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U u t c r two liavo been more succes s fu l . These methods" 
aro more fu l ly <lisi u^sed and referenced i<> ,»•} e a r l i e r 
review.^ 

Com{'t"n»sijj,f*ri?.sriJon and p a i r spec t rometers a re useful 
in Pleasuring • •aru-.a-ray s p e c t r a . They improve upon the 
I 'uak-to-continour; r a t i o of a Ge d e t e c t o r a l o n e . Also , 
they simp J if y the sp*-ctr«a», remove i n t e r f o r e s e e s , a « i 
lead to Improved accurac ies in deterrair iu; ; t r a n s i t i o n 
I n t e n s i t i e s . Compt.'ti contln'-um suppress ion f a c t o r s have 
v.irted Cruoi 4 to U* depending on th« jjeuinvtry employed. 
Pa i r spec t rometers can lead t o d ramat ica l ly s impl i f ied 
s p p c t r a , but gene ra l ly they r e q u i r e longer da t a ficcaau-
l a t i o n t imes . 

Ovar the past i'tw y e a r s , the e f f i c i ency of Ge(U) 
dvtecEvrs has increased from M* to almost 50K r e l a t i v e 
to a l.h ex, » 7-!> e* Nal(Ti) .V l .Vt HeV. Exce l len t ..•n-
ergy r e s o l u t i o n ("- 2.0 key* # 2 .33 n-aV) has hcen aa i - i -
t a i n e d . Thus, the neces s i t y or d e s i t o for continuum 
reduc t ion appears to have lessened , This i s unforcunnrc 
because suppress ion and p a i r spect rometers car. always 
Improve the si final-co-no J.>se r a t i o r e g a r d l e s s of the 
t«?tt.i) d e t e c t o r s i z e . The use of G*>(U) d e t e c t o r s of 
IS?, to l>57, r e l a t i v e e f f i c i ency in combination with ap­
p r o p r i a t e ant iciiincidence fceoraetries can r e s u l t in Co-hO 
pe.ik-to-ntinitnum i\>tius of t ron 100/1 to perhaps 50G/1. 
TJnFortunately, these l a rger Ge(l.i) d e t e c t o r s no longer 
function e f f e c t i v e l y as t h r e p - c r y s t a l p a i r spec t romete rs 
because of the reduced amount of a n n i h i l a t i o n r a d i a t i o n 
that e scapes . However, if ca re fu l a t t e n t i o n id paid t a 
the experimental arrangement. It i s pos s ib l e t o achieve 
e x c e l l e n t continuum suppress ion and use the spectrometer 
s imul taneously an a dm-e-crys ' .a . l p a i r dpect rometer , 
This paper de sc r ibe s the use of a high-purity-gennflnium 
(h'PCe) d e t e c t o r and la rge an t i co inc idence Nel(Ti) d e t e c ­
t o r s in combinations which lead to a i r u l t a n e o u s use of 
the system as a Compton-suppreasion and poir spectrum-
e t e r . 

p r i n c i p l e .t t ' pe ra t ion 
The two most conuwn an t i co inc idence eeometr les used 

for UomptQTi-suppresaion i.pectrometera a r e i l l u s t r a t e d in 
w l g . 1. Another ^ c m e t r y i s d iscussed by Konijn, e t al_.2 
i«-nera l ly , a Ge(l.i) d e t e c t o r wi th in i t s own vacuum hous­
ing i s placed wi th in a s c i n t i l l a t i o n d u t e c t o r (usua l ly 
NaKTK.) or p l a s t i c s c i n t i l l a t o r s with & s p l i t - a n n u l u s o r 
s p l i t - h a l v e s enc los ing geometry) , lioacia rays from a 

This vork was performed under the auspices of Che U.S. 
Energy Research & Development Admin i s t r a t i on , under con­
t r a c t No. W-7605-S«S" iS. 
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Fiji. 1. the two most eofcrwn ^eonetrics used In i 
Kuppressttiti sqectrifsetcrs. 

