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The pres ent work is es sen tially con cerned to in tro duce a hy brid an a lyt i cal-nu mer i cal method
to cal cu late the geo met ri cal, the to tal, and the full-en ergy peak ef fi ciency of the spher i cal
NaI(Tl) de tec tor for us ing iso tro pic ra di at ing g-ray point sources. In ad di tion, it cal cu lates
the av er age path lengths trav elled by the pho ton in side the de tec tor ac tive me dium, in or der to 
study the char ac ter is tics of the source-to-de tec tor con fig u ra tions. This method was de pended 
mainly on the cal cu la tion of the solid an gle sub tended by the ra dio ac tive point sources, which
were sit u ated at var i ous lo ca tions from the de tec tor sur face and the pho tons path lengths
through the de tec tor ac tive me dium. Also, tak ing into ac count the at ten u a tion co ef fi cients of
all the ab sorb ers be tween the source and the de tec tor ma te rial it self. The ob tained re sults
were com pared against one data set pub lished to show the method's pos si bil ity in the cal i bra -
tion pro cess.
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IN TRO DUC TION 

In the pur suit of pre ci sion mea sure ments, noth ing 
is sim ple even when the equip ment at work ap pears to
be wholly un com pli cated. The g-ray spher i cal de tec tor
de sign is con sid ered as an in struc tive case in ra di a tion
mea sure ments, where it can be used eas ily in sev eral
crit i cal ap pli ca tions, in clud ing the med i cal ther apy, ra -
di a tion pro tec tion and en vi ron men tal ex po sure mon i -
tor ing. There fore, the un der stand ing of the full scope of
the mul ti di men sional cal i bra tion and mea sure ment pro -
cess must be done with a good ac cu racy even if the de -
tec tor de sign  seems less com plex at first. In gamma ray
spec trom e try, know ing the solid an gle W is the most im -
por tant and widely used to cal i brate the dif fer ent de tec -
tors and de ter mine their var i ous ef fi cien cies (geo met ri -
cal, to tal and full-en ergy peak) [1-12]. Typ i cally, the
ex per i men tal cal i bra tion pro cess for the gamma-ray de -
tec tors is not easy, due to the fact that it is a hard work to
ob tain the ex actly cal i brated g-sources of var i ous
shapes and me dium [13-15]. There fore, there are many
re ports which were done and de vel oped for
gamma-spectrometries mea sure ment sys tems, where
some of them used Monte Carlo, semi-em pir i cal, di rect

math e mat i cal and ef fi ciency trans fer method in this cal -
i bra tion pro cess [1-15]. The geo met ri cal solid an gle, W,
cal cu la tion was pre sented by an iso tro pic ra di at ing
g-ray source, for  any  given  de tec tor  shape  is  looked 
to  be the most dif fi cult step [15-19]. The geo met ri cal
ef fi ciency, eg (= W/4p),  de pends on the solid an gle sub -
tended by ra di at ing g-ray sources sit u ated at dif fer ent
lo ca tions from the de tec tor sur face, which al lows cal cu -
la tion of pho ton path lengths through any de tec tor sys -
tem. 

Pres ently, the NaI(Tl) de tec tors have been com -
monly used in dif fer ent de tect ing sys tems in the form
of well-type, parallelepiped, cy lin dri cal, hex ag o nal,
bore hole, sphere, etc., where it has rel a tive sim plic ity,
low cost of crys tal prep a ra tion, high mass num ber,
high ef fi ciency and room tem per a ture op er a tion [20].
The spher i cal NaI(Tl) de tec tor as a spe cial de sign has a 
broad solid an gle sub tended to the iso tro pic ra di at ing
g-ray point sources, if it is used for the cal i bra tion pro -
cess [15]. This work will of fer a new hy brid an a lyt i -
cal-nu mer i cal (HAN) method to cal cu late by the in te -
gra tion of the geo met ri cal, the to tal and the full-en ergy 
peak ef fi ciency of the spher i cal NaI(Tl) de tec tor,
where an iso tro pic ra di at ing g-ray point sources sit u -
ated at dif fer ent po si tions were used, and this is con -
sid ered as the main aim of this work. All the an a lyt i cal
in te gra tions were solved nu mer i cally by us ing the
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trap e zoidal rule, and the ac cu racy of the in te gra tion in -
creases as the num ber of in ter vals, n, in creas ing at the
side of the in te gra tion value con verges fine at large
value of n [7-12]. 

