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Abarrace:
neutron cross section standaras.

The 233U(n,f) cross section is often considered the most favorable of the
Above a few MeV, however,
still unacceptably high, except for the i4 MeV region,

the uncertainties are
In an sffort to improve the

accuracy of this cross section, measurements have been initiated at the new target
4 facility at the Loa Alamos Nationzl Laboratorv (LANL) 800 MeV pcoton accelerastor.,
This target provides an intense source of high energy neutrons at the 20 meter

flight path used in the present studv.

The figsion reaction rate is determined with

s fast parallel plate ionization chambar designed at LANL whils the neutron fluence
is being messured with an snnular proton recoil telescope whose properties were

carefully etudied earlier at the National Bureau of Standards (NBS),
provides sacisfactorv performance for neutron energies up to about 30 MeV,

This detector
Prnagihle

use of this detector at higher neutron energies where the recoil proton range

exceeds the solid state detector thickneaa is being investigated.

The measurements

provide the shape of the 2351"(n f) cross section relative to the hydrogen scatterinu

cross secrion,
14 vev,

The aate will bYe normalized to the very accurately known values at
Fxperimental tests, disgnostic studies and preliminsrv croea section

determinations have been completed and will be reported.,

(snnuler proton recoil telescope;
23811(n, t))

fission;

Introduction

The 233 neutron fission cross section is
probablv the moat important of the neutron cross
section standards sbove ~ 100 keV. In cerzain
energy regions almost all fission cross section
measurements have been made relative to this
standard, With the large body of data relative to
this standard it should be noted that any improve-
ment in the 235¢(n,f) cross secticn improvee all
cross section measuremen:s made relative to this
standard, In spite of tha fact that many measure-
ments of this crosa section have been made,
significane differsnces in the measurements exist,
particularly at hign neutron ensrgies. Also vary
few measurements have been made above |4 MeV
neutron energy and only one rather old mesaurement
extends ebove 20 MeV neutron energy, There s
recent interevwt in neutvoun fluence siandarde in
the upper MeV energy region and notablv above
20 MeV asa a raeult of applications {n radio-
therapy, fuajon, accelerator shielding, radiation
damage, etc.

Tha meaaurements to be renorted in this pacer
are prelimingry shupe measuremants wh ch ara to be
normglized to the very accurataly knosn crosas
section at |4 MeV nautron unergy.

Experimental Details

This experiment was performad at the 20 m
station of the new Wespons Neutron Research (WNK)
target 4 neutron time-of-flight factility at LANL.
The data ware obtained during two separate running
perioda involving diffarant data acauisition
systems. Most of the discussion that followe
relates to che first of the running periods. The

fission chamber:

fluence; neutron; standard;

second group of data is presentlv under analvsis,
A white spectrum of neutrons is prnduced bHv

20N MeV protons from the proton !i-~ear 1:celerator
of the Los Alamos Meson Physics facility “n~bard-~
ing a tungsten target. The spallati~n rmactions
produce neutrnns witn maximum enerdies ~f sreater
than 4N0 VeV, The 20 m flight path {s 1t an angle
of AN® with respect to the incident r~ratnn “eam,
The spacing hetween microatructure rilase fnr rh{q
experiment was ~ 4 us. The neutronr *'.enrce (nd
fission reaction rates wiere determi~ed w{7> an
annulsr proton telescope (APT) and « =nlztnlate
fission chamber, respectivelv, Thestr ‘sracinre
and a vertical view of the caollimati » 178 <hnwn
in Fig, |, The flight path tube “erweu~ *+-e

target and the fission chamber (s =vi- 42wy o
reduce the scattering of neutrons *v
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Fig. 1.

she

Fxrerimantal geometrv nf
flighe path showing the tir «r,
collimators and detectnrs,



Neutron Fluence Detector

An APT similar to that described bv Sidhu and
Czirr! waa used to measure the energv dependence
of the neutron fluence. Recoll protons, emirted
from a thin polyethylene film placed in the
neutron beam, are counted in a Si(Li) detector
which is shielded from the neutron beam by a
shadow shield suapended in the center of the beanm,
The present detector emplcva a slightlv different
geometry compered with that used in ref, | with a
larger evacuated contsining vessel and 3 tapered
copoer shadow shield in order to reduce the hack-
ground. This detector has heen used in measure-
ments? of the 235(n f) cross section on the \RS
linac which have been finaulized from 1~A Vey
neutron enargv, A significant improvement in the
timing of this detector svstem “us “een -ade
compared to that shown (a1 ref, (), T-ig has heen
possible as a result of conditioning of the detac-
tor sc that it will Hperate at verv high voltages
(as high aa 1200 ¥) ard improvements in the timing
alectronics. The timing walk was meaeured usina a
variable amplitude pulser adjusted to provide
pulses having approximately the same shape as thst
produced by 2“lam alpha particles., Subtle walk
related effects which mav not he present with
pulser pulses hut mav “e present with nroton
recolil pulses were investizated my wmeasuring the
walk with a novel techniaoue. The =easurements
wvere made at the LANL tandem \an de Graaff
facility using the nulsed heam time-of-flight
technique with monoenerqetic 1| “eV neutrons
ohtained using the %(t,n) remction, The APT was
placed in this beam with a oolvethvlene film
having a thickness Irester than the rance of
11 “eV protons, T-us & spectrum of nroton recoils
was produced in the oolvethvliene f1i{lm and detected
in the S1{(L1) detector with enerdies from
N « ~ |N MgV, The walk could then “e measured for
a wide range of protnn recoll enerxies simultane-
ouslv, The on'v correction required is an accur-
atelv determined one for proton time=of-flight,
The walk measured in this manner qenerally acreed
with that obtained in the pulser work., Maximum
timing walk effects are now in the ns range.

