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NEUTRON CROSS SECTION MEASUREMENTS AT WNR ™

P. W. Lisnwski, G. F. Aucharnauah,
M. S. Moore, G. L. Moraoan. and R. E. Shamu*

Los Alamns Scientific Labora*ory
Los Alamos, New Mexico 87545, U.S.A.

ABSTRACT

The Weapons Neutron Research Facility has been used
to obtain moderate-resolution total neutron cross section
data for H, C, 208pp, 2321h, 238y, and 242Py over
the enerav range 5 tc 200 MeV. Neutrons were produced hy
bombardina a 2.5~-cm diam by 15-cm lonc Ta tarcet with an
BOO MeV pulsed proton beam from LAMPF, A 10,2-cm diam by
15.2-cm thick NE110 proton recoil detector was used at a
flight path of 32 meters, givina a time-of-flight resolu-
tion of 67 ps/m. The total cross section results are
comparcd to ENDF/BY eva’uations and to previous data
where possible,

INTRODUCTION

The Weapont Neutron Reseerch Facility (WNP) has rerertly be-
come 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) {s used to produce neutrons by spalla-
tion reactions on various heavy-metal targets. Proton pulses of
variable width may be provided along with suitable targets and
moderators to give a time-of-flight capability coverina the
energy range from a few meV to several hundred MeV.

Of interest to this conference is the fact that the neutron
flux at WNR 1s particularly suited for measurements in the 10- to
50-MeV energy range. This is because there is significantly more
neutron intensity at WNR in that energy range than at any other
white-source facility and because the y-ray burst is many or-
ders of magnitude smaller than at an electron machine, permitting
data to be obtained nearly up to time t = 0,
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We give here a description of the technique used 1n tota]
ross sect1on measuremPnts and the results for H, C, 2°%b,
’T 238, and 2“%py for energies from 5 to 200 Mev.

EXPERIMENTAL PROCENURE

"Neutrons were produced by spallation reactions using an
800-MeV proton beam incident on a water-cooled aluminum-clad tan-
talum tarcet (2.5-cm diam. by 15-cm high). The proton beam was
pulsed at an average rate of ahout 1500 sec~® and had a tire
spread less than 0.5 ns. For the fast-neutron measurements
reported here, no moderator was used.

A fiducial signal (t,) was obtained from a capacitive pick-
off located upstream of the taraet in the proton beam 1ine. This
signal provided both a start pulse for the time-of-flight elec-
tronics, and a measure of the relative proton intensity and in-
tensity variation usina an inteqrating analoo-to-digital con-
verter,

The total cross section measurements were performed on a
31.78-m flight path. About 30-m of the flight path was evacuate-
to minimize any structure in the neutron flux caused by reson-
ances in air.

A main collimator located apnroximately 16-m from the WNR
t arget was used to define the reutron beam at the samplee).

This collimator was composed of sections of brass, iron and lead
witk a length of 80 cm, A brass scraper collimator 29-cm long
with a 3-cm-diam opening vas piaced after the samples to remove
neutrons which penetrated the aluminum alignin: sleeve arouno the
main ccllimator.

A neutron flux monitor was placed in the neutron beam after
the main collimator, Because there are a significant number of
charged particles in the neutron bear, a two-detector veto-
monitor system was used. This technique eliminated the
charged-particle contribution which was actually greater than the
neutron contribution due to the much higher efficiency for de-
tectina charqged narticles.

The transmission samples were placed in a motorized chancer
located about 0,5-m downstream of the main collimator. This sam-
ple chanaer was controlled by the data collection computer using
a CAMAr interface and stepping mntors. Ontéical encoding was used
to provide positioning accuracy to about 0.03 mm,

The continuous distribution of charged particles was removed
from the neutron beam usino a sweep maanet after the sample
chancer, Tests using a thin fast-plastic detector placed at the

a) The 2*!pu measurement used a setup which varied <omewhat
from that described here due to the small (6-mm diam) sample
size. Reference 2 provides more detail.
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main detector location demonstrated that the charged particles
were completely removed by the magnet.

Two different n.utron detectors were used. For the ?“*Pu
data, a 10.2-cm diam by J.1-cm thick cylinder of NE110, viewed by
an RCA RRRA phntr—1tiplier was used. For the rther measure-
ments, the detection efficiency for high energy neutrons was in-
creased by replacing the scintillator by nne 15.2-cm thick.