The cal cu la tion of the to tal and the full-en ergy
peak ef fi ciency of the spher i cal NaI(Tl) de tec tor de -
pends most strongly of two fac tors. First, the cal cu la -
tion of the pho tons path lengths through the de tec tor
ac tive me dium [1-5]. Sec ond, the cal cu la tion of the at -
ten u a tion of all ab sorb ers ma te ri als be tween the
source and the de tec tor ac tive me dium [21-29]. Be -
sides the study of the change of the av er age path
lengths through the de tec tor ma te rial as a func tion of
the ra dio ac tive point source-to-de tec tor dis tance, h.
This method can be use ful af ter some mod i fi ca tions in
a forth com ing work with ad di tional ex per i men tal ev i -
dence to de ter mine the sam ple ac tiv ity. 

The ar range ment of this pa per is as fol lows. The
math e mat i cal  model sec tion pres ents  the an a lyt i cal
cal cu la tion of the geo met ri cal solid an gle in de tails,
the to tal and the full-en ergy peak ef fi ciency in case of
us ing an iso tro pic ra di at ing g-ray point sources. These
sources were sit u ated on the spher i cal de tec tor ma jor
axis at a dis tance, h, from its end cap as shown in fig. 1.
The re sults and dis cus sion sec tion con tain sev eral cal -
cu la tions and com par i sons be tween this ap proach and
some pub lished data. The re sults of com par i son
showed the va lid ity of the re cent ap proach. The con -
clu sions are given in last sec tion.

MATH E MAT I CAL   MODEL

Geo met ri cal ef fi ciency 

This sec tion gives an ex pla na tion about the new
HAN method, which de pends on the di rect math e mat i -
cal method [7-9]. The method will be use ful to find the
geo met ri cal ef fi ciency of the spher i cal NaI(Tl) de tec -
tor of ra dius, R, with outer lay ers Al and MgO as
shown in fig. 1. The geo met ri cal ef fi ciency, eg, for any
spec i fied source-to-de tec tor con fig u ra tion can be
given by

e q q fg d where d d d= =ò
1

4p
W W

W

, sin (1)

The po lar an gle, q, and the az i muthal an gle, f,
will con trol the di rec tion of the in ci dence pho tons,
while the geo met ri cal solid an gle, W, is sub tended be -
tween the source and the de tec tor and can be given by

W = òò sin q q f
qf

d d (2)

The geo met ri cal solid an gle, W, will be cal cu -
lated for the iso tro pic ra di at ing g-ray point sources by
the spher i cal co-or di nate sys tem. The ge om e try is as -
sumed to be ax i ally as shown in fig. 1, where an iso tro -
pic ra di at ing ax ial point source was used and lo cated at 
a dis tance, h, from the de tec tor sur face. The az i muthal
an gle, f, takes al ways the val ues from 0 to 2p. Con sid -
er ing all these con di tions, the fi nal ex pres sion of the
de tec tor geo met ri cal ef fi ciency, eg(Point-Ax ial), can be
given by
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where qmax is the max i mum ex treme po lar an gle, that
al lows the pho tons to go into the de tec tor ac tive me -
dium in case of ax ial iso tro pic ra di at ing point source
and it takes a cer tain value given by 
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where x is the spac ing be tween the de tec tor sur face
and the outer hous ing.

