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NEUTRON CROSS SECTION MECSIJI?EMENTSAT W!JR+

P. N. Lisnws~i, G. F. Auchamauah,
h!.S. ~oor?, G. L. Moraan. and R. E. Shamu*

Los Alamns Scientific Labora+crv
Los Alamos, New Nexico 87?45, u.S.A.

ABSTRACT

The Weapons Neutron !?esearchFacility has been used
to obtain moderate-resolution total neutron cross section
data for H, C, 20RPb”,232Th, 238U, and 24~Pu over
the enerov range S to 20(IMeV. NQUtrOnS were produced h,Y
bornbardina a 2,5-Cm diam by 15-cm 10nc Ta target with an
FOCIMeV pulsed proton beam from LA!?PF. A 10.2-cm diam by
15.2-cm thick NEIIO proton recoil detector was used at a
flight path of 32 nvters, g{vino a time-of-flight resol~-
tion of 60 ps/m. The total cross section results a~~
co~parcd to ENDFIB’!evs?uations and to previous datfl
where possible,

The Weapons Neutron Resetrch Facillty (h’NP)has recently Fe-
cnme operational as a pulsed white-neutron source [1]. At WNR, a
portion of the 800-MeV proton beam from the Los Alamos Meson
Physics Facility (LAMPF) Is used to produce neutrons by spalla-
tion reactlnns on various heavy-metal targets, Proton pulses of
variable width may he provided along with suitable targets an+
moderators to give a time-of-flight capability covering the
energy range from a few rnd to s~veral hundred MeV.

Of Interest to this conference Is the fact that the nelltron
flux at WNR Is particularly suited fornwsurements in the 10- tc
50-MeV energy range, This Is because there is slgnlflcantly more
neutron Intensity at WNR In that e!lergyrange than at any other
white-source facillty and because the y-ray burst Is many or-
ders of magnltud~ smaller than at an electron machine, permitting
data to be obtained nearly UP to time t ■ O.

+ Work supported by the U. S. Department of Energy

* Western Michigan university, Kalamazoo, Mlchlgan
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We give here a description

-z-

of the technique used jn-total
cross section measurements and the results for H, C, ‘U9Pb,
232T~

s “%. and 2q2Pu for energies from 5 to 200 Mev.

EXPERIMENTAL PROCEDURE

“Neutrons were produced by spallation reactions using an
800-MeV proton beam Incident on a water-cooled alumlnum-clad tan-
talumtaroet (2.5-crrdiam. by 15-cm high). The proton beam was
pulsed at an averaqe rate of ahout 1500 see-l and had a tire
spread less than 0.5 ns. For th~ fast-neutron measurements
reported here, no moderator was used.

A fiducial signal (to) was obtained from a ca~acltive nick-
off located upstrpam of th~ tarctet in the proton beam line. This
slanal provided both a start pulse for the time-of-flight elec-
tronics, and a measure of the relative proton intensity and in-
tens~ty variation us!rIQ an integrating analoa-to-digital con-
verter.

The total cross section measurements were performed on a
31.78-m fllght path. About 30-m of the flight path was evacuat~’
to minimize any structure In the neutron flux caused by reson-
ances in &lr.

A main collimator located apl~roxlmately 16-m from tfieWNR
target was used to define the rwtron beam at the samplea).
This collimator was composed of sections of brass, iron and lead
wltt, a length of 00 cm, A brass scraper collimator 29-cm long
with a 3-cm-dlam opening ‘~asp;aced after the sampl~s to remove
neutrons which penetrated the aluminum al~gninr sleeve arouno the
main cGlllmator.

A neutron flux monitor was placed In th~ neutron beam after
the main collimator. Because there are a slgnlflcant number of
charged particles In the neutron hew, a two-detector veto-
monltor system was used. This technique ellmlnatecl the
charqed-particle contribution which was actually greater than the
neutron contribution due to the much higher efflclencj for de-
tectinq charcied partfcles.

The transmission sanmles were placed In a motorized changer
located shout O,Wn downstream of the main collimator. This sam-
ple charmer was controlled hy the d~ta collection computer us!ng
a CAMAf Interface and stepping m~+ors, Ont~c~l encoding was used
to provide positioning accuracy to about 0.03 m~.

The sontlnuous dlstrlbutlon of charged particles was removed
from the ntwtron beam uslna a sweep mao~et after th~ sample
chanoer, Tests using a thin fast-plastic detector placed at

a) The aQ:Pu measurement used a sdup which varied Comewhat
~;~ that described here due to the small (6-nsndlam) sample

. Reference 2 provides more detail,

the
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maln detector location demonstrated that the charged particles
were completely removed by the magnet.

Two different n~utron detectors were used. For the 2hzPu
data, a 10.?-cm diamby 3.1-cm thick cyllndpr of NE11O, viewed by
an RCfl9R5~ nhfit~n’lltipllerwas us~d. For th~ r,thermeasure-
ments, the detection efficiency for high energy neutrons was in-
creased by reDlncing the scintlllator by nne 15.2-cIIIthick.

