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The to tal ef fi ciency of cy lin dri cal scin til la tion g-ray de tec tors has been de ter mined us ing a novel, 
pri mary in ter ac tion based Monte Carlo al go rithm. With the use of bi as ing in these sim u la tions,
this ap proach has been made computationally ef fi cient, yield ing con verged re sults with stan -
dard er rors less than a frac tion of a per cent for about 104 his to ries which is about two or ders of
mag ni tude smaller than the con ven tional sto chas tic tech niques. This meth od ol ogy has been im -
ple mented in a MATLAB based com puter pro gram, DSEMC. For thin disk sources of var i ous
ra dii hav ing co ax ial con fig u ra tions, the pre dic tions of the DSEMC code have been found in ex -
cel lent agree ment with the cor re spond ing re sults ob tained by us ing the di rect an a lyt i cal tech -
nique. Sim i lar agree ment has also been found in the DSEMC cal cu lated val ues of to tal ef fi -
ciency and the cor re spond ing re sults ob tained by the di rect an a lyt i cal tech nique for co ax ial thin
disk sources of var i ous ra dii over a wide range of g-en er gies.
The DSEMC pro gram has been used for the de ter mi na tion of to tal de tec tion ef fi ciency for
off-ax ial con fig u ra tions. As the disk source ra dius in creases, re sults show a grad ual de creas ing
trend in to tal ef fi ciency. For these con fig u ra tions, en ergy de pend ency of the to tal ef fi ciency is
found to fol low the vari a tion of the cor re spond ing to tal at ten u a tion co ef fi cient which is con sis -
tent with the ex pected be hav ior. For co ax ial thin disk sources, the to tal de tec tion ef fi ciency has
been found to ap proach a cor re spond ing max i mum value as length is in creased in the 1-20 cm
range for var i ous val ues of ra dii of disk sources and g-ray en ergy, while keep ing the di am e ter of
the de tec tor fixed at 7.62 cm. A sim i lar be hav ior is ob served when the ra dius of the de tec tor is
in creased from 1-20 cm, while  keep ing  the length of  the  de tec tor  fixed at 7.62 cm for var i ous
val ues of ra dii of disk sources and g-ray en ergy.
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 INTRODUCTION

Due to their high value of de tec tion ef fi ciency
and room tem per a ture op er a tion, NaI(Tl) de tec tors are 
com monly used for the iden ti fi ca tion and quan ti fi ca -
tion of ra dio ac tiv ity; par tic u larly for low-level ra dio -
ac tive sources [1]. For ab so lute mea sure ments of the
strength of ra dio ac tive ma te ri als and the cal i bra tion of
de tec tors, knowl edge of ef fi ciency is es sen tial [2]. Ex -
tended gamma-ray sources, par tic u larly disk sources,
have at tracted a lot of at ten tion due to their wide use in
a va ri ety of prac ti cal sit u a tions. Re search ef forts car -
ried out in the past con cern ing disk sources can be
clas si fied into two cat e go ries: di rect and sto chas tic.
Among such early ef forts, Grosjean de vel oped an ex -

pres sion in volv ing a com pli cated tri ple in te gral as a
power se ries of the disk ra dius R by el e men tary for -
mula ex act up to R2-terms only, as it en tailed ex ten sive
cal cu la tions [3]. Then Nakamura used the Monte
Carlo method for the es ti ma tion of the to tal ef fi ciency
of NaI(Tl) for ax i ally aligned disk sources of Cu, Fe,
Mn, and In [4]. A fast, pri mary in ter ac tion based
Monte Carlo method has been pro posed by Rehman et
al. [5] for to tal ef fi ciency cal cu la tions of scin til la tion
de tec tors. He found good agree ment be tween the pre -
dicted val ues and the cor re spond ing ex per i men tal
mea sure ments. How ever, his work was fo cused on
thick disk sources of rel a tively low g-en er gies. This
work was ex tended to in clude higher en ergy pho tons
by Belluscio et al. for thick disk sources [6].

