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Ab stract: Monte Carlo model was de vel oped us ing the GEANT 3 code for cal cu la tion of the full en ergy
peak ef fi ciency of the HPGe de tec tor op er at ing in the Slo vak In sti tute of Me trol ogy. The model will be
used for de ter mi na tion of ra don ac tiv ity con cen tra tions in sec ond ary ra don stan dards by its de cay
prod ucts. The de tec tor model was val i dated by com par i son of sim u lated ef fi cien cies with mea sured
ex per i men tal val ues for point sources in dif fer ent ge om e tries. A rea son able 5% agree ment be tween
sim u lated and ex per i men tal re sults was achieved in the range of 100 to 2000 keV. 

1. In tro duc tion

Ger ma nium de tec tors proved to be ex cel lent tools for gamma spec trom e try in last de -
cades. High pu rity ger ma nium (HPGe) de tec tors are widely used for anal y sis of
radionuclides in all kind of sam ples, where high ef fi ciency, su pe rior en ergy res o lu tion
and low back ground are needed. To supress the ra di a tion from out side of the de tec tor, like 
cos mic rays, 222Rn daugh ters and radionuclides in the close neigh bour hood, the HPGe de -
tec tor is sur rounded by shield ing ma te ri als, e.g. by low ac tiv ity lead, cop per and iron. For
iden ti fi ca tion of the reg is tered gamma rays, en ergy cal i bra tion is needed, and for the de -
ter mi na tion of ac tiv ity con cen tra tions of in ves ti gated radionuclides, full en ergy peak ef fi -
ciency cal i bra tion is needed. In gen eral, de tec tor ef fi ciency can be de fined as a ra tio of the
reg is tered gamma rays to num ber of gamma rays emit ted from the source.

There are sev eral meth ods for de ter mi na tion of de tec tor ef fi ciency for cur rent
radionuclides pres ent in spec i fied sam ples. The used method is usu ally de ter mined by the
en ergy of emit ted gamma ray and by the ge om e try of the sam ple. The sim plest method is to
use a cal i bra tion ra dio ac tive source of the same radionuclide, as will be de ter mined, with
known ac tiv ity and the same ge om e try as the in ves ti gated sam ple [1]. There is no need for
fur ther cor rec tions, and we get di rectly the de tec tor ef fi ciency from the ex per i men tal mea -
sure ment, how ever this method re quires the stan dard with the same ge om e try and the same
radionuclide for each sam ple ge om e try, which is not al ways pos si ble (be cause of a com pli -
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cated shape of the sam ple, un known com po si tion, etc.). There fore, semi-em pir i cal meth ods
are com monly used for de ter mi na tion of de tec tion ef fi ciency for gamma rays of other en er -
gies, then en er gies of gammas emit ted from the stan dard [2]. This re quires the knowl edge of 
the math e mat i cal de scrip tion of the de tec tor re sponse func tion, which is usu ally dif fer ent
for each ge om e try of the sam ple. 

A more so phis ti cated op tion is to use Monte Carlo meth ods for sim u la tion of gen er a -
tion, trans port and reg is tra tion of the gamma rays in the Ge de tec tor [3�5]. Now a days,
there are sev eral pack ages en abling track ing the gamma rays from the source to the de tec -
tor. Most com monly used sim u la tion meth ods for Ge de tec tor ef fi ciency de ter mi na tion
are based on MCNPX (de vel oped in Los Alamos Na tional Lab o ra tory [6]) or on GEANT
(de vel oped in CERN [7]).

The De part ment of Ion iz ing Ra di a tion in the Slo vak In sti tute of Me trol ogy op er ates a
co ax ial HPGe de tec tor (Can berra, model GC3020), that is planned to be used for de ter mi -
na tion of 222Rn in sec ond ary na tional stan dard by mea sur ing the ra don de cay prod ucts.
For these mea sure ments, the use of non-stan dard ge om e try of Marinelli beaker is planned
and there fore ef fi ciency cal i bra tion of the de tec tion sys tem is needed. The aim of this
study is de vel op ment of the GEANT code for Monte Carlo sim u la tion of the de tec tor re -
sponse and de ter mi na tion of count ing ef fi ciency.

2. Meth ods

GEANT toolkit was de vel oped for high-en ergy phys ics in CERN, but now a days its
suc cess ful ap pli ca tions in clude also other fields of sci ence, like nu clear and ac cel er a tor
phys ics, as well as med i cal and space sci ences. It in cludes wide range of func tion al ity
from event track ing, ge om e try, and dif fer ent phys ics mod els for reg is tra tion of the hits [7].
Cur rently it is avail able free in the GEANT4 ver sion, how ever in this pa per the pre vi ous
ver sion GEANT 3.21 has been used.