The neutron beam was stopped beyond the main detector in »
beam dump located at the end of an evacuated pipe approximately
30-m long.

The electronics consisted of a complete TOF system for the
main Jdetector and a fast-scaler system for the neutron-f1lux
monitor. Time-of-flight spectra from the main detector were cnrl-
lected using an EGRG TDC-100 digital clock operated in single-
stop-per-start mode. The proton t, signal was used to start
the clock. An Ortec 934 constant-?raction discriminatcr provideo
the stop sfonal. Data were stored at four bias settiras ranging
from ~ 2 MeV to ~ 10 MeV at a time-channel width of 0.5
ns. Main detector deed-time corrections were less thaa about 30¢
for all the data.

The output of the neutron-flux monitor system was time-gatec
to only count neutron events occuring after the y-burst. The
resulting pulses vere counted by a fast scaler. Dead-time losses
for this system were nealigible as the rate fror the cated
monitor detector was only about 0.1 counts/burst,

Rackgrounds were measured hy renlacing the sa=ple with a
1.9-cm diam by 4F.cm long tunasten rod. These snectra were moas-
ured several times and had & shape anprnximately “nat expected
for the transmission of hict-energy ne-:trons throurh the colli-
mating svstem, The hackarounds were lass than N_6% below £~ Mey,
0.8X below 100 MeV, and 2% at 200 MeV.

A Modco~p/IV comnuter and CZ“AC interfece were used to accu~-
ulate the data. Time-of-‘1ight spectre of 4096 channels were
recorded for each bias along with various scaler readings for
diagnostic purposes. The computer also controller the sample
changer, moving various samples in and ocut nf the beam at inter-
vals of about 15 minutes, based on 8 preset monitor-detector
count. A typical counting time for each samnle was 20 hours.

The dats were reduced using the central computing facility at
Los Alamos Scientific Laboratory. After correcting all spectra
for dead-time losses, a normalized background spectrum was sub-
tracted vYrom both sample-in and sample-out data. A sinall
residual time-uncorrelstnd background, typically less than 1u,
was also subtracted.

For dats below 60 MeV, th~ lowest bias data were used. Above
60 MeV only the highest bias data were used both to avoid any
contribution from time slewing of the prompt y-ray peak pro-
ducrd when the beam struck the target and to lowar the time-
uncorrelated background.
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P-ta for individual time channels were combined into bins of
const.  eneray resolution and then converted to total cross sec-
tion a: 3 function of neutron energy.

SAMPLES

A1l of :he samples were right circular cylinders approx-
jmatelv 2.1-cm in diameter. Measurements of the mass and diam-
eter of each sample were used to obtain thicknesses. Poly-
ethylene and carbon samples matched to hetter than 0.1% were used
to obtain the hydrogen cross section data. Where possible, the
samples were analyzed for impurities. Only the thorium sample
was found to contain an apprecisble contaminant material (0.36
wt.% oxygen). The 2%%b, 23%, and #“?Pu samples were
jsotopically enriched to 99.8% or qreater. Table I gives 2 sur-
mary of the sample thicknesses.

RESULTS AND DISCUSSION

With the excention of 2“2Pu, total cross section data in
the MeV region for each of the materials investiqated here have
been presented before. Below about 15 MeV there are considerable
data as well as the ENDF evaluation, which extends to 20 MeVv.
Between 15 and 200 Me! data are sparse, but there are several
results from different laboratories for comparison.

The hydroaen total cross section is used as a stendard for
measurements up to about 20 MeV. Above that energy, measurementc
by several groups show differences of nearly 3%, Our data aener-
ally agree to within 1% with the ENDF/B-V evaluation and with
data of Rrady et al. [3] (25 to €0 MeV), Groce and Snwerby [4],
(20 Lo BO MeV), and Measday and Palmieri [5] (90 to 150 MeV).

The data of Buwen et al. [6] are 2-3¥ below our values from 30 to
about 100 Mev. F1{g. T shows our data compared to the seri-
empirical fit of Gammel [7], chosen because it extends to 40 MeV
and agrees with our results nearly as well as ENDF/B-V.

