The data support and the ""energy flux'' cas-
cade models but disagree with the 'independent cascade' models.

* This work supported in part by ERDA, Grant AT-(40-1)-3065.



VI.A.7
+ -
A STUDY OF 10.5 GeV/c w AND 7w~ WITH NEON NUCLEI *

W. D. Walker, J. R. Elliott, L.. R. Fortney, A. T. Goshaw,
J. W. Lamsa, J. S. Loos, W. J. Robertson, W. M. Yeager
Department of Physics, Duke University, Durham, N. C. 27706

C. R. Sun and S. Dhar
Department of Physics, State University of New York, Albany 12222

ABSTRACT

We report work done in the SLAC 82' bubble chamber filled
with a Ne-Hy mixture. Distributions of 7~ coming from the interac-
tion of 10.5 GeV/c n~ with neon nuclei will be presented. Using the
fact that neon is an I = 0 nucleus, we extract the momentum, rapidity,
etc. distributions of both signs of v's. We have measured the spec-
trum of protons from these interactions up to 3.5 GeV/c. Gammas
are detected in the chamber with a 25 % probability. From the
measurements of the momenta of the pairs, we determine the momen-
tum and rapidity distribution of w°'s. By using the momentum distri-
bution of the charged and neutral w's that are produced, we are able
to make an energy balance on the m-Ne interactions. This analysis
indicates the production of some multi-BeV neutrons.

* This work supported in part by ERDA, Grant AT-(40-1)-3065.
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VI.A.8
p - “He ELASTIC SCATTERING AT 24 GeV/c

J. Berthot, G. Douhet, J. Gardés, L. Méritet, M. Querrou, A. Tétefort
and F. Vazeille

Laboratoire de Physique Corpusculaire, Université de Clermont, BP 45,
63170 AUBIERE (France)

and

J.P. Burq, M. Chemarin, M. Chevallier, B. I11e, M. Lambert and J.P. Marin
Institut de Physique Nucléaire, Université Claude-Bernard, 43, bd du
11 novembre 1918, 69621 VILLEURBANNE (France)

and

J.P. Gerber and C. Voltolini
Centre de Recherches Nucléaires, Université Louis-Pasteur, Laboratoire
de Physique Corpusculaire, Rue du Loess, 67037 STRASBOURG Cédex (France)

This experiment was using an intense extracted proton beam at CERN
and a gazeous Heljum target. A1l information is obtained from the analysis
(identification, energy, angle) of the recoiling nucleus, 3He and “He, by
means of a telescope of four large area AE - E semiconductor detectors.

The elastic data (about 75 000 events for p + “He - p + “He) cover the
t-range from 0.03 to 0.72 (GeV/c)?, corresponding to six orders of magnitude
for the cross section. The presence of a minimum and a secondary maximum
allows to check the Glauber model or other approximations.




VI.A.9

Two-step analysis of nuclear coherent 3w production in the JP=0— state

Per Osland, Universitetet i Trondheim, Trondheim, Norway

Multiple pion production on nuclear targets has been extensively studied
in the last few years, one aim being to get information on how the new-born
multipion state propagates through nuclear matter. The conventional analysis
gives the result that o[(37) N] = o(nwN) for masses of the produced system being
in the region of the A1, whereas it is considerably smaller for higher masses
( the A, region), and also smaller for 5w systems1). It was recently shownz)
that these cross sections might all be roughly equal, if one allows for inter-
ference between one~ and two-step processes, e.g. TN + AN interfering with
TN -+ A1N, followed by A1N' -+ A3N'. This result supports the idea that the final
state does not develop until after the incident -~ now excited - pion has left
the nucleus.

The 3w data has now been partial-wave analyzeda), and it appears that in
the conventional analysis the JP=0— state has a much larger cross section than
the dominant 17 (A,) state, o[(3m) -~ N] = 50 mb. We have analyzed this 0~
production in terms of interference between a direct production wN =+ (3ﬂ)0_ N
and the two-step contribution =N + (3w),; N followed by (3m) 4 N' » (3ﬂ)0_ N'.
The 1* state is assumed to be the dominant intermediary state, since it has the
same naturality, and is very strongly produced. We further assume that the 1t
state has the same mass as the final 0 state.

With all cross sections equal, o[(3v)0_ Nl = o[(3n)1+ N}l = o(wN) = 25 mb,
we have tried to fit the observed A-dependence by varying the amplitude ratio

f{r » (3n)1+} f{(3v)1+ -+ (3n)0—}
R =

£{m » (3")0"} felastic

The best fit is obtained for a rather
I large positive R, but no satisfactory
agreement with the experimentai

results seems possible (see figure).
This indicates that at the present
energies, the 0  state does develop
inside the nucleus, contrary to the
1* and 2~ states.

o Ocoh (mb)

Dashed curve: R
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1) P. Mihlemann et al, Nucl. Phys. BS59 (1973) 106.
2) G. Fdldt and P. Osland, Nucl. Phys. B87 (1975) uus,
3) W. Beusch et al, Phys. Letters 55B (i975) 97.
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VI.A.10
MINITE ENERGY CORRECTIONS AND MULTIPLICITY FLUCTUATIONS IN GOTTFRIED'S
MODEL OF HADRON NUCLEUS INTERACTIONS

Bo Andersson
Theory Division, CERN and
Dept Theoreticla Physics, LUND, Sweden

AppreciabBle corrections in the Serphukov-llAL-energy range are found
in the model prposed by Gottfried. The reasons are partly that some
parameters take on corrected values when corteibytions of the order
unity cannot be neglected as compared to log('s/m”). Rowever one cor=
rection has to do with the interpretation in experiments of the
predictions: the recoiling nucleon from an elementary colljission will
in general be cxperimentally classified among the heavy-prong part-—
icles and not among the showerparticles., The size 4f the contrihu-
tions from the repected collisions beween the impinging proton and
the nucleons inside the nucleus ic in the model. related to the out-
come of fowenergetic meson-nuclzon collisions

The resulting mcan charged multiplicizy is for 200 gev proton energy
for each such contribution around 3. Therefore the neglect of the
recoil nucleon is very noticable causing corrections of the order

o
30;0 o

In particular the parameter ) in Goit.fried’'s formula

Ry=a+ ?C\)*-i)

willbecome considerably smaller, Y)N.28=.2% in the above-mentioned
energy range. It will only rise to 1/3 for very high energies.

Here is the ratio beween the mean showerparticle rultplicity for
proton nucleus collisionc ( nuclear massnumber A) and the correspon—
ding charged multiplicity at pp collisions of the same energy.
Further is the mean number of collisions as computed from a CGlau-
ber rmltinle seattering formula. The pzramoter ® corresponds to

the "leading particle "contribution and is in Gotifried's modeleled .

There are in present experimental detza indications that d“”-z and
that the value value of 9 Ziven above is quite close.

There is an appreciable broadening of the multplicity distribution
due to the relative sensitivity of the results to some of the in-
golng parameters, in particular to the Teynman veriable x of the
leading particle. This quantity is related to the inelasticity and
from proton proton collisions we Xxnow that it exhibits essentially
a flat distribution( neglecting diffraction),

%ggetggmag¥%f%{gdmﬁgfiggnghgrgégg&%g}tles with relativistic invariance



EXCITATION OF THE 15.1 MEV LEVEL OF CARBON BY BEV PROTONS AND PIONS.VI'A'11
Authors:l D. Scipione, W. Mehlhop, O. Piccioni, P. Bowles, P, Caldwell, J.
Sebek, R. Garland, B. Babcock, I, Kostoulas

In the course of a prOfram of using nuclear levels to label final states
of high energy interactions™ we have measured_the cross section for the
excitation of the 15.1 Mev level of Carbon (JP, 1= 1+,1) by BeV protons, and
have observed an upper limit for the excitation by BeV pions. Near-elastic
(without production of secondaries) excitation by protons exhibits a very
marked decrease with increasing incident momentum, namely from 183120 microbarns
at .68 BeV/c to an upper limit of 20 microbarns at 2.0 BeV/c. It is known
that excitation of C (15.1) requires flipping of .both mechanical and isotopic
spin of a nucleon. On the other hand, the symnmetry between proton and
neutron states in C, with the consequent symmetryof states with Iz =+ %. - %
resp. would produce zero amplitude when the incoming protons interact with
equal strength with neutrons and protons. As this is the case at 2.0 BeV/c
and not at .68, a qualitative explanation in these terms seems reasonable,

An adequate theoretical analysis (we know only of the work of Kawai et al

at 180 Mev kinetic energy) of our data should yield quantitative information
on the degree of symmetry of the nucleonic wave functions in €, as well as
on the importance of second order effects such as multiple scatterings of
the incoming protons within the nucleus.

In contrast, for C (4.4) we reported beforel a flat momentum dependence
for the excitation cross section, both for protons (3.2 mbarns) and for pions
(1.8 mbarns) up to 4 BeV/c. Of course for the C (4.4) level no flipping is
expected to be involved, as confirmed by the observed recoil-gamma
correlation, and diffraction scattering should be sharply preferred.

We find an upper limit of about 5 microbarns for C (15.1) excitation by
3 to 4 BeV pions. This is also consistent with the near equality of pion-
proton and pion-neutron interaction. In particular, C (15.1) should not be
expected to be excited by interactions mediated by a rho or by a neutral
pion, because of the internal.structure of C, though "macroscopically"
the quantum numbers of the transition J*, I = 1+,1 fully allow such
exchanges. The prohibition of pion or rho exchanges, if adequately strong,
might of course be in itself a very useful tool for labeling high energy

interactions.

D. Scipione, W. Mehlhop, R. Garland, O. Piccioni, P. Kirk, P. Bowles, J. Sebek,
S. Murty, H, Kobrak, J. Marraffino and P. Allen, Phys. Lett. 42B, 489, (1972)

G. Ascoli, T.J. Chapin, R. Cutler, L.E. Holloway, L.J. Koester, U.E. Kruse, L.
J. Nodulman, T. Roberts, J. Tortora, B. Weinstein, and R.J. Wojslaw, Phys. Rev.
Lett. 31, 795, (1973)

G. Ascoli, T. Chapin, L. Holloway, L. Koester, W. Kruse, L. Nodulman, and
R. Wojslaw in Proceedings of the Fifth International Conference on High Energy
Physics and Nuclear Structure, Uppsala, Tibel, Ed., North Holland (1973) p. 147.

W. Mehlhop, D. Scipione, 0. Piccioni, P. Caldwell, J. Sebek, R. Garland, B.
Babcock, P. Bowles, and I. Kostoulas, presented at the Topical Meeting om High
Energy Collisions Involving Nuclei, Trieste, (1974) (to be published).

L, Koester, et al., presented at the Topical Meeting on High Energy Collisions
Involving Nuclei, Trieste, (1974) (to be published)
2y, Kawai, T. Terasawa, and K. Izumo, Prog. Theor. Phys. 27, 404, (1962)
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STRIPPING AND DISSOCIATION OF 6 BeV DEUTERONS AND TAGGED NEUTRON BEAMS\.,I'A'12

Authors: P. Bowles, C. Leemann, W. Mehlhep, H. Grunder, O. Piccioni,
R. Thomas, D. Scipione, R. Garland and J. Sebek 1
Short, preliminary reports of this work at LBL (Bevatron) have appeared .