A Monte Carlo model of the HPGe de tec tor with a rel a tive ef fi ciency of 30% and an
en ergy res o lu tion of 2.0 keV at the 1332.5 keV gamma rays of 60Co has been de vel oped.
The de tec tor is placed in side a cy lin dri cal shield made dom i nantly from 15 cm of lead.
The cross sec tions of the shield ing and the de tec tor ge om e try are shown in Fig. 1.

For the de tec tion ef fi ciency cal cu la tions, the knowl edge of in ner de tec tor struc ture
and ge om e try is cru cial, how ever the man u fac turer of ten do not share the know-how of
the de tec tor struc ture and com po si tion, only ba sic char ac ter is tics are avail able. The
known di men sions of the Ge crys tal are sum ma rized in the Tab. I. There are also known
in for ma tion about the in ner struc ture of elec trodes and crys tal po si tion within the de tec tor
endcap from the man u fac turer [8] and sev eral pub lished pa pers [9, 10] de scrib ing the
same or sim i lar de tec tors. Based on this knowl edge, the model of GC3020 de tec tor was
con structed and cross sec tion of the used ge om e try is pre sented in Fig. 1. The thick ness of
the dead lay ers be tween the elec trode con tacts and the Ge crys tal were ap prox i mated to
1 mm. The num ber of sim u lated events was cho sen in re gard to ob tain the sta tis ti cal er ror
of the sim u lated ef fi ciency be low 1%.

The real thick nesses of the dead lay ers were es ti mated from com par i son of sim u lated
and ex per i men tal ef fi ciency cal cu lated from the mea sure ment of point ra dio ac tive
sources (etalons) with known ac tiv ity. Three dis tances of the etalons from the de tec tor
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were used for this es ti ma tion. For close ge om e try, the 7 mm dis tance was cho sen and only
monoenergetic etalons (241Am, 139Ce, 137Cs, 54Mn and 65Zn) were con sid ered, to ex clude the 
sum ming ef fect of the cas cade radionuclides. 16 cm and 31 cm dis tance of etalons were cho -
sen for dis tant ge om e try and ef fi cien cies of 129I, 241Am, 133Ba, 57Co, 139Ce, 134Cs, 152Eu,
54Mn, 88Y, 65Zn, 60Co and 22Na were used for com par i son with sim u lated data. Ar eas un der
char ac ter is tics en ergy peaks were used for cal cu la tion of the full en ergy peak ef fi cien cies.

Since the pre cise thick nesses and com po si tions of all lay ers around the de tec tor are un -
known, the thick ness of the dead layer was used for cor rec tion of the ef fi ciency for these
un known lay ers. The dead layer was di vided into three parts � dead layer at the front of the 
crys tal, at the side of the crys tal and around the hole for the cen tral con tact (see Fig. 1).
Each part was op ti mized sep a rately, be cause we have ex pected dif fer ent lay ers of un -
known ma te ri als which could ab sorb gamma rays in these parts of the de tec tor.

For the op ti mi za tion of the dead layer at the front of the crys tal, low en ergy gammas
were used from 0.7 cm and 16 cm dis tance. A few de pend en cies be tween the sim u lated ef -
fi ciency and the thick nesses of the dead layer are pre sented in Fig. 2. The sim u lated ef fi -
ciency for the de tec tor ge om e try with se lected thick ness of the dead layer was com pared
to ex per i men tal ef fi ciency cal cu lated for used radionuclides in se lected dis tance of the
etalon from the de tec tor.

It can be seen, that even small dif fer ence in the thick ness of front dead layer re sult in
rel a tively big dif fer ence in the ef fi ciency (i.e. change from 1 mm to 0.5 mm re sult in 40%
in crease of the ef fi ciency for 81 keV gammas from 7 mm dis tance), there fore the thick -
ness in ter val of the front dead layer is rel a tively well de fined. Fi nal thick ness of the front
dead layer used in the model was cal cu lated as av er aged value of in ter sec tions of ex per i -
men tal ef fi cien cies with mod elled de pend en cies.