TO TAL AND FULL-EN ERGY
PEAK EF FI CIENCY 

The ba sic idea of this method is the fact that if the 
pho ton with in ci dence en ergy, E, from iso tro pic ra di at -
ing point sources en ters a de tec tor ac tive me dium, then 
the prob a bil ity frac tion, P, of this pho ton to be re -
corded in side the de tec tor from the solid an gel el e -
ment, dW, as a re sult of the emis sion of an elec tron (or
elec trons) is given by

P d= - -
ò

1

4
1

p
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Fig ure 1. The point source is sit u ated on the spher i cal
de tec tor main axis



where d is the dis tance cov ered by the pho ton in side
the de tec tor ac tive me dium ma te rial, which de pends
on the source-to-de tec tor ge om e try. The at ten u a tion
co ef fi cient of the de tec tor's ma te rial, m, can be re -
placed by the to tal at ten u a tion co ef fi cient, mT, of the
de tec tor's ma te rial for gamma-ray en ergy, E, (ex clud -
ing the co her ent scat ter ing por tion) [30] to de ter mine
the to tal ef fi ciency, eT, of the spher i cal NaI(Tl) de tec -
tor based on the fol low ing cases:
– In case of an ax ial iso tro pic ra di at ing point sources,

the  to tal ef fi ciency, eT(Point-Ax ial), of the spher i cal de -
tec tor will be given as

e q q f
qp

T(Point Axial) att d d- = òò
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The at ten u a tion fac tor,  fatt, is due to the re flec tor,
the end-cap, the ab sorber be tween the source and the
de tec tor from the front and the side as well, which are
de scribed as the ab sorber lay ers with at ten u a tion co ef -
fi cients, m1, m2,…, mn, and the rel e vant thick nesses, t1,
t2,…, tn, be tween the source-to-de tec tor sys tem [25] is
given by
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where the strik ing pho ton will en ter the face of the
spher i cal de tec tor and emerge from the other side as
shown in fig. 1.

The fac tor f1, is ex pressed as f T d
1 1= - -( )e m

where d is the pos si ble path length trav elled by the
pho ton within the de tec tor ac tive vol ume and can be
given by

d R R h x= - + +2 2 2 2( ) sin q (8)

– In case of the full-en ergy peak ef fi ciency com pu -
ta tion, the co ef fi cient m is re placed by the full-en -
ergy peak at ten u a tion co ef fi cient mP for the de tec -
tor ma te rial, which rep re sents the only part
con trib ut ing to the full-en ergy peak (the pho to -
elec tric co ef fi cient + the frac tions of the in co her -
ent and pair pro duc tion cross-sec tion lead ing to
the full-en ergy peak) to de ter mine the full-en ergy
peak ef fi ciency, eP, of the spher i cal NaI(Tl) de tec -
tor, which de pend on ax ial iso tro pic ra di at ing
point sources only as in [13]. The full-en ergy peak 
ef fi ciency, eP(Point-Ax ial), of the spher i cal de tec tor
will be given as
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In or der to get the peak at ten u a tion co ef fi cient
mp, the mea sured ef fi ciency val ues of an ax ial po si tion
us ing 137Cs and 60Co as a ra dio ac tive point sources
[15] were com pared with the o ret i cal cal cu la tions us -
ing a new HAN method in eq. (9). The mea sured ef fi -
ciency val ues were used in this ap proach to ob tain the
full peak at ten u a tion co ef fi cient mp, for this par tic u lar

