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L Introduction· 

Recently,. ma~y e~pe~iments using Compton suppression- spectrometers 
( CSS) have been carried out. L~rge sphe~ical CSS arrays have ~s~ally 
been used ·in advanced nuclear 'struct~re expe~iments and predse "(-ray ' 
spectroscopy st~dies (TESSA:, NORD BALL, EUROGAM ete.)[l] .. ~ 

·The first descriptions of~uch _devices were gh:en in' the~sixtieth by 
J<antele and Suominen [2], Michaelis [3] and others (see also [4]). The first 
CSS, usuallyGe(Li) .detector smrourided with plastic and/or Nal scintilla-

. tor,were developed in the field of neutron capture /:ray spectroscopy. Since .. 
·then new scintillator ~ateria1s have be~n develop.ed, particularly BGO and . 
BaF 2 , and no\vadays it opened wide pos-sibilities in nuclear· studies. 

---· ·. Precise computational methods based.oh M~nte ·ci~lo cal~ulation (EGS 
. [6], GEANT [7], see also[S]) have been developed. These methodsfadlitat~. 
: to predi~t the response .functicm ()f various configurations of ,CSS with high 
accmacy: Iri such manner the optimal shape and the dimension of marit~led 
det~cfOrcciui.,be calCuHi.ted. One has·also obviously to take into account 
. the. best. pe~formance/ cost r~tio for a gi~en experimental sef up. . 

2 ;'_ The choice ·of conv~n:ientprogra~ toolfor~ 
~ .. Monte. Carlo sinhilatiol1. 

.·· Th~·CERN's prodrict GEANT [7] and the EGS4 (El~ct~on-Gamm~-Shower) 
. [6] system of thecomputer code written at the-Stanford Linear Accelerator: 
Center was tested; The GEANT:and EGS4 are genei·.alpurpose packages , 

· for the Monte. Carlosimulation· of the transport' of particles .~ith ener
gies abov'e.lO keV up to several. TeV. GEANT code provides th~ pos

-~ ~ibility t~ ·.study the transport of approximately 1QO types · ()f particles 
· (e-, e+, p,n, ~1l"o,+,<. Ve~· •• ,heavyioris). TheEG~4 allows to describe 

the transport of e-,e+ ~nd ./· · . · · . · · 
For the compadsion-of the abovementioned program tools performance 

the respons'e func,tion of simle detector were simulated. ~The.detector .~~ . 
. . ... / . ' ,' '. 

compounded from 10 mm,and 2 mrri ofplastic scintillator slabs separated, 
· by 10 tnm Ph slab. The spectr~ ofthe energy deposited in those. slabs by . 
. 2 MeVphotons passing. through- such detector are shown on Fig. 1 ·. The 

left Figures repres~nt th~_results of GEANT simulation and the right ~nes ·, 
·the EGS4 simulation. · · . ~ ·· · · , 
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Figure 1: GEANT and EGS4 Monte Carlo simulati~n. 2 MeV 1 pass :through.· 
. the detector co~pounded fr~in 10, mm and. 2 ·m:m· slab of plastic scintilator 

separatedhy 10 ~mPh slab· .. · ·. ·· .· ·· ·. ·. · ·. 
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.. Since· the agreement of those results is good enought, the.lnoresim~ 
pl~ code EGS4 has 'been ~hosen. There are invofved almost all nowadays 
known p_!lysicalpf~ces'ses of photon'and e'lectrqn interacti9n (Photoelectric. 
effeCt; Compton scattering,. Pair production arid Coherent scattering fo~ 
photons and Coulomb, (e+e-),(e+e+) scattering, Breffis·strahlung produc- · 

~- tion; Positron annihilation i~ flight and at rest et~~) 
' -- c < 

3.; The. G~e-BGO spectrometer 
> • . ·. ; ·, . I \ 
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I Dufing' the last few years the experiments at the IPN MP-tandem accel- . 
·erator in Orsay ha\'e been .. extensively carried out[ll, 12]: 'in these exper
iinents the hig;li spin nuclear levels (I ~ 50 ;.It ) were investigated. Since 
the transitions between 'excited states belong ~a~nly to low. 1'-rays energy 
regia~, the fegion,'20 .. 100k~V provides·:the most: important information. 
Complex energy stmcture of/~Spectra in t_his region demand~ high sensitiv-