Later, a semi-em pir i cal tech nique based on ex -
per i men tal mea sure ments was de vel oped by Moens et
al. which re quired no math e mat i cal model sim pli fi ca -
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tion and no Monte Carlo cal cu la tions [7]. But due to its 
semi-em pir i cal na ture, its range of ap pli ca bil ity is lim -
ited. Selim et al. de vel oped an an a lyt i cal ex pres sion
for the de ter mi na tion of g-ray ef fi ciency of scin til la -
tion de tec tors for co ax ial small-di am e ter disk sources
[8]. It was later ex tended to in clude co ax i ally placed
larger-di am e ter cir cu lar disk sources [9]. They have
re ported the agree ment be tween their cal cu lated val -
ues of to tal ef fi ciency and the cor re spond ing pub -
lished data. How ever, their an a lyt i cal ex pres sions are
lim ited to spe cific geo met ri cal ar range ments. Any de -
vi a tion from these source-de tec tor ar range ments en -
tails com pli cated cal cu la tions. As a re sult, the
extendibility of the tech nique is lim ited. An an a lyt i cal
treat ment of the to tal ef fi ciency for off-ax ial disk
sources has not been car ried out so far. Re cently,
Abbas has ap plied an an a lyt i cal ap proach for scin til la -
tion and other well-type de tec tors used for in-situ mea -
sure ments, but it also lacks easy extendibility to wider
vari a tions of geo met ri cal ar range ments [10, 11].

In view of the above-men tioned lim i ta tions, a pri -
mary in ter ac tion based meth od ol ogy has been de vel -
oped in this work which is ap pli ca ble to both point and
thin cir cu lar disk sources for co ax ial and off-ax ial ge -
om e tries. A bi as ing tech nique has been used for ac cel -
er at ing the con ver gence rate of to tal ef fi ciency val ues.
This meth od ol ogy has been im ple mented in a
Matlab-based com puter pro gram: disk source to tal ef fi -
ciency es ti ma tion us ing the Monte Carlo method
(DSEMC). De tails of the ge om e try and sim u la tion pro -
ce dure, in clud ing the math e mat i cal frame work and
struc ture of Monte Carlo sim u la tions, are given in the
next sec tion. Com par i sons of pre dic tions of the
DSEMC pro gram with the cor re spond ing re sults for co -
ax i ally lo cated disk sources avail able in lit er a ture are
pre sented lat ter on. New re sults on the vari a tion of de -
tec tor ef fi ciency for off-ax i ally lo cated disk sources
with the ra dii of the disks, var i ous val ues of off-ax ial
dis tance, var i ous g-ray en er gies, length and di am e ter
vari a tions of scin til la tion de tec tors are also given in this
sec tion.

MONTE CARLO SIMULATION
STRUCTURE

We con sider a cy lin dri cal NaI(Tl) de tec tor of
ra dius R and length L along with a cir cu lar thin disk
source of ra dius w, as shown in fig. 1. The disk source 
is lo cated at dis tance  r from the or i gin in the z = 0
plane. The cen ter of the front-face of the de tec tor is at
dis tance D from the or i gin in the z = 0 plane, with its
axis par al lel to the z-axis. As shown in fig. 1, for a
ran domly se lected source point Q(xs, ys, zs) on the
disk source, the dy nam i cally ad justed bi as ing lim its
for both po lar and az i muthal an gles are:  
q q q j j jÎ Î[ , ], [ , ]min max min max . Clearly, when r =
= 0, co-ax ial ge om e try is ob tained. Since the re sults

need to be com pared with data avail able in lit er a ture,
these stud ies are also based on as sum ing no scat ter -
ing from sur round ings. Fur ther more, the at ten u a tion
of in ci dent pho tons in the en trance “win dow” is also
ne glected.

Mathematical foundation

The first step in the sim u la tion is the ran dom se -
lec tion of co-or di nates of the source point Q(xs, ys, zs)
on the disk. This is car ried out by ran dom sam pling of
disk po lar co-or di nates  (rs, qs) us ing the fol low ing re -
la tions

r ns =w (1)

qs = 2pn (2)

where, n is a ran dom num ber such that n Î[ , ]0 1. For
the disk source lo cated at r off-ax ial dis tance, the
co-or di nates of the ran dom source point are

x rs s s= +r qcos (3)

y rs s s= sin q (4)

zs = 0 (5)