source-to-de tec tor con fig u ra tion, since the peak at ten -
u a tion co ef fi cient mp, can not be de ter mined di rectly.
Chang ing the val ues of the at ten u a tion mp, in eq. (9) a
few times till reach ing the small de vi a tion of less than
2 % be tween the mea sured and the cal cu lated ef fi -
ciency. Once ob tain ing the suit able val ues of the at ten -
u a tion mp, the math e mat i cal method can be used to ex -
tend the cal cu lated val ues of the at ten u a tion mp, as a
func tion of gamma-ray en ergy E. This can be done by
plot ting and fit ting the val ues of the peak at ten u a tion
co ef fi cient  mp vs. the pho ton en ergy E, and the out -
come will be an em pir i cal for mula given as
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At this time, the cal cu lated val ues of the at ten u a -
tion mp, can be used eas ily to build a cal cu lated ef fi -
ciency curve for the spher i cal de tec tor with ax ial ra -
dio ac tive point source as a func tion of gamma-ray
en ergy. Oth er wise, it will be dif fi cult to ob tain the
curve of the cal cu lated full-en ergy peak ef fi ciency in
the ab sence of the full-en ergy peak at ten u a tion co ef fi -
cient mp, for this par tic u lar source-to-de tec tor con fig u -
ra tion.

The av er age dis tance, d , trav elled by the pho ton
in side the spher i cal NaI(Tl) de tec tor  ma te rial de pend -
ing on the po si tion of the in ci dent pho ton in gen eral
will be dis cussed later on and will be given as
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where q and j, are the po lar and the az i muthal an gles,
re spec tively, and de fine the di rec tion of the in ci dence
pho tons as dis cussed be fore. The av er age dis tance of
an iso tro pic ra di at ing ax ial point source will be given
as

d

d

R R h x

=
ò

ò

=

=

- + +

1
0

0

2 2 2

0

2

sin

sin

( ) sin

max

max

q q

q q

q q

q

q

d

d

d

q

q

q q

max

max

sin

ò

ò d
0

(12)

RE SULTS AND DIS CUS SION

The new fa cil ity of the g-ray spher i cal de tec tor
shape pres ents a few more chal lenges than other de -
signed shapes, both in the man u fac tur ing pro cess and
the sub se quent vol ume mea sure ment. The sci en tists
have mea sured the full-en ergy peak of the spher i cal
NaI(Tl) de tec tor in [15], by al low ing a beam of pho -
tons to from an iso tro pic ra di at ing g-ray point sources
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to en ter the de tec tor as mea sure ment de vices for a spe -
cific time at a spe cific dis tance. The mea sure ments in
[15] were done by us ing a 7.62 cm di am e ter spher i cal
NaI(Tl) crys tal with Al ma te rial of thick ness 0.8 mm,
as de tec tor end cap hous ing and MgO ma te rial of
thick ness 3 mm as a re flec tor as shown in fig. 1. The
point sources 137Cs and 60Co were po si tioned ax i ally at 
10 cm from the de tec tor sur face us ing 9 mm thick of
acrylic holder [15].

The de tec tor ma te ri als and di men sions were
used re al is ti cally with the pres ent HAN method, in or -
der to es ti mate the geo met ri cal, the to tal and cal cu late
the full-en ergy peak ef fi ciency of the spher i cal
NaI(Tl) de tec tor for us ing iso tro pic ra di at ing g-ray
point sources. The true ge om e try is a sphere with a cy -
lin dri cal con nec tion to the photomultiplier tube. The
study does not con sider the ef fect of this ex tra vol ume
of ac tive ma te rial, and the av er age path lengths trav -
elled by the pho ton in side the de tec tor ac tive me dium
are cal cu lated. The cal cu la tions were done by sit u at ing 
the point sources ax i ally from the de tec tor ma jor axis
as shown in fig. 1. The cal cu lated full-en ergy peak ef -
fi ciency was com pared with the mea sured and Monte
Carlo data pub lished in [15] to show the method's pos -
si bil ity in the cal i bra tion pro cess.