: .ity 9f gam~a.spedrometer.· From this reason the CSS show11 on Fig. 2_has. 
. been. in~ludt;d. and studied. The calculation of. the resp()nse functi@ ~nd' 
.the.Compton suppressionJ~ctoi defined as the_ ratio of the unsuppressed 

· ... 'to the suppr~ssed 'spectruril were computed ~uL ExpfrimentaL !e~ponce ' 
funCtion has been measured with high purity Ge detector GMX-20190:8 
with .Fystal ili 51:1 mmdiameter; 46,6 · ~m length a~d rel~tive efficiency 
20.4,% apd FWHM 2.31 keV at 1332 keV.(6°Co). The configuration with
out·s~all BGO cylindei(BCB) ha~ been analys~d. The 88Y ;1nd 137Cs 
sources have been placed at 20 em from front of the Ge detector. Tlie · 

. exp~rimentai data witl~the' Monte,C~rlo predictions ~reshown on F~g. :t ' · 
. . 'The inactive layers which mostly attenuate the suppression efficiency 
~re following: : · · · · - · · · · " · · · · ' · 

,·, 

• the aluminum env~lopesurrounding t.he G.e crystal 
' ., ', ,._' 'f ;, 

~· constructive m~terial keeping the scintill~tor 
" ,' . ' ... 

..• contact region Of1 the'surface of Ge crystal (usually th~ thickness of 
600 /Lm):.. . .· · · · . · 

The influe~'ce of ina~tive layers on the suppression ,factor. is evident 
. from the figures· .. This faCt is important and in order toobtain results with 
. suffi~ient accuracy the· ab~orption of Compton scattered, photons ·in dead 
layers cannot,b~ neglected. The calculations performed without taking into' 
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Figure 2: The &cheme.of the Comptonsuppression detectm. designed by Har- · ·. 
shaw, H~lla~d · i~tended. to· EUROGAM:expe;iment. ·The· CSS is -ril~de' from 
a minteled BGO cylinder' (BCS); a conical 1 crri.(nose~ o{Nal a~d s~all:BGO 
cylinder (BCB)plac~d behindGe detector, \ · · ·· 
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Figure 3: The measured spectrum of137C s with CSS ~hown on Fig:2 , (part 
. (a)). The Monte Cal:lop~e-dicted spectrum for ti{e same ~onfigu~ati6n. (part (b)): . 
The measii~ed spectrmri of 88Y,\rithCSS shown on Fig.l, (part (d)). The Monte., 
Carlo predicted spectrum fo'r t-he same config'uration' (part,(~)). Th~ "compton . 
s~pp~~~ssi?n factor as f11-n~tion oftlle:energy_: The d~shed lhie.repre~ents the_ 
sirnple calculation- without taking into account the inactive ( dea.d) layers. The 
~olid line represents. the resi.ilt's cal~ulated with taking into account th~ .. dead 

_ )ayers surrounding the crystals. Part (c). shows the results of. the calculations 
,. f~r the source 137Cs and part {f)..for ~8Y. _ _ · 
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Figure 4: The' scheme. cif the ,Cc>rnptori ,suppression: ,spectromet~r designed in · 
' • ' • :. ,, . \ ·, • ,. I ' ' 1' ' 

Niels Bohr Institute(NORDBALL) .... · . ·.. . , · · . ' .. · , · · 
< ,\' •, ' < 'o' \ ' •I ,, •f 

account. the dead l~yersoverrates the' s~ppre~sion'factor in some energy 
region over four times (see Table ,1).· .. ·. ··.··· '. _· · : . : . . . ·• . \ .. 

' ' ' ' ·,, \' . . . . ' ' . . . . . ' . ' 
' \ 

3.1. Anticompton detector used inNOHDBALL,e~-· · .. '1 

periment · · · .. 1 · · ., 

Fig. 3 .. arid Table L. show.a s~~isfa~tary ~gre~~ent·b~t~ee~ ~~asured an'd 
· calculatedresponsefunctiori ~f detector drawn on 'Fig:,.2 :.It h~.s prb;ided 
a good test of our calCulation reliability~. The.r.esuits:. ~f measurement with ' 
CSS designed at the~Niels I3ohr• Institute and used in the NORDJ3ALL. •· · 
array· (Fig.· 4 ) ha~e'been used. to~. In R~f. [9] the results of the Monte·,' · 
Carlo simulation based Oil EGS code are discussed.; The 'autho~s came to' 
the conclusibn that the co.mparison of the.Monte 'carlo calculations .with 
experimental results ~as not satisfactory, since the calculated suppression 
factor near the 'Compt~ned~e is ·~pproiima.iely: two ti~es ,larger ;(20-30} 

