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Abstract

Although plutonium-based nuclear weapons can usually
Le detected by their spontaneous emission of neutrons and
ganunas, the radiation emitted by weapons based euntirely
ou highly-enriched uranium can olten be easily shielded.
Vetification of a treaty that limits the uuiber of such
weapons luay require an active techuique, such as iter-
rogating the suspect assembly with an external neutron
source and measuring the number of fission neutrons pro-
duced. Difficulties include distinguishing between source
and fission neutrons, the variatious in yield for differ-
ent materials and geometries, and the possibility of non-
nuclear weaponis that ihay contain significant amounts of
fissionable depleted uranium. We describe simple mea-
surcnicuts that test the induced-fission technique using an
1sotopic Ami-Lisource, a novel energy-sensitive neutron de-
tector, and several small assemblics containing =330, 238U,
lead, aud jolyethylene. In all cases studied, the neutron
yields above the source cuergy are larger for the 35U as-
seiiblies than for asseniblies coutaining ouly lead or de-
pleted vranium. For more complex geoiletries, corrections
for source transunission ulay be necessary. ‘Fhe results are
promising enongh to reconnncnd further experinents aud
cileulations using examples of renlistic nuelear and nou-
nuclear wenpous.

I. INTRODUCTION

Oue nportunt issue facing treaties such as S'TTART s
distiuguishing between unelenr and nowanuelear weapons,
lutcin bnsed anelene weapous enn be easily detected
with passive detectors heenwse phitoniunt is w prolilic enut.
ter of enddiation. The isotope *¥Pu emits wore than 100
giunne-ray hes, The most wteuse one b high energies
has noceantput ol LD 0" 3 /s /g nned s at L ke, wineh s
very preneteiug, The satope WPy has nonentron ot jan
ol 1000 u/s/u.

*Thin paapet wan partiadly siggeatad by the D er of Anns Can
teoh of the U s Departiaent of Fuergy, Tive aeutroa doteetar aond
aadvais pgeatos were arigiaadly develogeed for the 0 S0 Any
Strategle Defense Cantnand, Sandia Nationad Lalaratadionisn 48,
Dejaarttgent of Paergy Faclhity, suppoeted ander coavenet DEACTY
TEDPTRY

Detecting uranium-based weapons may be much more
difficult. The isotope *3%U emits only one strong low-
cnergy line at 186 keV. These gammas can be easily
shielded because tlieir mean free path in lead is only
0.7 mm. The ncutron output of 6 X 10~ 11/s/g is also too
low to be useful. Thus, passive techniques may not work
for such weapons. Based on the measureiments described
in this report, we can show that an active technique should
work.

Our technique involves placing an Am-Li neutron source,
which idcally only emits neutrons with energies less than
1.5 MeV, close to the material being studied. The neutrous
from the source cause fissions in any *3%U present. Fission
neutrons with energies greater than 1.5 MeV are detected
by a fast-neutron detector. The detector must discrimminate
between the low-energy source neutrons and the fast fission
neutrons.

.'There are complicatious in this simple concept. First,
Am-l.i sources emit a small percentage of neutrons with
energics greater than 1.5 MeV buecause of (a,n) reactions
onl contatinants in the source, and this source tail 1might
be confused with the high-energy lission neutrous. Sec-
oud, the lission yicld depends on the materials, particu-
inrly the woderating materials, and on their geonietrics.
Third, soe couventionul wenjous may contain depleted
urattivnn, which is mostly 38U, ‘T'he fission cross section
for #1810 is uegligible below | MeV but rises rapidly above
I MeV. In addition, depleted uranimu contnains a swali
residual amoant of ¥ U, 'Flis, an Am-Li source could pos-
sibly ennse lission in depleted arnnimn. Our measuireinents
amnd nualyses address these issies,

I[I. EXPERIMENTAL EQUIPMENT

A, Layout

The experiieatnl lnvont s shown in g, 1. The Toaur
Am L scarees rovided a0 ttad of L8 X 10% n/s. Lend
sheets aromud the soarees attennnted the itense 60 ke
gnnn ruys fron A9 An Dolyethylene docks i1 eny thick
served as wwoderntors aud were removed for nmmoderuted
wensureients, e siangdes were pdites ol lend and uen
wn, each nanmally 00 e taek. Each bloek v pdate
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Figure |: Experiment Layout

was liominally 10.5 X 10.5 cm? in area. The nass of the
two 235U piates (> 93% enrichment) was 925.85 g total;
that of the two *8U plates (depleted to < 0.2% 2%5U) was
951 g. The thick lead wall shielded the detector from the
1001-keV gamma rays from the depleted uranium.

B. Detector

The detector cousists of four cylindrical boron-loaded
plastic scintillators, each 7.62 ¢m in diameter X 23.32 cmin
length. ‘T'he detector was originally developed for the Army
Background Experiment (ABE).[I! One such detector is
ow i1l orbit; we made the present ineasurements with the
backup detector. Being space-qualified assures that it is
rugged, low-power, and requires 110 adjustnients.

