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Abatract:
neutron cross section standards.

The 235U(n,f) cross section is often considered the most favorable of the
Above a few MeV, however, the uncertainties are
still unacceptably high, except for the (4 MeV region.

In an sffort to improve the

sccuracy of this cross section, measurements have been initiated at the new target
4 facility at the Los Alamos Nationzl Laboratorv (LANL) ACO MeV proton accelerstor.
This target provides an intense source of high energy neutrons at the 20 meter

flight path used in che present scudy.

The figssion reaction rate i3 determined with

a fast parallel plate fonization chambar designed at LANL whila the neutron fluence
i{s being messured with an annular proton recoil telescope whose properties were

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

This detector
Pnagible

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

exceeds the solid scate detector thickness i{s being {nvestigated.

The measurements

provide the shanpe of the 2351"(n,f) cross section relative to the hydrogen scattering

cross secrion,
14 vev,

The cata will bSe normalized to the very accurately known values at
Fxperimental tests, disgnostic studies and oreliminarv cross section

determinations have been completed and will be reported.

(annuler proton recoil telescope;
2¥81(n, f))

fission;

Introduction

The 23%) neutron fission cross section Ls
probably the most imprortant of the neutron cross
section standards above ~ 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 Lt should be noted that any improve-
ment in the 333U(n,f) cross secticn tmproves all
cross section measuremen:s made relative to this
scandard. In spite of the fact that many measure-
ments of this cross section have been made,
significane differances 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 measurement
extends above 20 MeV neutron energv, There is
recent (nterevt {n neutvon fluence sitatdards (n
the upper MeV energy region and notablv above
2N VeV as @ resuit >f applications in radio-
therapy, fusion, accelerator shielding, radtiation
damage, etc.

The messurements to be renorted in this pacer
are prelimincey shape measurements wh ch are to be
normglized to the very accuratealy knosn crose
section at |4 MeV neutron unetgy.

Experimental Details

This experiment was performed at the 20 m
station of the new Weapons Neutron Research (WNK)
target 4 neutron time-of~-flight facility at LANL.
The data ware obtained during two separate running
periods {nvolving differant data acquisirion
systamas. Moest of the discussion that follows
relates to che firsc of the running periods., The

fission chamber:

fluence; neutron; standard;

second group of data {s presentlv .nder analvsis.
A vwhite spectrum of neutrons is prnduced bHv

20N MgV protons from the proton !{~ear 1 celerator
of the Los Alamos Meson Physics facilitv “nmhard=~
{ng a tungsten target. The spallatinn rmictions
produce neutrnns witn maximum energies ~f sreater
than 4NN vey, The 20 m flight path (s it an angle
of AN® with respect to the incident ~ratnn “eam,
The spacing hetween microstructure mi'lams fnr rhig
experimeut was ~ 4 ys. The neutror *luence and
fission reaction rates were determi{~ed {7k an
annular proton telescope (APT) and 1 =nlzinlate
fission chamber, respactivelv, These ‘aractors
and a vertical view of the c¢callimati » 178 <hnwn
{n Flg. |, The flight path tube “erumu~ *-e

targat and the fi{ssion chamber (s =vi-.itey 70
reduce the scattering of neutrons *“v

ue.

.-_....,4
—

Fig. 1.

Fererimental geometrv nf *he ~ *-'" =
flight path showing the tr'nr,

cnllimators and detectnrae,



Neutron Fluence Detector

An APT similar to that described by Sidhu and
Czirr! was used to measure the energy dependence
of the neutron flience. Recoll protons, emirfted
from a thin polyethylene f{lm placed tn the
neutron beam, are counted in a Si(L1) detector
which {s shielded from the neutron beam by a
shadow shield suspended in the center of the beam,
The present detector emplcvs a slightlv different
geometry compared with that used in ref, | with a
larger evacuated contsining vessel and 3 tapered
copoet shadow shield (n order to reduce the hack-
ground. This detector has heen used in measure-
ments? of cthe 235(n f) cross section on the \RS
linac which have been finalized from |- vey
neutron enargv, A significant {nprovement {n che
timing of this detector svstem hus “een ~ade
compared to that shown (a1 ref, (2), Th{s has heen
possible as a result of condicioning of the detec-
tor sc that it will sperate 2t vervy high voltages
(as high as 1200 V) ard improvements in the timing
electronics. The timing walk was measured using a
variable amplitude pulser adjusted to provide
pulses having approximately the same shape as that
produced by 2“lam slpha partticles. Subtle walk
related effects which may not he present with
pulser pulses hut mav He present with proton
recoil pulses were investizated my measuring the
walk with a novel technioue. The =easurements
were made at the LANL tandem Van de Graaff
facility using cthe pulsed heam time-of-flight
technique with monoenergetic |l “eV neutrons
ohtained using the %(t,n) reaction., The \PT was
placed {n this beam with a polvethvlene film
having a thickness Ireater than the rance nf
|1 v“eV protons. TRus a spectrum of nsroton reconils
was produced in the opolvethviene f{lm and detected
{n the S{(L{) detector with energties from
N - ~ |N MoV, The walk could then "¢ measured for
2 wide range of protnon recnll energies simultane-
ouslve The onlv correction required (s an accur-
ately determined one for proton time=of-flight.
The walk measured {(n this manner generally agreed
with that obtained in the pulser work, Maximum
timing walk effects are now in the ns range,