. than the-.m~~ured'one (12) wit~ the 6°Co source. They brought out a list . 
of three factors, which might cause such disagreelll~nt ', ·j' • '1 ' . '. . \ . 
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,Table 2: The comparison ~f~xperimental and calculated ComptoiHuppression 
·factor for CSS from Fig.4; .The mean .value is determined for the emirgy region 
abov~ 100 keV up 'to 650 keV for 137Cs and up to 1200 keY for 6°Co. The 

· m~ximum value is determined nearComptonedge. Monte Carlo (M.C.) real and 
M.C. simle comments the caJculation with resp: without taking into account 

. the absorbtion in dead layers. · . . . 
I .. 

r 

' 

.M.C. simple 
Exper. 
M.C.real 

Mean 
' 6.74 

7:31 (0.17) 
16.17 (0.14) 

6.99, 
6:31 (OA9) . 

't. 

· .. 12.18 
12;32 (0.36) 
46.92 (2.4) 

'12.69. 
10·.18 (O.i4) 

\ ' ' ,· . . . . . ' 

.. ~ ... r~duced. dete~-~ion ~fficie,ricy of the BGO. shield.'or imperfect veto s}g-
. rial· · : ', . :: · · . ··. : · ·. 

e' esc~p~ of electro~s f~~~the outside r~gicms ~~t:he Ge detector 

...• :irnpedection.of th~(Je ~~tector i~fl~cted i~<i~complete cba~g~ c~l-' 
· Iedi~n. ' . ·. · , ·~: · · · · · · ·· · 
\ ~ . ' \ 

All these !actors' ~ay cause the discrepancies bet~een calculated. and.· 
. • . rrie'asured suppres~ion. f(l,ctors .. From our.· analysis it. became 'evident that 

the addition of an6ther factor' probably most significant,· will be useful. 
Thi~ factor-includes. the absorption of s'cattered /:..rays in the suriomid- ... 
ing 'inactive layers. The calculations of response function· of th~-detector 

' . ' .. · . . ''• 

described in [9) with and witliout taking into account the absorption in 
de~d l~y~rs have bee,n carried' out. In the first ~ase the value of 47 for the 
suppression factor near ,the .Compton edge was obtained and it is in.Iarge 
disagreement" with the experimentalval~e (see Table 2). On the other 
hand the calculations. perforin~d with taking intoaccount the dead layers 

. '(described above) give a satisfactory ~greeme.nt. . ' 
. :. . The comparison· between measured· and calculated supp~ession factors 

for NBI CSS from Fig. 4 are shown on1Fig. 5. . ' . · ; · · . 
r . • 

'· 
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. ·. ~, 

4;. · Results· 
'·,_ ·:' ' ,' •· "'',. ,'' t ,I - ,·.-<-- -~'' ,_:,_ > -~·-,, .. -t: '•·. ,:-,·~... .' ··~ 

4.1. .. Calculation· of. backward. B GO ;cylirider:'siippres~ 
, , ,' . ··: .. ~ ·, '. . ' -. ' . . . " T , 

' sion · effiCiency.· . .·. ;: . · 
. . • • . . ) • ' • • '' ':-. ~ • ,; .. ' .•; . ; .~· / '" ! ./ •. ': : • ' '~>' . '- '- ·' ·.. . . . 

