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Sumnary
- detector incorpornted intw a Comntons
o gl sl spectreneter vicids a continuum sup~
S8ion ldeter o1 wwer 3, Cryostat housing requite-
fents to obtaln wuch \um)rt‘mklun are discussed, sample
spectra are preésented, and several cxjeviuenta making
use of the HIPGe dual system are dlscussed,

Introduction

Early Ge(ia) detet 'rs were smald, Consequently, the
vipnal-to=nelse or pe to -Conpron~cont fnuun values were
poor, and ways to fmprove peak jdeprifishilicy were
soughr. Pulse-shape diserimination, Compton scatterinpg~
sumning spectrometers, Camptons~suppression sphes:rome~
ters, and threescrystil patr spectrometers were all
tricd, The firsc twe methods proved unsatisfactovy, hut
the latter too lave heen more xuccessful, Thexe methoeds
are more fully dis.ussed and referenced Lo an corllier
review, !

Comptonwsuppression and palr spectrameters are usetful
in measuring pamea-rvay spectra, They improve upon the
peak~to-continuus ratio of a Ge detwector alone. Also,
they «impiily the spectrum, vemove interferences, and
lead to improved acvuracies in detemminin; transicfion
intensicles, Compton continrum suppression facetors have
varled (rue & co 17 depending an the geometry emplayed,
Pair spectrometers citn lead to dvamatically simplified
spectra, hut generally they royuire lonper dara accumu~
fation times.

Wver the past five vears, the efiiciency of Ge{lLi)
deteceors has fncreased fram W% to almost 50% relative
to a 7.6 e v 7.6 em Ral(TR) ar 1.3% MeV, Execellent in-
argy resclution (%~ 2.0 keV @ 1,33 meV) has been main-
tained. Thus, rhe nocessity or desire for coatinuum
reduce{on appears to have Jessened, This {3 unfortunate
because suppression and palr spectrometets can always
tmprove the signal-te-nolse ratlo regardless of the
He(Ll} detecter sizes The use of Gefii) detectora of
15% to 45% relative efficlency in combinatfon wicl ap-
propriate ant{coincidence peometries tan yvesult in Co-60
patk-go-minlnut corivs of trom L00/1 to perhaps 500/1.
Unfortunately, these lavger Ge(li) detectors no longer
fuaction effectively as three-crystal palr spectrameters
because of the reduced amount of anpihilation vadiatien
that escapes. MHowever, if careful attention in paid to
the axperimenLal arrangemenz, ft tx possible te achieve
excellent continuum Suppression and use the Spectrometer
simulianeously s a thiececrystal pair dpectrometer,
This paper describes the use of a high-purity-germanium
(}iPGe) detector and large antlcoincidence NeI(T2) detec~
tors in corhinations which lezd ro sirultaneous use of
the system as a Campron-suppression and palr spectrom-
orer.

Zrinciples ot Uperation

The two mos. caw’on anticoincidence geometries used
{or Compton-suppresaion :pectromekers are jllustrated in
Pig. 1. Another jcrmetry fs discussed by Xonijn, et al.?
wenerally, a Ge{Li) detector within its own vacuum » hous~
ing 15 placed within a sclatillatlon detector {(usually
Wal(TL) or plastic scintillators with & split-amnulus or
splitwhalves enclosing geometry). uamma rays from a
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Figp. 1. The two most commun peometrics used fn Compton=
wuppressian spectromerers.

source poslrioned surside are collimated ro strike the
contral ¢e(ll) detector, Those gamma ri cactering
berween li-min and -max have a fintte probabiliey of (n-
teracting wich the surrvunding scintiliater. 1f these
scattered gamma rays can he detected above the scineil-
tator noise level, they cuau be used as anticuvincjdence
pates for tie corresponding central fa(li) detecsor
events. In principle, then, only fulleenergy events
should remain :n the Ga{li} detector spectrum,

in practice, howecver, the Compton continuum iz nat
eliminated, bur only partiallv supprossed. Those garma
rays hoving scatterinpg angles less than *=mip will not
be suppressed, while those having backscactering anvies
grearer than o-nax escspe decection.  fhe latver contrib-
ute high-cnergy uhotoclectrons to the Ge(Li) speetrun
concentra ¢d near the Compton edpe. Contributiops to
the Comp‘on continwum also eome from gamma rays ghat
scatter “rem Imacrive Ge, the crysstat hausing, v the
collimztor walis and then interact completely with the
Gu(li) ce ~ctar and from pammu rays that scatzer our pf
the Ge{Li) detector and arc totally absorbed in jnactive
Ge, cryostat walls, or the scintillator housing, There-
fore, the extent of continuum suppressfon will depend on
the completeness of enclosere by the ancleoincidencse de-
cecstors, the active tu total volume of the Ge detector,
and the materidls encloslng and surrounding the veatral
derecrar.

In three-crystal pafr spectrometers, source pamma
Tays are collimated t» strike only the central Ge deter-
tor, Thuse Interacting with Ge via the palr production
process produce elegrron~positron pairs, most of which
lase their kinetic energy within the ceatval decector,
1f the ywo oppositely directed 511-keV annintiation
quanta escape the Ce detectar und depasit cheir full en~
ergy 13 the surrounding seintislators, a triply coinci-
dence will allow recording of only the double sscape or
pair peaka. as the central decector volume increases,
the probabilivy of both 511~keV quantd escaping de-
creases rapldly. Tius, large-volume UGe detectors make
noor central detectars far patlr gpectrometets, bhul exw-
cellent derectors for Compton~ suppression speccrom—
eters. A morte detailed discussion zan be found in
Ref, 1.