Now, a g-ray pho ton is emit ted in ran dom di rec -
tion (q, j), hav ing en ergy E. Co sine-sam pling has been
used for the po lar an gle q q qÎ[ , ]min max  and uni form
sam pling for the az i muthal an gle j j jÎ[ , ]min max

range

q q q= - +-cos [( )cos cos ]min max
1 1 n n (6)

j j j= - +[( ) ]min max1 n n (7)

where  n Î[0, 1] is a ran dom num ber and, as shown in
fig. 1, the lim its of po lar and az i muthal an gles are
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Fig ure 1. De tails of the ge om e try of a cy lin dri cal
scin til la tion g-ray de tec tor and disk source at an
off-ax ial lo ca tion
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This pho ton can now en ter NaI(Tl) crys tal ei ther
through the side curved face or the top-flat face. To
find the in ter sec tion point P(xp, yp, zp) of the pho ton
path with the side curved face, we con sider a straight
line from Q(xs, ys, zs) to P(xp, yp, zp)

x x

y y

z z

p s

p s

p s

= +

= +

= +

l q j

l q j

l q

sin cos

sin sin

cos

(12)

where l is the dis tance be tween P and Q points. This
sys tem of equa tions is sub jected to the con di tion for
cy lin dri cal NaI(Tl) de tec tor’s curved face

x y Rp p
22 2+ = (13)

and this qua dratic equa tion yields two pos si ble val ues
of l:  l1, l2 as roots. If both l1 and l2 are such that the
cor re spond ing val ues of zp sat isfy the D £ zp £ D + L
con di tion and the in ter sec tion with the top-flat sur face
of the de tec tor has been ruled out, then the point of in -
ter sec tion with the side curved face of the de tec tor is
found by us ing

l = min (l1, l2) (14)

For the in ter sec tion of the in ci dent pho ton path
with the top-flat face of the de tec tor, the fol low ing re -
la tion is sat is fied

l
q

=
-D z s

cos
(15)

there fore, the set of eqs. 12  be comes

x x D zp s s= + -( ) tan cosq j

y y D zp s s= + -( ) tan sinq j (16)

Clearly, if  ( ) /x y Rp p
2 2 1 2+ £  is sat is fied, then the

pho ton en ters the NaI(Tl) de tec tor through the top flat
face at P(xp, yp, zp) with xp, yp val ues given by eqs. 16.

Af ter de ter min ing the co-or di nates of the point
of en try P (xp, yp, zp) of the pho ton into the NaI(Tl) de -
tec tor, the free-flight dis tance x trav eled by the pho ton
be fore in ter ac tion is found by us ing

x
m

= -
1

ln n (17)

where m is the lin ear at ten u a tion co ef fi cient of the
NaI(Tl) de tec tor at en ergy E and n  – the ran dom num -
ber in the [0, 1] range. Then, the co-or di nates of the
pri mary in ter ac tion point T (xp, yp, zp) are com puted us -
ing

x x

y y

z z

d p

d p

d p

= +

= +

= +

x q j

x q j

x q

sin cos

sin sin

cos (18)

Point T (xd, yd, zd) is in side the de tec tor if 
( ) /x y Rd d

2 2 1 2+ £  and D £ zd £ D + L. For this con di -
tion, the pho ton count ing score is in cre mented by
FqFj

score = score +  FqFj (19)

where Fq and Fj are po lar and az i muthal bi as ing fac -
tors, re spec tively, and have val ues

Fq

q q
=

-cos cosmin max

2
(20)

Fj

j j
=

-max min

2p
(21)

Prod uct FqFj rep re sents the frac tion of the to tal
solid an gle that cou ples the ra di a tion source and the
de tec tor.

This pro ce dure of start ing a pho ton his tory from
a ran dom point on the disk source till its pri mary in ter -
ac tion is re peated for N num ber of pho tons where N is
104. De tails of the pri mary in ter ac tion Monte Carlo al -
go rithm are given in fig. 2.

The to tal ef fi ciency etot(E) of the NaI(Tl) de tec -
tor is found by us ing
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Fig ure 2. Flowchart of the bi ased pri mary in ter ac tion
Monte Carlo al go rithm for disk sources



e tot ( )E
N

=
score

(22)

In these sim u la tions, the data for the in co her ent
to tal lin ear at ten u a tion co ef fi cient m at var i ous val ues
of g-ray en er gies for the NaI(Tl) de tec tor were ob -
tained us ing the XCOM soft ware by Berger et al. [12].

