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Abstrac ty

The fission product ylelds of the members of the decay chains
132-137, 99, and 102 in 235U(nth’f) vere measured’ at various

kinetic energies and ionic charge states of the ffagments us-
ing the mass separator for unslowed fission products 'LOHEN-

GRIN'.

Tre results are discussed with respect to four aspects:

l. /i preferential formation of neutron rich chain members
found at high kirnetic energy of the fragments is predomi-
nantly due to decreasing pomnt neutron evanoration. A par-
ticularly large effect in chain 132 1s attrituted to the
double shell closure in Sn-13Z.

2. The persistence of en even-odd vairing effect in the
yields throughout the range of kinetic energies studied
leads to the conclusion that the high internal excitation
energy of the frazments is tied up mainly in the form of
collective energy (e.g5. deformation energy)rather than
single particle excitation.

5. Generally, the ylelc distribution at constant kirctis en-
ergy 1s invariant with respect to the ionic charge st..te
of the isotopes separated. Deviztions from this behaviour
found in chains 95,102,133,and 136 are interpreted es be-
ing due to Auger events followinz a converted transition
in the decay of ns-isomers taxins place in the voacuum of
the separator. .

4, 4 pronounced variztiorn of the independent formation ratio
of single 1isomeric states with the kinetic energy of thre
fragments is providing direct information on the contro-
versial topic of the change of angular monesntum of fission
fragments as a function of deforination(scission distance).

+ Guest sclentist zt Universitiit .=inz.



l.Introduction

Radiochemical yield measurements have been a useful tool in
the study of nuclear fission,providing sore information on
nuclear, temperatures and angular momentum at the scission
point §§~%%§ determination of odd-even factors and of iso-
meric yield ratios.

Radiochemical measurements generally supply information,.on
quantities averaged e.g. over the kinetic energy. e emiss-

ion of prompt neutrons (or y-rays) are—factors—that tambe (S F&u

| %m%

corrected~for-by their average values thus producing a some-
vhat blurred picture of the initial conditions.

The mass separator LOHENGRIN [1,2,3] may be used to improve
this situation as it allows the separation of fission pro-
ducts according to their initial kinetic energy. The total
energy of a tission into two given products is corstant. In
consequenca, the kinetic energy of fission fragments is in-
versely correlated to their internal excitation energy. and

a2 fission fragment pair of particular kinetic energy will
possess a well defined total excitation energy and will
therefore ewit a particular number of neutrons &nd/or y-rays.
A particular kinetic energy 1s also presumably commected to

a well defined distance of the charge centers at the scission
point, 1.e. a particular scission configuration.

Measurements of the yield distribution of the light-wing
fission products nave been carried out at LOHENGRIN using
various kinds of dE/dx-detectors [4-11] for the elemental as-
signment of the isobars. These measurements were concentrated
on the mean kinetic energy of the fission fragments, but some
measurements at other kinetic energies were included [7,8,10].
The most recent survey will be given in these proceedings[11].
Unfortunately, this method is limite o the light win
fission products ,df;:e“:tg rcbolutionP dl“e“"q ressens. 'l'herefore,gthe
study of ‘the heavy-region fissiou products presented in the
following is based on a radiochemical method. This method has
the disadvantage of depending on the decay characteristics of
each single nuclide measured. In consequence, it is much umore
" laborious than the physicel methods. It has the other draw-



back that nuclides near stability cannot be measured witn
high accuracy. It has, however, the advantage that the yields
of individual 1somers cen be differentiated. The possibiliily
of measuring the independent yields of individual iso=ers has
Induced us to include light wing cheins 99 and 102 into our
progranmne.

2. Experimental

q?
Due to space limitations only tire ®rinciple approach %will te

described here, and further details will be given in sererate
rapers [12].

The fission products were producecd *nside the mass separator
LOHENGRIN of the Institut Laue-Lzngevin in Grenoble. UO2 tar-
gets with a thickness of 40 or 1CO ug/cm were used. I» scae
of the experiments they were covered with a nickel foil o=

035 pm thickness. In all cases th2 energy loss of the Irzgz-
ments was determined experimentally by measuring the Ifrag=ent
bear intensity at various kinetic energles and comparing ta
mexicua of the distribution with tze most probable kineti:
energy of the same mass as obtaired by Schmitt et 21. [13].
The values of kinetic energies given in this paper have gll
been corrected for energy loss in the target and due to
proapt neutron emission.