The lavout of the detector is shown in
Fig. 2. For the measurements a polvethvlene film
thickness of 2,08 mg/cm? was use¢, Monte Carlo

T+ background wae determined from a series
of measuresments made with and without the polyv-
ethvlene film in place and with and without a
tantalum cap over the Si(Li) Jetector. T=e
cantalum cap {s sufficlently Zhick to elininate
proton recoil events but was issumed to be *rans-
parent to neutron and Jamma rav hackgrounds, The
ambient background was < termined from a time
window located !'ust before the WNR micrnpylse.
Information relating tn the subtraction nof the
remaining bSackground is contained in Table !.
This table shows sources of signals 'n zhe Si(Li)
detector and therefore includes the true recoil
proton events from the polvethvlene ' H,)) fiim,
shown by a circle, and the bSackgreund contridu-
tions, shown bv crosses, which =unet “e subtracted
to leave onlv the desired recnil avente., '~ °*he
tahle, the term tank refers to contairi~g —-essal
and all other material in the detector svytam
except the polvethvliene film, aAn examinaryi-n Af
Table | reveals that the nuantityv A-2+s
proper hackground present in the fareur-ant ran,
Normalization of the various “ackerrand ra~s o3y
obtated bv using the 2351" flagton -amwar 15 4
monitor., The background in the celmcc o
small, tvpically a few percent.
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calculations were made of the background associ- Fig, 2. Fxperimental set-up fap *re 17,
ated with neutrons which scatter from the shadow
shield and then either strike the polvethylene
film nr gcatter from the containing vasael and
strike the polyethvliene fila, Thie background was
tfound to be negligible,
Table |. Procasaes producing events in the Si(L1i) detector, 0 indicates true protnn recnil w=ve~ sy,
X indicates background events,
Procesass Leading to Events Recorded in Si(Li) hetectr
Run Veasrement
Candittons Recoil Neutrons |[Neutrons Charged Y-Rave “harged ey
Protons Scattered|Scattered|Part.cles|from Tank|Partivlex R
from oM, tn ™, by Tank |from Tank from T4 "
Foreground CH, No T4 n X X X !
Background A M, Ta X X X X y |
Background B No M, Ta X X \ ‘ |
Background C No CHz \n Ta X X X
R L




Data Acquiaition, Anelyais and Resulte

The proton telescope and each fisston fotl
employ essentially the same elec-ronics which
permits fast timing which is needed for the use of
the time-of-flight technique and some integration
of the pulse to provide reasonable pulse height
resolution, A tagging methcd wvas used which
allowed the timing information from all the
detectors to be digitized in one analogue to
digictal convertar (ADC)., Similarlv all the pulse
height signals were digitized in a single separate

ADC, The data were taken and stored in an event
bv event modme, Fach event is composad of three
words: the tag which defines the detector {n

which the event occurred, the Jdigitized time-of-
flight and the digitized pulse height, Storing
the data in this manner allows the experiment o
~e “replaved” so that shifts, etc, .can he noted
and handled aporooriatelv, 't 1nes, “owever,
require the storage ~f a significant amount of
data,

The dead time cnrrection fnor the APT as a
function of neutron energv is almost idenctical to
that for each of the fission chamber deposits.
Since the ratio of these nuant.ties {s used in
analvsis, no ccrrection was made for Jead time
effects,

The APT data were sorted with an energv
lependent Hias, divided bv the efficiencyv,
corrected ‘or hackirounds and ZIrouped into appro-
priate energv Jroups, Tha resulcting data arn
shape measirements of the neutron fluence.