The cal cu lated ax ial geo met ri cal ef fi ciency of the
spher i cal de tec tor as a func tion of the source-to-de tec -
tor dis tance h, which started from 1 up to 10 cm given
by eq. (3) as shown in fig. 2. The geo met ri cal ef fi ciency
was de creased ex po nen tially as the source-to- -de tec tor
dis tance h in creased. The cal cu lated ax ial to tal ef fi -
ciency of the spher i cal de tec tor at a dis tance 10 cm from
the de tec tor sur face, as a func tion of the pho ton en ergy
from 0.1 up to 4 MeV given by the eq. (6) is pre sented in 
fig. 3. The to tal ef fi ciency has a small value at 0.1 MeV,
then in creased with pho ton en ergy to its max i mum at
0.2 MeV, and af ter that started to de crease ex po nen -
tially. This be hav ior was hap pen ing as an ef fect of the

pho ton at ten u a tion pro cess, which is a func tion of the
pho ton en ergy. 

The cal cu lated ax ial full-en ergy peak ef fi ciency
of the spher i cal de tec tor at the source-to de tec tor dis -
tance 10 cm as a func tion of the pho ton en ergy from 0.7
up to 2 MeV, was given by eqs. (9) and (10) is pre sented
in fig. 4. The full-en ergy peak ef fi ciency de creased ex -
po nen tially with the source en ergy. The av er age path
length as a func tion of the ax ial source-to-de tec tor dis -
tance h from 1 up to 20 cm given by equa tion (12), was
pre sented in fig. 5. The av er age path length was in -
creased ex po nen tially with the source-to-de tec tor dis -
tance h in creased, and reached an al most fixed value at
dis tances higher than about 15 cm. 

In tab. 1, the ax ial full-en ergy peak ef fi ciency of
the spher i cal de tec tor for us ing the pho tons from 137Cs
and 60Co sources was cal cu lated by eqs. (9) and (10).
Also, it was com pared with the mea sured and Monte
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Fig ure 2. The cal cu lated ax ial geo met ri cal ef fi ciency of
the spher i cal de tec tor as a func tion of the source-to-de -
tec tor dis tance h, from 1 up to 10 cm

Fig ure 3. The cal cu lated ax ial to tal ef fi ciency of the
spher i cal de tec tor at a dis tance 10 cm from the de tec tor
sur face as a func tion of the pho ton en ergy from 0.1 up to
4 MeV

Fig ure 4. The cal cu lated ax ial full-en ergy peak ef fi ciency 
of the spher i cal de tec tor at a dis tance 10 cm from the
de tec tor sur face as a func tion of the pho ton en ergy from
0.7 up to 2 MeV



Carlo data pub lished in [15]. Ta ble 1 con tains, as well,
the cal cu lated full-en ergy peak at ten u a tion, mP, given
by eq. (10) and the de vi a tion D1 % and D2 % be tween
the [eCal cu lated/eMea sured and eCal cu lated/eSim u lated] based
on the fol low ing equa tions, re spec tively
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The com par i son be tween the cal cu lated ef fi -
ciency val ues us ing the pres ent HAN method, the pub -
lished ex per i men tal and Monte Carlo data [15] needs
the know ing of the un cer tainty source for each
method. Based on ref er ence [15], the un cer tainty of
the mea sured full-en ergy ef fi ciency de pends on the
un cer tainty of fol low ing val ues: the net peak area in
counts (sta tis ti cal un cer tain ties of the mea sured peaks
were in the range of 0.2 %), the ac tiv ity of source at the
time of stan dard iza tion, the ab so lute g-ray emis sion
prob a bil ity, the elapsed time since stan dard iza tion, the
de cay con stant and the mea sur ing time (in sec onds), in 

ad di tion to the un cer tainty of the source po si tion,
which was es ti mated to be within 3 mm. By com bin ing 
all of these un cer tainty com po nents, the stan dard un -
cer tain ties of the mea sured val ues are less than 2.5 %. 