The beam of fission products separated according to mzss,
ionic charge state, and kinetic ererzy was stopped in a2 fzst
transport tape ocutside the separator. The collection orf ec-
tivity wes restricted to-a length of 200 mm of tape (as coa-
pared to the total length of 720 &= of the exit slit) in or-
der tn maintain an energy resolution of + 1,5% (ca.l ifeV) and
to have a uniform deposition profile along the collection
length. The collected fission producfs were transported o e
shielded and absolutely calibrated counting position (Ge(iLi)-
detector and zig-zag mechanisn) either continuously or in a
stert-styp mode, and the y-rays essoclated with their E-cacay
wvere counted. The velocity of trars»sortation was chosen zc-
cording to the half-lives of the nuclides studied. Aporopri-
ate corrections for growth and deczy during lcction,trans-



port, and counting, and for detection efficiency allow the

calculation of the number of atous of the individual chain

members produced. The fractional yields were obtained by two
methods: ' _

a) It wvas determined from the absolute activity of a descend-
ant with a fracticnal cumulative yield nearly equal to
unity (e.g. 134 137Xe, 99m+gNb, and 135Xe). Descendants
too long-lived for on-line counting (e.g. 78 h - 132Te,
20-8 h-1331, and 9-35 h—135Xe) were (partly) collected on
a strip of aluminium foil (generally 25-50 mm wide) main-
tained fixed during the whole experiment in front of the
moving tape syStem. The activity on this collector strip
vas measured after the on-line experiment using a well
shielded Ge(Li)-detector.

b) In chain 136 this method could not be used due to the
stability of Xe. Therefore, the total number of fragments
was counted directly by inserting a surface barrier de-
tector into the becam cf fragments inside LOHENGRIN

Method a) is preferred over method b) as it fozrs less sen-

51t1m¢£y to impurities in the separated masses. '

Generally, the limited count rates required a fair detection

efficiency (source-to-detector distance cz. 2 cm). This in

turn made necessary a carerul correction of summing loss

[14,15] both in the calibration of the detectors and the

actual measurements.

The evaluation of the data relies on the decay properties

(half-lives, absolute Y-line intensities, conversion coeffi-

clents, branching ratios, etc. ) of the nuclides measurcd. In

many cases these c%ég%%nts were not known and had to be de-

termined in separate radiochemical experiments. Space does

not allow the description of these measuremenls here. The vaﬂtég.

constants used are, however, given in tabular form (Table I).

5. Results and Discussion

The fractional independent yields obtained will be presented
and discussed in two chapters. lhe first chapter will deal
with the influence of the ionic charge state of the fragments



on the yields observed. In the second chapter the variation
of the yields with the kinetic energy of the fragments will
be treated. .

:.i. Fractionzl indevendent yields at various ionic charce
states of the fragments

esserally{ize. In chains 132, 134, 135, and 137§, the yield
distribution at constant kinetic energy was found to be in-
variant with respect to the ionic charge state of the iso-
topes separated. An example of this type of behaviour is
shown in Fig. 1 for chain 134.

Iv chains 136, 99, 102, and 133, however, a marked depnndence
of the yields on the charge state of the ions is observed.
The results of the first three chains mentioned are shown in
Figs. 2 - 4. ' -

Similar effects were observed by Siegert et al. [18] and by
Clerc et 21. [7,19] for the light-wing fission products. They
were explained es being due to the emission of Auger elec-

. trons following converted y-ray-transitions of nanosecond
(ns) « isomers taking place while these isomers are flying
through the vacuum of the separator before entering the mag-
netic and electric fields (time period from 10~ 14 s until
2:10 -6 s after fission). The increase in the mean lonic
charge due “é.t‘? tﬁ&gﬂ&e\s m%fcfecié will lead to an increased
yield of th#ségsasope hig ionic charge states as is ob-
served for 13°I[57] and 1361[27] (Fig.2), Pzr (Fig.3),
102y, .1*] (Fig.#), and for 133m+gp g (not shown). The fact :
that fractional yields have been ploited leads to seemingly
decreasing yields for the other unaffected isotopes ( 6xe,
136qe 1n Fig.2, 2°Y in Fig.3, 192zr, 192yp[n] in Fig.4). The
yields of the isomers of 99Nb (Fig.3) appear to be practi-
cally constant. This could be interpreted as indicating the
presence of another - less effective - isomeric transition
in +hat chain feeding the two isomers and compensating for
the expected decreese in yield. In this context i1t is inter-
esting to note that in chain 102 the ns#isomer seems to be
feeding only the low-spin isomer of Nb whereas in chains 99




and 136 both isomers are apparently fed to nearly the same
extent. It should be statcd here that the results concerning
chain 102 require further confirmation as they are based on
prceliminary information concerning the decay characteristics
(see Table I). In the present examples as in the cases
identified in Refs.[18] and [19] ns¥isomers that could be
responsible for the effect have been detected independently
by Clark et al. [20] (Table II). |