We have now completed the computation of various corrections and of the
expected values for some of the experimental data, on the basis of a simple
model. Deuterons of 5.85 BeV/c passed through a target of various elements,
at various times. Protons from the target were focused and momentum analyzed.
Neutrons were detected at the end of a 383 foot pipe, within 3 10 = steradian,
and their momentum was measured by their time-of-flight. The neutron
momentum spectrum showed an outstanding peak at half the deuteron momentum;
the forward differential cross sectg ns (Table) for neutron stripping

were found to be proportional 5o A’ (other workers at lower energies have
obtained a similar dependence “). The momentum spread was ¥ 3.8% (HWHM)
with the Be target and T 3.3% with U. The proton momentum spectrum was
similarly narrower for U than for Be. The smaller width§3in U as well as
the steepness of the A dependence, which is more than A"~~ which we would
expect from a strong interaction phenomenon, are probably due to the
importance of Coulomb dissociation for heavy elements.

We have also ''tagged' the neutrons on the basis of their coincidence

with protons. The proton counter, half-inch wide, selected protons within

a momentum spread,of - .35%, and the tagged neutrons were observed to have a
spread less than =~ .7%, probably all due to experimental error. The actual
spread is expected to be just equal to that of the proton detector. The A
dependence of ggis process, (Table) after correcting for our protoun solid
angle, is A ~° Thus, the Coulomb field is clearly a major contributor.
In fact, using the Weizsacker-Williams method and distinguishing the
differenf 9uc1ear absorptions for different impact parameters, we would
expect A” "', indicating that for Uranium, only 6% of the tagged neutrons are
produced by non- Coulgmb interactions (§6% for Be). M.L. Richardson and L.
T. Kerth; Meyer; Faldt™ and Lander et al”™ have also pointed out that Coulomb
dissociation is expected to dominate for U. We also observed that about 45%
of the high energy neutrons produced by U are accompanied by a tagging procton.
Thus, we estimate that with a proton channel of larger, yet feasible,
efficiency, 10  tagged neutrons per second could be obtained in 3 X 3_square
inches, at 30 feet from a 1/8 inches U target, accompanigd by 1.75 10
untagged neutrons. The proton counters would count 5 10 protons. &% of
the "tagged' neutrons will be accidental coincidences between the neutron
and proton channels, assuming a resolution of 4 nsec. Less intensity
results in less accidentals. At BNL, for the same flux,

accidentals will be 27%. It is important to note that obtaining

neutron beams from protons at these high energies is very disadvantageous
because of the rapid decrease of the charge exchange cross section.

TARGET Be + C+ A Cg Pb + +U
do (0) (b/sr) 109.8-2.1 115.8-3.2 170.1-3.8 295-8.2 505.2-14.7 579-16.
dQ? untagged
dg (0) (b/sr)  1.7% .7 8.9¥1.6 40.0%3.5 174. %12,
fQ tagged

CERN Courier 12, No. 5 (1972); C. Leemann, et al, Int. Conf. on Inst., 731
£Frascati, Italy,1973); P. Bowles et al, Bul. of the A.P.S. 17, 1188 (1972).
R.L. Lander et al P.R. 137, B1228 (1965); L.M.C. Dutton et al, Nucl.Ph.Al78
%88 (1972); G. Bizard et al, Nucl.Inst. and Meth. 111, 445 (1973).

G. Faldt, P.R. D2, 846 (1970); L.T.Richardson, Bul. of the A.P.S. 18, 1605
(1973); W.T. Meyer, Arg.Nat.Lab. Report ANL/HEP 7441 (1974).



VI.A.13
Alexeev GeDe, Zaitsev A.M., Kalinina N.A., Kruglov V.V.,

Kuznetsov VeNe, Kulikov Ae.Ve, Kuptsov A.V., Nemenov Lel.,
Pontecorvo BeMes, Khazins DeM., Churin I.N.

Joint Institute for Nuclear Research, Dubna, USSR

SEARCH FOR DELAYED HIGH ENERGY RADIATION
FROM PB TARGET IRRADIATED BY 45 GeV PROTONS

Search has been performed for delayed gamma-quantum or
electron radiation which can appear in the decay of hypothetical
long—~-lived particles produced in collisions of 45 GeV protons
with Pb nuclei. The lifetime region from O.1 sec to a day has
been investigated. The delayed radiation effect was not observed.
The values of the upper limit of the cross section for quasiradio-
active nucleus production were obtained to be of the order of

10~34 om? for Pb nucleuse.
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VI.B.1

Inelastic Interactions of 17 GeV/c d\ Particles
with Nuclei

Dubna-Moscow-Leningrad-Koshice_Tashkent-Warsaw
Collaboration

presented by E. Skrzypczak /University of Warsaw/

A sample of 5056 inelastic interactions of relativistic
d - particles /17 GeV/c / with nuclei was analysed with the
emulsion techniques. Two kinds of emulsion were used /one with
a standard atomic composition and another one with an increa-
sed amount of light nuclei/, which made it possible to obtain
cross-sections, multiplicity and angular characteristics
separately for heavy /Ag, Br/ and light /C, N, O / target
nuclei. These characteristics are analysed and discussed in
detail.

Stripping and fragmentation reactions were selected out of
the sample of Iinteractions for which at least one particle
with Z = 1 or Z = 2 was emitted at a small angle /< 3° / with
respect to the primary particle direction.

The cross section for proton - stripping reaction was
obtained and the relative frequencies of inclusive reactions
4He + Nucleus>> (4He,5He,5H,2H,1H) + anything were estimated
for the standard emulsion nuclei as g targets
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VI.B.2
ANALYSIS OF QUASI-ELASTIC KNOCKOUT OF ALPHA PARTICLES

FROM 160 AND 285i BY 0.65 AND 0.85 GeV ALPHA PARTICLES

N. Chirapatpimol, J.C. Fong, M.M.Gazzaly, G.J. Igo, A.D. Liberman,
S.L. Verbeck, C.A. Whitten,
University of California, Los Angeles

J. Arvieux, V. Perez-Mendez,
Lawrence Berkeley Laboratory,

M. Matoba
Centre d'Etudes Nucléaires de Saclay .

and N. Chant, P. Roos
University of Maryland

An analysis is in progress of quasi-elastic data taken in a coplanar geome-
try with angular settings (61,62) for the two arms of the detection system of
(31°, 57°), (36°, 51°) and (43.5°,43.5°). The acceptances of the two arms are
AR1Y 5 msr and AQ2 % 60 msr. We are using both the plane wave impulse approxi-
mation (PWIA) and the distorted wave impulse approximation (DWIA). The measured
differential cross sections do/dQ were obtained by integrating over AQ), inte-
grating over the momentum spectrum measured by the detector arm at 6,, and by
summing over the excitation energy of the residual nucleus. Experimental re-
suits are : 1) at 0.85 GeV, do/dQ for 160 is 2.5 times larger than for 28gi at
(81, 62) = (36°, 51°); 2) for 160, do/dQ at (43.5°, 43.5°) at 0.65 GeV is
4 times larger than at 0.85 GeV. Using PWIA, do/dQ was calculated making the
assumption that the off-energy shell a-a cross section is equal to the measured
on-shell o-o cross section. This is justified because the measured variation
of a~o scattering as a function of momentum transfer at fixed incident energy,
and as a function of incident energy at fixed momentum transfer is consistent
with a few percent correction resulting from
the use of on-shell a-o cross sections. The ®0la,2a)%¢
wave functions for the {a-cluster + residual PWIA fit with Ny =0.34
core) system was calculated using a square
well potential. A single parameter, Nggg,

oS}

which is the effective number of alpha par- &
ticles, was adjusted to bring the calcula- 204F
tion into best agreement with do/dQ. Good a
fits were obtained for both targets ; the E

results for 160 at 0.85 GeV is shown in the ~ oz2f
figure. The values of Ngeg are 0.34 i8:8

and 0.20 % 8:68 for 160 and 283i respecti-
vely. Fits to do/dQ employing DWIA will be ob—skb 35 25 25
reported. The effect of distor?%d waves is 8, (d00) °
:::izml?ed from analysis of a C elastic Fig. 1 Data and PWIA Analysis

ering at Tq = 104, 139, 147, 166 and for the '%0(a,2a)!%C Reaction at
1370 MeV. A straight line interpolation of 0.85 GeV. T .

the volume integrals, Jr and Jy, for real
and imaginary parts of the potential plotted against Ln T, is consistent with

the optical model analyses of the elastic scattering data. Values of Jg and Jr

for 200 < Ta < 850 MeV are needed in this analysis. In this interval, Jj de-

creases to nearly zero and Jy is constant. Thus except for the lowest energy

alphas observed, the distortive effect is mainly due to attenuation. .




VI.B.3
180-Emulsion Nucleus Interactions at 0.15-0.2 and 2 GeV/n

B. Jakobsson, K. Kristiansson, R. Kullberg, B. Lindkvist
and I. Otterlund.

Department of Physics, University of Lund, Lund, Sweden.

Emulsion stacks were exposed to the '®0O-beam of the Berkeley
Bevatron at 250 MeV/nucleon (Ilford G5) and 2.1 GeV/nucleon
(Ilford K2) in 1972.

So far we have obtained about 1900 events induced by '°0 in
the energy interval 200-150 MeV/nucleon. The purpose of this
investigation is to determine the fragmentation cross sections
of multiply charged fragments at an energy which is one order
of magnitude below the energy in a similar study made at the
Berkeley Bevatron with a magnetic spectrometer. The charge of
a fragment is determined by ghotometric measurements of the
last 3.5 mm of the track. '°0 and '2C tracks from the beam
are used for calibration. Fragmentation cross-sections will
be presented at the conference.

269 interactions have been studied at 2.0 GeV/nucleon. We
have found that C-, N- and O-isotopes as well as He-isotopes
in events with three He-particles (Fig. la) show Gaussian
transverse momentum distributions and thus confirm the results
found by the Heckman-group, Berkeley. On the other hand the
momentum distributions of He-isotopes in reactions with one or
two He-particles deviate conciderably from this picture

(Fig. 1b). He-isotopes with large transverse momenta are emit-
ted. The largest emission angle observed is 13.5° correspon-
ding to a momentum transfer to the He-cluster of about 700
MeV/c per nucleon.

Aexp {-P2120)
o =140 MeVic

Aexp{-P2124°%)
o =140 MeVic

NUMBER OF He NUCLE! PER 20 MeVic per nucleon
L

| 1 1
0 100 200 300 0 S0 100 150

P,.P, Mevic per nuclean l~"“,l~"y MeV/c per nucleon

Fig. 1. Transverse momentum distribution for
He-isotopes emitted from '°0 at 2:GeV/nucleon.

343




344

VI.B.4
PION PRODUCTION IN NUCLEUS-NUCLEUS COLLISIONS*

L. S. Schroeder
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

Current experimental and theoretical work on pion production in high-
energy nucleus-nucleus collisions is reviewed. The majority of existing
data are of the inclusive variety in which a single final state pion is
detected. Experimental data are compared and their possible contributions
to obtaining new information on nuclear structure is discussed. Various
models which attempt to explain the observed single-inclusive-pion spectra
either on the basis of a nucleon-nucleus interaction in which Fermi motion
is included or on some type of cooperative model are examined. Other
areas of interest involving pion production include tests of charge symmetry

and pion multiplicities.

