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In this study the ef fect of de tec tor ag ing in terms of in creased dead layer thick ness on de tec tor
ef fi ciency has been stud ied us ing the Geant4 toolkit. Vari a tion of en ergy de po si tion in the de -
tec tor dead layer with the dead layer thick ness has been quan ti fied for var i ous val ues of in ci -
dent  g-ray en ergy con sid er ing point iso tro pic as well as ex tended sources in clud ing the cir cu -
lar disk source and cy lin dri cal vol ume sources. For the point iso tro pic source, the Geant4
com puted val ues of en ergy loss per par ti cle in the dead layer are found in good agree ment
with the cor re spond ing pub lished re sults with max i mum de vi a tion re main ing be low 2 %.
New re sults for de pend ence of geo met ric, full-en ergy peak and to tal ef fi ciency on dead layer
thick ness have been stud ied us ing Geant4 sim u la tions for var i ous val ues of g-ray en ergy, and
for point iso tro pic and ex tended sources at var i ous ax ial and lat eral po si tions. These sim u la -
tions yield an ex po nen tially de creas ing pro file of de tec tor ag ing sen si tiv ity with an in crease in
g-ray en ergy for point iso tro pic, cir cu lar disk and cy lin dri cal vol ume sources high light ing a
larger de crease in ef fi ciency due to ag ing for low en ergy pho tons.

Key words: HPGe, dead layer, de tec tor ag ing, de tec tion ef fi ciency, Monte Carlo, Geant4

 IN TRO DUC TION

HPGe de tec tors are widely used for quan ti fi ca -
tion of radionuclides in en vi ron men tal sam ples [1, 2]
as well as neu tron ac ti va tion anal y sis [3]. These de tec -
tors of fer high sen si tiv ity along with ex cel lent en ergy
res o lu tion which is es sen tial for low ac tiv ity mea sure -
ments. Pre cise ef fi ciency cal i bra tion is rou tinely
needed for ra dio-as say of such sam ples. This is nor -
mally car ried out ex per i men tally. How ever, it typ i -
cally en tails var i ous prob lems in clud ing un avail abil ity 
of stan dard cal i bra tion sources cov er ing the en tire
range of the g-ray en ergy. Also, these sources must
closely match the ge om e try of the sam ples to be an a -
lyzed. In the ab sence of such sources, the ef fi ciency
trans fer method is com monly used [4] which is re stric -
tive due to the var i ous ap prox i ma tions in volved. Em -
pir i cal [5] and semi-em pir i cal [6] ap proaches have
been used in the past where avail abil ity of cal i bra tion
sources is lim ited. In such cases, a few avail able
sources are used for de ter mi na tion of pa ram e ters of the 
em pir i cal fit ting for mula, which is then used for the es -
ti ma tion of de tec tion ef fi ciency for the sam ple by us -
ing the cor re spond ing value of g-ray en ergy and other

pa ram e ters in clud ing source-to-de tec tor dis tance etc.
In such sit u a tions, the em pir i cal or semi-em pir i cal for -
mu lae serve as an in ter po la tion pro ce dure. Con se -
quently, un cer tainty is added to the value of ef fi ciency
due to the var i ous ap prox i ma tions in volved.

Ex act an a lyt i cal ex pres sions have also been de -
vel oped for di rect com pu ta tion of de tec tor ef fi ciency
[7-9]. These for mu lae usu ally in volve de ter mi na tion
of the cou pling solid an gle be tween source and de tec -
tor [10], while in cor po rat ing the ex po nen tial fac tor
based in ter ac tion prob a bil ity es ti ma tion uti liz ing a
suit able, pho to elec tric- or to tal-at ten u a tion co ef fi -
cient. Such ex pres sions prove highly use ful due to the
ac cu racy of the com puted re sults and mostly “di rect”
use of for mu lae. How ever, for gen eral cases of a prac -
ti cal na ture, the com pu ta tion of solid an gles typ i cally
re quires nu mer i cal eval u a tion of integrals which usu -
ally en tails com pu ta tional time and some lim ited nu -
mer i cal pre ci sion due to ap prox i ma tions while per -
form ing nu mer i cal in te gra tions. No ta bly, the ex act
an a lyt i cal for mu lae have been de vel oped for a lim ited
set of cases to-date. Their der i va tions tend to be te -
dious and ex tend ing the ex ist ing for mu lae to fur ther
ge om e tries of prac ti cal in ter est gen er ally in volves
enormous effort.