The principles of operation are described in detail
clsewhere.[2] but for completeness we briefly review it here
(Fig. 2). An incident neatron deponits all of ity cnergy in
a seriey ol eolhsions within the resolving tune ot the de-
tector, producing a lirst pulse. Within n fow ulicroseconds
the newtron is captured in the reaction '93(n, a)7Li, which
produces n sccond pulse with a characterietic signature
(Fig. 3). (‘The energy units keVe, meaning “keV electron
equivalent,” are used beenuse Light produetion w seintil-
lators saturates and becwnes nonlinenr for recoiling heavy
particles, including protous.[1]) ‘The penk at €3 keV,, is
coised Ly the “Li and o revoils. Phe reaction is pre-
denunntely to the diest excited state at 78 keVoin TLi;
the gamuma deeay ol this state produces the il at high
prtdse Bieights, "Fhe positions of the recoil peak at 93 keV,,
and the Coaupran edge nt 30090 keV,, from the 178 ke
picnen ray give aanternal calibestuar We ased a nen
sured eccuversiwae eneve{ ] teaceanvert 1o nentron energy in
the rest ol this qeeer. Reguiring that the lisst janlse Le
 ecinerdenee with the second pulse guarantors that, ex
ceqd b aretdental ccaneudenees, the liest jailse wan o
dueed by o nentron that deposited ol of its energy. by
peartenlar, gamin ravs are rejeeled bheenuse they doone
jeroduee the eliaracterstie seevasd qadse The thae dilfor

ence between the two pulses can be used to measure and
subtract accidental coincidences. Additional discussion is
included in Refs. [1,2] and in another contribution to this
conference.[3].
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Figure 2: Operation of a Bor~ted-Plastic Neutron Scintil-
lation Detector

III. MEASUREMENTS AND

ANALYSIS
A. 22Cf Test

We verified that the detector and our analysis techniques
were working correctly by measuring a “*2Cf neutron spec-
trum (Fig. 4) and showing that it agreed with a published
standard distribution.[5] The sharp cutoff below 0.5 MeV
indicates the detector'’s first-pulse threshold.

B. Am-Li Source Spectrum

"To drtermine the Ani-Li souree spectruin, we placed four
lead plates in the four sample positious nnd removed the
pulyethylene muderator blucks, An showi in Mig, 3, musi
uf the neutrous are lelow 1.5 MeV, ns expected, but there
is a high-energy tail containing about 2.7% of the flux.[4)
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Figure X1 Light. Output Speetea for the Cagaure Pulse
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Figure 4: Measured 232Cf Energy Spectrum
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Figure 5: Measured Awn-Li Source Spectnin

‘I'here have buen suggestions that this tail is produced by
(re.n) reactious in the sonrce on beryllivm or oxygen cou-
Cuninants. We are not aware of any siiccess in elforts to
remove suchl contaminants,

¢'. Unmoderated * U

To determine the indieed fission spectrnn from
we sundwiched two plates of ruriched uraniun bet ween two
phites of lend, again without the polyethylene moderator
ldocks. Awn shown in Fig. 6, the yield at high energy Trom
the en o od urnninmm sandwich is slightly e ger than the
yvicht Trom the alt lend ease, "FPhe dilference between these
twospeecen (Fig. 7) gives just the lission spectrum without
the scarree eemntributicar, Phe datn ot high energy are in
woued ngreetient with a teaustnission wodel and an MCNP
Monte Carlocenlenlntion.

235(1

h Moderated ¥ and U Spectra

To deterune the elfeet ol nuoderaticar, we repeated the
L easaretents. with the twea polyethylene blocks m

:  Unmodarated b and U Assernblics
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Figure G: Energy Spectra for Unmoderated Pb and Wy
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place. We made a similar incasuremeut on depleted ura-
niunt by sandwiching two plates of depleted uraniuin be-
tween plates of lead with the polycethylene blocks in place
As shown in Fig. 8, the yield froin euriched vranium ix en-
hanced by u factor of two hecause the flssion cross section
for 38U is mch larger at wow nentron energies. ‘There is
little dilference in the yickd between depleted nraninm and
leact, Subteacting the lead spectrin gives the lission spec-
tra without the souree contributions (Fig. 9). Agrin the
datn are in good agrecinent nt high energy with transiis-
sion wodets nud MCNP Monte Carlo enleulations.

k. Shape Analysis

s sipnilicant that the cnergy dependenee of the above
speetra at high energies were o disorted significantly by
the shiclding; ouly their sinpditiuzdes were changed. "Fhis
observation suggests that the sonree aud flssion compo-
nent: ean be separated by dilferenzes in shape, that is,
without relying on the subtenetion of a “leuch anrk™ spee-
trunn From o simiilae hened cnly assembily. We have therelore
wiedd the shapes of the 20T (Fig, 1) and Awc Li (vig, D)
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specirn to estithate the contributions of cach compoueunt
to the measured specira, Figs. 10 and 11 show the results
for the winnoderated (Fig. 6) and imoderated (Fig. 8) cases.
The “s/f" values give the number of ruits of esch compo-
nent reguiredd to dencribe the measured spectrum. ‘The the
atl-lead rpretra both require a zero fission component wid
the 2-10-1 ratio between the moderated and nnmoderated
B85 comnponents matches the ratio obiained by the above
subtractuva approach.

IV. CONCLUSIONS

We conelude the following: 1) the ABE deotector i
an agproprinte fast neutron detector for this apydieation;
2) the A Li highe energy tailis tolerable; ) depleted nea-
pivt ecan be eanily distinguished from eunched araninm
it the geometries studied: 1) beneht mark measurenients
are desirable, beeause only memsureiments and not analy-
sen have to be ('()Illpl\rml. but Nll-’lln- alnlysis can be used
i o Lenel wark mensieements ure avalable. "Fliese e

Figure 10: Shape Analysis, Unmoderated Spectra
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Figure 11: Shape Analysia, Moderated Spectra

sults suggest that induced-fission measurements may be
useful for detecting or characterizing uraniuni-based nu-
clear weapous,
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