*Work done under the auspices of the U. S. Energy Research and Development

Administration.




VI.B.5
MULTIPLE-DIFFRACTION EXPANSION FOR INTERMEDIATE-ENERGY REACTIONS

C. W. Wong and S. K. Young
Department of Physics, University of California
Los Angeles, California 90024*

’

ABSTRACT

A multiple-diffraction expansion for heavy-ion reactions is
constructed in which the leading term is Glauber's phenomenological
multiple-diffraction amplitude. This is achieved with the help of a
pseudopotential between elementary particles in ions which in the Glauber
approximation gives the empirical elementary scattering amplitude. The
leading corrections to Glauber's phenomenological amplitude include
(i) a wave-spreading term of Wallace, (ii) an internal-excitation term
of Hahn, (iii) a pseudopotential term which contains effects of wave
spreading and zero-point motion of bound particles in ions, and (iv) a
Pauli term for antisymmetrizing two clusters of identical fermions.
Explicit expression for these corrections are given in the impact-
parameter representation. The nature of these corrections is briefly
discussed. Other corrections which have to be included in realistic
calculations will be mentioned.

* Work supported in part by the National Science Foundation.
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(«,a') SCATTERING ON “2C AT 1.37 GeV VI.B.6

+
T. Bauer, R. Bertini , A. Boudard, G. Bruge,
H. Catz, A. Chaumeaux, H. Duhm??, J.M. Fontaine ,
D. Garetta, V. Layly, J.G. Lugol and R. Schaeffer

CEN Saclay, BP 2, 91190, Gif-sur-Yvette, France. ,

Elastic and inelastic scattering of 1.37 GeV a-particles have been mea-
sured by means of the SPES I magnetic spectrometer facility. The a-particles
wvere accelerated by the synchrotron Saturne. Angular distributions have been
measured in a 3~15° angular range for the ground and the first thrée excited
states in .12C. The energy resolution was 400-700 keV. Calculations have.been
performed in the framework of the Kerman, McManus and Thaler formalism. The
nucleon—-o amplitudes have been calculated from the nucleon-nucleon data at
T = Ty/4 i.e, 350 MeV by means of the Glauber model and checked on the expe-

rimental p- "He data at the same energy.

t CRN Strasbourg (France)
Tt Institut fur Experimental physik Hamburg (Germany).




VI.B.7
Heavy Ion Collisions at ISR Energies: Possibilities for Experimental Study

H. G. Pugh
Department of Physics, University of Maryland, College Park, MD 20742

There has been great excitement generated recently by the development of
heavy-ion beams in the region of 2 GeV/nucleon, particularly at the Bevalac.
At the same time the strikingly original theoretical work of Lee and Wick and
of Chapline, et al. has provided strong motivation for work in this area. It
is the purpose of the present paper to emphasize that heavy ion studies at
much higher energies are a practical possibility for the near future and to
urge that these possibilities be taken seriously in the planning and develop-
ment of new and existing accelerator facilities.

The basic observation is that heavy ion collisions at vastly increased
energies can be obtained using existing intersecting storage ring facilities.
This was suggested as a possibility by Gottfried at the last conference in
this series. Fully-stripped heavy ions in the CERN ISR would provide equiva-
lent energies of about 300 GeV/nucleon and any new storage ring facility at
400 GeV would provide an equivalent energy of about 50,000 GeV/nucleon.
Studies at CERN indicate that injection of deuterons or alpha-particles could
be achieved almost immediately while injection of light ions up to Carbon or
Nitrogen will require only moderate development effort. Injection of fully
stripped Uranium ions is at present still a dream. However, for concreteness
the following remarks will be focused on fully stripped Uranium collisions;

(1) Predictions of the interactions are extremely difficult and the main
difficulties lie in lack of knowledge of the strong interaction itself: the
studies will therefore cast light on the nature of the strong interaction.

(2) The general behavior of the collision is dominated by its extreme
relativistic nature. At 300 GeV/nucleon the entire nucleus is compressed
longitudinally into about 1/50 the thickness of a proton. Many nucleons will
therefore interact at once with any nucleon in the other nucleus.

(3) For many features of the interaction the thermodynamic predictions of
Landau may be the most reliable. Here the Uranium nucleus is treated like a
large proton since it has about the same density. Scaling from ISR results for
p-p collisions then permits some predictions to be made for U-U collisions.

It is suggested that the exploratory studies should be conducted with
experimental configurations that are identical to those used for studies of
p~p collisions. A comparison might be made of p-p, p~H.I. and H.I.-H.I. col-
lisions at the same GeV/nucleon. Pion multiplicities in the central region
might be studied: the Landau model predicts about 600 pions produced per col-
lision for U-U at the ISR. Inclusive distributions should be studied. Streamer
chamber studies of individual events should be made. It is rerarkable to con-
sider that with 1000 or so particles emitted in each interaction, angular dis-
stributions with good statistics will be measurable for individual events.

According to this preliminary program the only important changes in the
high-energy physics program would be additional work at the injector end of the
facilities and devotion of a limited part of running time to heavy-ion beams.
The extra effort would be most appropriate at the more complex facilities such
as CERN where beams from the PS, SPS and ISR would provide a very'wide range of
energies and experimental setups for a relatively minor additional expenditure.
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VI.B.8
Observation of Double Spectator Process in the D + D Reaction

B.Th. Leemann, H.G. Pugh, N.S. Chant, C.C. Chang
Physics Department, University of Maryland, College Park, Md. 20742

In the d + d collision at suitably high energy an important part of the
reaction may occur through collision between a single nucleon in the projectile
deuteron and a single nucleon in the target deuteron. In this process the non-
participating nucleons in the projectile and the target would each act as spec-—
tators and the cross—section is expected to be largest when each of the spec-
tators has in the final state half of the initial momentum of the deuteron from
which it originated.

For exploratory studies we have used the University of Maryland Cyclotron
to bombard a deuterium gas target with 80 MeV deuterons. We detected outgoing
proton pairs at equal angles 6 on opposite sides of the beam direction and
measured their energies E., E w1tﬁ silicon counter telescopes. We observe a
strong enhancement above %our—body phase space near 91 = 9 = 43°; E. = E_ =
MeV. The enhancement is observed both in the angular correlatlon ané in %he
energy spectra. The figure shows the cross—section and four-body phase space
for 6, = 6, = 43° and for E, = E2 = E plotted as a function of E. Analysis of
the détails of the enhancemént a¥e in progress. Apart from the double spectator
process a narrow enhancement in this region of phase space might be expected to
arise from the excitation of each deuteron to the S = 0, T = 1 virtual state,
i.e.

d +d-+ar + a*

In this case the detected protons arise from the decay of the two virtual
deuterons.
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FRAGMENTATION OF RELATIVISTIC NUCLEI VI.B.9

Bruce Cork
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720 U.S.A.

ABSTRACT

Nuclei with energies of several GeV/n interact with hadrons
and produce fragments that encompass the fields of nuclear physics,
meson physics, and particle physics. Experimental results are now
available to explore problems in nuclear physics such as a) the
validity of the shell model to explain the momentum distribution
of fragment, b) the contribution of giant resonances to fragment
production cross sections c) the effective coulomb barrier d)
nuclear temperatures. A new approach to meson physics is possible
by exploring the nucleon charge exchange process. Particle physics
problems are explored by a) measuring the energy and target depen-
dence of isotope production cross sections, thus determining if
limiting fragmentation and target factorization are valid, b) measur-
ing total cross sections to determine if the factorization relation

OABZ = Opp - Opp is violated .

¢) determining the angular distribution of fragments that could be
explained as nuclear shock waves. New experiments have been pro-
posed to explore for abnormal matter produced by very heavy ions
incident on heavy atoms.
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6 . VI.B.10
Li(a,20) at 700 MeV and the o-d Momentum Distribution

W. Dollhopf and C. F. Perdrisat
Physics Department, College of William and Mary
Williamsburg, Virginia
and
P. Kitching and W. C. Olsen
Nuclear Research Centre, University of Alberta
Edmonton, Canada

*

In a recent experiment at the Space Radiation Effects Laboratory the
cross section dso/dTal dQy; lyo has been measuredl with a magnetic spec-
trometer-range telescope arrangement. Using an interpolated value from
data at 650 MeV and 825 MeV for the elastic cross section recently obtained
by Ridge e.a.,2 the recoil momentum distribution ]¢(q)]2was then calcula-
ted on the basis of the Plane Wave Impulse Approximation.

To compare the o~d momentum distribution thus obtained with results
from different experiments, we used the Chew-Low plot. As was shown by
Ghovanlou and Prats,3 with that method the data from 6Li(p,pd) at 156 MeVl
and at 590 MeV6 are compatible with each other and with the pole approxi-
mation result |¢(q)|2 = k/72(q2+Kk2)2 for q < 60 MeV/c. Here K = (2uB)%,
where U is the reduced mass of the o-d system and B = 1.47 MeV is the sep-
aration energy for bLi » o + 4.

The distribution ]¢(q)]2 obtained in the present experiment is again
compatible with the two results from ref. 4 and 5 and with the pole ap-
proximation, Interpreted in terms of a-d clustering probability nyg, where
(ndd)]"5 is the normalization constant in the pole wave function w(r? =
(nad) (c/2m)% exp(-k/r)r, the 3 experiments give nyg = 1.31, 1.07 and 1.00
for ref. 4, ref. 5 and the present results, rezpectively.

+ Furgher comparison with low energy (p,pa)® and with (7=, 2n)7 and
(mw 2p)° experiments leads to an interesting convergence of these numer-
ous attempts to ascertain the o-d content of °Li.

*
supported in parts by the National Aeronautics and Space Administration,
the National Science Foundation and the Commonwealth of Virginia.
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VI.B.11
FRAGMENTATION OF RELATIVISTIC HEAVY IONS

Herman Feshbach

Laboratory for Nuclear Science and Department of Physics
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

ABSTRACT

The cross-section for fragmentation of a relativistic
heavy ion projectile has been calculated. In the rest frame of
the projectile, the effective time dependent potential acting on
a nucleon or cluster in the projectile is assumed to arise from a
Lorentz contracted target moving in a straight line with constant
velocity. The excitation of the projectile to an energy -hw is
shown to be produced by the component of this potential with
frequency w. Longitudinal momentum transfer is neglected but
the effect of the transverse momentum change, assumed to be small,
is included. The dependence of the cross-section on the target

mass number AT is found to be approximately A '27.

T

This work is supported in part through funds provided by ERDA
under Contract AT(11-1)-3069.
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EFFECTS OF THE CCULOMB FIELD ON THE SCATTERING OF

VI.B.12
HADRONS AND FEAVY IONS BY NUCLEI*

Girish K. Varma and Victor Franco

Physics Department, Brooklyn College of the City University
of New York, Brooklyn, New York 11210

The diffraction minima which occur in the elastic scattering intensi-
ties in high energy hadron-nucleus collisions are very sensitive to- 9, the
ratios of real to imaginary parts of the hadron-nucleon forward scattering
amplitudes. Hence, for simple nuclear targets, the scattering measurements
near the minima can be used to estimate § .1 However, the Coulomb effects
are alsc significant at the minima and must be accurately included. By
performing exact calculations within the diffraction theory, we have in-
vestigated the accuracy of the various approximate formulae which have been
used in the past. We find that the point charge approximationZ for each
proton in the target is fairly accurate if the ratios § are different from
zerc. If @ is very small, this approximation may lead to errors up to ~8%
near the minima. The other approximations, where the Coulomb effects are
considered to originate from the nucleus as a whole, lead to much larger
errors.