On the other hand, Monte Carlo meth ods of fer a
re li able way to de ter mine de tec tor ef fi ciency for a
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wide range of ap pli ca tions [11-13]. They be long to a
gen eral class of nu mer i cal meth ods called sto chas tic
tech niques in which de tailed sto chas tic sim u la tions of
the pro cesses are car ried out. For de tec tor ef fi ciency
es ti ma tion, the Monte Carlo method sim u lates ra di a -
tion trans port from the source to the de tec tor and
within the ac tive vol ume of the de tec tor. The sim u la -
tion pro cess tracks each ra di a tion quanta from the
source to the de tec tor and then within the de tec tor and
along the track it sim u lates var i ous in ter ac tions which
the ra di a tion quanta make within the de tec tor and in
the sur round ing ma te rial. The track ing is ter mi nated
when ei ther the ra di a tion leaves the ac tive vol ume of
the de tec tor or when the en ergy of the ra di a tion falls
be low the pre set thresh old value.

This study dis cusses the ef fect of de tec tor ag ing
on its ef fi ciency. The ra di a tion de tec tor ef fi ciency has
been ob served to de crease/de grade with time. In this
re gard the de tec tor dead layer has been iden ti fied as
play ing the dom i nant role. A thin dead layer has been
re ported to im prove per for mance by 32 % for the
Compton sup pres sion spec trom e ter where two ger ma -
nium de tec tors with 126 cm3 vol ume and 1 mm thick
dead layer, and with 90 cm3 vol ume and 0.22 mm thick 
dead layer were com pared [14]. Sim i larly Rodenas et
al. [15] car ried out Monte Carlo sim u la tions to an a lyze 
the in flu ence of the ger ma nium dead layer on de tec tor
cal i bra tion in volv ing en vi ron men tal ra dio ac tiv ity.
They iden ti fied the role played by a tran si tion zone be -
tween the ac tive and in ac tive re gions of the de tec tor. In 
an other study elec tronic sig nals from the de tec tor dead 
layer were an a lyzed ex per i men tally and their con tri -
bu tion to wards full-en ergy peak ef fi ciency (FEPE)
and to tal- ef fi ciency was quan ti fied [16]. 

Of ten suf fi ciently pre cise val ues of de tec tor
dead layer thick ness and bulletization are not avail -
able from the man u fac turer. Ashrafi et al. de vel oped
and ap plied a sys tem atic it er a tive pro ce dure for the
co ax ial HPGe de tec tor to match the Geant4 es ti mated 
value of to tal ab sorp tion peak ef fi ciency with the cor -
re spond ing ex per i men tal data [17]. Im prove ments in
the sur face dead layer struc ture were sug gested and
the op ti mum value of dead layer thick ness was found
as 0.5 mm along with ra dial dead layer thick ness
start ing with 0.7 mm at top to 1.1 mm at the bot tom of
the de tec tor.

Strong dis crep an cies be tween cal cu lated and
mea sured ef fi ciency val ues have been re ported by us -
ing man u fac turer pro vided data for de tec tor mod el ing
[15]. In ad di tion, a tran si tion zone has been iden ti fied
be tween the dead layer and the de tec tor sen si tive re -
gion [18]. This zone be haves as an in ac tive re gion and
must be treated as fur ther ex ten sion of the dead layer
with a thick ness not pre cisely known. Us ing de tailed
sen si tiv ity anal y sis, the au thors have iden ti fied the
g-ray en ergy de pend ent in ac tive layer. Dis crep an cies
in the 5 %-10 % range have been re ported be tween
Monte Carlo cal cu lated val ues of ef fi ciency and the

cor re spond ing ex per i men tal data [19] which are be -
lieved to be due to er rors in the man u fac turer's val ues
of de tec tor pa ram e ters. These in clude thick ness of
front dead-layer, crys tal-to-Be win dow dis tance and
ef fec tive de tec tor ra dius. The au thors car ried out op ti -
mi za tion of these pa ram e ters us ing sto chas tic sim u la -
tions to match the es ti mated and ex per i men tal val ues. 
In a sep a rate work, Dryak and Kovar [20] used a
collimated pho ton beam of 59.5 keV from an Am-241
source from var i ous in ci dence an gles on the front face
of an HPGe de tec tor to de ter mine the ef fec tive thick -
ness of the dead layer. Like wise, many re search ers
found it nec es sary to op ti mize the dead layer thick ness
in or der to re move dis crep an cies be tween ex per i men -
tal ob ser va tions and cor re spond ing Monte Carlo sim u -
lated val ues [21-31].