However, the identification of these isomers is not fully
conclusive as nurerous additional ns¥isomers have been de-
tected [20], in particular in chains 132, 134, 135, and 137.
These chains, however, have shown no dependence on the lonic
charge state. ]
It seems desirable tc give additional support to the inter-
pretation given above, e.g. by measuring the half-life of

the parent assumed responsible for the increased ionic charge.
This can be decne by introducing into LOHENGRIN a thin foil
which will re—eéuilibrate the ionic charge of the ions in
flight. A 're-equilibration' prior to the decay cf the iso-
mer will not affect the increased average charge while a re-
equilibration after decay will remove the effect. Therefore,
the measurcment of the average ionic charge as a function of
the target-to-foil distance will allow the calculation of the
desired lifetime as the velocity of the ions can be calcu- '
lated from their energy.

3.2. Fractional independent yields at various kinetic ener-

gies of the fragments

The yields measured for the various fission product chain
members and kinetic energies are given in Table III.

The yields indicated refer to the cumulative yield of the
last chain member showvn. This yield can generally be assumed
to be identical with the chain yield. In some cases,however,
(e.g. in chain 133 at low kinetic energy), the independent
yield of the subsequent chain member (1331) 1s not negligible
even though it could not be measured. In these cases,possible
' effect§ on Zpuvalues and 2g%iﬁgiy factors discussed subse-
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quently have been taken into account.

Generally, the yields of individual isomeric states are indi-
cated in Table III. In two cases (chains 134 and 135), how-
ever, the yields of the individual isomers had to be deter-
mined in separate experiments, and therefore the fragment ki-
netic energies were not identical. In these cases the yields
(135Xe) or the fraction of high spin isomer reiztive to the

total, YFI(high spin isomer)
F

h =Y Y1 (both isomers) J 3

) are given separate1y<£%25%$ Table IIIJ.

In general, good agreement is observed between radiochemical
yield values [21] and the yields obtained in the oresent ex-
periments at the mean kinetic energy of the fragments. There
is also general agreement concerning chains 99 and 102 with
the data obtained at LOHENGRIN (at mean kinetic ehergy) using
physical methods [6,8].

A typical example of the change in yields with varying kine-
tic energy of the fragment is shown in Fig.5. This example
has been chosen as it allows a comparison with results of
Clerc et al. [7,7a] at two kinetic energies of the fragments.
The agreement seems reasonable. Other umeasurements at other
kinetic energies [8] agree in their trends. Some deviations

" at low kinetic energies are presumably due to the use of a
thick UO,-target (400 pg/cmz) and the consequent loss in en-
ergy resoluticn.

The trendg observed in Fig.5 and common to all chains studied
(Table III).agé an increase with increasing kinetic energy of
the ! ‘eudren=rich) chain memberf with the lowest nuclear
charge at the expense of the chain members of higher nuclear
charge. The sl&ght{ggizmum found for the intermediate chain-
member 9921"‘e some gain in yield from 99Nb and some
subsequent loss to 99Y at higher energies is found even more
pronounced in other chains (e.g. chain 132). The observed
effects are among other reasons due to the decrease in prompt

neutron emission with decreasing excitation energy (increas-
ing kinetic energy) of the fragments.
Besides the change ir element yields mentioned, a strong va-
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rintion/in the independent yields of isomeric states 1is ob-
served bsxe”for the first time. This effect consisting of a
decreasc of ;hﬂ_ixaci=ani£Fh§'o~—the—h:gh—fptn—ise=ee—pela

tive~ta—vhe—toIal—yie}dﬂof~the—:seceae and observed in chains
99, 102, 132, 133, 134, 135, end 136 (Table III) is illustra-

ted in Fig.6 for c%ad‘k %ﬁ;ﬁ%‘p
In the following, will first be f—the—
chenges—ix-yields in terms generally used for a discussion
for a discussion of ch({ge distribution in nuclear fission,
i.e. Z,, o, end GEE&ES factors (EOF) [22,23,24]. Finally,
the changes in the independent yields of isomers will be dis-
cussed with respect to the angular momentum of the fission
fragments and scission point configurations.
In order to study the effects of kinetic energy on the charge
distribution, the yields observ 1 were fitted to a Gaussian
type curve modulated by odd—eveﬂ factors as given- ‘below.
Z31/2