We have also studied the problem of incorporating the extended charge
Coulomb effects in the heavy-ion collisions, in the "optical limit" of the
thecry. For collisions between light nuclei, the results are reduced to
the evaluation of a single integral. Contrary to the belief that the Cou-
lomb effects are important only at very small angles and near the minima,
we find that they are significant even at the maxima, increasing the cross
sections by ~- 15-20%, for example, for 12¢-12C collisions at 2.1
GeV/nucleon. Our expressions can also be used to include the Coulomb
effects in the Chou-Yang model where it has been suggested3 that 9 can be
treated as a free parameter to be determined by fitting the scattering data.

Work supported in part by the National Science Foundation.

1. W. Czyz, in Advances in Nuclear Physics, edited by M. Baranger and
E. Vogt (Plenum, New York, 1971), vol. 4.
2. H. Lesniak and L. Lesniak, Nuc. Phys. B38, 221 (1972).
3. W. L. Wang and R. G. Lipes, Phys. Rev. C9, 814 (1974).
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VI.B.13

DEUTERON BREAK-UP ON PROTON AT 2.95 GEV/C

J.Banaigs,

J.Berger, L.Goldzahl, L.Vu-Hai

CNRS et Département Saturne, CEN Saclay, France
M.Cottereau, C.Le Brun
Laboratoire de Physique Corpusculaire Université de Caen,

France

F.L.Fabbri,

Laboratori

P.Picozza
Nazionali di Frascati del CNEN, Italy

The reaction dp-»pX has been studied at the Saclay synchro-
tron Saturne. The use of a deuteron beam allows one to have small
losses of the spectator nucleons due to favorable conditions of
their observation. The aim of this experiment is to look, from
the point of view of the impulse approximation, for the spectator

distribution in

The figure
proton momentum
in the deuteron
tra include the

mixing of the d-

the deuteron.

shows, for three laboratory angles, the inclusive
spectra for which the possible spectator momentum
system ranges from 120 to 450 MeV/c. These spec-
contribution of p-p interaction and the inter-

p channels. Prelimary results of the analysis

show an excess high-momentum spectators, which cannot be explai-

ned by multiple

scattering only.
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VI.B.14

3He PRODUCTION FROM 6.9 GeV/c uHe BREAK UP ON HYDROGEN TARGET

J.Berger,J.Duflo,L.Goldzahl,J.OostenstF.Plouin,M.Van den
BosschefL.Vu Hai®- CNRS et Département Saturne Saclay, France
G.Bizard,C.Le Brun - Université de Caen, France
F.L.Fabbri,P.Picozza,L.Satta - Laboratori Nazionali di
Frascati del CNEN, Italy

(o]

3He momentum spectra were taken at angles 02=91ab<11 .
Their general shape is a broad peak centered roughly at 3/4 of the
incoming momentum, suggesting a quasi two body reaction widened by
Fermi motion.

Fig.l shows the integrated cross section as function of
cos@lab. At small angles the slope is compatible with what is ex-
pected from knocking a neutron out of the 4'He, the JHe acting as a
spectator. The momentum and angle distribution thus reflects the
Fermi momentum of the neutron in the %He (Fig.l, doted line).

At larger angles the shift of the peak toward lower mo-
mentum is larger than predicted by the knock out kinematics (Fig.
2). The observed shift is compatible with the elastic scattering
on protons of %He at 3/4 of the incoming momentum suggesting the
existence of a 3He component in the 4He wave function.

#% Supported by the Département Saturne.
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4 3 VI.B.15
PRELIMINARY STUDY OF He +p->"He+d at 4.0 GeV/c

J.Berger, J.Duflo, L.Goldzahl, F.Plouin - CNRS, Département
Saturne Saclay, France

J.O0ostens, M.Van den Bossche, L.Vu Hai - CEA, Département
Saturne Saclay, France

G.Bizard, C.Le Brun - Lahoratoire de Physique Corpusculaire
Université de Caen, France

F.L.Fabbri, P.Picozza, L.Satta - Laboratori Nazionali di
Frascati del CNEN, Italy

Existence of baryonic excited states ingside nuclei have been
proposed for some time . The reaction He+p*3He+d (1) can be re-
lated to p-d backward elastic scattering (see insert in fig 2)
where N* components of the deuteron have shown to play some role

he interest in studying (1) at higher energy than ex1st1ng
data, 1is to point out the contrlbutlon of exchanged baryonic
excited states present inside*He nuclei.

Evidence for reactlon (1) appears in our data as a sharp
peak at upper end of the 3He momentum spectrum measured with our
spectrometer system. Fig 1 shows a typical peak, centered at the
kinematical predicted position. The width, 30 MeV/c, is consis-
tent with our experimental resolution (Ap/p=1% FWHM).

Cross sections presented in fig 2 have been obtained by in-
tegrating the peak with allowance for a smooth background sub-
straction.

A.K.Kerman and L.S.Kislinger Phys. Rev. 180 (1969) 1u483.
L.Dubal et al Uppsala Conference(l1973)p.209.
M.Bernas et al Phys. Let. 25B (1967) 260.
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VI.B.16
ALPHA - PROTON ELASTIC SCATTERING IN THE FORWARD HEMISPHERE

IN THE MOMENTUM RANGE FROM 4.0 TO 6.9 GEV/C

J.Berger, J.Duflo, L.Goldzahl, F.Plouin - CNRS, Département
Saturne Saclay, France

J.O0ostens, M.Van den Bossche, L.Vu Hai - CEA, Département
Saturne Saclay, France

G.Bizard, C.Le Brun - Laboratoire de Physique Corpusculaire
Université de Caen, France

F.L.Fabbri, P.Picozza, L.Satta - Laboratori Nazionali di
Frascati del CNEN, Italy

Exploratory measurements have been taken with the same spec-

trometer system used in the preceding experiments® They cover the
yet unexplored region of -t in the 1. to 2.5 (GeV/c)2 range, and
overlap in some kinematical regions with data on p-*He reported
by Saclay's SPES-1 at this conference.

Data at three incident momenta appear to show only a modest

dependence in s of the invariant cross section do/dt, (see figl).
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As one considers the region
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¢ P jnc = 5-08GeVic ticular, the four points at 5.08

i’ ®P o= 69 Gevic ] GeV/c (646 MeV equivalent in p-"“He)

Y inc. 1 are reminiscent of the existence of

IIx ] a dip in the SPES-1 data (private
K communication) at 650 MeV.

i ~ From -t between 0.6 and~1.2,

H the data at 4.0 and 5.08 GeV/c have
3 T the same slope, and indeed pratical-
I ly the same values.
1b=9 . Just above -t=1.2, the change
: of slope in the 5.08 GeV/c data
i 4 might be indicative of some inter-
) ference between the double and tri-
E ] ple scattering amplitudes.

. - The four points at 6.9 GeV/c
K 4 form a straight line with the same

? slope as in existing data *, which
i=b=1e 71 they extend up to -t=2.5 (GeV/c)?

* if one allows for appropriate cross-
ﬁ? T normalization.
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VI1.B.17

ALPHA - PROTON ELASTIC SCATTERING IN THE BACKWARD HEMISPHERE
IN THE MOMENTUM RANGE FROM 3.2 TO 5.08 GEV/C

J.Berger,J.Duflo,L.Goldzahl,J.Oosten§ﬁF.Plouin,M.Van den
BosschefL.Vu Hai®- CNRS et Département Saturne Saclay,France
G.Bizard,C.Le Brun - Laboratoire de Physique Corpusculaire
Université de Caen,France
F.L.Fabbri,P.Picozza,L.Satta - Laboratori Nazionali di
Frascati del CNEN,Italy

Elastic Proton—uHe interaction has been studied by means of
an alpha particle beam produced by the Saclay synchrotron Saturne
impinging on a liquid hydrogen target. The elastically scattered
alphas are momentum analysed and identified in a spectrometer
system. "

The very fact that an intact '"He nucleus is detected consi-
derably alleviates the task of discriminating against inelastic .
reactions.

The cross sections are pre-
sented in the figure. Data have
also been labeled with the pro-
ton energy corresponding to the

10 alternate way of looking at the
L - reaction.
i The most striking feature
revealed by the data is the
o T = 300 Mev - change of shape as the incoming
1% momentum is increased. A rise
in the backward cross section
appears at 4.0 and becomes much
¢ more pronounced at 5.08 GeV/c.
¢ Such a behavior is in quali-
i tative agreement with the one
i ‘existing calculation at,5.16
- 7 GeV/c (665 MeV protons) where
T = 438 Mev ] a tribaryon exchange mechanism
¢ $ ¢ is assumed. It is shown as a
+ ¢ ® ) dotted line in the figure.

+B.Z.Kopeliovich and I.K.Potash
I\ -nikova, Sov.J.Nucl.Phys.
Al 13 (1971) p.592

L Tp= 646 pév _ % Supported by the Département
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VI.B.18
ALPHA - PROTON INTERACTION AT 4 GEV/C

F.L.Fabbri, P.Picozza, L.Satta - Laboratori Nazionali di
Frascati del CNEN, Italy

J.Berger, J.Duflo, L.Goldzahl, F.Plouin - CNRS, Département
Saturne Saclay, France

J.Oostens, M.Van den Bossche, L.Vu Hai - CEA, Département
Saturne Saclay, France
G.Bizard, C.Le Brun - Laboratoire de Physique Corpusculaire,

Université de Caen, France

The external alpha beam of the Sacla{ Saturne synchro-
tron has been used to study the reaction *He+p>"Het+X where
the “He is detected in a magnetic spectrometer.
The use of an incident alEha beam
rather than a stationary *He target
allows the easy detection of the in-
100 tact helium nucleus, as it has momen-
tum that gets closer to the incident
one as the momentum transfer gets
smaller.
Spectra corresponding to missing
masses between 1050 and 1220 MeV/c?
have been measured at laboratory an-
gles @ = 4.6°, 6.5° and 8.2°. An en-
hancement, 60 MeV/c? wide centered at
1130 MeV/c? is clearly seen at all
angles. Its peak value decreases ra-
pidly with the momentum transfer,
(0.13¢t<0.75 [GeV/c] 2).
The missing object X is constrai-
o ned to be in a pure T=1/2 isospin
state. Such an enhancement is similar
; $ to the peak observed in the d+p-+d+X
reactiont where X is also constrained
to be in a T=1/2 state excluding thed.
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SHOCK WAVES IN COLLIDING NUCLEI VI.B.19

Philip J. Siemens and Jakob P. Bondorf
The Niels Bohr Institute, Copenhagen, Denmark