The lavout of the detector (s shown (n
Ftg. 2. For the measurements a polvethviene f{lm
thickness of 2,08 mg/cm? was used, Monce Carlo

Tt background was determined from a series
of measurements made with and without the poly-
echylene fi{la in place and withk and without a
tantalum cap over the S{(Li) detector. T=e
tantalum cap is sufficliently thick to eliminate
proton recoil events but was issumed t> be -rins-
parent to neutron and Zamma rav hackgrounds, The
ambient backgcound was < termined from a time
window located ‘ust before the WNR micrnpulse.
Information relating tn the subtraction of the
remaining background is contained in Table !.
This table shows sources of signals 'n the S{('}
detector and therefore {ncludes t-e true recoil
proton events from the polvethvlene 'CH,) film,
shown bv a circle, and the Sackgrnund concribu-
tions, shown by crosses, which mist “e subtracted
to leave onlv the desired recnil svents, 'n rhe
table, the term tank refers to contalring ssesal
and all nther material i{n rhe detector
except the polvethvliene film, An exami{nary-n of
Table | reveals that the nuantitv A-2+07
proper backgrcund present {n the foareur-und
Vormalizaction of the vatrious »dackernund ri-~z Jay
obtaled by using the 235" fiaston “Ram“ar i3 3
monitor, The background in the telmccnw
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calculations were made of the background associ- Filg., 2. FExperimental set~up for r-e V7,
sted with neutrons which scatter from the shadow
shield and then either strike the polvethylene
film ne rcatter from the containing vassel and
strike the polyethvliene fila, This dackground was
tound to be negligible.
Table |, Processes producing events {n tha St(L{) detector., 0 {ndicates true protnn revoil mve sy,
X indi{cates background events.
Processas Leading to Events Recotded in St(LL) hetectr
Run Measurement
Coandittons Recoll Neuttong |Neutrons Charged Y-Rave “harged Yl
Protons Scattered|Scattered|Part.cles|from Tank|Parti{clex reo-
from ™, tn o4, by Tank |from Tank from T4 "
Foreground CH, No T4 0 X X X Y
Backgeound A [ M,  Ta X X X X v
Background B No M, Ta X X A\ ‘ |
Background C No CHZ No Ta X X X




Data Acquisition, Analysis and Results

The proton telescope and each fission foil
employ essentially the same electronics 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 was used which
allowed the timing information from all the
detectors to be digitized in one analogue to
digttal convertar (ADC). Similarly all the pulse
height signals were digitized in a single separate

ADC. The data wvere taken and stored {n an event
bv event modm. Fach event {s composad of three
words: the tag which defines the detector in

which the event occurred, the Jdigitized time-of-
flight and che digictized pulse “efght, Storing
the data in this manner allows the experiment to
e "replaved” so that ahifts, etc, can he nonted
and handled approoriatelv, Tt 10es, hnwever,
require tre storsde ~f a significant amount of
data,

Thae dmad time cnrrectiorn for the APT as a
function of neutron energv (s almosc {dentical to
that for each of the fission chamber deposits.

S{nce the ratio of these nuant.ties {s used in the
analvseis, no ccrrection was made for Jead time
effects,

The APT data were sorted with an energy
lependent “ias, divided bv the efficiency,
corrected for hackirounds and Irouped into appro-
oriste energv Jroups. Tha resulting dacta are
shape measurements of the neutron fluence.

Figure ~» shows a compartson of that fluence
measurement with a vonte Carlo calculation of the
neutron spectrum at an ankle of n0°® with respect
to an 9N Mgy procon heam on a3 ctungsten target,
The tirget (s a J-cm diamecer bv 7.h=cm long
tungsten cvlinder aligned with {ts axis colncident
with the “eam, The deviation betveen measurements
ind calculatinn at the higher energies has been
noted with similar tacgers oreviously.®
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Fig, A, Comparison of the nresent =wamremgnty of

the fluance qhape with Manre "apin
calenlattong,

The fission chamber data, which uyses an
energy independent bias, wvere sorted, corrected
for backgrounds, Zrouped and divided hv the
fluence to produce a cross section shape, The
preliminarv results of the present tnvastizarinn
are shown ia Fig, 7. The uncer%ai~tties shrun are
stacistical onlv, The present resuits igree wel]
with the ENDF/B-V evaluation’ and reveal idd{-
tional structure above 2N “eV where measuremercg
have not been made (n the past.

