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ABSTRACT

Our gamma-ray spectrometer system, dasigned for
field use, offers high efficiancy and high resolution for
safeguards applications. The system consists of three
40% high-purlty germanlum detectors and a LeCroy
3500 data-acqulsitlon system that calculates a com-
posite spaectrum for the three detectors. The LeCroy
3500 mainframe can be operated remotely from the
detector array wilth control exercised through modems
and the telephone system. System pertormance with a
mixed source of 1785, 154Ky, ard 1951y confirns the
expectad efficlency of 120% with an over.ll resolution
that is between the resolutiun ol the best detector and
that of the worst,

INTRODUCTION

High-. esolution gamma-ray speutra usually provide
the bhest charncteriza.ion nf radioactlve materinl.
However, the tline required to acquire these apectra i
often unacceptanly long In muny safeguards nppli-
cations hecause the cfficlency of a sintle, large,
high=purity germanium detector with good resolution I
typleally only 40% of that of a Nal(T?) detector 7.6 om
in Jdinmeter by 7.6em tong, ‘To fmprove the effi-
cleney, we bullt a gamma-ray spectrometer system
that consists f un nreay of three 40%  high-purity
pesmanium datectors and a computer to sum the three
spectra without slgniflennt loss of resolution.  The
resuiting  high  effleiency  promotes  the  use  of
higgh-resolution  gammna-ray  systems  for  snfepunrds
npplleations,

EQUIPMEN'T

The tiree detectors in the aeeny (Flg. 1) have
relntive o flelencies of 430, 445, ant 40,0%  and
rosolutions of 1,77, 178, and 1.7 keV  (FWHM)  at
1302 keV, respeetivelv,  Ench d~teetar, supplied by
Prineeton Gamma=Teceh, hns it own all-attitude dewnr
30 thnt [t enn be used sepaeately, Ino the areay, the
theee detectors nre held {n ponition by n styrofanm anid
nluminnm ‘enme of Jow mess Lo mindmize senttoring

*Ihis vork was performad ander the anaptees of 1he
US Departeient of Energy, Offiee of Safegunredy and
Security,

Fig. 1.

I'rer-datector neray and assoclated electronies.  As shown,
the detectors oan he used individually, The LeCroy 35900 14 the
unil on Whe eighit with the video dispiay, The laege hox on the
left vontains 0 CAMAC ornte and w NIM bing A nondem e
uneer the telepbone, Tre ecnse on the Jloar contning n el
and n PEGASUS camputer with m floppy disk for coanmagns
cabing with ather computers,

and abserption. Figare 2 showd notetup with the array
for studying n radionetive sample,

Althouph nll-nttitude dewars are portable heenise
of their Hirht welght, the short, Ta=hour holding time .
ecavenfont  for long term usnge, We o solved ths
provlem by connecting the dewnrs 1o an patomntie
Filling systom (Figa 3, whiech pefills oneh dewne evepy
R haurs, At over low sensor terminates the fill eyele,

A Letroy 3000 datn pequisition cystem nequires
the theee individun] specten and enlealntes o composite
spectram,  The LeCray 3500 8 cquipped with no video
displny and light peny bhuhhle meaurey, printer/plotter,
nnd n CAMAC orntes A separnte hox, o whiech e e
remaote feam the Letroay 4500 mainframe,  contamns
nnother CARTAC ernte and a0 NI han for the pnnlop
oleotronies, I remote operation, this L ax eomimng
entes with the [eCray 3600 mnmframe vin n seeinld
highwny g 600 m of twistea prie ephle or 200l m of
fiher optie =ables Wy tying nte the telephane network
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Fig. 2.
Setup for wwaking ut a radioactive sample with the array. For a
belter view ot the detectors, one has boen removed from the

array.