Figure ~» shows a comparison nf that fluence
measurement with a VYonte Carlo calculation of the
neutron spectrum at an andle of »)® with respect
to An 9% Mgy proton heam on a tungsten target,
The tirget {s 4 J-cm diameter bv 7 ,h-cm long
tungsten cvlinder aligned with its axis coincident
with the heam, The deviation hetveen measurements
ind calculatinn at the higher energies has been
noted with similar tacgets previouslv.®
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Fig. A, Comparison of the nresent =msamremegnts of

the fluance shape with Vanre v'qply
calenlationg,

The fission chamber data, which uses an
energy independent bias, were sorted, corrected
for backgrounds, arouped and divided hv the
fluence to produce a cross section shape.
preliminarv results of the present invastizatinn
are shown {n Fig, 7, The uncerrai~ties shrum are
statistical onlv., The present resuits iurce wel!
with the ENDF/B-V evaluation’ and reveal iddq-
tional structure above 2N VeV where =easuremerts
have not been made in the past,
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Fig. 7., Preliminarv results of the orfesent
measurement of the 23%1(n ) croes

section shape compared with F'\DF BV,

Further work is planned which <k ! sesyle
in significantlv smaller uncertaint{as [+« ' e
cross section for this important stundard. \lse
for future studv is the possibilizv ¢ - <:- s the
APT detector at verv high neutrnn ererzind where
the proton range (s greater than ~he ("1 <neyq of
the S1(L1) detector. For a large ri~te ~f neatron
enerdies, a peak (s observed in the ~aliuw=bueyght
distridution, However, proper “etermir(- ;- n - f
the hackground requires further :nvest:iiir| »,
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PUL SE HEIGHT

Fig., ). Pulse height distribution ~hserved with

the APT for a neutron energqv of 1N VeV,

The pulse height distribution ohbtained with
this detector for |N “eV neutrons is shown {n
Fig. 3. The bias channel for the proton telescope
pulse height distribution {s energv dependent and
was set to include the proton recoil events and
eliminate events from !2C + n reactions in the
polvethylene film, Some curreccions for 12C « a
reactions are required at the higher neutrecn
¢nergies, The {ntrinsic resolution of the 2-ma
thick S1(L1) detector was better than 2% for 2“lam
alpha parcicles. The pulse height resolution
ohserved in this experiment was domingted by the
angular spread of the proton recoils and their
energy loss in the polvethvlene film.

The efficiency of this detector was calcu-
lated taking into account the ankular distribution
of the proton recoils and the zeometrv of the
detactor. The Hopkins-Breit evaluation} of che
hydrogen scattering cross section (ENDF/B=V) was
used ‘n these calculations, The efficiency is
shown in Fig, 4.
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Fig. 4. FEfficliency of the APT with a polvethvliene

film thickness of . R mg/emd,

rli9sion lonization "Hamher

A myltiplate fission {oniratinn chamber with
7 ™m plate spaciags was used to ~easnre the 2350
fiession resction rate., This chamher (¢ gimilar in
4esign to that usad "v 1ef, 4, Tt {q¢ ased at room

tesperature., The chamber contained ~ 200 ,g/cm?
233y depoaita of 10.2-cm diameter on stainless
steel backings of 7,00127-cm thickness. 4also a
backing with no deposit for background estimation
and a 252Cft deposit for diagnostic work were in
the chsmber., The 252Cf deposit was also used to
match the gaina of the sets of electronics
associated with each of the fiss{on chamber plates
so the background from neutron {nteractions in the
backing material could be determincd., other
deposits uaed for fission cross section ratio
measurements to the 235U(n,f) cross section were
also contained in the chamber which will be the
subject of another paper3 at this conference. The
neutzon beam at the chamber is ~ [2,7-cm diameter,
The chambar waa filled with a 1.5 atmosphere mix-
ture of 70T argon and 30T methane counting gas,

The ambient background far the fission
chamber waa maasured in the standard wav using a
time gate juat preceding the WNR micropulse., A
run with the fission chamber out of the beam
agreed with ambient. A determination of the back=
grnund from neuatron intersctisns (n the “aski=gz
matecial indicates a negligihle effect for the
energy range of these cross section measurements,
A check waa made to determine {f neutrons scat-
tering from the shadow shield in the annular
proton telescope caused a backaround in the
fission chamber, 7he test was performed by moving
the telescope entirely out of the »eam, No change
in figssion chamber count rate was nhserved.
Further tests for background which related to both
the fission chamber and the APT were performed,
These tests included a run to chack for high
energy charged particles in the beam, a run to
check for “crosa talk” baclgrounds related to the
otner flight patha, and a run with the tarzet aut
of poaition, These runa indicated no significant
background.

A typical pulse height discribuytion ohtained
with this detector is shown in Fig, S, A single
pulae height bias was used for the enrtire neutron
energy ranga for each of the 235U devosits.
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Fig. 5. Pulse height distribyticn frr ne of rhe

23%¢ ¢1ssion chamber depositas,

Cocrections {or angular distribution «nd
momentum effects were not made hut are ‘'udged ro
be very smull., The deposits .are all foilad wav
from the neutron proaucing target,

Overlap neutrona from pravious mi:ropildey
doas cause J bhackground in the fission -hamber.
It is eetimated that the maximum carreceion {s
~ 1%, This correction has not vet heen nade to
the data. Some of the overlap nentrin Sicvyr et
is removed in tha ambient backgronnd «uhrreq *
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