(1) | FI(z) = N1 g EOF(z)-P(z)-dZ , and
z=1/2

(2) Fc(z) = N2 3,1/2 EOF(Z)-P(Z)-dz
Z>=wm

with: P(Z) = (2n02) 1/Z-exp[ -0,5-((z- Z )/ o)2 ].

FI (FC): fractional independent (cumulative) yields.
N is a2 normalisetion factor assuring that the sum of all
fractionzl independent yields within one chain remzins equal

to unity after the modulation by gr@=Z=%itgn factors.
eu&rwmf
=+ -
N= ( EOF(z)-P(z)-dz
Z=-m

This curve is described completely by a set of three vari-
ables:

Zp: the most probable charge,

s the width parameter of the curve, and

EOr: the even-oudd pairing factor.



Calculation of the three parameters requires the knowledge of
at least four yields. However, the present experirments pro-
vide only two or three element yields per chain (Table III).
Therefore, only some of the constants ggg}déae calculated ex-
pllcl*ly . Whenever three yields were.knoun-zp and EOF were
calculated. In the ot ases only Z_ was calculated. In
these cases the assumpti%ﬁ&'f c and/og EQOF was based on inde-
pendent informztion, e.g. the radiochemical yield distribut-
ion. Fortunately, the results obtained for Z_ are quite in-
sensitive to the assumed values of o and/or EOF since the '
yields used were those of the most prominent chain members.
Even the simple calculation of the average nuclear charge Z
according to [5,9] leads to almost identical results. Al-
though the absolute size of EOF is scmetimes affected by the
choice of o, fortunately the chznge in EOF with the kinetic
energy of the fragments is practically not affected as long
as ¢ itself does not vary with energy.
The present method of evaluation is preferred over the method
used in Refs. [5] and [9], because it allows the handling of
incomplete sets of data more easily i1 a self-consistent way.
The main advantage of the present method is, however, that it
provicdes a well-defined EOF-value, whereas the other method
uses the oscillation of ¢', the square root of the second mo-
ment ggéthe charge distribution, to obtain an odé—e;&g(factor
n a_more iﬁd1rect vay. VQQL :
The resulting Zpuua}ues and EOrqfactors are given in Table
ITI. The Zp*values are plotted in Fig.7 versus the deviation
from average frzgment kinetic energy (Ek'Ek)' The data poiuts
in the figure may be compared with a drawn-out line repre-
senting ZUCD' the nuclear charge calculated assuming un-
changed charge density according to the equation:

Y4 .
(3)  Zyep(By) = (& + V4 (E))- ;f ,  with:

_ E B, _.  E.-E
vl‘Ek)=Vh_ 7— » when - — positive,else%k(Ek)=0.

+ ggngﬁlculatlon was carried out using ‘the fit-programme
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strong effects (A = 132, 134, 6,,a d 137). The most inter-
esting result is certainly theoégy fat the effect is appa- 2 ?
renlly gp‘reserved over the whole span of kinetic encrgies {n<
dicatgr}g. that the internal excitation energy of more than 15
MgV(corresponding to the-eases—of low kinetic energy)is tied -
up almost exclusively in collective degrees of freedom, e.g.
deformation energy. The results in chains 132 and@ 137 showing nnaﬁﬂte-ﬂ
X minimum in th& 6id-ewea factors around E"k could de interpre-

ted as supporting results of Nifenecker et al. [27] indicating
that the 'intrinsic excitation energy' (total energy minus ki-
netic (coulombic) and deformation energies) shows a maximum

for those fragments carrying the mean kinetic energy. However,

the results of chain 134 contradict this interpretation and

the results of chain 136 do not support it. Measurements of

more chains are needed to answer this question.

