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Los Alamos National Laboratory, Los .Maxnos, NM S7545

R, I. Ewing and K. IV. hfarlow
Sandia National Laboratories, .Mbuquerque, NM 87185

Abstract

Although plutonium-based nuclear weapons can usually

Le detected by their spontaneous emission of neutrons rmd

gammw, the radiation emitled by weapons Lzsed entirely

011 highly-enriched uranium can often be e=ily shielded.

\’elificalion of a lrenty lhal linlits the uumber of such

wtapons I]lay require an active Lechllique, such as interr-

ogating the suspect a+sembly with an external neutron

source and memuring the nulnf.)er of fission neulror,s pro-

duced, Difficulties include distinguishing between source

uncf fission neutrons, the variations in yield for differ-

ent materials and geometries, and the possibility of notl-

Iluclcar weapons that Inay contain significant amounts of

fissionable depleted uraniuln. We describe simple mea-

surenlcnts that test the induced-fission technique using an

isotopic Am- Li source, a novel energy-sensitive neutron rle-

tcctor, aII(l several smal] asselnblh colitaining ‘351J, 2MU,

lead, al)d ]~olyethylrne. III all ca.ww :,!udied, the neutron

yiclrls ilL(JVP tlw suurce energy are Iargcr for the 235U as-

st’llll)lirs than [or ,wselllhlies r-olltninil)g {jl)ly lead or de-

p]c=[m] Ilrnlliul]l. For rnorc corllplr’x georlwlrles, corrections

for source lrurlslllissiorl r]]fiy hc rl(<cessury. ‘1’lle r(’suits ~rc

]~romlsil]q rtlough 10 rrcorllrllell~i furtll(’r rxlwrilrwr)ts ullrl

c;llclll:lli[]lls Ilslrlg f,xnllll)lrs {If rvulistic Iluclr;lr nrld tloll-

Ilucl(’ur wrnpoI)H,

1, INTRODUCTION

()ill~Illll)[Jrllllll lS!+l!l> lii(’111~ Iroil( I(’S ~li(’11 il~ S’I’l\f{’l’ is

(11s[ill~lllsllillg IJI’IWM’11 tl~lcl(,:lr iill[l Ilt)li-llucl{’ur \\(’ill)oll S,

l’ll]l[)llilllll IIII*!oII Ill]cll’lir N’1’illlollS [’1111 II!, l’{Llll~ tlt~tm’lml

\\’1(1111;1SS1$’(,(l(m[l,(’~[lr~ IJIW’ULW1 II II I({JIIIUIII IS {1 Ilr{)llfic 1’11111-

tlr (If’ rlltllilllt~ll, ‘I”llv iw}l[)llf, ‘:1:’1’11 rrllits Illt)rr Illilll 100”

glirlllli:i-r:ly II IIIW ‘1’1111rlit)sl illlf,tls{’ t)llr :11 Iligll t,llt’rgi[w

IIW 1111I, II IjIIII ,If~l. I x 10’1 q/s/g IIIItl is III ,1If kt’\’, wlIIclI is

Irry 11,’tl(’lr:l IIIx. ‘1’11,. IwIl,~l){, ‘1(’1)11 lIiIs IL 111’lllnjll I)IIIIJIII

01” 1000 n/*/g,
.—.—.— .—.. -———.
“’III!* lH{IpI I W;W Imll; Lllv wl,lk)rl,ll IIK llw olll(r, (J /\tllw ( ‘im

tIt)l IIf 11111I S Ih,l)iitt[llt,tlt (II k:nw~y ‘1 in, n,wtrtm 111111.l(,r ,111,1
.Illld ImIM l)l{)xrlklll~ m,rv orl~lllm.llv (I{Iv(IIIIINI(I (or 1111111, S /\rlllV
<lr[ll~,~l( I h,frllw, ( “(,111111;111(1,Siill(liu NiIII )IIILIl,lll)orii(otl(,slp” ii 1; S.
Ihqmrtnl,,lll III I,:tv,ruy 1:11,1111~,hul,lh)rlt,tl umh,r ,{,lllru(l 1)1; I\( ‘(II
71il)l’(ll17H!l

Detecting uranium-based weapons may be much more

difficult, The isolope ~~s l-l emits oll]y one strong 10w-

energy line at 186 ke\~, These gammas can be easily

shielded because their mean free path in lead is only

0.7 mm. The neutron output of 6 x 10-4 ]/s/g is also too

low to be useful. Thus, passive tcchniqu~s may not work

for such weapons Based on the measureluents described

ill lhis report, we call SIIOW that fir] active technique should

work.

Our technique involves placing an Am-Li neutron source,

which ideally only eITri LS neutrons with energies less than

1.5 NleV, close to the material being studied. The neutrons

235U present. Fissionfrom lhe source cnuse fissions in any

neutrons with energies greater than 1.5 MeV are detected

by a fnst-neutron detector. Tile detector must discriminate

f.retween the low-energy source neutrons and the fast fission

Ileutrons.