In tab. 1, the Monte Carlo full-en ergy peak ef fi -
cien cies for us ing the pho tons from 60Co and 137Cs
sources are com pared with the mea sured val ues, and
by scor ing the both pho tons of 60Co suc ces sively in
one sim u la tion his tory, the peak are a re duc tion due to
the co in ci dence sum ming was eval u ated to be less than 
1 % [15]. Er rors in volved in the peak area es ti ma tion
were less than 2 %. The sta tis ti cal un cer tainty of the
Monte Carlo cal cu la tions was less than 0.5 % and by
com bin ing all of these un cer tainty com po nents, the
stan dard un cer tainty of the ef fi ciency cal cu la tions was 
ob tained to be about 5 % [15]. On the other hand, the
un cer tainty of the pres ent HAN method for cal cu lat ing 
the full-en ergy peak and the to tal ef fi cien cies in tabs.1
and 2 was found to be in the or der 10-6 %, which is a
very small value. The main rea son for this phe nom ena
is the un cer tainty of the cal cu lated ef fi ciency and de -
pends mainly on the en ergy un cer tainty only, where
the rest of the in put fac tors are given with out any ac -
com pa ny ing er rors. There fore, due to the small value
of the un cer tainty, it can be ne glected. The dis crep ancy 
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Fig ure 5. The av er age path length as a func tion of the
ax ial source-to-de tec tor dis tance h from 1 up to 20 cm

Ta ble 1. The cal cu lated ax ial full-en ergy peak ef fi ciency of the spher i cal de tec tor for the pho tons from 137Cs and 60Co sources
com pared with mea sured and sim u lated data by Monte Carlo method [15] be side the un cer tain ties

Source En ergy [MeV]
Ax ial full-en ergy peak ef fi ciency

Mea sured [15] Sim u lated [15] Cal cu lated (HAN)
137Cs 0.6617 (6.84 ± 0.11)E-03 (6.65 ± 0.33)E-03 6.86E-3 ± 0.00

60Co
1.1732 (4.16 ± 0.10)E-03 (4.03 ± 0.20)E-03 4.16E-3 ± 0.00

1.3325 (3.69 ± 0.08)E-03 (3.59 ± 0.18)E-03 3.61E-3 ± 0.00

Ex ten sion

Source En ergy [MeV]
Cal cu lated full-en ergy peak

at ten u a tion (mp)
De vi a tion per cent age

D1 [%] D2 [%]
137Cs 0.6617 1.84E-01 0.35 ± 0.11E-03 3.12 ± 0.33E-03

60Co
1.1732 7.80E-02 0.07 ± 0.10E-03 3.19 ± 0.20E-03

1.3325 6.40E-02 –1.99 ± 0.08E-03 0.77 ± 0.18 E-03

Ta ble 2. The cal cu lated ax ial to tal ef fi ciency of the
spher i cal de tec tor for the pho tons from 137Cs and 60Co
sources as a func tion of the source-to-de tec tor dis tance h

Source-to-de te
c tor dis tance, h

[cm]

Ax ial to tal ef fi ciency
137Cs 60Co

(0.6617 MeV) (1.1732 MeV) (1.3325 MeV)

1 1.130E-01* 9.800E-02 9.600E-02

2 6.900E-02 6.100E-02 5.900E-02

3 4.700E-02 4.200E-02 4.100E-02

4 3.400E-02 3.000E-02 2.900E-02

5 2.500E-02 2.300E-02 2.200E-02

6 2.000E-02 1.800E-02 1.700E-02

7 1.500E-02 1.400E-02 1.400E-02

8 1.200E-02 1.100E-02 1.100E-02

9 1.000E-02 9.442E-03 9.278E-03

10 8.457E-03 7.892E-03 7.765E-03

*1.130E-01 means 1.130×10–1



in eq. (13) with ± un cer tainty was cal cu lated based on
ref er ence [31], as shown in tab. 1. 

The cal cu lated ax ial to tal ef fi ciency of the spher -
i cal de tec tor for us ing the pho tons from 137Cs and 60Co 
sources de pends on the eq. (6) as a func tion of the
source-to-de tec tor dis tance h, which started from 1 up
to 10 cm and will be pre sented in tab. 2, where the to tal
ef fi ciency de creased with the in crease of the
source-to-de tec tor dis tance h. These phe nom ena re -
lated to that, the gamma-ray in ten sity em a nat ing from
a source falls off with the dis tance, ac cord ing to the in -
verse square law. Also, the to tal ef fi ciency de creased
as the source en ergy in creased re lated to the at ten u a -
tion ac tions.