Hource positioned outside are cMllnated to striko the 
central Op(Ll) detettor, Tliosc c,amnia rays scattering 
between 'l-mifl and i-max have .T ff-iite prob.Ktil icy -if in­
teracting with che surrounding scintillator. If these 
scattered samma rays can lie detected above the scintil­
lator noi.^e level, tliey ^a;. be used as anticoincidence 
sates for tt:e correspnndine central f'.e(li) detector 
events. In pr nciple, then, onlv full-tnerny events 
should remain is the f.6i!.i) Sctectsr *>pectrurat 

In practice, however, the Compton continuum i*< not 
eliminated, but only partiallv suppressed. Those gaiama 
ray? having scattering angles less than ";-Tnin ̂ 111 not 
be suppressed, while those having backscjtterlnr, angles 
greater than •.Siay, v-fcapt? deteciion. fiit; i.iit=-r L-n:itrii>-
ute Itieh^fiiergy idiiHoeU'ctrons to the Ce(Ll) spectrurj 
coacentra t>d near the Compton tdse. Contributions to 
the Cump'on continuum also come from gamma ray.- [I»<it 
scatter "rom inactive Ge, the cryhstat hou.ciig, .T the 
collimator walls and then interact completely with the 
Gu(LL> u -.ctor at\d from paffjr.a --ays that xcuizer .-u: i»f 
the Ge(Li) deteirtor and ^re totally ahaorbsd in inactive 
tie, cryo.stat walls, or the scintillator housing. There­
fore, the extent of continuum suppression will depend on 
the completeness cf enclosure by the anticoincidence dc-
cectors, the active tu total volume of the Ge detector, 
ami the rant trials enclosing and «urroundir,r, the vcntral 
detector. 

In three-crystal pair spectrometers, source f-jmmfl 
rays are colligated tc strike only the central Ca- deti'T" 
tor. Those Inter.ictinfi with l-e via the pair prudunt l*r. 
process produce electron-positran pairs, is^st of which 
laae their kinetic enerfiy within the Cftnti.il ieti'Ctor. 
If the two oppositely directed 511-keV annihilation 
quanta escape the Ce detector and deposit cheir i'ul! en-
orKV LM the surrounding scintiilators, a triple coinci­
dence will allow recording of only the double escape or 
pair peaks. i\s the central detector volume inct^ases, 
the probability of both 511-keV quanta escapins; de­
creases rapidly. Tims, large-volume Ge detector* make 
;juor central detectors far pair spectrometers, but ex­
cellent detectors for Conpton- suppression spectrom­
eters. t\ morfe detailed discussion can be found In 
Kef. 1. 

The aHPGe Central Detector 

The availability of Wfie offers the possibility that 
both the n- and p-juuetions required to make a detec­
tor can be made vanishing!;- thin (0.1-100 ;.£); thus 
the active to total volume ratin can approach 1.0. 
With inactive Ge reduced to a minimum, the next require­
ment is to reduce the amount cf total mass surrou-ad^nv, 
the detector. Figure 2 1^ a Echecatic drawing o( the 
detector-holding arrangement - Tlie detector is 3! mm 
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17. r ca th ick a rc o p t U a l K i so l a t ed and ini<-'K> i l l v 
racuntcd in a sfnfile housln,-.. S'fn-> 7.(.-ri:i-a'iar-ii-i ,-r pho­
to tubes view each end. Tin- <let?vti>r vaoiur-1 Sinusitis 
en t rance well i s S.t) .*n in ,! I.ii-iot L-r .m-l 2*t .-; 1..•<>•. 
while ti-.e n.inr-.i-ray-beam i-ntr.im-i- well it; l . ' 1 - ' .-1 In 
diameter .ind 9.0 cm lone. Vhr nin*h sn . i l lor beam ,'ii-
t rancu reduces tiie j : anna-ray b a c k - s c a t t e r i n g sol i.l ,nu: I 
(t'-max) and allows h o t t e r -.-uppres-ion in tin 1 i-jViuftv 
.if the CompttHi ed^es . The N a l ( r O wvlt one l o a n v w.ill-i 
designed to reduce mass absorpt Ion between the . . ' i i tr . i l 
HPt'e de t ec to r .ind tin! anticoincidence- d e t e c t o r s n, . 
l).75-mm-thtck aluminum, 

l . loc t ron lc t 
Figure i shows a Mo^-k diagram of tin* e l e c t r 

Tlie NaT p reampl i f i e r s -should have exce l l en t ov.-

S>rr-|> I h 
A schematic drawing of the IIPGe try-is tat and 
detector mounting. (See text fur details,) 

in diameter and has a li.5-iwn-deep intrinsic region. 
Palladium is used for the i>-contact -.•;.••« 1 ns) and dif­
fused lithium far the -vcontact (^iKO* mn). The detec­
tor operates at 2200 V, but is fully depleted at 300 V 
('̂3 « Lfl9 impurity atoms/cn 3). The detector is oriented 
so that collimated eanr-.a rays enter through the p-
contact: hence, backscattered photons will pass through 
the thinner .junction. 