. There nre complications in this silnplc concept. First,

Am-l,i sourcm mnit n small percentage of neutrorre with

cnergim greater tl)un 1.5 MeV L(wause of (a, ?1) reactions

011 contmllinallls in tlw murc{’q ruIcf lhis source tail Illight

he confusrd with tile Iligh-ellergy fission rleutrous. Sec-

und, the fission yield depends ON L]]e materials, pnrticu-

Inply llm Il)or.ferntillg rl)nterials, UIId 011 llwir gcomctrirw.

‘1’llird, sollle CorlVerltiOnill wrwlIolls Illny colltuin depletrv-f

Ilrntliulll, which is Itlorrlly 2:J81J, ‘~he fission cross section

for 2;)811 iri Ilcgligiblc btjlow I hleV but rims rnpidly ahov~

1 NloV, Ilr Ildcliliou, (l(,pllhlml llr~niulll rwnlmins n sn]nli

Nwl(lllal :Irlmlitlt (If ~’~fi[), ‘1’lilrs, :111l\lll-l,i rwurcv could lmJ-

sil)ly CIII. YII Iissioll Iri th’1~11’hIIl Ilrnlilulll. otlr rllt,[wlir(!lll(,llls

:IIId ntIalysIw :I[l(lrw I IIWW is.suvti.

11. EXPERIMENTAL EQLJIPMENT



Figure 1:
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Experiment Layout

was nominally 10,5 x 10.5 cm2 in area, The masa of the
two 23511piates (> 93% enrichment) wss 925.85 g total;
that of the two 23UUplates (depleted to < 0.2% 235U) was

951 g. The. thick lead wall shielded the detector from the
1001-keV gamma rays from the depleted uranium,

13. Detector

The detector consists of four cylindrical borou-loaded
plaatic scintillutors, each 7.62 cm in diarnctcr x 20,32 cm in
length. ‘~he detector was originally developed fx the Army
Background Experiment ( ABE). [l! One such detec~or is
Ilow ill orbit; we made the pre~ent m~aauremcnts with the
bnckup detector, 13eing space-qunlified wssurrs that it is
rugged, Iuw-powrr, and requires no adjustments,

The principhw of operation are described in detail
(Bhmvhcrc,[~] I)ul for Colnpletcnms we t]rirfly rcvirw it hf’re
( Fig. 2) An itlcidcnt, ncdtrrm drpo~ilti nll of its vncrgy in
;1 .sorlwi 01 CI)IIIHIOIM WI III III I III’ rwmlvlllg t iinc 01 lIw dLS-
Lm-lur, [lrotlucillg n IirH1.l)ulsr, \\’ithin u I’vwnlirrrmccolld~
Ihi’ Iwulrull is rmpturwl in tlw rc’ilctioll ‘“ll(rl,ft)71,i,wllicll

I)roilucwi n Lwcond puhlc with * charilclcritlic siglmturu
( Fi[f. 3), (’I’Iw vtwrgy Illlils kc\~rr, llmming “koV Illcclr{]ll
l.(llll\-illlmIll,“ nrr usml twrnusr li~llt Ilr(lduction Ill w’illlil-
Iritm+ w~l,llrnlrs nll[l IN’I’IUIWHmmlinwlr I’m rvroilillg Ilcnvy
Ilnrticlos, Illclutling Ijrotum,[l]) ‘1’lwIwnk iil !!:! krvpt k

t’hu~i’11 1)~ I Ill’ 71,i iill[l (t rl’1”1)~]~, ‘1’11(, rltil(’l 1o11 Is llrl*-
~)II II II II: II IIly I~j III(I lirHt I*x.ilt*[l SIIILI’ m ,17’Hkt*\’ill71,i;
III(I~illlllllil (lt’cny (J llli~ hl:ltl’ I)rodurw 111(’Iuil ill hi~h

IIIIIIW 11~’iKh~~ ‘1’111’l~(l~ltl~)llrr IIr ~hII rl’cf)il pmk nt W] lwV,~
:llItl I III’ ( ‘OII II JI.1111vfl~r III :1I I I !Jll liP\Tr, [rolll [III* ,[~~ kII~

~:1111111:1rny givl, :111 iill.flrll:ll rillil)r:lll{lll \\’11IISIIII ii 1111111

Sllrl,ll r(lllv{,rslijt] (tlirw,[ 1] II) fvmvorl III lit-ill rl]tl {’lwr~y ill
I Iii! r,wt III’IIIIAIj:llwr, I{fvllllrillu 111:11Ilw Iirsl IIIIIW 1111

III rllillrllltlllrl, WIIII 11111*1,1’IMIIIIIIIIWI~ll;w:llll~uwllI:It, I*X

,01.111[ijr ;IIOI,III,OII’ :11 1,11111{.lIII~ll~,IIM,1111’Iirsl l~lllM{I WIIH ljrlj