Michael I. Sobel and H. A. Bethe
NORDITA, Copenhagen, Denmark

We consider the circumstances under which matter at high densities can be pro-
duced in heavy ion collisions. We argue that laboratory energies of a few hun-
dred MeV per nucleon will be suitable: the matter velocity will exceed the
speed of sound, while the nuclear matter has sufficient stopping power to gen-
erate a shock front. A measure of the stopping power is the momentum transport
length A(p); if A(p) is comparable to or exceeds

the nuclear radius, the nuclei will interpenetrate 4) A +
instead of compressing. The hydrodynamic conserva- (fm)
tion laws can be written in the form 3
b
> > \)-12 > >
m(v,-v )2 = (==} sm(v.,°n - U)2 ++ +
0 's \Y 0
2»
s 0 2p \Y s +
where € , p_, V_ are the internal energy per nucle- €
S S ) .

on, pressure, and mean velocity of the matter just ‘

inside the shock front, p. and v. the internal en-
§rgy gnd velocity of the cold, unshocked matter,

U = Un 1is the shock front velocity, and v = p /p_. is the compression ratio.
There is a maximum compression ratio given in %erms of the internal energy €
and pressure P of cold matter at density pg by the expression Vo = 2 Rg + 1
where Rg = pgleg - é)/(ps - P) describes how the energy converted to heat
produces a thermal pressure which resists compression.

lab. kinetic energy/nucl

Table. Model predictions for the maximum compression

degrees of freedom maximum compression Ve
non-relativistic point particles 4
non-relativistic translation + rotation 6

relativistic translation motion j} 7

massless bosons 19 20 m*(V)

-1
Landau Fermi-liquid theory [3" 3 %n v2 ]. +1

From the table, it is seen that Ve, is determined by the kinematic character of
the degrees of freedom; however, Vo i1s not a differential but an integral
quantity and can become very large when phase transitions introduce new de-
grees of freedom. Under disintegration of the compressed matter, a mean asymp-

totic speed 1s attained v

Vasyn Vmin
where cg(Vv, S) is the speed of sound and the specific entropy S remains con-
stant under the decompression, as long as the fluid is dense enough to remain
thermally equilibrized, V 2 Vpyn-

With laboratory energies near 1 GeV/nucleon, pions will be produced in the
shock front, but the hot matter will explode long before the pion concentra-
tion reaches equilibrium(assuming the nuclear forces are repulsive at high
density). We expect the number of pions to be sensitive to the details of the
structure of the shock front.

cs(\)', S) av'/v'
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, . VI.B.20
Propagation of "heat" in nuclear matter (n.m.)

R. Weiner and M. Westrdm
Fachpereich Physik, Univ. Marburg, W.Germany

A theory for preequilibrium phenomena in nuclear physics

is formulated in terms of propagation of temperature and heat
conductivity in n.m. which is treated in the Fermi gas approxi-
mation with binary collisions. We consider peripheral collisions
with momentum transfers to the target g3 g1 (R is the radius
of the target)}. In accordance with quantum mechanics a localiza-
tion of excitation near the surface of the target should then
be possible. These "hot spots" define the initial condition with

which we solve the equation of heat conduction.

A strong asymmetry effect in the angular distribution of
evaporation products is predieted. The energy distribution
obtained displays the features characteristic for precquilibrium
spectra. We propose new experiments by which the propagation
of "heat" in a nucleus can be investigated. They consist
essentially in the measurement of q in coincidence with the

evaporation products of the target.



VI.B.21
ON THE HIGH-MOMENTUM TAIL OF THE SPECTATOR NUCLEON

B.S.Aladashvili, V.V.Glagolev, R.M.Lebedev, M.S.Nioradze,
I.S.Saitov, V.N.Streltsov

JINR, Dubna
B.Badetek, G.Odyniec
Warsaw University, 00-6381 Warsaw
A.Sandacz, T.Siemiarczuk, J.Stepaniak, P.Zielinski
Institute for Nuclear Research, 00-681 Warsaw
Dubna=Warsaw Collaboration

An evidence has been presented recently by R.Poster et al. b
for the occurence of Ehe single-pion virtual state,lppJl "> , of
the deuteron in the K d-»K*opp reaction. We report an _analogous
observation of the other possible virtual state lpnX °> and
confirm the charge configuration seen in ref. 1,

We analyze the charge exchange and charge retention reactions

— -
.. . dp—(np)p
23k 3 R CHARGE RETENTON
> * % P >300 MeVic
Q - . * S
o .o %o
z o
1.9- N
stogte .
— \ ) , , \ o
i dp—C(pp)n .
- 23t CHARGE EXCHANGE Fig. 1
> . Fs>300Mev/e
e The Chew-Low plot
[-%
$:2 |'~
19r )
- » » » t ’ _J.j

] 0.2 0.4 0.6 0.8 1.0 L2 14
-t(Gev?)

at 3.3 GeV/c deuteron momentum (10,000 events). Fig. 1 shows the
Chew-Low plot for the events with pg> 300 MeV/c. The diagonal
line corresponds to the position of the events resulting from
the scattering on the nucleon to be at rest. An enhancement is
observed at low t-values near the kinematic boundary of the
plot. The angular distributions of the spectator nucleon in the
two slower nucleons rest frame (for events with t<0.2 GeVZ and
MoN> 2.1 GeV) are found to be consistent with that for the

T d=>NN reaction at appropriate pion enerqgy.

Reference
1. R.Poster et al., Phys. Rev. Lett., 33(1974)1625
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VI.B.22
ON A FRAGMENTATION MECHANISM OF RELATIVISTIC HEAVY IONS

V.K.Lukyanov, A.I.Titov

Joint Institute for Nuclear Research, Dubna, USSR

A model is proposed describing the experiments of Heckman

16O on a be-

et al /1 on the fragmentation of the relativistic
ryllium target, where the spectra of AC- isotopes ( A= 9 -15 )
were measured. The reaction is assumed to proceed in two stages.
At first the ion is excited by the peripheral collision with
the target, at the second it decays statistically in flight
with emitting of a fragment. The probability of the process

W ~ exp(Qgg /T ) exp (~p%/26%)
One can find: I. The relative yields of fragments drop ex-
ponentially with - Q”: M- M0) - M(Ae) , where My is the
mass of remaining decay products. (see Fig.) This result is in
a deep analogy with the corresponding nonrelativistic reacti-

ons 72/, II. The widths of

10%} 1 the fragments momentum
distributionhave some de-
pendence on T (*'7MeV), but
within experimental errors
they are occured to be one
the same.

1. H.H.Heckman et al. Proc.

WI(P){ARBITRARY UNITS)
3 3

Fifth.Int.Conf. on HEPNS in

Uppsala, 1974;

2. A.G.Artukh et al. Nucl.
Phys. Al68 (1971) 321.

-10 -20 -30 ~-40 Q%(MeV)
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THE STATUS OF SC2 VII.1

B. W. Allardyce and E. G. Michaelis, CERN

After its one-year reconstruction, the CERN
synchrocyclotron produced full energy protons for
the first time in October 1974. There followed a
phase of limited beam operation during which the
r.f. system, the ion source, and the extraction
system were all thoroughly tested. During this
time the first beams for physics use became avail-
able, and it was clear that the design aims of the
improvement programme would be achieved. Operat-
ing at one r.f. pulse in 16, time-averaged beam
currents of over 0.5 pa have been used, with ex-
traction efficiencies greater than 70% in "short
burst” mode (pulse duration 30 usec), and about
50% in "long burst' mode (pulse duration 2 msec).
In this latter mode, high duty cycle has been
achieved, the protons emerging roughly uniformly
throughout the 2 msec burst.

The proton beam has been used to produce
pions and neutrons for experiments and has been
transported over 60m to the new Isolde facility
with an overall transmission of about 80%.

This phase of operation terminated with the
start of a two-month shutdown in early April 1975
for repanelling work on the dee before this be-
comes too radioactive. When the SC2 starts up
again in June 1975 it is hoped gradually to in-
crease the performance towards the design aim of
10 ua time average.
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THE OMICRON SPECTROMETER AT SC2 VII.2

Turin, Oxford, Amsterdam, Birmingham, CERN collaboration

A spectrometer with a large solid angle and a large
momentum acceptance is to be built at the SC2 at CERN;
it will have an energy resolution of about 1 MeV for
particles with momenta up to about 400 MeV/C. Work has
started on the project, which should be operating by the
autumn of 1976.

The spectrometer consists of a large magnet with a
usable field volume of 1m x 2m x 0.85m. The magnetic
field is homogeneous to within about 10% over this vol-
ume, in which it is intended to place planes of multi-
wire chambers in front of a target, followed by arrays
of multiwire and drift chambers and thin scintillators.
Various geometries are possible, but the intention is to
detect inside the magnet both the incident particle and
the one(s) leaving the target over a large angular range.
The information from the various detectors will be
handled on-line by an HP computer system, which also
performs some preliminary analysis. Further analysis
will be done on a large computer, making use of well-
established pattern recognition techniques.

The experiments of interest to such a spectrometer
cover a wide range, and the initial programme will in-
clude backward scattering of pions on light nuclei;
backward scattering of muons on helium; decay of IO to
a single lepton pair; radiative capture of II” in flight
by nuclei, followed by conversion of the y; electron-
positron pairs by internal conversion following absorp-
tion of stopped II” on light nuclei; double charge ex-
change (M*, I~) on nuclei; pion production experiments
e;gi I"p+I*I"n; nucleon knockout reactions e.g. (I%,
H"p *




VIL.3
STATUS OF THE SIN HIGH RESOLUTION PION SPECTROMETER (SUSI)

J.P. Egger et a11]

Physics Institute, University of Neuch&tel, Switzerland
We revier briefly the status of thz SIN pion spectrometer. It

is a ®Saclay-type” QDD system with vertical layout and has the
following specifications:

Nominal momentum: 550 MeV/c for 14 KGauss
Momentum resoclution: Ap/p = 5 » 10™"

Momentum acceptance: + 18 %

Solid angle: 16 msr

Incident mementum range for pions: up to 450 MeV/c

Range of scattering angles: 0° - 1409 (normal mode)

1400 - 180° (with additional
magnet)

Both magnets, quadrupole, frame, vacuum boxes and various
equipment have arrived. The magnets were assembled and measured.
The design curvatures and EFB's were obtained by adjusting the
length and shape of the fieldclamp noses according to the field
measurements. Raytracing is under way with analytical and measuied
fields as input. o-tests and tune-up with pions of the spectro-
meter will start in a few weeks, The first experiments include
elastic and inelastic pion scattering off light nuclei. Subsequent
experiments will include quasielastic scattering and double charge
exchange.

1 Fig. 1 SIM high resoiuticn picn spectrometer
ETH-Grenohle-Heidelberg-Karlaruhe-Neuch3tel-SIN collabaration,
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VII.4
DOUBLE ARM SPECTROMETER SYSTEM

FOR MEASURING ELECTRON-DEUTERON ELASTIC SCATTERING**
F. Martin
Stanford Linear Accelerator Center
Stanford, California 94305
ABSTRACT

The use of two high-precision, high-momentum spectrometers to measure
elastic electron-deuteron scattering is unique in the annals of high-energy
experimental physics. The existance of this equipment at SLAC has made pos-
sible the measurement of the deuteron charge form factor to a q? of
6.0(GeV/c)? (= 154.6 f-2).
which rotate about a common pivot point and they are capable of analyzing
scattered particles from a few hundred MeV/c to 20,000 MeV/c; an electron ac-
celerator with a momentum range from 900 MeV/c to 20,000 meV/c and beam cur-
rents in excess of 50 mA and a computerized counting house and control system
This paper wiil describe the technique of using these
spectrometers in coincidence to achieve a reduction of the background by a

The SLAC facility consists of three spectrometers

for the equipment.

factor in excess of 1000 under

T T T ] 3
5 EVENTS/coulomb 60-8° q2:2 (Gevc)2 ] the elastic electron-deuteron
10 IN 20 GeV - » ;
SPECTROMETER P, =9.618 GeVc scattering peak. Shown in the
. beq%°%m Figure is a typical example of
10 o 0000, o the elastic events when the
Coo
%o 00 electron and deuteron are iden-
3 ° Uncut %0
10 °° tified in coincidence. The up-
%% o per data plots are the electron
|02 Cut On ooe %% , . )
Deuteron Trigger o . ) single arm scattering data show
N 0 ing the tail of the yuasi-elas-
10! o Potte +++,?” ' tic scattering
+++++ t '
100 L + i 1 ]
-3 -2 -1 0 1 2
Ap,
pe (/°) 2Ce .