By (a. 1)

”E“r“’“w T T T
}_

—

q

rﬁr’j"f

it

§ 2esent wearwements
—Ngr/ 8-V

CROSS SECTICN (ARBITRARY UNITS )
»

I | o 1 4 1 1 L -
26

3L4L_L_.L_.l O I L.

& 9
NEUTAON ENCRGY (Mev)

Fig. 7. Preliminarv results nf the oresent
measurement of the 23%1(n ) crnas

section shape compared with F\DF/8-v,

Further work {s planned which skoul ! result
{n significanclv smaller uncertaintiss (- ' “e
cross section for this important stindard. \lso
for future studv {s the possidilicsv <1~y the
APT detector at varv high neutrnn ereriins where
the proton range (s dreater than "he -1 <nesg of
the S1(LLl) detector. For a large ri~Je ~f neutrrn
energies, a peak (8 observed {n the ilin=>uythe
distridution., However, proper Adeterm(ry*; n f
rthe Mackground requires further fnvegt:iiart r,
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Ftg. 3. Pulse height distridution ~hserved with

the APT for a neutron energv of [N MeV,

The pulse he{ght distribution obtrained with
this detector for 1N “eV neutrons is shown in
F{g. 3. The bias channel for the proton telescope
pulse height distribution t{s energv dependent and
was set to include the proton recoil events and
eliminate events from !2C + n reactions in the
polvethylene film, Some currections for '2C + 1
reactions are required at the higher neucren
enargies, The intrinsic resolution of the 2-mm
thick S1(L1) detector was better than 2% for 2“lam
alpha particles. The pulse height resolution
ohgerved in this experiment was dominated by the
angular spread of the proton recolls and their
energy loss in the polvethvlene film,

The efficlency of this detector was calcu-
lated taking {nto account the angular distribution
of the proton recoils and the Zeometry of the
detector, The Hopkins-Brett evaluation! of the
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. Effictency of the APT with a polvethvliena

film thickness of 2."R mg/cmd,

r{sslon lonfzation rhamber

A multiplate fissfon tontration rhamber with
1w plate spaciags was used to =easure the 2330
fiesion reaction rate., This chamher {9 eimilar in
4esign to that usad hv 1ef, 4, Tt e used st room

temperatire. The chamber contained ~ 200 ,g/cm?
233y deposits of 10.2-ca diameter on stainless
steel backings of 7.00127-cm thickness. 4also a
backing with no deposit for background estimation
and a 252Cf deposit for diagnostic work vere in
the chamber. The 252Cf deposit was also used tg
match the gains of the sets of electronics
associated with each of the fiss{on chamber plates
so the bdackground from neutron interactions in the
backing material could be determincd. onther
deposits used for fission cross section ratto
measurements to the 235U(n,f) cross section were
also contained in the chamber which will be the
subject of another paperd at this conference. The
neutzon beam at the chamber is ~ |2,7-cm diameter,
The chamber was filled with a 1.5 atmosphere mix-
ture of 70T argon and 30% methane counting gas.

The ambient background for the fission
chamber was measured in the szandard wav using a
time gate just preceding the WNR micropulse, A
run with the fission chamber out of the beam
agreed with ambient. A determination of the back-
ermind from neuytron interactisns (n the “azking
material indicates a negligihle effect fnr the
energy range of these cross section measuremencs.
A check was made to determine {f neutrons scat-
tering from the shadow shield {n the annular
proton telescope caused a background {n the
fission chamber, 7The test was performed by moving
the telescope antirely out of the “eam, No change
in fission chamber count rate wvas nhserved.
Further tests for background which related to both
the fission chamber and the APT were performed,
These tests included a run to check for high
energy charged particles in the beam, a run to
check for “cross talk” backgrounds related to the
otner flight paths, and a run with the tarZet out
of position, These runs indicated no significant
background.

A typical pulse height distribution ohtained
with chils detector {s shown in Fig. S. A single
pulse height bias was used for the entire neutron
enargy range for each of the 235¢ devosits.
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Fig. 5. Pulse hefght discributicn f°r ne of rhe

233y ¢{saion chamber deposits.

Corrections {or angular dtstributton and
momentum ef fects ware not made hut are 'udwed ro
be very smull., The deposits are sll fa-ind awav
from the neutron proaucing target,

Overlap neuttons from previcus micropuldasy
does cause 4 background in the fisslon ~hamber,
It Ls estimated that the maximum correction is
~ IX, This correctfon has not vet heen nade t)
the data. Some of the overlap neutron Sacvgr v
{a removed in the ambient hackarmind suhrrq ={ 0,