One of the most interesting results of the present work cer-
tainly concerns the independent yields of the individual iso-

mers and their variation with kinetic energy. '

Using the formalism developeil by Huizenga and Vandenbosch

[28,29] and the equations as explicitly written down in [30]

the ratios of independent yields of the isomers as given in

Table IITI were converted into the root mcan square angular _
momentum (ers) of the fission fragments. The resulting _ __
values are plotted in Fig.9 as a function ef—the—kinetic l:k‘E .
energyof —the—fragments.

The values obtained for the mean kinetic energy of the frag-

ments (Ek"ﬁk = 0 in Fig.9) cluster around 6-74’1 for the

heavy fission products and somewhat less for the light

fission products in agreement with results obtained by

other groups, e.g. Wilheimy et al. [31]. Thc unusually low

value of ers for 99Nb ray be due to nonstatistical effects

in the deexitation of 27Nb fission fragmeats [32,28].

The most striking effect observed in Fig.9 is the pronounced
decrease in ers by about 3 ‘h per 10-15 MeV. This e:f.‘fect/ ex-
pected on theoretical grounds [31,33,3h]j has long been deba-

ted since the limited experimental information available was
contradictory. Wilhelmy et al. [31] concluded from the rela-

[

bey —



A mass nuaber of fission product.

QA(Ek) nurzber of prompt neutrons emitted for c.i2in of mass A
at kinetic energy Ek’

VA mezn number of prompt neutrons emitted for chain A
(£from [22]).

Zpsf . cherge (mass) of compound nucleus.

The relation assumes that about 7 lMeV have to be spent in or-
der to evazporate a neutron [25]. It could be shown that the
nuryer of neutrons emitted at the mean kinetic energy Ek cor-
responds to the mean number of neutrons emitted at all kine-
tic energies. '

The distence between the experimental points (Z.) in Fig.7

and the line (ZUCD) represents the parameter AZ (= Zp - ZUCD)

used to describe the charge polarisetion in the fissionirg
nucleus [22]. : -

At a Tirst glance the change in Zp (data points) 1s essen-

tially parallel to the change in ZUCD indicating that thedk(HmSﬂlu

prompt neutron emission diminis:ing with decreasing excite-

tion energy of the fragments has the dominating influence Qr

the varietion of the experimental yields observed and thest

the distribution of protons and neutirons at scission is

roughly independent of the scission distance. Looking more

closely, however, one finds deviztions from this simple te-
haviour.

(1) The Zp-value° in chains 137,1%%,a2nd 134 seem to aprroach
the ZUCD-line at high kinetic encrgies. This trend was
actuzlly predicted for all chains by VWilkins ¢t al.[26].
The differences in the behaviour of neighbouring chains
can possibly be attributed to zn uneven distribution of
excltation energy among complementary fragments [27].

(2) In chain 132 the opposite effect is found: the gzp bet-
ween Zp and ZUC§?EIég§s at high kinetic energies, wvhen
prompt neutron emission has ceasad. Possibly this is due
to the influence of the double shell closure in 132

0
The odd-even factors given in Table III are plotted ir F1g.8

versus E,-E, .
The behaviour is somewhat complicated as was also found for
"the light-ving fission products [5,9],/ Chains showing practi-

geare
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“tive intensities of_(6'F AN AR , O+) gro:.md—-sta-.m Casche
lons at three kinetic energy intervals (total spdn 20-30 MeV.
for heavy or light fragment) that the value of ers i1s on the
average (within + 1 h) independent of the fragment total ki-
netic energy. Ni}fenecker et al.[27], however, estimated from
the correlation of the total y-ray energy and the neutron
multiplicity in the fission of 222Cf and 297U that the aver-
age spin of the fission fragments should increase by one unit
for an_increase-of-excitation_energy of approximately 7 MeV

uiar..'."mesponding to a Aers/AE ='110,14 h/MeV). The r‘:esul'l:s of
the present work based on a fit of data polnts in Flg. 9 are
compiled in Table IV. There is general agreement with the -
value of Niefenecker. A comparison of the values obtained for
individual chains could »ossibly be used to »rovide infor.-
nation on fragment stiffriess at the scission point.
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Fig. 5:
Fig. 63
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Fractional cumulative (S%) and <'independent (Ye,I)
he o

yields in chain 134 et various ionic charze stztes
of the fragments. Kinetic energy Ek = 7732 eV,

Fractionzl cumulative (“'e) and {~- independent (I,xZe)
yields irn chain 136 et various ionic charge =<atas
of the fragments. Spir end parity of iodini isccers
indicated in brackets. &, = 7532 leV.