*
Work supported by the National Science Foundation and the U.S. Energy

Research and Development Administration.
TCo]]aborators:

R. G. Arnold, B. T. Chertok, E. B. Dally, A. Grigorian, C.L.

Jordan, F. Martin, B. A. Mecking, W. P. Schiitz and R. Zdarko
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+ VII.5
A High Stopping Density u Beam*
A. E. Pifer, T. Bowen, and K. R. KendaHJr

Department of Physics, University of Arizona, Tucson, Arizona 85721

A new type of u* beam which utilizes muons with momentum less
than 30 MeV/c which result from at decays at rest in the n produc-
tion target will be described, Muons of the desired momentum are
transported in vacuum by a double-focusing achromatic beam transport
system having a momentum bit AP/P = 6%. Muons are identified by a
three-fold coincidence of 0.127 mm thick plastic scintillator
counters, one located at the intermediate focus and two near the
final focus. The advantages of utilizing these low energy muons are
100% muon polarization, a small source which can be focused to a
well-defined image with high density of stopping muons in a thin
target, and a well defined stopping depth distribution making an

anticoincidence counter unnecessary.

*Work supported by the National Science Foundation.

Tpresent address: University of Victoria, Victoria, British Columbia.
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VII.6
COINCIDENCE EXPERIMENTS AT INTERMEDIATE ENERGIES

J. E. Spencer and H. A. Thiessen
Los Alamos Scientific Laboratory, Los Alamos, N, M, 87544

ABSTRACT

This report considers the physics of coincidence experiments with
proton and pion beams at LAMPF energies as well as which of the various
possible measurement techniques are most relevant.

Our main conclusions concerning the physics of these reactions are:

(1) The most probable final state multiplicity in a pion or proton reaction

above 100 MeV is the three-body channels.

(2) The most probable reaction type in these particular channels is quasi-

elastic scattering of type (w,m'N) and (p,p'N).
(3) At energies corresponding to the basic (3,3) pion-nucleon resonance,
the pion-nucleus reaction cross-section is dominated by the (w,m'N)
reaction.
(4) It is possible and worthwhile to measure two, three and some four-
body inclusive and exclusive reactions in a comparatively simple way
with good resolution.

Our main conclusions concerning the best means to carry out these
kinds of experiments are:
(1) Higher count rates and resolving powers are possible in a proton

initiated three-body reaction with a double-arm spectrometer arrange-

ment operating completely in an energy loss mode,

(2) A two-arm spectrometer arrangement utilizing comparable spectrometers
provides significant advantages for accurate two-body reaction studies.
(3) A hybrid system consisting of two spectrometers and one or more solid-

state counter systems are most effective from the standpoint of costs
and information content from four-body final states as well as
versatility for two- and three-body final states.

(4) Significantly better detection systems are needed (and possible)
to reduce the costs of these kinds of experiments.

(5) Significantly better data acquisition systems based on more general

and flexible data base structures are needed to obtain even a fraction

of the information available in these experiments.




VII.7
NUCLEAR SCATTERING APPLIED TO RADIOSCOPY

J. Saudinos
DPHN/ME, CEN Saclay, France

and

G. Charpak, F. Sauli, D. Townsend and J. Vinciarelli
CERN, Geneva, Switzerland

We investigate the possibility of using the nuclear scattering of 500-
1000 MeV protons to do radioscopy. Because the scattering angle is impor-
tant, one measures the position of the interaction point and one obtains
directly with only one exposure, a three-dimensional reconstruction of an
object.

Elementary volumes of about 1mm3 should be resolved due to the low
multiple scattering effects in this incident energy range. Preliminary
measurements with an incomplete set up gives a resolution of 10 mm3.

We do not measure the energy of the particles and all quasi-elastic
and inelastic processes are involved. In that way, the integrated cross-
sections are important and the radiation doses used are compatible with
human tolerances.

Because of the nuclear nature of the basis interaction, the information
given by Nuclear Scattering Radioscopy is different from the one given by
X-ray or particle range methods. It is much more dependent on hydrogen and
light atoms concentrations. Furthermore by detecting the recoil proton, it
is possible to measure the relative ratio of hydrogen concentration and carbon
and oxygen czoncentration. Preliminary results on carbon, CH7 and eggs tar-
gets agree very well with these ideas. The last experimental results will
be given.
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TIMING WITH PLASTIC SCINTILLATOR DETECTORS VIL.8

C. Cernigoi, N. Grion, G. Pauli and M. Russi
Istituto di Fisica, Universitd di Trieste, Italia

Istituto Nazionale di Fisica Nucleare, Sezione di Trieste, Italia

Timing with plastic scintillator detectors is a problem of inoreasing
importance in the field of experimental nuclear physics at medium energies.
Results obtained with thin detectors of large areas are presented.

For a-plastic scintillator 2 mm thick and having an area of 800x200 mm2
the intrinsic time resolution has been investigated as a function of the
energy dissipated within the plastic itself. A time resolution of the order
of 0.7 nsec has been reached with an energy release of 1 MeV. For a plastic
scintillator 10 mm thick and of 100x100 mm2 area an intrinsic time resolution
of the order of 0.35 nsec has been obtained for electrons at minimum ioniza-
tion. With the last scintillator, time-of-flight spectra taken in negative
pion beams of about 200 MeV/b have shown the possibility of determining

the momentum spread of pions and muons using a path-length of 4.5 meterse.
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VIII.1

YIELDS OF 25 GeV/c K ~MESONS, ANTIPROTONS AND ANTIDEUTERONS
FROM THE INTERACTIONS OF 70 GeV PROTONS WITH NUCLEI

B.Yu.Baldin, G.Chemnitz, Ya.V.Grishkevich, B.A.Khomenko,
N.N.Khovansky, Z.V.Krumshtein, V.G.Lapshin, R.Leiste,
Yu.P.Merekov, V.I.Petrukhin, D.Pose, A.I.Ronzhin, V.I.Rykalin,
I.F.Samenkova, J.Schfiler, G.A.Shelkov, V.I.Solianik,
V.M.Suvorov, M.Szawlowsky, L.S.Vertogradov, N.K.Vishnevsky

Joint Institute for Nuclear Research,Dubna,USSR

Abstract
The yields of kaons, antiprotons and antideuterons from

beryllium, aluminium, copper and tungsten relative to those
of pions have been measured at the Serpukhov proton synchrot-
ron. The experiment has been performed by using the 25 GeV/c
beam of negatively charged particles produced by 70 GeV pi. -
tons at the internal target at anglﬁg of 0 and 121mrad.
The relative yields Ry~=— =%&:§ML‘ELE- 25GeV/c)
depend weakly upon the atﬁn)ufc: 2.rz-umbez* o‘? 3':('._11 ggzg'gizpam(l are /
2 3 and Ry~ (5-7)x10~7

R ~ 3x10 “, R-P- ~ 9x10~ in the
investigated range of masses of nuclei.

K-



VIII.Z

THE MOMENTUM CHARACTERISTICS OF SECONDARY PARTICIES FROM
THE INTERACTIONS OF 50 GeV/c || -MESON WITH NUCIEI,
IRRADTATED UNDER A STRONG MAGNETIC FIELD

Alma-Ata=- Dubna - Erevan - Leningrad - Moscow -~ Tashkent
Collaborationg

A.A.El-Naghy, R.EKhoshmukhamedov, J.Salomov, K.D,Tolstov,
G.SesShabratova,
S.A. Azmov, R, A. Bondarenko 9 K.G. Gulyamov, V.1, Petrov,

T.P.Trofimova, L.P.Tchernova, G.M.Tchernov.

ABSTRAGCT

The investigations of momentum and angular characteristics
of secondary particles from the interactions of 50 GeV/c 7~ -
meson with nuclel, irradiated under a strong magnetic field, were
carried out, The experiment and irradiation conditions were car-
ried out with the help of the set-up "Mamouth" in the Serpukhov
accelerator. The abtained indusive distributions were given as a
function of the number of heavily ionizing particles.

This shows that, in pion-nucleus collisions, the effect of
"leading particle™ was noticed, but the full "Passive" assumption
of primary pion after interacting with intermal nucleon was
found Yo be in contrast with the experimental results. The avergge
transverse momentum, and fractional eneigy for different types
of preduced particles were found to be weakly dependent on nuc-

leus dimensions,
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VIII.3

O THE TOTAL BINDING ENERGY OF SPHERICAL NUCLEI
P.A+ Gareev
Joint Institute for Nuclear Research, Dubna, USSR
G.lie Vagradov
Ingtitute of Nuclear Research of the Academy of Sclences orf
the USSR, loscow
To determine the ground state binding energy o:f nuclel
the uge is made of the many-body field theory which allows one
to egtablish general relations between various observables and
then, arter some simpliiications, to pass over to phenomnsunolo-
gye As a result, the rollowing formula

)y 7
=7 [«e (£ ke ttnle)) /()
T ILET e, et F AR08 ? 1)

has been found Tor the total binding energy of a nuclel, where
He Men(2) 18 the Teal part oF mass operator matrix element and
/;(¢) is the imaginary part, l.6., the "hole" level width Para=-
neters of the mass operator are derined on the basis oI an
optical potential and the £ =—dependence of the real and imagi-
nary parts of I is obtainedﬂ by comparing the calculated
enersy spectra £.(f) of "hole" excitations and their widths
I'«(8) with experimental data on the reactions oi quesi -elastic
knocking out of nucleonsz) « In understanding the mechanism

of the latter much progress has been achieved in the past ye-
ars3’. The total binding energies of nuclai 01°, ca%C, and
Ni”8 ecalculated by formula (1) agree with experiment within
105, If one expands (1) in powers of A then for the total
energy an expression is obtained analogous to the Welzsacker
relation that once again gives evidence in favour of the pro-
posed approach.

1. FaA.Careev, G.l.Vagradov, JINR-preprint P4-B597, Dutma,lS75.

2¢ Gedacob,TheA.J.Maris,Revelod.Physe, 45 (1973) 6.

3. VoV.Gorchakov, G.li.Vagradov, Kratkie Soobshcheniya po Fizike,
ve6 (1970) 26, v.8 (1970) 66;
DelleEeGross and ReLipperheide,Nucl.Physe.,A150 (1970) 449;
DeSe.Koltun,PhyseRev, C3 (1974) 484.