11111’1111l~y ;I ll~,lilrllll III;II ~11.l)ll~ill,il 1111~)f ils l,llor~y, 1,1

I):lrllt’lililr, g: II II II III ruyrn lirll r,,j~wl,,,l IHW:IIISI, llll.y ,1(1 11(11,

I)r,l,lll(’v 1111.[Lll:lr;ll,lf.ristl[, MVVIII~l lIIIIW. ‘1’lIf. 111111.,Illrj,r

ence between the two pulses can be used to measure and
subtracL accidental coincidences. Additional discussion is
included iu Refs. [1,2] and in another contribution to this
conference.[3],
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Figure 2: Operation of a llor-t.ed-Plaatic Neutron Scintil-
lation DetecLor

III. MEASUREMENTS AND
ANALYSIS

A. 2$2Cf Teat

We vcrilled that the de+.ector and our analysis techniques
were working correctly by measuring a ‘52Cf neutron epec-
trum (Fig. 4) and showing that it agreed with a published
standard distribution, [5] The sharp cutolT below 0.5 MeV
indicates the deteclor’s flr~t-pulse lhrehdd.

B, Am. Li Source Spectrum

‘ro 11,.tc!rmincLhc Anl-[,i wurcc trpcctrunl, we plnccd four
h?ad I)lulm in Ihc fuur wullplc po~ition~ nml removed the
pUly UllIyhoIIc lIIU&ol iJt.ul IJIu{h~, ~fmhlluW1iill IPi~, O, iinmi,
of thr nculrom nrc l~clow l,5 MeV, M rxpm-tml, hut 1hrre
is n high-rnorgy Ltiil Culllninillg nhoul 2.7% of Lhc [IIIx, [4]

I ~~
() l(x) ;Tx) :)(x) 4(X) r)txl (Kx) m) u(x)
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Figure 4: Measured ‘52Cf Energy Spectrum
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[~igurc 5: !deasurrd AlmLi Source Speclrum

‘1’here huvc hrrm suggmlions lhal this tilil is produced by

(ft. II) rcactimw iu the source on Imyllium or oxygm ron-

lmninunts. \Vc m Ilut awnrr of illly sllmw in d’orls to
rwm.nw such f-onlm)limmt~l

( ‘. U717n0flcrutcd 2:’fiU

1) fiff)df’rfdf’d ~:’:’ /) (L?/ d 2:’”/) ,sprf’ tm

‘I’[j tlt,l(,rlllil14’ 1111 I’11111’I 111’lilll,l,’rllli{~lt, wt. rql~”nlrll I III’

JlrIII llll.llrnllrl.lll,lllt~ WI III 11111 IWII lIIIlyI,I IIYII*IIII I)lt)i’ks III

141 I I12
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Figure G: Energy Spectra for Unmoderated Pb and 235U

Figure 7: Difference Spectrum for Unrnoderated l’b - 23SU

place. W: IIMIdIJ a #itnilar mcwurmnent on depleted ura-
niuln hy sandwiching two plnlc~ of dqJiclcd urnnium be
twtwn rlotm d lend with the I)olyrlhyh!nf! Idocka in place
As shown ill Fig, H, the }ield from cnrichccl uranium i~ eu-
hanced by h fnclor of lwo hcmuuc thr flnaion croon acction

for 236U is much Iqcr al Iow noulrcm cncrgicoi There irn
Iiltlc dilhmcc in the yidl bctwccn dcplutcd urnnium and
Itmll Sul)lrncl illg the Id spvrhum giww lhc Iirwir.mrrpec-
trn witlmul tllr murce contrihut. iom (Fig, g). Agr.in LIKI
(Iitlh m in good ugrrwiwntl M high {Illmgy with trnnwnith
sion modoln ILtId hl( !N 1) MoW ( ‘nolo cnhulnLimln.
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Figure 8: Energy Spectra for Moderated 23SU and Pb

specl rn to vstiwte the wmt.rihutiuns of earl] component
to thr nmamrfxl spect rnj Figs. IOfind I 1 show Ihe rrauih
for dw unmodernted (Fig. (;) nnd modrrhlrd (Fig. ?!) tnscs.
The ‘.#~ vnlucs givv the nutnher of units of CM+ cornpo-
m.mt rrquirwl 10 dfrnrrihr Ihr mcnmred HptWrum, ‘1’hcthe
:J1-lmd ~prrtra 1)0111 rvquiro m zuro iiasion cr.mpontwt nud
the 2-1o- i rfitio twlw~’n IIw modf’rritod nnd unnmdcrnlwl
J:)s{l l.(~IIIl)~NIMIS ti)littllm I Iw rnlin r)htninwl hy lhr nbovr

sul]trrtrt 11111nlqmmrh.

Figure 10: Shape Aualysis, Unrnrxlerated Spectra

3
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Figure 11: Shape Analysis, Mo&ratad Spectra

aulte suqgeat that im.luced-fiaaion meoauremente may be
utwfu] fur M.4Wing or charnctrrizing uranium-based nu-
clear Wtmponn.
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