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AN ARRAY OF GERMANIUM DETECTORS FOR NUCLEAR SAFEGUARDS"
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C. Garcla, M. C, Lucas, and J. C, Pratt
Los Alamos National Laboratory,
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ABSTRACT

Our gamma-ray spectrometer system, dwsigned for
field use, offers high efficiancy and high resolution for
safeguards applications, The system consists of three
40% high-purity germanium detectors and a LeCroy
3500 data-acquisition system that calculates a com-
posite spectrum for the three detectors. The LeCroy
3500 mainframe can be operated remotely from ‘he
detector array with contro! exerc!sed throngh modems
and the telephon» svstem. System periormance with a
inixed sonrce of '?¥sb, 154Ku, ard 1551un confirins the
expected efficiency of 120% with an overall resolntion
that 's between the resotutiun ot the best detector and
that of the worst,

INTRODUCTION

'{igh-. esolution gamma-ray speintra nsua'ly provide
the best charncteriza.jon nf radioactive materin!.
Howcever, the thme required to acquire these aspectrn ix
often maecoptaoly tong in muay safegnards uppit-
cations hecanse the ecfficieney of a shttey  farge,
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typleaby onty 41% of imt of a Nal(TR) detector 7.5 em
i dimmeter 10 T.6em hmg, t'n fmprove he off)-
viey, we ballt o gommn-ray  spectromieter  system
thnt ransists of un neeny  af  three A% hijgh-parefty
gesmmnhnn detpetors niml o enmpmter th s the theens
speeten withmt sigmflennt toss of resolition. “he
reseithye  high  efficlency  nromntes the  nse  of
Whth-rocolition  gunana-rmy  systems for snfepinpeds
npplirntions,

HQUIPMEN'T

The tarer deteetnes I the arrny (Vg 1) e
relntive o flolencies of 430, 440, and 4l10%  and
resolntions of 177, 1,78, wml 170 keV (FWIHIM) ot
1302 keV, pesnertivety,  Encth datimetor, waappliend by
Prineetim Vinmma="pseh, s 1te pwn ol bnttitime mewnr
30 thnt 1t ean by nsed sepaentely, e the urray, the
thren iptes trs nre hirkd I posttioa by o styenfonm
nhmnmm ‘rome af low sy teominthimdze senttering
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mul nhsarpthm, Fhmare 2 showd noaetap wihth the neray
for studying 0 radhmetive snnmne,
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nl el Hpent welghty e whart, Dishone boddhgt e |y
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Fig. 2.
Setup for uaking k1 a radioaciive sampic¢ with the array, For a
batter view ol the detactors, one hias boen removed froin 1he
array.
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ANALYBIN

The vongmt-r peagenm (g, 4) tat comhines the
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LOCATE
S8TRONG PEAKS
IN EACH
DISTRIBUTION

STRONG PEAKS
FOUND?

YES

e

USE RECENT !

| CALIBRATION | CALIBRATE uaE |
ALIBRATION
1
! MAYBE EACH roRTATO
L NONLINEAR _ | DIBTRAIBUTION DISTNAUTION
mmm - T

T Rob T T 1T T COMPRESS

| APPRACPRIATE | TO MATCH
{ FRAGTIONS OF D!@TRIBUTION
| COUNTB IN ! WITH
[LEACH CHANNEL! LOWEST GAIN
ADD
DISTRIBUTIONS
Fig. 4,
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(n} A seciton of & pulse=-helght (leirimtion 1aken whh n single
40%  efficlent  gerinanhin  detocior. I The  eorrespootiog
comportie ilisiriniton olttalelt iy eomiining (b dlsichinnnns
from the three dalecinry,

saction of the algtribntion from one detector with the
corresponding scetion in the eomposite distrilition.
There {3 no sigrifiennt diffecen~a over all R0UD clinn-
nets of the distrivntions exe. thnt the composite
digtribntion contning maore conny

For this mixed sonree, we determineo the reao-
‘ntiony for representative peaks ' the ddistributions
from the individna! detectors and in the compasite
distritmtion,  As shown {n g 4, the resolntion fn the
camposite distribmtion ler between the misomtion fir
the best dotector and that for the worst detertor, We
also pierformell a separate exparhiment with Mo, whieh
is the siandued sonree for measuring r~sohition, The
rexolntion fn the snm distetmtion a. the 1032-keV L
was 1,78 keV (FWIIM) witen the resnintimis nf the
fndividnal dimipibmtinas were 1780, 1,79, gt 173 ke V.

Vooafemonstirate the eypabiities of onr system for
mctenr safegnards, we nsnd & 2.00-g snigne of pin-
taninm metal cantaining 1\ 20p0 e ixtante was
It em frmn detector fnee mnd the acanisition thne was
2% mhmtes, Flgnre 7 shown the G4h-keV conmhix. This
emlex e aften nsed to antermine  thre isotople
Heremitage of T4y gy shiefter material?  tae the
wenk penk a1 042 keV feomn P4 the nimter af comts
is fandmmate 1o the alisteibnthm frma wa flivhinnl
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L) A septing of a gnalee baged OIEdnion daken wilh no whiyghe
mw vf{\cdlnm Cearemmiinm deloertar, Pl westk guenk al wld kel
froen 2V P el bs aeved 1o enbeatate ihe g
prreeni gy af T ) e carrr g cojealn et
Do i whlelo e 500 eV peak 1 mmdomare promiend,
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detector (Fig. 7a) but is adequate in the composite
distribution (Fig. Tb).

CONCLUSIONS

it is possible tc achieve high efficiency ur.d high
resoiution by combining puise-height distributious 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 a reasonably short time can be used
in many saleguards applications. The porlability of onr
system facilitates deployment in any toeation to
invest.gate  snspicions  activities involving nnelear

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