The detector is mounted against tubular sapphire 
(AI2O3), which serves both as an excellent thermal con­
ductor and as an electrical insulator. The sapphire 
is positioned against a tubular aluminum cold finger. 
Indium is used to iraprove thermal conductivity at each 
interfac,:. The sapphire and detector are held to the 
tubular aluminum cold finger by three 0.25-n-m-dtanieter 
stainless steel wires. Only one is shown in Fig. 2, 
as they are positioned at 120° intervals around the 
detector. These wires couple 1:.LO a 0,75-mm-thlck piece 
of lexan* that extends across the entire face of the 
detector. The lexan Is 1,5 mm thick around th« edge 
of the detector, This low-Z material is used tc mini­
mize mass, hut it also serves to hold in place a small 
wire carrying the high voltage to the detector. The 
signal lead Co the input FET is a Cu wire encircling 
the sapphire and twisted tightly into the indium and 
sapphire. 

The enclosing walla of the aluminum vacuum housing 
are 0.40 mm thick in the vicinity of the detector, and 
get gradually thicker (for mechanical strength) away 
from the detector. The prestressed aluminum end window 
is 0.30 mm thick and was electron-be.am-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 Insulator are tubular. 
It was necessary to adapt this "beam durcp" i^-onntry; 
otherwise the back-scattered gama-ray distribution 
(centered about 225 keV) becomes enormous with the ex­
cellent C-npton continuum suppression that this spectrom­
eter yields. 

The split-halves anticoincidence-detector geometry 
is used. The Nal(TZ) detectors, 34 en in diameter and 

Fig . 3 . Elect 
and p. 

c h a r a c t e r i s t i c s and very fast recovery times 1 
ray even t s . Constant f r ac t i on d Iscrimlnat-*'--, 
for both Nal and tie s i g n a l s . The th resho ld .>! 
f i l i a t i o n d e t e c t o r ' s d i s c r im ina to r should In* . 
c lo se to noise l e v e l as p o s s i b l e , but not i:i i 
best suppress ion fac tor is obta ined whe:i the s 
energy i n t e r a c t i o n in the s c i n t i l l a t o r is dote 
When the system i s used i s a suppression spect 
a s igna l from e i t h e r s c i n t i l l a t o r half in coin 
with a Ce event an t i co inc idences or r e j e c t s rli 
event and s tops the TAC, In ope ra t ion as a pa 
t romete r , both s c i n t i l l a t o r halves must r e s i s t 
keV a n n i h i l a t i o n quanta . Ifence, a "1 .,.-,1-3low" 
dence arrangement i s used. A 4fi7TAC i\i: 
output ga tes the slow 418A trlple-CDiru* idetu-f ' 
whose ou tpu t , in tu rn , allows acceptance of an' 
by the ana lyze r . Note tha t a biased ampl i f i e r 
duced p r i o r to the analyzer to s e l e c t only tha 
of the Qe spectrum above 1.0 HeV. Thus, Compt. 
suppress ion and pa i r data can be recorded s lnu 
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approval or recommendation of the product by the Univer­
sity of California or the U.S. Energy Research and Devel­
opment Administration to the exclusion of others that 
may be suitable. 

Performance 
Figure 4 shows two spectra o. Zn-65. The top 

spectrum is singles data, whiLe the lover data is Conjitoi 
suppressed. Both spectra were recorded simultaneously. 
The maximum suppression factor achieved was 25 in the 
vicinity of 700 keV. This leads to a peak-to-minimurc 
Conpton value of ilO^ to 1. Zn-65 is a positron emit­
ter; thus the 511-keV peak is normal. Note that the 
two spectra join at very low energy ("v>25 kev), corre­
sponding to no suppression or parana-ray scattering an­
gles less than O-rain, abouL 2°30', 
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