Ef fi ciency deg ra da tion due to de tec tor ag ing in
the en ergy range of 50-170 keV was in ves ti gated by
Huy [32] and an in crease in the dead layer thick ness
was iden ti fied as the dom i nant cause of the deg ra da -
tion. The rel a tive de crease of the de tec tor's ef fi ciency
with an in crease in dead layer thick ness, for a point
iso tro pic source, was cal cu lated by MCNP5 sim u la -
tions [33] and the val ues were com pared  with cor re -
spond ing ex per i men tal mea sure ments.While the pre -
vi ous stud ies ex plored the ef fect of the dead-layer
thick ness in crease on de tec tor ef fi ciency for ax i ally
placed point iso tro pic sources, this work aims to as sess 
de tec tor ag ing in duced dead-layer growth on de tec tor
ef fi ciency for point iso tro pic, cir cu lar disk and cy lin -
dri cal vol u met ric sources in ax ial as well as off-ax ial
con fig u ra tions. 

MA TE RI ALS AND METHOD

Geant4 toolkit

Geant4 [34] pro vides a state-of-the-art frame -
work for sim u la tion of trans port of both charged and
neu tral par ti cles. It uses the ob ject ori ented pro gram -
ming (OOP) ap proach and ex ploits classes with hi er -
ar chy for stream lin ing data han dling and en sures data
se cu rity through en cap su la tion. The user code as sem -
bles nec es sary mod ules from pack ages for prob lem
def i ni tion. The Geant4 toolkit al lows in clu sion of
user-de fined new classes while the ex ist ing classes
can be ex tended to han dle a more com plex sce nario us -
ing in her i tance.

The pres ent work uses the Geant4 ver sion 9.6
with the Stan dard Phys ics Li brary. Ef forts have been
made to im ple ment a re al is tic de tec tor model by in cor -
po rat ing all the nec es sary ge om e try de tails. One mil -
lion pho ton his to ries have been gen er ated for each
mea sure ment value and the sim u la tions were re peated
thrice with dif fer ent ran dom seed for better sta tis tics.
In some cases, source bi as ing has also been im ple -
mented for im prov ing com pu ta tional ef fi ciency.
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Ge om e try

A co ax ial HPGe de tec tor of ra dius R and height
H with the in ner hole of ra dius Ri and height Hi has
been con sid ered in this work. The source is taken at h
ax ial dis tance and r off-ax ial dis tance. For ex tended
sources, these dis tances are taken with ref er ence to the
geo met ric cen ter of the source. All ex tended sources
were as sumed to be uni form and ho mo ge neous.

De tec tor and source mod el ing

A de tailed Geant4 model of the HPGe de tec tor
has been de vel oped with the de tec tor sen si tive re gion,
dead layer, front win dow and ax ial sleeve with ma te ri -
als and di men sions as given in tab. 1, and shown in fig.
1. Point iso tro pic and ex tended mono-en er getic
sources have been con sid ered in this study. For ex -
tended sources such as the Petri dish and Marinelli
beaker, wa ter was cho sen as the fill ma te rial with the 
g-ray source dis trib uted uni formly in it. Self-at ten u a -
tion of emit ted ra di a tions within the source has been
in cor po rated in the sim u la tions. All ma jor phys ics pro -
cesses in clud ing photo-elec tric ef fect, co her ent- and
in co her ent scatterings, pair pro duc tion, Au ger ef fect
etc.,  have  been  sim u lated  us ing  the  Stan dard  Phys -
ics Model in Geant4 for the en ergy range cov er ing
0.001 MeV to 10 MeV. En ergy cut off val ues of 30 keV 
for elec trons and 1 keV for pho tons have been em -
ployed in the sim u la tions.