The av er age path length as a func tion of the po lar 
an gle, q, from 9.0° up to 52° given by eq. (12) is pre -
sented in fig. 6. It de creased sharply from its max i mum 
as the po lar an gle q, in creased. In that case, the po lar
an gle q, was cal cu lated de pend ing on eq. (4) equiv a -

lently by chang ing the ax ial source-to-de tec tor dis -
tance h, from 1 up to 20 cm. The vari a tion of the cal cu -
lated full-en ergy peak at ten u a tion of the spher i cal de -
tec tor at a dis tance 10 cm from the de tec tor sur face, as
a func tion of the pho ton en ergy is pre sented in fig. 7.

CON CLU SIONS

HAN method was de vel oped in the pres ent work 
to give larger fa cil ity in or der to cal cu late the var i ous
ef fi cien cies of spher i cal NaI(Tl) crys tal based on the
ra dial ge om e try. This math e mat i cal ap proach is es sen -
tially nu mer i cal in te gra tion and needs only a few ex -
per i men tal events, then the cal cu la tions can be done
within a rea son able time, even with a lit tle cen tral pro -
cess ing unit. It is an easy and very fast pro ce dure for
the com pu ta tion pro cess. This method can be also
help ful af ter sim ple mod i fi ca tions to eval u ate the
full-en ergy peak ef fi ciency us ing the ef fi ciency trans -
fer method as an other method. This can be de rived
from know ing the change in ef fi ciency un der con di -
tions of mea sure ments and dif fer ent sources used in
the cal i bra tion pro cess.

CON TRI BU TIONS

The the o ret i cal work was done by S. F.
Noureldine, M. S. Badawi, and M. I. Abbas. All au -
thors took part in plan ning the work and in dis cus sions
dur ing all phases of its elab o ra tion. The manu script
was con ceived, writ ten, per formed data elab o ra tion
and graph i cal rep re sen ta tion of re sults by all au thors.
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Salam F. NURELDINE, Mohamed S. BADAVI, Mohamud I. ABAS

HIBRIDNA  ANALITI^KO-NUMERI^KA  METODA  ZA  PRORA^UN
EFIKASNOSTI  SFERI^NOG  SCINTILACIONOG  NaI(Tl)

DETEKTORA  I  PROIZVOQNO  POSTAVQEN  TA^KASTI  IZVOR

Predstavqena je hibridna analiti~ko-numeri~ka metoda za prora~un geometrijske i
ukupne efikasnosti, kao i efikasnosti detekcije pika maksimalne energije sferi~nog NaI(Tl)
detektora, pri primeni izotropnih ta~kastih izvora gama zra~ewa. Pored ovoga, radi izu~avawa
karakteristika konfiguracija izvor-detektor, prora~unata je sredwa du`ina pre|enih putawa
fotona unutar aktivne sredine detektora. Ova metoda najvi{e zavisi od prora~una prostornog
ugla naspram ta~kastih izvora zra~ewa, koji su postavqeni na razli~ite lokacije u odnosu na
povr{inu detektora, kao i od du`ina putawa fotona kroz aktivnu sredinu detektora. Metoda
uzima u obzir i koeficijente slabqewa svih apsorbera izme|u izvora i detektora. Dobijeni
rezultati upore|eni su sa objavqenim setom podataka kako bi se pokazala mogu}nost primene
metode u kalibracionom postupku.

Kqu~ne re~i: sferi~ni NaI(Tl) detektor, geometrijski prostorni ugao, efikasnost 
..........................detektora, ta~kasti izvor zra~ewa, hibridna analiti~ko-numeri~ka metoda