Frectional cumulative (Y) 2nd < independent (Zr,!'t)
ylelds in chain 939 a%t verious ionic charge stzzles
of the fragments. Spin end parity of Nb-isczers in-
dicated in brackets. E, = 10237 FeV.

Fractional cumulative (Zr) znd .~ independent (ir%)
yields in chain 102 a2t various ilonic charge stazes
of the fragments. Assuned spins and parjities oI
Mb-isomers indicated in brackets. E; = 10243 rev.

Fractional cumulative (Y) and w independent (Zr,!d)
vyields in chain 939 ,at vearious kinetic energies -~
the fragments (gq= 217). 3lerk points froz [7,7z:,
full points this wori.

Fraction of independent yleld of 1341[8—] relati-e
to total independent vield of T2°I[87] and [4'] =t
various kinetic encrzies of the fragments.

Z_-values (data points) from Table III ard Z.,~-
(¥dravr:-out 1ine§ as czlculated from Eq.(2) v
at various kinetic enerzies of the fragmenis (%.,).
For a better comparability the kinetic energies‘_
have been normalised to the mern kinctic ener;v(3,)
of the fragments of the szme mess (from [43]). *
Odd-even factors (ZOF-values) frow Table III =%
varicus kinetic enerzies of the frugments (7). Tor
a Petter conparability the kinetic energies — hzve
been normalised to the mezn kinetic energy (70,) of

the fragments of the szme nnss (from [431).

Root mean square anguler oxnentun of fission Zron-
ments calculated from the indevendent formation
ratios of single 1so:eric states characterised =+
their spins ond perities =zt various kinetic cre--
gies of the fragments (=.). For a better comnsrz-
bility the kinetic energﬁes have been normaliced
to the mean kinetic enorgzy (El) of the frarmenis
of the seme mass (from [43])." The results on
I'b-102 are based oil prelininary desay character-
istiecs and have been calculated for itwo vealues of
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Table I:

Decay Properties Used in the Evaluation of the

Measurements 1).

Tl/z[s] Ey[keV?

nﬂ;g:r Nuclide IY P1 P2
99 Y 2.3(1.6) 122 0.409
Zr 2.0 468 0.576
546 0.460
Nb[1/2"] 168 253 0.0791 0.2868
. 351 0.0592
Nb[9/2%] 15 137 0.90(0.0214) 0.7112
Mo 66.0[h] ) 1
102 2)  z»r 2.2 600 0.0751
Nb[high] 4.3 L46 0.10 0.3269
Nb[1low] 1.3 400 0.117 0.6731
"~ Mo 690 g 1
132 Sn 40 247 0.417
Sb[87] 252 150 0.658 0
sv[4T] 168 974 1 él) 1
696 0.69(1)
Te 77.8[h] 2430 0.88 1
133 'Sb 2.34[m] 1096 0.32
Te[11/27] 55.4 [m] 912 0.62 0.29
re[3/2%] 12.45[m] 312 0.70 0.71 0.16
1 1248 [m] 530 n.89 0.84
134 Sb 11 297 - 0.97
1279 1
Te 2508 211 0.248
767 0.297
1[3] 228 272 0.79
1[s*] 3156 847 0.9563 1 1
gsl 0.654
135 Te 18 603 0.254
I 6.55{h] 1260 0.286
xe[11/2] 15.3 [m' 526 0.799 0.147
xe[1/2%¥] 9.17[n] 250 0.902 0.853 1




Table I (continued):

Mass Nuclide T,,,[s] E,[kev] I P P
%umber 1/2 Y ¥ 1
136 Te 17.5 332 0.56
1[57] 46.0 381 1.0
1[27] 83.0 1313 0.67(1) 1
1321 0.2505
Xe stable 1
137 Te 3.5 243 0.15
I 24.7 1219 0.134
Xe 229.8 455 0.31
1) ) .
Ti/é Half-life of isotope.
EY Energy of y-rav(s) evaluated. -
I ' Absoliute line intersity of y-ray (value in
¥ parentheses refers to the feeding on the
same y-ray in the decay of an isomer).
P1 Fraction of fB-dexay to isomer indicated.
P2 Fraction of decay of isomer to nuclide in-
dicated.

Preliminary data, further radiocltamical studies in
progress.



Table II: Nanosecond Isomers Possibly Responsihle for
Higher-than-Average Ionic Charges of Fission
Products in LOHENGRIN.