The neutron beam was stopped beyond the main d~t~ctor in a
beam dump located at the endof ~n evacuated pipe approximately
30-m long.

The electronics consisted of a complete TOF system for the
main detector and a fast-scaler system for the neutro~-flux

monitor, Time-of-fllght spectra from the main detector were cfil-
lected using an EG&GTDC-100dlgital clock operated in single-
stop-per-start mode. The proton t signal was used to start
the clock. !An Ortec 93~ constant- raction discriminator providecl
the stop sional. Data were stored at four bias settir?s ranging
from -2 MeV to - 10HeV at e time-channel width of 0.5
ns. Main detector dead-time corrections were less tha,l?bout 30’!
for all the data.

The output of the neutron-flux monitor systemwa< time-gatet
to only count neutron events occuring after the y-burst. The
resulting pulses were counted by a fast scaler. Dead-time losses
for this system were neollgible as the rate f~ov the sated
monitor detector was only about 0.1 cout?ts/burst,

Backgrounds were measured by replacing the sa-Ple with a
1.9-cm diem by d~-cm long tungsten rod. These snectra were meas-
ured several tim?s anrlhad a shape mprnrimatelmv ‘.natexpected
for the transmission of bic’-enwgy ne:trons thvoufihthe cPlli-
Patina system. The backarounc!swere lass than n.6% bc~nw 6“ b’~:i,
0.8% below 100 MeV, and 2% at 200h’eV.

A Modco=p/IV cwnuter and C~’~AC lnt~rftce were used te ?CCII--
ulate the data, Time-of-~llght spectre o! 4996 channels were
recorded for each bias along with various sc~ler r?acfingsfor
diagnostic purposes. The computer also controlled the sample
changer, mOving various samples in bnd out nf the beam at int*r-
vals of ~bout 15 minutes, based on a preset monitor-de+ector
count. A typical counting time for each smnnle was 20 hours.

Thedath were reduced using the centrtilcemnutlng facility at
Los Alamos Sclentiflc laboratory. After correcting all spectra
for dead-time losses, a normalized background spectrum was sub-
tracted from both sample-in and sample-out deta. A sInall
residual time-uncorrelstod background, typically less than 12,
was also subtr~cted.

For data below 6(lMeV, th” lowest bias data were used, Above
60M! only the highest bias data were used both to avoid any
contribution from time sl?wing of the prompt y-rhy peak pTO-
ducpd when the beam struck the target and to low?r the time-
uncorrelated background,
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P’ta for individual time channels Wprp Corbined into bins of
Con St. eneray resolution and then converted to total cross s~c-
tion a: a function of neutron ~nerqy.

SAMDLES

All of Lhe samoles were right circular cylinders approx-
imately 2.1-cm in diameter. Measurements of the mass and d~am-
eter of each sample were used to obtain thicknesses. Poly-
ethylene and carbon samples matched to better than 0.1% were used
to obtain the hydrogen cross section data. Where possible, the
samples were analyzed for impurities. Only the thorium sampl~
was found to contain an appreciable contaminant material (0.36
wt.% oxygen). The 20cPb, 238U, and ‘*aPu samples were
isotonically enriched to 99.8% or greater. Table I gives a sur-
mary of the sample thicknesses.

RESULTS AND DISCUSSION

With the exception of 2*ZPU, total cross s~ction data in
the MeV region for each of the materials investi~ated here have
been present~d before. Below about 15 MeV there are considerable
data as well as the ENDF evaluation, which extends to 20 MeV.
Between 15 and200 Me’!data are sparse, but there are several
results from different laboratories for comparl$on.

The hvdrooen total cross section is used as a stendard for
measllr~ments 11Pto abfiut20 MeV. Above that energy, measurement’
by sev~ral grouns show differences of nearly 3%, our data amer-
ally agree to within 1% with the ENOF/F-V evaluation and with
data of Rrady et al. [3] (25 to 60 F!eV),Groce an,+Snw~rby [4],
(20 to 80 MeV)~a= Measday and Palmieri [5] (90 to 150 MeV).
The data of Bowen et al. [6] are 2-3~ below our values from 30 to
about 100 MeV. Fl~l_shows our data compared to the seri-
empirlcal fit of Gamnel [7], chosen because it extends to 40 Me~J
and agrees with our results nearly as WP1l as ENDF/B-V.

The carbon total cross section shown in Fig. 2 a rees with
?the ENDF/B-V ●valuation to better than 0,6% below 8.. MeV In the

relatively smooth regions between reson~nces where energy resolu-
tion is unimportant. Above 8.5 MeV, our data agree better with
the dat~ of Heatonet al. [8] and Puchampauqh et al, [9] than
with the ENOF/B-V e~l=tlon. At higher energ~s~our results
tend to agree with the data of Auman et al. [10 (24 to 60 MeV)

1to better than 1%, and with Meadsday = ~, [11 (80 to 150 MeV)
to about 2%, Data of Bubbet al. [l~~to45MeV) are sys-
tematically higher than ou~~e~ts; the d~ta of Bowen et al, (1K
to 120 MeV) are consistently lower than our data below~o~ 90
MeV, Above 150MeV, there exist no recent data; however,
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De,iurenand !’”over[13], and Nott et al. [14] have results whicli
compare well with our data between~5~and 220 MeV.