VIII.4

DECAY CHARACTERISTICS OF THE STATES QF GIANT
DIPOLE RESONANCE ON ISOTOPES 3NI and Nt

B.S. lshkhanov, LM, Kapitonov, V.G. Shevchenko, O, F.Shevchenko,
V.V, Variamov
Inatitule of Nuclear Phyaslcs,Moscow State University
Vioscow 117234, USSR,

The semiconducton mathods are used to measure the photoe
profon spectra ot several E'T far 5851 ana %%ni¢5%m1 -18.0,
19.0, 20,0, 21.0, 22.0, 245, 27.0, and 32,0 MeV; "ONi « 17.5, 10.5,
23,0, 35.0, 25,0, and 32,0 MeV) with the purpose of studying the
proton channel decay of °Ni and %%Ni levels, The differential
proton spectra correspending te the decay of the levels located
within nurrow renges of excilation energies have besn oblained.
The joird analysis of the spectra and the phetoproton cross
sections® has permitted some trangiions to be identified. A cone
siderable saftening of the CONI nucieus state decay spectra has
been found in the energy range Edp 20,06 MeV as cmpared_io the
adjoining energles. For example, &t Ey = 12.5 = 19.5 MeV E(°°Co)
~ 2.0 NeVs Eb o 19.5+22,0 VeV e £0 MeV, Ex = 22,.025,0 . eV

- 50 eV, The share of photoproton reaction in the total photo-
absorption cross section also increases abruplly in the energy
range E\~20,0 MeV. Similar svers has been found out for the
581 isotrope ot energies ~ 18 and ~ 26 MeV. B has been os-
tablished that in case of decay of SoNI and SOt nucleus level
with eQual energy E*(s?Co) proves to be 3=3 VeV in oxcess
dE*(SQCo). k has besn shown that these everta may be due
1o the shell effects during the decay of analog  states of SN
and 6°NI nuclei associated with certain configuration of these
states. The difference in '_5:*@760) and E ¥ (5900) is interpreted
as a conseluence of the greater ahare of T «sistes In the
dipole wave function in case of “m(~ 0.8 according hz) than
in case of %%nu (~ 0,36).

i. B.S. lahkhanov, et sl Sov. NuclPhys.}131(1970)4883
2. B, Goulard, S. Fallieros. Can, J Phys. $5(1967)3221,
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VIII.S

EXCITED STATES OF VIRTUAL CLUSTERS IN NUCLEUS
AND QUASKELASTIC KNOCK«+OUT OF CLUSTERS AT
HIGH ENERGIES
N F. Golovanove, LV. 1 *In, V.G, Neudatchin, Yu F.Smirnov,

Yu, M, Tehuvil'sky
Institute of Nuclear Physice,Moscow State University
Moecow 117334, USSR .

Ouasieglastic knockword of mucleon chusters from nuciel by
an incident higheenergy hadron is considered in the Glaubere
Sitenko multiple scallering theory. An Importani corntribution to
the cross section of the process is shown o be made not only
by the hadron elastic scallering on a non-excited virtual cluster
but also by coliisions with an excited virtual cluster, accompanied
by deeexciiation of this clusten This demands the usual theory of
wcmmum‘wucwa Firstly, the
angular correlations of knockedeoul clusier and scaltered hacdron
are no longer determined by the momentum distribulion of a cluster
in the nucisus, They are determined by another paremeter which
can be called the modificated momentum distribulion F(q). Secondly,
meaning and velues of the effective numbers of chusters N*T are
changed. Thirdly, the charadieristics of the processes depend not
only on the modukm of mementum ¢ which had a cluster in the
nucleus, but also on its direction relative to an incident beam,
The calculations have been carried eul for the 150(ppa)ten,
261, npt) JHe and 350(np)23C reaciions. R is Important that
the modificated memertum distribution, for instance for L =0 2°
Sansition with the nonseroe angular momertum trensferred to the
nucleus in case of the first reaction ne lornger vanishes at g=0 in
contrast to previous theery, owing o coniribution of the internal
excited 2Dwgtats of the virtual deuleron ciugter. The extent t o which
N changes is slear wom the last reaclion, whers NT(1)=0.75; .
2.02; 3.37 for wanellicns to the 23C nucieus lowest levets
3 =0',2°, ¢ respectivety. It the usual version ef the theory
N*(L)= 0.30; L43s 287,

V.V. Balaghov, AN, Beyarkine, & Refter NuckPhyw.§§:427(1964)




VIIT.6

EFFECTIVE HAMILTONIAN ANI: ANGULAR
CORREVATIONSE IN RAILIATIVE 1MON CAPTURE
Gs Ya. Korenman and V.P. Popov

Institute of Nuclear FPhysics, Moscow State University
Moscow 117234, USSR

We have investigated the Influence of the ecffective
Hamitonian of the radiative plon capture on the following characte-
ristices (1) the function of andular cosrelation between the primary
and secondary (nuclear) Y =quanta “S’J(e) -1e Azpz(coae)o..i
(i) angular distribution W(0)e 1 Dz’L‘zon(cos 6) and linear
polarization [| (8)s C_T,,ein0M(6) of tho primary Y ~quantun
assuming an alignmert of the orbital momentum of the pion before
capture. ( According to the estimatos® the alignsent of the pion
pestate T,, may bo equal - 0.5), Some results of our calculations
for the plon capture from peorbits In 12C to the bound states of
22,; are given below. Our valuca for the effective Hamidtonian
constarke ( variants §, B and IV) arc taken from table 8, reft.>
Nuclear matrix elomenis were calculated In the generalizod Heblve

modnia.

Tranaltion i R nv
. P
A, ot—= ">1* ¢« 0,05 o.18 Q19
R b
- o*->§* «0.12 «0,01 «1,0
3 o' 1" -0, 41 «0,14 «0,12

Y =0, 3¢ 0,50 0,01

<, S o Q.30 0.43 0.44

wi. G.Ya. Korennan. Yadernaya Fiziks,231,No.¢(1975)

2 G.¥a. Korennan and R.A, Eramzhyan, FProc. of 8th Wintor
Echool LiXali, part I, p.402 . Leningrad, 1973

3 ' Uberall ot al. Fhya.Rov,C6, 1913, 1972,
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VIII.?7

TOC THE THEORY OF QUASIELASTIC KNOCK-OUT OF
NUCLEAR CLUS: TERS

V. V. RBalagshov and V.N. Mileev
institute of Nuclear Physics, Moscow Statle University,
Moscow 117234, USSR .,

A new approach Pl to the consideration of the quasielastic
knockeout of complex particles from nuclel based on the micro=
scoplc description of interaction of incident particles with nuclei
induces one to revise the conventional ideas about the relation
ship between these processes and the effects of nucleon clustere
ing in nuclei. The conception of the effective numbers ©of nucleon
clusters in nuclei as structural characteristica of nuclel is ine
sufficilent for the deacription of these reactions. In these reactions
an important and often dominant part is plaved by the mechanisms
of cluster-fornation in the very process of interaction between an
incidemt particle and a nucleon group in nuclel, in which quartum
numbers of internal motion of this group are changed. The cone
tribution of these mechanisms depends on both structural pecue
liarities of nuclel and kind of incidert particles, their energy,
detection angles of scattered and knockedsout particles. A spe-
cific coherent ( cumulative) effect of cluster-formation in the
reactions ($ ,pa), (pypol) ete, as a resull of subsequent colli-
sions of an incidemt hadron with all nuclecus of the corresponde
ing group is it particular interest

The paper presents resulls of calculations for the reace
tions of quaslelastic knockeout of complex particles by electrons,
protons and JU emesons for a number of nuclel.

i, V.V. Balashov and V,N, Mileev, AllsUnion Conf. "Nuclear
Ractions at High Energies”, Abatracts of contributions, p.20,
Thillsl, 1973,

2. V.V, Balashov and V,N, Mileev, NuclLPhys. (to be published).




VIII.8

TWO=ETEP MECHANISV OF THE NUCLEAR
EXCITATION IN COHERENT PARTICLE PRODUCTION

V.V. Balashov, V.I. Korotkikh and V.N. Mileev
Institute of Nuclear Physicse,\oscow State Univeralty
vieecow 3217834, USSR

In work® & mechanism of collective nuclear level excitation in
coherernt particle production {(e.g. j — 35 ) was suggested. The
mechanisms of excitation of the same levels in the processes (I,T7’' )
and (J,3X) were shown to differ. It in inelastic scattering the
dominating one-step mechanism of nuclear excitation is accompanied
by strong absorption of the incident and outgoing pasticles in nucé
lsar mafter, another mechanism is added in the coherernt production.
The caharacteristic feature of this twosstep mechanism is that no
excitation of the nucisus occurs during the act of particle produoc~
tion; the nucleus is excited either before or after the act of coherent
production as a result of inelastic scattering of the incident or pro-
duced particle from the nucleus. Interference of the two mechanisms
allows one to explain naturally the coincideradle difference between
the angular dlstritations cbserved In the reactions *°C( 1,7/ )
13c (2%,0) and 3c( 7,37 (}2c(2%,0). The present paper in-
tercompares cur calculstions of reactions ( 7, 7' ) and (7,37 )
(wammb.rdmhkmtzcwzoapb.'rhenwonbm
one-and two=step mechanisms is studied depending on the transis
tion multipolarity, effective mass of produced system and atomic
welght of nucteus. Experimental data on the ( Ji,J0') ) and
( JT,37) ) reactions have been obtained with the coincidence
txcivdgue. In connection, the analysis of spin density matrix and
angular correlation function in the reactions (tﬁ,JTQ/ ) and
(aq,3ay ) are presented.

V.V. Balashov, V1. Kordgtkikh and V.N, Mileev, Phys.lett.
498 (1974)220
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VIII.9

PROPAGATION OF UNSTARBLE HADRONIC SYSTEM
THROUGH NUCLEAR MATITER IN COHERENT PRODUCTION
PROCESSES
V.Is Korolkikh

Institulte of Nuclsar FPhysics, Moscow State University
Moscow,USER,

Propagation of cempound m(n-eyat.mi‘z) through
nucleun s studied depending on the nature of interaction between
hadren components. Example is considered when the siates of two
paticles forming an hadron are deacribed by a set of oscillator
wave functions, The shape of & peak & m « m’ which appears
in the ampiitude of Deaystem transitions (m -5 n') in scaftering
wmmambmmmmmmm’.
The calculated tranaitions ampiitude is close o the approximation
by the Gaussian dependence which have formaily been used by
Van Bm". S0y we have the same physical corsequences as In
the Van Hove model’, but, besides thal, we can trace what is the
dependence <f the muclear transparence on the properties of
hadron preduced.

For large values of U ( Zo> R, R in  the nuclear radius, 7,
is the cecilistor parameter) Desystem is swongly absorbed In
aucieus. In this case weo have a narrow widih of the amplitude
peak, On the cenlrary, for amall 2o { 2. << R) the cempound
hadron is weakly abserbed. This fact prevides us with a possie
bilty, in principle, te understand ths various nuclear trarnspe-
undu’mmmahmmamnm

3. In Van Hove, NuckPhys. P46{1978)78.

2. K. Gdiiried, Acta Phys.Pelon, RY{(1972)769.

3. G. Balleni, Proc. of the Ind Topical meeting on HEC invelving
nuclel, Triest, 1976




VIII.1O

Institute for Theoretical and Experimental Physica.
Moscew I975.