Fission Pro- :
duct of High NanosecondwIsomer [20]
Tonic Charce

992r ~15 ns -.99m2r
~300 ns - 99'"21-
99Nb 7 ns isomer of mass 99 and unidentified Z
100 ns isomer of mass 99 and unidentifieq Z
102y, 271 ns isomer of mass 102 and unidentified Z
Zh ns - 1OZZr ?
133Te ~A85 ns 1somer of mass 133 and unidentified Z
750 ns isomer of mass 133 and unideqtified Z
136I 3 ns - 136mI'




T able IIl: Experimental Fractional Yields of Fission
Products Indicated, and Corresponding Z_-
and EOF-Values Cotained by Fitting a p
Gaussian Curve Modulated by Odd-Even Factors.
A= 99 q=227 E =102.2[MeV] P = 1.54
E, Y zr  Nb[1/2"] Nb[9/2%] 2 (0=0.60) EOF
96.7 13.8+2.0 58.9+7.3 15.8+3.9 11.5+4 40.15+0.08 1.00+0.1
100.0 22.7+2.5 59.2%8.0 11.5%3.5 6.6%h.4 39.95+0.09 0.98+0.17
102.7 31.3%3.7 55.5+6.0 10.7+3.0 2.5%2.0 39.81%0.10 0.95+0.1
105.7 39.5+4.0 49.436.1 8.7+4.0 2.4%2.0 39.72%0.11 0.83%0.17
107.8 49.1%%.9 39.8+5.0 10.9+4.5 0.5 35.66+0.12 0.75+0.17
A=102 q=22" E_ =102.5[Mev] P =1.40
Ey Zr Nb[high] Nb[low] zp(c=o.56) EOF=1.25
95.6 27.2+2.8 46.6+5.0 26.2+3.5 41.03+0.12
96.5 26.5+2.8 40.7+4.3 32.8¥3.5 41.05%+0.14
99.0 42.0%4.0 36.0+4.0 22,0%3.5 40.79%0.09
102.5 51.1%¥5.5 26.2%4.6 22,7+3.5 40.63%0.10
105.1 55.2%5.6 24.0%4.0 20.8%3.5 40.56%0.10
106.8 55. 1+5 6 17.9+4.0 27.0+3.5 40.56+0.12
=132 gq =23 E =79.8 [MeV] P=0.49
E, Sn sb[8] sb[4"] Te  Z_(0=0.56) EOF
75.3 5.3+2.0 11.5+2.0 15.8+3.0 67,4+5 51.58+0.18 1.57+0.2§
78.9 13.9%2.0 13.11+0.8 31.8%4.2 41.2%4 51.2230.06 1.36+0. .12
79.8 14,4%2.0 14.0%1.0 31.1¥3.0 40 .5+3.0 51.21+0.05 1.36%0.11]

82.6 19.5+4.0 16.1+3.0 39.0%+3.7 25.5+3.8 51, 05+0.07
86.6 34.9%+4.0 10.6%2.6 33.1+4.5 21.4tL.6 50, 90+0.07 1.47%0.20

1.18+0,15

133 q =23" E_=78.5 [NeV] } =0.65
E, Sb Te[11/27] Te[3/2"] Z (0=0.56) EOF=1.25
68.7 17.1#6.2 66.7+8.4 16.2+1.6 52,03+0.20
73.3 28.9%¥3.2 49.8%4.2 21.3¥1.2 51.75+0.12
79. 7 50.6+3.0 28.9+3.0 20.5¥2.0 51.3730.12
85.4 66.9%1.5 15.4¥2.0 17.7%1.0 51.17%0.16
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e U W Gaed B=135: B, Xe[11/27) xe[1/2*]
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Table IV: Coefficients Descriting the Change in
Root lican Square Angular Momentun
(J ) with Fragment Kinetic Energy.

rms
fragment mass number (A) AJ}ms/AEk Eﬁ/MeV]
99 - 0.17 + 0.10
102 [5%/1%] ) - 0.13 + 0.05
102 [4*/1*] ) - 0.11 + 0.04
132 - - 0.13 + 0.05
133 - 0.27 + 0.07
134 - 0.31 + 0.03
136 - 0.20 + 0.02

*) obtained for the two assumed spin combinations;
results of chain 102 are based on preliminary in-
formation on decay characteristics (see footnote
to Table I).
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