RE SULTS AND DIS CUS SION

Geant4 model val i da tion

Ef fi ciency com par i son with MCNP4C data

In or der to val i date the Geant4 de tec tor model,
sim u lated val ues of de tec tor ef fi ciency for point and
Marinelli disk sources have been com pared in fig. 2,
with the cor re spond ing pub lished data us ing
MCNP4C [35]. An HPGe de tec tor of 60 mm length,
60 mm di am e ter, 40 mm core depth, 10 mm core di am -
e ter with 1 mm alu mi num cover has been con sid ered.
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Ta ble 1. Sum mary of ref er ence de tec tor di men sions used in var i ous Geant4 sim u la tions car ried out in this work

Pa ram e ter
Re ported val ues

Liye et al.,
[37]

Hurtato et al.,
[19]

Querol et al.,
[36]

Diaz et al.,
(point source) [35]

Diaz et al.,
(disk source) [35]

Ge crys tal di am e ter [mm] 70 54 30 60 48

Ge crys tal length [mm] 21 5 71.1 60 57.0

Ge dead layer [µm] 0.3 300 0.3 1 1

Core di am e ter [mm] – 0.5 9.0 5.0 12

Core depth [mm] – 41 63.1 40 45

Dis tance from win dows to crys tal [mm] 5.5 5.0 4 4 5.5

Win dow thick ness [mm] 0.5 0.5 0.8 1 0.5

Fig ure 1. Sche matic di a gram of the HPGe de tec tor
ge om e try model used in Geant4 sim u la tions (a) Petri
dish source and (b) cy lin dri cal vol ume source



All sources have been placed ax i ally at a 5 mm dis -
tance from the de tec tor sur face. It is clear from fig. 2
that Geant4 com puted val ues of ef fi ciency are in good
agree ment with the cor re spond ing MCNP4C re sults
hav ing max i mum er ror be low 2 %, and 3 % for point,
and the Marinelli disk sources re spec tively. 

En ergy de po si tion com par i son
with MCNP5 data

The en ergy de po si tion stud ies in the dead layer
have been car ried out us ing Geant4. A 71.1 mm long
co-ax ial ger ma nium crys tal hav ing a 60 mm di am e ter
with a 63.1 mm deep core with 9 mm di am e ter has been
con sid ered in these sim u la tions with the end-cap to
crys tal dis tance as 4 mm. The de tec tor win dow has been 
taken as 8 mm thick alu mi num and 0.03 mm My lar. A
100 cm3 poly eth yl ene Petri dish filled with wa ter has
been used as the ra di a tion source. Fig ure 3 shows the

com par i son of Geant4 com puted val ues of the av er age
en ergy de po si tion per par ti cle with the MCNP5 cal cu -
lated data for var i ous val ues of dead layer thick ness
[36]. These re sults are in fairly good agree ment with the 
cor re spond ing MCNP5 data es pe cially for the higher
en ergy range. Some de vi a tions be tween the cor re -
spond ing val ues are ob served for low en ergy pho tons
but the max i mum de vi a tion re mains be low 5 %. 

De tec tor ef fi ciency de pend ence on
de tec tor ag ing

The de tec tor ag ing re sults in in crease of its ef fec -
tive dead layer thick ness and con se quently has its im -
pact on de tec tor ef fi ciency val ues es pe cially in the low 
en ergy range. In or der to quan tify the im pact of in -
creas ing dead layer thick ness on ef fi ciency val ues,
Geant4 sim u la tions have been car ried out for point
iso tro pic, cir cu lar disk and cy lin dri cal vol ume sources
placed ax i ally at a dis tance of h = 3.4 cm from the de -
tec tor us ing g-ray en er gies of Am-241 (59.54 keV), 
Cd-109 (87.90 keV), Co-57 (122.06 keV), Cs-137
(661.59 keV) and Zn-65 (1115.52 keV). Stan dard de -
tec tor di men sions taken from lit er a ture (Querol et al.,
2015) for the n-type HPGe de tec tor have been used in
these sim u la tions. It has been ob served that the ef fi -
ciency de creases with the in crease in dead layer thick -
ness (figs. 4-6). It can be seen from the fig ures that the
de creas ing trend is more prom i nent for lower en er gies. 
This higher ag ing sen si tiv ity of low en ergy pho tons
stems from the fact that lower en ergy pho tons have
greater value of pho to elec tric cross sec tion and con se -
quently, even small changes in ef fec tive dead layer
thick ness re sults in sub stan tial at ten u a tion of these
pho tons within the de tec tor dead layer and a cor re -
spond ing de crease in de tec tor ef fi ciency.