Sim i lar ap proach was used for de ter mi na tion of the thick nesses of dead lay ers at the
side of crys tal and around the cen tral con tact, where sim u lated ef fi cien cies from dif fer ent
dis tances and for dif fer ent en er gies were com pared to ex per i men tal value. Cal cu lated
thick nesses of dead lay ers, that were used in the de tec tor model are sum ma rized in Tab. I.
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Fig. 1. Sche matic view of the lead shield (left) and the mod elled HPGe de tec tor (right) with po si tions
and ma te ri als.
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Fig. 4. A com par i son of the sim u lated ef fi cien cies to ex per i men tal val ues for dif fer ent thick nesses of the 
dead layer around cen tral con tact in the Ge crys tal.

Fig. 3. A com par i son of the sim u lated ef fi cien cies to ex per i men tal val ues for dif fer ent thick nesses of the 
dead layer at the side of the Ge crys tal.

Fig. 2. A com par i son of the sim u lated ef fi cien cies to ex per i men tal val ues for dif fer ent thick nesses of the 
dead layer at the front of the Ge crys tal.



Tab. I. Di men sions of the HPGe de tec tor used in the model.

Height of Ge crys tal  5.75 cm

Di am e ter of Ge crys tal  5.73 cm

Dis tance of Ge crys tal to front endcap  5 mm

Depth of core in Ge crys tal  4.4 cm

Di am e ter of core in Ge crys tal  0.84 cm

Thick ness of alu minium endcap  1.5 mm

Di am e ter of alu minium endcap  7.6 cm

Thick ness of cop per cover in front of Ge crys tal  0.5 mm

Thick ness of cop per cover on side of Ge crys tal  1.5 mm

Thick ness of the front dead layer  1.1 mm

Thick ness of the side dead layer  1.1 mm

Thick ness of the dead layer around the cen tral con tact  1.1 mm

Re sults and dis cus sion

Af ter op ti mi za tion of the dead layer thick ness, the model was used to cal cu late the de -
tec tor ef fi ciency for three dis tances of the point sources. Sim u lated and ex per i men tal full
en ergy peak ef fi cien cies are com pared in Figs. 5�7 for dis tances of 7 mm, 16 cm and
31 cm, re spec tively. As can be seen from the com par i son, the model de scribes within 5%
the ef fi ciency of the GC3020 de tec tor in range from 100 to 2000 keV. 

The sta tis ti cal un cer tainty is much lower com pared to un cer tainty from mea sured val -
ues caused by sta tis tics of the mea sure ment or un cer tainty in the ac tiv ity con cen tra tion of
the used etalon. The ef fi ciency for en ergy 39.6 keV of the 129I was ex cluded from com par -
i son, be cause the dif fer ence was higher than 50%. Ap pli ca bil ity of the model be low
100 keV is ques tion able as the dif fer ences be tween sim u lated and ex per i men tal val ues
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Fig. 5. Com par i son of sim u lated and ex per i men tal ef fi cien cies for 7 mm dis tance to de tec tor.



reach 15% (so high val ues are out of the range in Fig. 6 for 59.5 keV of the 241Am). The
dis crep an cies be tween the sim u lated and ex per i men tal ef fi cien cies in this low en ergy re -
gion are prob a bly due to an ad di tional layer (with high Z) in front of the Ge crys tal, that
ab sorb low en ergy gamma rays and mod ify the re sponse of the model in this re gion. 

The model was val i dated only by gamma rays com ing from the front side (win dow) of
the de tec tor, how ever, it is planned to be used for Marinelli beaker ge om e try (sur round ing 
the Ge crys tal to en hance the ef fi ciency) as well. In this ge om e try, the gamma rays en ter
the crys tal also from sides, there fore fur ther op ti mi za tion is needed for the ad di tional lay -
ers of ma te ri als sur round ing the Ge crys tal.

Con clu sions

In this work, the GEANT 3 code was used to model the GC3020 HPGe de tec tor ef fi -
ciency used in the Slo vak In sti tute of Me trol ogy. The de tec tor will be used for mea sure -
ment of the ra don daugh ters in sec ond ary ra don stan dards and there fore full en ergy peak
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Fig. 6. Com par i son of sim u lated and ex per i men tal ef fi cien cies for 16 cm dis tance to de tec tor.

Fig. 7. Com par i son of sim u lated and ex per i men tal ef fi cien cies for 31 cm dis tance to de tec tor.



ef fi ciency cal i bra tion is needed for proper mea sure ment of high-vol ume sam ples in a
mod i fied Marinelli beaker. The 5% agree ment be tween the sim u lated and mea sured ef fi -
cien cies was achieved in the 100�2000 keV range of gamma rays. For now, this model has 
been val i dated only by the point sources in dif fer ent dis tances, how ever, a fur ther val i da -
tion of Marinelli ge om e try is needed which will be the aim of fur ther de vel op ments.
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