Of the remaining sets of cross section data, only a30U and
2a2Th can conveniently be compared with other dat? since all
other PO data were obtained with a natural sample and no ~’$er
fast-neutron data at all exists for Z*zpuo

The present results for ‘06Pb, 23zTh, and 23SU are com-
pared to the ENDF/13-Vresults in Fig. 3. Although the LNDF/B-’!
evaluation was for natural lead, the aoreement with the present
20’Pb data is remarkably qood, except at the ENDF/B-V dl!~near
16 MeV.

The 2s2Th data were correctec!for an oxyaen contaminant
ustng data measured at H’iR in a separate experiment. Agreement
with ENDF/B-V and with the data of Foster and Glasgow [15] is
reasonable below - 14 MeV, the u~~~r end of the available
data. Above 10 MeV, however, the evaluated data iS systemati-
cally too low, disagreeing by as much es 4% at 20 MeV.

The 23011data @oree with the ENDF/B-V evaluation to within
~hout 1%. with the greatest differences beino necr 4 He’!anti19
KeV. The most recpnt 23’11data of Schwartz et al. [167 (@.5 to
15 MeV) and Hayes (t al. [17] (0.8 to 30 Mewa=ee with our data
within the quoted ?~r6%, e~cept for tbe dzta of Haves near 3’
MeV where the errors are quite larae. The dete of Schneider a“?
McConnack [lQ~ (100 to 15P F!eV)~rovide the only high energy
23011data for comp~:)ison, and ,~aai~,aareement IS generall.v
better th~n 1,5%.

The 2*2Pu tntal cross section values are shown in Fig. 4,
compared to a recent evaluation by btadlsnd and Young ~19]. As

2“2PU data we~e obtained IIs+ncthewas pointed out earlier, the
same flight path but with a different geometry due to the very
limited amount of semple material av~ilable. TF,esedata were, tn
fact, obtained using a neutron beam collimated to 5 mm at the
sample.

CONCLUSIONS

The technique used to obtain neutro~ total cross s~ctlon +ata
from 5 to 200 MeV at the WNR has been described and demonstrated
to yield accurate results with hydrogen and carbon as test
;{~es. In addltlon, high energy data for aOoPb, ‘S2T!I,

U, and a*2Pu have be~n provided,
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FIGURE CAPTIONS

1. Present results for the hydrogen total cross section. The
solid curve was calculated from a fit to previous data by
Game 1.

2. Present results for the carbon total cross section. The
solid curve is from the ENDF/B-V evaluation.

3, The total cross section for 2CEPb, 2S2~h, and ‘:~U.
The solid curve represents the Et{DF/6-Vevaluation.

4, The total cross section for 2’2Pu from 0,7 to 170 14e\’.The
solld curve represents an ENDF/B-V evaluation by Madland
and Young.
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TABLE 1

Sample Thickness

Sa-ple

H
c

Ctoms (Barn)

2.lo2~o (?)
1.05191 (a)
1.3682
0.3218
0.2135
lj.3754
P.@7Gn

(a) matchd polyethylene ano ca~~on



I

2.0

t=
.k

.C

●==PRESE!iT RESULTS
— GAMMEL

\

. . . . . . .
. =9-9.....

i . . . . . . . . . . . . . . .
1 1 I I 1 1 I 1 1 1 1 1 1 4 I . %

I

10
ENERGY (MeV)

100

Li!ia -

.

. .



4.5~ ~r’ .1—”1 “1 ~“ ..— ..—-.— —-,.....-7.
—’~~

14.0

3,5

_ 3.0
1!
.

u PRESENT RESULTS
–EMIFt O St

~.02L : ; —1 ~.1.. —— - -.-.-.—— — ~—.— ~.~
!

6 0 10 20 40 60 60 Icn 200

ENERGY ( MeV)



.
.J’”

9 1 1 I I 1 I I
I

1 I 1
~-

‘*a PRESENT RESULTS
—ENDF/B Y

? –

●a.m
6 ‘- .*,

9
●

●8 .mmman, 238u
5 –

●m* .-.e●

● ●m
●n.mma

%
●

4 –
o
‘r@

1-4

8 –

7 -

6 – ,mamm%.
●.

5 –
●

●

..=..OO~Bpb “
● ●a ●m,m~ ●

●m%e,a* ‘m
4 –

●m
“9,m,

3 -

2 1 I I 1 I 1 I 1 _{ I I 1 1 1 1 I I 1

10 100

ENERGY ( MeV )



15 1 I I 1 I I ‘1 I I 1I ! I ! Ill I I I I I I I ‘1 I I I I

-L
CT 242 ~

ENDF/ 6-X -

e 10 ( LASL-7%) –

7

fl I 1 1,, ,,1 I 1 I 1.11111 I I 1 1111,1111,
“0.2 0.5 1.0 2.0 5.0 10.0 20.0 500 100.0 2m.o

Lsa ENERGY ( MeV )

.

.