The carbon total cross section shown in Fig. 2 agrees with
the ENDF/B-V evaluation to better than 0.6% below 8.5 MeV in the
relatively smooth regions between resonances where energy recolu-
tion is unimportant. Above 8.5 MeV, our data aaree better with
the data of Heaton et al. (8] and Auchampaugh et al. [9] than
with the ENDF/B-V evaluation. At higher energies, our results
tend to agree with the data of Auman et al. [10} (24 to 60 MeV)
to better than 1%, and with Meadsday et al. [11] (80 to 150 MeV)
to about 2%. Data of Bubb et al. [1Z] (20 to 45 MeV) are sys-
tematically higher than our results; the deta of Bowen et al. (1%
to 120 MeV) are consistently lower than our data below about 90
MeV., Above 150 MeV, there exist no recent data; however,
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Defuren and “Yover [13], and Mott et al. [14] have resulls whici
compare well with our data between 156 and 220 MeV.

Of the remaining sets of cross section data, only 2%U and
232Th can conveniently be compared with other dat? since all
other P:» data were obtained with a natural sample and no 'her
fast-neutron data at all exists for 2“?pu.

The present results for 2°%pb, 2%2Th, and 2°% are com-
pared to the ENDF/B-V results in Fig. 3. Although the ENDF/B-V
evaluation was for natural lead, the aoreement with the present
:"Pb data is remarkably good, except at the ENDF/B-V din near

6 MeV.

The 23?Th data were correctec for an oxyaen contaminant
using data measured at W\R in a separate experiment. Aagreement
with ENDF/B-V and with the data of Foster and Glesgow [15] is
reasonable below ~ 14 MeV, the unper end of the available
data. Above 10 MeV, however, the evaluated data is systemati-
cally too low, disaareeing by as much es 4% at 20 MeV,

The 2% data aoree with the ENDF/B-V evzluztion to within
thout 1%. with the greatest differences being neer & MeV and 19
MeV. The most recent 3% data of Schwartz et al. [16) (0.5 to
15 MeV) and Hayes ¢t al. [17] (0.8 to 30 MeV] acree with wur data
within the quoted errors, excent for the data of Haves near 3"
MeV where the errors are quite larce. The data of Schneider and
McCormack [12) (100 to 15" MeV) provide the only high energy
23% data for compa:-ison, and 2aair, aareement is gererally
better than 1,5%,

The 2Py totel cross section values are shown in Fig. 4,
compared to a receni evaluation by Madland and Young [19]. As
was pointed out earlier, the ¥*2Py data were obtained usinc the
same flight path but with a different geometry due to the very
1imited amount of szmple material avajlable. These data were, in
1'act!l obtsined using & neutron beam collimated to 5 mm 2t the
sample.

CONCLUSIONS

The technique used to obtain neutron total cross section cata
from 5 to 200 MeV at the WNR has been described and demonstrated
to yield accurate results with hydrogen and carbon as test
cases. In addition, high energy data for 2°%p, 232Th,

238, and 3*?Pu have bern provided.

REFERENCES

1. 6. F., AUCHAMPAUGH, “Status anc¢ Comparison of New, Planned,
and Upgraded Pulsed 'White' Neutron Source Facilities Since
1970," International Conference on Nuclear Cross Sections for
Technology, Knoxvilie (1979).



-6-

2, M. S, MOORE, P. W. LISOWSKI, G. L. MORGAN, and G. F.

[l

10.

.

12'

AUCHAMPAUGH, "Total Cross Section of 2“2Pu Between 0,7 and
170 MeV," International Conference on Nuclear Cross Sections
for Technology, Knoxville (1979).

. F. P. BRADY, W. J. KNOX, J. A. SUNGERMAN, M, R. McGIE, and R.

L. WALRAVEN, "Precise Measurement of Neutron-Proton Total
%ross)Section from 25 to 60 Mev," Phys. Rev. Lett., 25, 1627
1970). —

. D. R. GROCE and B. D. SOWERBY, "Neutron-Proton Cross Sections

Near 20, 24, and 28 MeV," Nucl. Phys., 83, 109 (1966).

MEASDAY and PALMIERI "Neutron Total Cross Sections for
Neutrons, Protons, and Deuterons in the Energy Range of 90 to
150 Mev," Nucl. Phr<,, 85, 142 (1966).