Sincethe main contribution to the low energy region originates from small .. 
angle scattered ~-rays. the p~ssibility _to.place small B(jo cyl,inde~ ,directly I 
inside the Ge detect~r' envelope (marked as BCB ori Fig. 2) was considered ... 
Using the' calc~hi.tions desc~·ibed ab~~e ·we tried to .~stim'ate the advantage . 
of using .of such BGO cylinde1~: ·'As an example ~f- the energy:spe~t~um .. ·· 
observed.in·the ions collisions where nucleus .149Tb.is'fol:meclhas been used>::-'· 

\ . . .. ·.· . ' .. ·· ' . ' . . . . . . . . 
(see Fig. 6 ):·Approximately 100 lines:f1:om 60'·keV up to 150Q: keV are 
situated inthe

1

spectr~m;Ori part.(a),ofFig. 6 thereare,show~calculated. 
unsuppressed· and :suppressed spectra· without backwa1:d · BGO:'cylinder. 
The backward BGO- cylinder of 40 min outer.radi~s _and '10 rrim inn~r 
ridius has :been co'n~idered; The amount· of inactive niaterial het\veen' th~-' 
Ge crystal and the cylinder. is-not easy; to estim~te., This mat~rial:has . 
beeen approximated withsimpleAlslaband the calculation for va:rious Al· · 
slab thickness~s have been c"arried out.· The. dep~ndence of the suppression' : . . 
factoron BCS cyliiuler lengthfo~· vario~s AI slab thickness are shown on· 
part (b) .. F_'rom Fig. 6 it is clear that theni.aterial between the crysta.land 
the BCS cylinder does riot play an important role. 
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Figure6: Part (a) shows the calculated suppressedana··unsuppr~ssed spec~ 
. tra of 149Tb. The dependence of suppression factor 'on BCS cylinder length 
and Al slabthickness is shown on part (b). 
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4.2. · The influence ofthe -116se p~rt of CSS o~ total' 
·'• 

1-' silppr~ssion effiCiency. . 
. • I . . 

Althoughthe detection efficiency of Nal scintillator for'tlie same geometry ·· · 
~s inFig. 2 is less than the efficiency of BGO, the Nal has been used in nose 
part of CSS (see Fig. 2). This fact'is connected,with a better signal/noise 

·ration (particularly important for low. -y-e~e-~gy) and resoluti~n ability of 1 

1 

N~L Theback scattered -y~rays, which must be rejectedby the,nosepart 
ofCSS, h~v'e le~~ energy then the s~all angle scatttt.red ones. and th~s' 
properties of. Nal are desirable. On tli,e opposite· side the higher detection 
efficien~y of:BGO material is desirable Jor-y-raysscattered to. the .. small 
angles: ·• The d.ifference .. of ~tippression efficiency for CSS ·wit~. a. nose. from ·. 
N al or BGO ~as calcuhtted. The apparent diffeh~nce appears in the energy 
region above'! .MeV. It is possible to. conclude, that the ch~ice oft he nose 
matedald~esi1otinfluence'the low energy region. '. ' ' . ' . -~. ·. ' . '· .. 

. ~ r " .. .:. .• - , ' , ; ;; , "'. ··., ! 

. . . . 

5. . Conclusion 
·,,'/ 

···, 

. . ·' ··; . , '· . . .. I '· ·, . .. . :.,-' . . . ·. ,·r ' .· , : ·' .·, ·.'· 
The use of Mmite Carlo techniques allmys to make satisfactory prediction · 

· bf response function ir1d suppres~ion factor· of various Compton sup'p'res~ .. 
sion spectrometers. Two types of CSS have been investigated with typical · 
high multiplicity -y-cascade sou~ce. The ·great emphasis has been put on · 
absorption~£ Compton scattered photons in dead layel,'S. The results of 
calculatio~ based on EGS4 ~oclesy~tem have been compiued.with experi
mental values. The agr~emt:mt of measured and calculated data allows to. ' 
predict the diang~s of stlppr~ssion 'performance, for 'modified configurati,on. 
ofCSS. •. . . . . ' . . ·· _·.· · . . .. 

· ,The. modification, .which h·~ been con~ide~ed is the ~ddition>of b~ck· 
BGO cylin4er(BCB in'Fig.· 2) insi~e the detectors cavity. Since ~he sup~ 
pression ability of BCB.cylinder depends on energy stnicture ofobserved • 

. -y-rays a ge~eral conclusion is not possibl~;. Nevertheless in ~ase of 149Tb 
we have came to' the conclusion that the increasing of suppression ability, 
\is not satisfa~tory (see Fig. 6b). When the BCB ·scintilator is i~cluded 
the s?ppressio.n abilit}'ofCSSin70 .. i10 keV't·egioD: willincreas from3 tip_ 
to 4. · ~-- ,. 

.. 
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