Beils Abramov, I.A. Dukhevskey, V.S, Fedoretz, V.V. Kishkurne,
AP, mtenkm’ VaeVe KulikW’ I.As¢ Radkevich.

R Study of the isobar (1239) production in the reaction
J+d-> pP+4A (A ~ bacward) from I,03 %o I,68 Gev/o, "

ABSTRACT .

Differential cross seobion of badward A (I236) production
in the reaction T +d-+ P+A a% feur incidens momente from
I,05 to 1,68 Gev/c is measured. The measured values are in
good agreement with the calculations based on the triangle
mechanisn for the rcaction. 1
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VIII.11

Institute for Thearetical and Experimental Fhysics.
Hosoow I1975.

Betle Abranov, I.A. Dukhovakey, V.S Fedorots, i.P. Krutenkova,
VeVe Kulikw, I.As Rodkeviche V.V. Kishkurno

" Study of tho reaction N +d->p+A+ N with large momeni.um
transfer in incident momenta interval from 1,25 40 2,64 Gav/ae"

ABSTRACT o

Differeniial crogs scction ( DCS ) for the reastion

X +d-» PraT" 4N at c.me3. angle nearbdby I80 in momenta inter—
val from I,25 to 2,64 Gev/o is measured. The measured values
of DCS are found to be equal within statigtical accurasy to

DCS for AP bacward elastic scattering at Investigated energies.

ii ( 9 *—Bngunupuud 88 o P .ﬂ'oP-oP.,ﬁ" 2]
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% ApfulPSctn! T epepeF- [5_]
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VIII.12

1 GeV PROTON SCATTERING AND NUCLEAR SIZES

GeD.Alkhazov, Se.L.Belostotcky, Oe.iA.Domenenkov,
Yu.V.DOteenkO. quqmatm’ £ Q‘Aowmv,
and A.A.Vorobyov

Ieningrad Institute of Nuclear Physies, Gatohina, USSR

The differential cross-sections of 1 GeV ggmm elasstic
scattering by 1B, 12213, 2B51 ,32:385 3% ang We48cqa 1sotopes
have Deen measured. Using Glavber mmltiscattering theory and

uS fitting procedure, the analysis of the data provided the
parameters of the matter distributions represented by fermi-
functiona. The proton distributions being taken from the elegt-
ron scattering data, the distributions of the neutrons in the
isotopes have been deotermined. Fig.1 compares the RIS radii of
the matter amd charge distributions. Fig.2 shows the proton

and neutron effective distributions P (r) which take into
account the finite siges of the mucleoms, the difference betwoen
neutron distributions in ¥ca and %Bca isctopes being emphasised:

<E>ME 7253 2 (0.1420.02) fo.

36F / ; 15 b 157
[ 40~ 2 2
e - 1.02- p;l/ 3 6/ o i QBCQ(prn) AT Q. Prao o
40~ 48 10 L ICN =
‘(‘: 34 \ ?39 Ca Ca -—%—-40 :__19 1 Qlt
E’/\é = ; ‘ T f""f\\ .\\ ‘95
3 ¢y % HCaGa N\ L
30 32 05 - 1.
i S - \\\, <
- 2851 : \\\\
30 | L L ] i R 0
30 35 40 45 p 0 1 3 5 7 r, $m
Mig.1. Huclear siges. Fig.2. Distribution of the
¢ - latter RIS radii, protons and nsukrons

0 - charge RIS radii. in 30,884 izotopes. 395
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VIII.13

FRAGMENTS PRODUCTION IN THE INTERACTION OF 1.0 GeY PROTONS
WITH MEDIUM AND HEAVY WEIGRT NUCIEI

seN.Volnin, A.A.Vorobyov and D.M.Seleverstov
Leningrad Institute of Nuclear FPhysics, Gatehina, USSR

The snergy spectra of the Lfragments produced in the
interaction of 1.0 GeV protons with T1,70m1,%%m, 112 124,
AgyAu, and U targets have deen measured at two lsboratory
angles - 6 = 60° and 9 = 120°, The isotopes of the elsments
from lie to C were 1dsntified using a combination of the nagnetic
analysis and the 1E-E method. The yields of different isotopes
and angular anysotpopy parametors (#/B) have been determined.

The yields, being normalizged to 6@“&. ware found %o be
independent on the mass number of the tarpget muoclei with similar
values of the N/2 ratio. The Aal;depemmemobaemdonly
for the yields of “1e particles. The emergy spectra mere
analysed using the equilibarium evaporation model. The effective
Coulomd barriers evaluated from this analyais proved to be
(0.5¢0.6)V, for sn and Ag targets and (0.740.8)V, for Au and U,
hore v, is the nominal Coulond barrier. The molear tempsratures
were found to be sbout 8.5 MeV im most of the cases. lowever,
it was only about & MeV when Yie-particles were emitted while
in the case of JNa and 7Boomiaaionthotcmparwm appeared
to be much higher - 11 MeV.

The conslusion is that omly *re enisaion could be satisfac-
tory explained by the svaporation mechanism while other
fragments asre formed, presumsbly, in some nonequilibrium process.




VIII.14

MEASUREMENTS OF 12c(n ¥, n®)V¢ cross-sEcTIONs

IN THIS RLEGION OF (3/2 3/2) RESONANCE

Le.H.Batist,V,D.Vitman,V.P.Koptav,ii.V.Makarov,
A.A.lNabere 5hnov,V.V.Nelyubin,G. %« 0brant , V. VeS:arantasev,

and G.V.Scherbakov

Ieningrad Institute of Nuclear Physics, Gatchina, USSR

Crosa-gections of 12(:(]1", 71"n)Vc ana ‘ac(n’, 'n +

+2°p)Y1c reactiona and their ratio for 100, 130, 150, 180,

210, 245 and 295 MeV n mesons are measured. Results are

compaired with calculations in ths plang wave lmpulse appro-~

Ximation (PWIA).

Ene Parti 6, _
Meriw' cle ub © / 6+
100 T 00327 1,20 * 0.08
130 = 602 % 540

JL’. 42’9 z 5:1 1‘40 x 0.%
150 e a2i? 1487 * 0,05
180 o Z;:g § g:g 1.57 £ 0.05
210 2 74.5 ¥ 5.5 .
:nf “2.8 E 3.2 10% .t Ve 08
24 n~ 66.5 ¥ 3,7
2 n* 57.2 x 2,7 1.77 X 0,06
- +»
235 Te 355:‘,} 3 2% 1.70 * 0.0%
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VIII.1S

NOTE ON THE OPTICAL POTENTIAL FOR PION-NUCLEUS
SCATTERING IN ( 3,3 ) RESONANCE REGION,

A V,Stepanov,

The expression for the optical potential is de~
rived for the description of pione-nucleus interaction
in (3,3) resonance region, This potential is given in
terms of pion~nucleon cross sestion and dynamical nue-

lear form faoctor.
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VIII.16

THE INVESTIGATION OF MAGNETIC MOMENTS OF 2K AND 911 NucLEr
IN ELASTIC ELECTRON SCATTERING

VeP.Likhachev, N.G.Afanas'ev, A.A.Nemashkalo, G.A.Savitski]
and V.M.Khvastunov

The Kharkov Physical Technical Institute, Kharkov, USSR

A valusble information ¢n nuclear magnetic moments can
be obtained from data on magmetic scattering in the limited
region of q or even fr.a several q values B.z].ln this paper
we Investigated the megnetic elastlic electron scattering from
59K and 49&!1 nuclei in the region of the second diffraction
minimum of the monopole elastic cross-section.The experiments
were performed at incident electron energies up to 300 Mev
with the Kuerkov LU-300 electron linac.The experimental in~
stallation was described in ref.[}].Three spectra were measu-
red for each value of the momentum transfer at different inci-
dent energies and scattering angles.Making a plot of the total
formfactor against }éﬂ:gz g we could separate electric and mag-
netic contributions.The ocbtained magnetic formfactors were
compared with single particle model calculations.The following
megnetic moment values were obtained:
u3(39K)=(0,49+0.05) mm-£2 ; uP(*Ir1)=(7404150) na-2°

REFEREKNCES

1GeColily I Sick, JeD.Walecks and G.B.Walker, Phys.Lett.

1970
2.%%%;3“&3’A0§0L0D10p0m and G.Box, Rucl.Pb:s.AEO},GO9,1973;

3 NeGoAfsnas'ev ot ll,!.d.r’.805’318’ 1967.
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VIII.17

PROTON ENERGY DEPENDENCE OF THE (e,e'p) REACTION
CROSS SECTION FOR 2H,%He AND ©Li NUCLEI

Yu.P.Antoufiev,V.L.Agranovich,S,V.Dementiy,
V.S.Kuzmenko,V.I.0gurtsov and P,V.Sorokin
(The Kharkov Physical Technical Institute,Kharkov,USSR)

A dependence of (e,e*p) reaction cross sections on the
knocked out proton energy Tp was investigated to determine
the role of the final state interaction (FSI).The experiments
were performed at the Kharkov electron linac at incident
electron energies of 800 and 1200 MeV for sz 35,45,56,75,82,
406,125 and 155 MeV,The apparatus was as that in the work ([1].
The momentum of a recoil nucleus A=~1 was chosen to be pyp=350MeV.
The results of the experiments have shown that ratios of the
measured cross sections to those calculated in the PWIA
increase at Tp < 80MeV,being almost constant at !l‘p> 80MeV.

G Ly data for 2H agree with those in the 2’H(p,2p)n reace
tion [2] and the FSI calculations.The ratio dependences on T.

P
for I'He and 6]:.1 are qualitatively the same.

References

41e YuePsAntoufiev et al.Pis'ma v Zhurmm.Exp.i Teor.Fiz.,
20,501(1973).

2. R.D.Haraz and T.K.Lim.Phys.Rev.lette,31,1263(1973).




VIII.18

TOTAL HADRONIC PHOTOABSORPTION CROSS-SECTIONS OF NUCLEI
FOR PHOTONS WITH ENERGIES 150-500 MeV

., V.Ge.Vlasenko, V.A.Goldstein, A.V.Mitrofanova, V.I.Noga,
Yu. N, Ranyuk, V.Il.Startsev, P.V.Sorokin, Yu.N.Telegin .

v The Kharkov Physical Technical Institute, Kharkov, U.S.5.R.

Total hadronic photoabsorption cross-sections to the
present time are measured only for photons in the energy
ranges up to 150 MeV and over 1,5 Gev, We have measured the
total cross-sections of a number of nuclei (C,Al,Ni,Mo,W)
for photons with energies . = 150-£00 MeV, The measure -~
ments have been made for the virtual photons by means of
the inelastic electron scattering method for the small 4-mo=
mentum transfers (g2= 0.04 - 0.1 ( eV )2, The scattering
angle was 14°, the initial electron” energy E=0.8-1.4 Gev,
The elastic and quasielastic radiation tails were subtrac =
ted from the inelastic scattering spectrum, the cross-sec =
tions in the photon points were determined by the extrapo =
lation procedure, The statistical accuracy of the cross—sec-
tions is 10%; the cross-sections have resonant shape. They
are by 30-50% higher than the sum of the free nucleon pho =
toproton total cross-sections, that may be explained by the
~luster contribution.

~1
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