The ef fec tive dead layer thick ness for pho tons
in ci dent on the de tec tor face from var i ous di rec tions
de pends on the an gle of in ci dence of pho ton rel a tive to
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Fig ure 2. Com par i son of Geant4 com puted full en ergy
peak ef fi ciency val ues with the cor re spond ing data
ob tained by us ing MCNP4C sim u la tions for point
iso tro pic source, cir cu lar disk source, and cy lin dri cal
vol ume source, placed ax i ally at in di cated dis tances from 
the HPGe de tec tor

Fig ure 3. Com par i son of Geant4
com puted val ues and cor re spond ing
pub lished data of the av er age en ergy
de po si tion per par ti cle with de tec tor dead
layer thick ness for var i ous in di cated
val ues of g-ray en ergy for point iso tro pic
source placed ax i ally at 3.4 cm from the
HPGe de tec tor face
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Fig ure 4. Vari a tion of Geant4 com puted val ues of FEPE
and to tal ef fi ciency with de tec tor dead layer thick ness for 
var i ous val ues of g -ray en ergy for point iso tro pic source
placed ax i ally at 3.4 cm from the HPGe de tec tor face

Fig ure 5. Vari a tion of Geant4 com puted value of FEPE
and to tal ef fi ciency with de tec tor dead layer thick ness for 
var i ous val ues of g-ray en ergy for disk source placed
ax i ally at 3.4 cm from HPGe de tec tor face



the de tec tor face, the larger the an gle the larger will be
the ef fec tive dead layer thick ness. The dis tri bu tion of
the an gle of in ci dences de pends upon the source po si -
tion rel a tive to the de tec tor. There fore, the sen si tiv ity
of the de tec tor in terms of de tec tor ef fi ciency has been
stud ied for vari a tion in the ef fec tive dead layer with
the ax ial and off-ax ial po si tion of the g-ray source. 

Ef fect of ax ial dis place ment of the source

For this a point iso tro pic source, a disk source
with a ra dius R = 2 cm and a vol ume source of hav ing a
ra dius R = 2 cm and height H = 2 cm have been con sid -
ered in Geant4 sim u la tions. The ax ial dis tances of
these sources from the de tec tor h have been var ied in
the 2 to 5 cm range and the ef fect on FEPE and to tal ef -
fi ciency have been stud ied for var i ous g-ray en er gies.

Since gen er ally the av er age ef fec tive dis tance
cov ered through the de tec tor dead layer is larger for a
source closer to the de tec tor face, there fore, de tec tor
ef fi ciency is ex pected to ex hibit higher sen si tiv ity to
dead-layer thick ness for sources closer to the de tec tor.
The cor re spond ing re sults for point iso tro pic, disk and
vol ume sources are shown in figs. 7-9. Con sis tent with 
the ex pec ta tions, Am-241 emit ting low en ergy pho ton
placed ax i ally closer (h = 2 cm) to the de tec tor yields a
higher value of ag ing sen si tiv ity com pared with the
source placed at ax ial dis tance of h = 4 cm. With in -
creas ing g-ray en ergy, the sen si tiv ity de creases which
is in agree ment with the ex pected be hav ior.

Ef fect of off-ax ial dis place ment of the source

The off-ax ial move ment of the source rel a tive to
the de tec tor causes greater change in the av er age ef -
fec tive dis tance cov ered through the de tec tor dead
layer com pared with ax ial con fig u ra tion. Con se -
quently, a larger vari a tion in the de tec tor ef fi ciency has 
to be ex pected. Geant4 sim u la tions have been car ried
out con sid er ing the same point, disk and vol ume
sources, men tioned ear lier. The off-ax ial po si tion (r)
of the sources has been var ied from 2 cm to 4 cm while
the ax ial dis tance (h) has been kept con stant at h = 3.2
cm and the cor re spond ing ef fect on de tec tor ef fi ciency 
has been quan ti fied. The re sults are shown in figs.
10-12. Both FEPE and to tal ef fi ciency val ues show a
lin ear de crease with an in crease in dead layer thick -
ness with ag ing. As can be seen in the plots of to tal ef -
fi ciency val ues, the rel a tive de crease in the ef fi ciency
with the in crease in dead layer thick ness is greater at
the higher off-ax ial po si tion than the source po si tion
near the axis. The same trend can be seen for disk and
vol ume sources. Again due to a higher value of the
photo-elec tric cross sec tion of lower en ergy pho tons,
the vari a tion in the de tec tor ef fi ciency with the off-ax -
ial po si tion and dead layer thick ness is more prom i -
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Fig ure 6. Vari a tion of the Geant4 com puted value of
FEPE and to tal ef fi ciency with de tec tor dead layer
thick ness for var i ous val ues of g-ray en ergy for vol ume
source placed ax i ally at 3.4 cm from the HPGe de tec tor
face
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Fig ure 7. Ef fect of change in the ax ial source to de tec tor dis tance (h) on Geant4 com puted val ues of FEPE and to tal
ef fi ciency with de tec tor dead layer thick ness for var i ous val ues of g-ray en ergy for the point iso tro pic source