P. H. BOWEN, J. P. SCANLON, G. H. STAFFORD, J. J. THRESHEPR,
“I'eutron Total Cross Sections iin the Energy Range 1% to 120
Mev," Nucl. Prys., 62C, 22 (1961).

. J. L. GAMYEL, "The n-p Total and Differential Cross Sections

in the Energy Range 0-40 MeV," Fast Neutron Physics, Part I7,
Chap. VI, p. 2185, Interscience Pub., Inc., New York (1°¢0).

. H. T, HEATON, II, J. L. MENKE, R. A. SCHRACK, and R. B

SCHWARTZ, "Total! Neutron Cross Section of Carbon from 1 keV
to 15 MeV," Nucl. Sci. Eng., 56, 27 (1975).

. G. F. AUCHAMPAU3H, S, PLATTARD, and . W. HILL, "Neutrun

Total Cross-Section Measurements of Be, '% 'R and

12,130 from 1.0 to 14 MeV Using the *Be(d,n) '

Reaction s a 'White' Neutron Source," Nucl. Sci. Ena., FO,
30 (1979).

M. AUGAN, F, P. BRADY, J. A. JUNGERMAN, W. J. KNOX, M, R,
McGIE, and T. C, MONTGOMERY, "Neutron Total Cross Sections of
the Light Elements in the Energy Range 24-60 MeV," Phys.
Rev., (5, 1 (1972).

D. F. MEASDAY and J. N. PALMIERI, "Neutron Total Cross
Sections for Neutrons, Protons &nd Deuterons in the Energy
Range 90 to 150 MeV," Nucl. Phys., 85, 142 (19f&).

1. F. BBB, S. N. BUNKER, M, JAIN, J. W. LEONARD, A,
MCILWAIN, K. I. ROULSTON, K. G. STANDING, D, O. WELLS, and B.
€. WRITMORE," Can. J. Phys., 52, 648 (1974),



-7-

13. J. DEJUREN and B. 1. MOYEP, " Variation with Enerny of
Nuclear follision Cross Sections for High Energy Neutrons,"
Phys. Rev., 81, 919 (1951).

14. G. R, MOTT, G. L. GUERNSEY, and P. K. "E'.%0", "Total crose®
Sections of Carbon and Hydroaen for High Energy Weutrons,"
8R, 9 (1951).

15. D. G, FISTER and D. W. GLASGOW, “Neutron Total Cross
??cgigns, 2.5-15 KeV, I. Experimental,” Phys. Rev., 3, 57F
971).

16. R. B. SCHWARTZ, R, A, SCHRACK, and H, T. HEATON, 11, "Total
Neutrnn Cross Sections of Jranium-225, Uranium-238, and
Plutonium=239 from 0.5 to 15 Me'," Nucl. Sci. Eng., 54, 322
(1974), -

17. S. H, HAYES, P. STOLER, J. M, FLEMENT, and C. £, "CULDING,
"The Total Leutron fross Section of Uranfum=-23% from 0.& tno
30 MeV," Nucl. Sci. Eng., 50, ¢-3 (1ae73).

18. R. J. SCHNEIDER and A, M, MCrORMATK, "teutron Total Crose
sections in the Enercy Range 100 to ¢~ MeV," tucl. Phye.,
A119, 197 (19R8),

19, N, G. MADLA®D and P, ., YOUNG, "Evaluation of n + 2420y
Reactions from 10 keY to 20 Mey " LA-7833-MS (1978); see els?
Trans. Am. Nuc. Soc., 3?, 745 (1975),



FIGURE CAPTIONS

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

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

The total cross section for 2°tPb, 2°2Th, and 2°‘U.
The solid curve represents the ENDF/B-V evaluation,

The total cross cection for 2“2Pu from 0.7 to 170 MeV. The
solid curve represents an ENDF/E-V evaluatior by Madland
and Young.



TAELE 1

Sample Thicvnecs

Sa~ple ttoms (Barn)
H 2.102°0 (e)
c 1.05191 (a)
¢ 1.3682

208p, n.3218

232y 0.213%

238, 0.3254

Zhlpu 0.07‘-\“

(a) matched polyethylene ang carkon
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