Fig. 1.
e automatie Lapibd niteogen fIIlIng svaleme for the Three
deltitvor AFray,

with modems, spernting distaneex ean he oxtepded
worldwide, Al syntem pguipment v designed  for
mensuremients in the feld and is packnged for ongy
whipment,

ANALYHIY

The comput-r progeam (Fig. 4) that combines the
disteibutions enleulate: n hiphly nccurate ealibeation of
ench distritmtion, The padne for the distributions ean
e anlte iiferent. Vet the program loeaten sovernl
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Fig 4,

Flowchart of the computer progeam that adds the pulse-helpht
disteibutions,

strong ponks with neeurately known energles using nn
automatic¢ peak-senrch routiney then {t fits the | nk:.
Manual interaction ix possible. The progeam ealeulntes
n loast squares fit to determine the enlibration, The
calibention curve ean oe nny funetion; however, teats
shownd thal n stealpht hine was adequate with our
nnnlog=to-digital  converters,  If the specten do ot
contaln enough Nteong peaks, the progentn uses recent
eplibrations withy nnother sonrer,

The progeam then cop neasesy the two disteibutions
with the highest gains 1o mateh the disteibution with
the lowest gain,  The compressdan of opeh disteibytion
requires summing fractlons of the numbe of eoants in
oneh channel to geneente n new  deteibution, The
enlibentions re pegquitred to onle inte these feactions,

To ealoulnte the finnl composite disteibutfon, the
progrnm peeformy n ehannel by channel sim of the two
compressed dsteibutions and the disteibatior atth the
lowest ynin. 'The compodite disteibmion s then further
noanlyzod with standaurd praming -eny  annlysis progenms
wiioh pe FUPER, D whieh originnted ot the Univeraty of
Munieh,

RESULTR
Ta test (he s‘mh'm. we el 0 mlxed  sougee

contninimg V20, T80 ang 19 feom the 18
National Hurean ol Standartds, D guee 5 compares o
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(n) A section of a pulse-height diztrihution taken with n singte
40%  efficient germanium  detector, (b)) The  corresponding
compasite distribution abtalned by combining the distributions
{rom the three Jdatectors,

saction of the disteibution from one datector with the
corresponding scetlion in the composite distribution.
‘There |8 no significant diffecen~a aver all 8000 chan-
nels of the distributions exe thant the coumposite
distribution contains more counts

For this mixed source, we determined the reso-
“utions for representative peaks In the distributions
from the Individual detectors and in the composite
distribntion. Ay shown in Fig. 6, the resolution in the
composite distribution line bhetween the resolution for
the best detactor and that for the worst detector, We
also performed a separate experiment with B0, whieh
{x the standurd source for measuring r~sohition,  The
rosolution in the sum distribution a. the 1332-keV line
was 1,78 keV (FWIHM) wien the resolutions of the
individun! disteibutions were 170, 1,79, w04 1,71 ke V.

To demonstrate the enpabilities of our system for
nuelenr safeguardsy, wo used & 2,00-g sampee of plu-
tonfum metal containing 8% M0py. The dlatance wax
0 em from detector face and the nequisition time was
25 minuten, Flgure 7 showa the G40-keoV complex. This
complex in often used to determine  the  isotopie
percontage of TA0py g shlelded materlal,” Por the
wenk penk at 842 keV from Ny e number of sonnts
Iy tnadoguate (n the disteibution feon o dndividaal
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Fig. 8.
Resolutions us a function of energy for the mixad source
containing '2%Sh, 154Fu. and '83Fu. ~urves 1, 2, and 3 are
caleulated from Individual detector distributions the sum carve
iv caleulated from the composite distribution,
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(n} A xoction of a pulse hoigit dintedbution taken with n single
w 1‘”\1{“|v“l\| wermaniom delector, Yhe wenk penk ab ad) ked
from 2000 (ightighted) s pemt 1o ealealate the fsotopie
pereentage of A, ) The PAFFeRRONGINE coonpsiln ikt e
bution yn whieh the 847 KeV peak s mueh more prominent,
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detector (Fig. 7a) but is adequate in the composite
distribution (Fig. 7b).

CONCLUSIONS

It is possible tc achieve high efficiency ar.d high
resolution by combining pulse-height distributions from
germanium detectors. Our three-detector array has an
efficiency of 120%, but higher efficlency can be
obtained with more detectors. The detailed Infor-
mation provided in e reasonably short time can be used
in many safeguards applications. The portability of our
system facilitates deployment in any loeation to
investigate  suspicious activities involving nuclear

material. Because the spectrometer system can be
operated by remote control, home base can receive
timely information and reduce travel costs.
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