Fig ure 8. Ef fect of change in ax ial source to de tec tor dis tance (h) on Geant4 com puted val ues of FEPE and to tal ef fi ciency
with de tec tor dead layer thick ness for var i ous val ues of g-ray en ergy for disk source of 2 cm ra dius
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Fig ure 9.  Ef fect of change in ax ial source to de tec tor dis tance (h) on Geant4 com puted val ues of FEPE and to tal ef fi ciency
with de tec tor dead layer thick ness for var i ous val ues of g-ray en ergy for vol ume source of 2 cm ra dius and 2 cm height

Fig ure 10. Geant4 com puted val ues of FEPE and to tal ef fi ciency with de tec tor dead layer thick ness for var i ous val ues of
g-ray en ergy for var i ous in di cated off-ax ial po si tions (r) of the point iso tro pic source
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Fig ure 11. Geant4 com puted val ues of FEPE and to tal ef fi ciency with de tec tor dead layer thick ness for var i ous val ues of
g-ray en ergy for var i ous in di cated off-ax ial po si tions (r) of the disk source

Fig ure 12. Geant4 com puted val ues of FEPE and to tal ef fi ciency with de tec tor dead layer thick ness for var i ous val ues of
g-ray en ergy for var i ous in di cated off-ax ial po si tions (r) of the vol ume source



nent than the cor re spond ing vari a tion for higher en -
ergy pho tons.

Ef fect of the source di men sions 

Next Monte Carlo sim u la tions have been run to
study the ef fect of g-ray source di men sions such as the
ra dius and length of the source. In or der to in ves ti gate
the ef fect of disk source ra dius on the sen si tiv ity of the
de tec tor with ag ing, Geant4 sim u la tions have been
car ried  out  for  vari a tion  of  disk  source  ra dius from
R = 2 cm to R = 4 cm. The ax ial dis tance of the source
from the de tec tor face were kept at h = 3.4 cm. FEPE
and to tal ef fi ciency val ues for in creas ing val ues of
dead layer thick ness and var i ous val ues of g-ray en er -
gies were es ti mated. The cor re spond ing re sults are
shown in fig. 13. It can be seen in the fig ure that as the
ra dius of the source is in creased the value of FEPE and
to tal ef fi ciency at any par tic u lar dead layer thick ness
de creases. Also at larger val ues of the source ra dius
the sen si tiv ity of the de tec tor for in creas ing the dead
layer re duces. 

Geant4 sim u la tions have also been car ried out
for es ti ma tion for FEPE and to tal ef fi ciency val ues of
the de tec tor with in creas ing dead layer thick ness for
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Fig ure 13. Ef fect of disk source ra dius (R) vari a tion on
val ues of FEPE and to tal ef fi ciency with de tec tor dead
layer thick ness for var i ous in di cated val ues of g-ray
en er gies

Fig ure 14. Ef fect of vol ume source ra dius (R) vari a tion on
val ues of FEPE and to tal ef fi ciency with de tec tor dead layer
thick ness for var i ous in di cated val ues of g-ray en er gies

Fig ure 15. Ef fect of vol ume source height (H) vari a tion
on val ues of FEPE and to tal ef fi ciency with de tec tor dead 
layer thick ness for var i ous in di cated val ues of  g-ray
en er gies



var i ous val ues of source ra dius and source length. In
this re gard first a vol ume g-ray source placed at an ax -
ial dis tance of h = 2 cm hav ing a length of 2 cm was
con sid ered in the sim u la tions. The ra dius of the source
was var ied from R = 2 cm to R = 4 cm. The re sults are
given in fig. 14. Then the same source was con sid ered
again, this time the ra dius of the source has been fixed
as R = 2 cm and the length was var ied from H = 2 cm to
H = 4 cm. The re sults are shown in fig. 15. In both, ra -
dius and length vari a tion of the source, a sim i lar trend,
as re ported ear lier for ra dius of disk source vari a tion,
has been ob served show ing that in creas ing di men -
sions of the source re duc ing the ab so lute val ues of the
FEPE and to tal ef fi ciency val ues as well the sen si tiv ity 
of the de tec tor for in creas ing dead layer thick ness.