The HPGe Centryal Detector

The availobility of HFGe offevs the possibility that
boch the n- and p~junctions required to make a detec~
tor can be made vanishingly thin (0.1-~100 im); thus
the active to tota] volume rativ can approach 1.0.

With inactive Ge reduced Lo a minimum, the next require-
ment {s to reduce the amount of total muss surrouwading
the detector, TFlgure 2 I= a scheraric drawing of the
detcctor-holding nrrangement. The detector is 31 mm
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Fiy. 2. A schematlc drawing of the HIPGe eryostat and
detector mounting. (See text for details,)

in diameter and has o 14, 5-mm~deap intrinaic reglon.
Palladiua is used Iov the p-contact (<.l mn) and dif=-
fasad lichium far the a-contact (<1'.01 ma). The detec-
tor operates at 2200 V, bur is fully depleced at 300 V
(“3 < 109 impurity atoms/cm3). The datector is oriented
so that collimated parma rays enter through the p-
contact: hence, backscattered photons will pass through
the thinner junction.

The decector is mounted against tubular sapphire
(A1203), which serves both as an excellent thermal cen-
ductor and as an electrical insulator. The sapphire
is positioned against o tubular aluminum cold finger.
Indlun is used to improve chermal conduccivity at each
interfaci:. The sapphire and detector are held to the
tubular alvminum cold finger by three 0.25-mm-diameter
stainless steel wices. Only one is shewn in Fig. 2,
as they are positioned ac 120° ‘ntervals around che
detactor. These wires couple inio a 0,75-mm-thick plece
of lexan* that extends across the entire face of the
detector. The lexan is 1,5 mm thick around the edge
of the detector, This low-Z material is used tc mini-
mize mass, but it alsu serves to hold In place a small
wire carrying the high volrage to the detertor. The
signal lead eo the input FET 1s a Cu wire encircling
the sapphire and twisted tightly inta the indium and
sapphire.

The enclosing walls of the alurinum vaceum housing
are 0,40 mm thick in the vieinity of the detector, and
ger gradually thicker (for mechanical strength) away
from the detector, The prestressed aluminum end window
is 0,30 mm thick and wvas electron-beam~welded to the
housing wa. 3. Thus, mass surrounding the detector
has been minimized. Note that no heat shield is employ-
ed and that the cold finger and insulactor are tubular.
1t was necessary to adopt this “beam dump" geomvtry;
otherwise the back-scattered gamma-ray distribution
(centered about 225 weV) becomes enormous with the ex-—
cellent Cuzpron continuum suppression that this spectrom—
eter ylelds.

The split-halves anticolncidence~detector geometry
is used. The NaI(T) detectors, 34 cn in diacecer and

*Referen:e to a company or product name does not Imply
approval or ricemmendation of rhe product by the Univer-
sity of Celifornia or the U.S. Energy Research and Devel-
oprent Administration to the exclusion of others that
may be suitable.

17,7 em thicl
ncunted fn g sfngle housing,

are sptically isolated and integrally
Nine T.0-cpmdiancter phos
b oend.  The det retor vacuum hou
entrance well is 5.0 enoan Jdiameter and 29
vhille the panma-ray-beam eotrance well
diameter and 9.0 em lon; The puch smaller be,
trance reduces tie pamo b seattering solid anele
(V=max) and allows hetrer suppressfon in the viclafey

af the Campton edges. The Nal(ld) well emclasure wills,
designed to reduce mass ahsorption between the central
HPGe detector and tiie anticofncidence detectors e
0,75~m-thick aluminum,
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Figure 3 shows a block dlagram of the electronics,
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Fig. 3. Electronlc eircuit used to sperate supsression
and pair modes «lmultancousty,

characteriseics and very fast recovery times 1or coanmle
ray events, Constant fraction dlscriminators are used
for both Nal and e signals,  The threshold of the aciu-
tillation detector's discrimlnator should be wt as
close to noise level as posslble, but not in it. Ihe
best suppression factor s obtoined when the smillest
energy Interaction In the sclntillator is detected.
When the system is usad as a suppression spectrometer,
a signal from elther scintillatar hali (n voincldence
vith a Ge event anticoincidences or rejects that Ge
event and staps the TAC. TIn operation as a palr spec-
trometer, both scintillator halves must register a S11-
keV annihilation quanta, Hence, a "f.su-slow" colnci-
dence arrangement is used. A 467TAC Uast-coloeidence
output gates the slow 418A triple-cuincidence unig,
whose output, in turn, allows acceptamce of anv lie event
by the analyzer. Note that a biased amplilier is intro-
duced prior to the analyzer to select only that portlon
of the Ge spactrum above 1,0 MeV. Thus, Compton-
suppression and pair data can be recorded slmultancously.

Perfornance

Figure 4 shows two spectra a. Zn-65. The top
spectrun 1s singles data, whlle the lower data is Compton
suppressed. Both specera were recorded simultancously.
The maximum suppression factor achieved was 25 in Lhe
vicinity of 700 keY, This leads to a peak-to-minimum
Compton value of il09 te 1, Zn-65 1s a positron emit-
ter; thus the 511-keV peak 1s normal. Note that the
two spectra join at very low energy (w25 keV), corre-
sponding to no supprrssion nr garma-ray scattering an-
gles less than O-min, aboulL 2°30°,
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