CON CLU SIONS 

In this work the ef fect of de tec tor ag ing on the
de tec tor ef fi ciency has been stud ied us ing Geant4
Monte Carlo simulations. The de tec tor ag ing has
been mod eled by time pro por tion ate in crease in the
de tec tor dead layer. Val i da tion of the Geant4 de tec -
tor model de vel oped in this work has been car ried
out by com par i son of Monte Carlo sim u la tions es ti -
mated val ues of de tec tor ef fi cien cies for point, cy -
lin dri cal and Marinelli sources with the cor re spond -
ing pub lished re sults. The re sults are found in good
agree ment with each other. The Geant4 com puted
val ues of en ergy de po si tion per par ti cle within the
dead layer for in creas ing val ues of dead layer thick -
ness and for var i ous val ues of g-ray en ergy, have
been found in good agree ment with the cor re spond -
ing pub lished data ob tained by MCNP4C sim u la -
tions. The val ues of de tec tor ag ing sen si tiv ity ex -
hibit a sharp de crease with an in crease in g-ray
en ergy. The sen si tiv ity of the de tec tor with ag ing
has been ex ten sively stud ied for point iso tro pic,
disk and vol ume g-ray sources. The val ues of ag ing

sen si tiv ity have been found as larger for point
sources while the disk and cy lin dri cal sources have
smaller val ues. The ef fects of the source to de tec tor
ax ial dis tance and off-ax ial po si tion of var i ous
sources has also been con sid ered. The re sults show
that de tec tor ef fi ciency is more sen si tive to dead
layer thick ness for lower en ergy pho tons and less
sen si tive for higher en ergy pho tons. Be sides in -
creas ing the source to de tec tor ax ial and non-ax ial
dis tance re duces the sen si tiv ity of de tec tor ef fi -
ciency to de tec tor dead layer thick ness. Lastly the
ef fects of g-ray source di men sions on the sen si tiv ity
of the de tec tor with de tec tor ag ing have been in ves -
ti gated. The re sults show that the in crease in ra dius
and length of the g-ray sources causes the sen si tiv ity
to re duce but be yond a cer tain limit the change in di -
men sions of the source has a neg li gi ble ef fect on the
sen si tiv ity of the de tec tor.
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STUDIJA  STOHASTI^KE  SIMULACIJE  ODZIVA  HPGe  DETEKTORA  I  UTICAJA 
STAREWE  DETEKTORA  PRIMENOM  GEANT4  PROGRAMSKOG  PAKETA

Primenom programskog paketa Geant4 ispitan je uticaj starewa detektora na efikasnost
detektora kroz pove}awe debqine mrtvog sloja. Kvantifikovana je promena deponovane energije u
mrtvom sloju detektora sa pove}awem debqine mrtvog sloja pri razli~itim energijama upadnog
gama zra~ewa, uzimaju}i u razmatrawe ta~kasti izotropni izvor, izvore u obliku diska i
cilindri~ne zapreminske izvore. U slu~aju ta~kastog izotropnog izvora, prora~unate vrednosti
gubitka energije po simuliranoj ~estici u mrtvom sloju saglasne su sa odgovaraju}im objavqenim
rezultatima, sa maksimalnim odstupawem ispod 2 %. Novi rezultati zavisnosti geometrijske
efikasnosti, efikasnosti detekcije pika pri punoj energiji i ukupne efikasnosti od debqine
mrvog sloja, dobijeni su simulacijom za razli~ite energije upadnog gama zra~ewa i za ta~kaste i
neta~kaste izvore pri razli~itim aksijalnim i lateralnim pozicijama. Ove simulacije daju
eksponencijalno opadaju}i profil osetqivosti detektora pri starewu sa porastom energija gama
zra~ewa ta~kastih izvora, izvora u obliku diska i zapreminskih izvora, ukazuju}i na ve}e opadawe
efikasnosti usled starewa detektora za fotone niskih energija.

Kqu~ne re~i: HPGe, mrtav sloj, starewe detektora, efikasnost detektora, Monte Karlo,
.........................Geant4