RESULTS AND DISCUSSION

In this work, a pri mary in ter ac tion based Monte
Carlo sim u la tion with a bi as ing DSEMC pro gram has
been de vel oped for the de ter mi na tion of the to tal de -
tec tion ef fi ciency of cy lin dri cal NaI(Tl) de tec tors for
both ax i ally and off-ax i ally lo cated thin disk g-ray
sources. In the DSEMC pro gram, fast con ver gence is
achieved by uti liz ing a dy namic bi as ing tech nique
yield ing a frac tion of a per cent stan dard de vi a tion for
typ i cal val ues of to tal ef fi ciency in about 104 his to ries,
many or ders of mag ni tude smaller than the num ber of
his to ries gen er ally re quired by stan dard Monte Carlo
tech niques.

For 0.5 MeV g-rays, the vari a tion of the to tal de -
tec tion ef fi ciency of a 3'' ´  3'' (7.62 cm ´ 7.62 cm)
NaI(Tl) de tec tor with the ra dius of a co-ax i ally placed
cir cu lar disk source in the 0-7 cm range has been stud -
ied for var i ous source-to-de tec tor dis tances D, rang ing
from 0-50 cm range. For this pur pose, the DSEMC pro -
gram has been used and the pre dicted val ues have been
com pared with the cor re spond ing re sults ob tained by
di rect an a lyt i cal cal cu la tions [8, 9], shown in fig. 3. As
can be seen, the pre dic tions of the DSEMC pro gram are
in good agree ment with val ues ob tained by the di rect
an a lyt i cal tech nique.

The DSEMC pro gram has been used for the
anal y sis of the en ergy de pend ence of the to tal ef fi -
ciency for var i ous ra dii of cir cu lar thin disk sources
rang ing from 0-2 cm. As shown in fig. 4, the
DSEMC-pre dicted vari a tion of the to tal de tec tion ef fi -
ciency etot with Eg Î [0.1, 20] in the  MeV range is in
good agree ment with the cor re spond ing re sults ob -
tained by di rect an a lyt i cal cal cu la tions. The to tal ef fi -
ciency of NaI(Tl) de tec tors for off-ax i ally lo cated thin
disk sources has also been stud ied by us ing the pri -
mary in ter ac tion based Monte Carlo ap proach. This is
in dic a tive of the fact that the pro posed ap proach is
flex i ble and can eas ily be ex tended to other ge om e -
tries, while re main ing computationally ef fi cient. The
vari a tion of the to tal ef fi ciency for a 3'' ́  3'' NaI(Tl) de -
tec tor with disk sources of dif fer ent ra dii in the 0-7 cm
range for D = 1 cm, r = 1 cm, and Eg  in the range of
0.05-20 MeV has been stud ied us ing the DSEMC pro -
gram and the cor re spond ing re sults are shown in fig. 5. 
An in crease in the ra dius of the disk is fol lowed by a
de creas ing trend in the val ues of to tal ef fi ciency. As
seen in fig. 5, as g-ray en ergy in creases, to tal ef fi ciency 
first de creases and then, af ter pass ing through a min i -
mum value, sub se quently in creases. This is con sis tent
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Fig ure 3. Com par i son of the disk source ra dius
de pend ent to tal de tec tion ef fi ciency for a 3² ´ 3² NaI(Tl)
de tec tor of 0.5 MeV g-rays with cor re spond ing re sults
us ing the di rect method for var i ous in di cated val ues of
ax ial source-to-de tec tor dis tances

Fig ure 4. Vari a tion of the to tal de tec tion ef fi ciency of a
3²´ 3²  NaI(Tl) de tec tor with the g-ray en ergy for var i ous
in di cated val ues of ra dii of the disk sources



with the ex pected be hav ior, since the en ergy de pend -
ence of the cor re spond ing at ten u a tion co ef fi cient m of
the de tec tor dom i nates the en ergy de pend ence of the
to tal ef fi ciency and m is known to ex hibit this type of
en ergy de pend ence. For the same g-ray en ergy, to tal
ef fi ciency re duces with the in crease in the ra dius of the 

disk source. These trends are con sis tent with the ex -
pected be hav ior. As the g-ray en ergy in creases, the
value of lin ear at ten u a tion co ef fi cient de creases,
thereby re duc ing to tal ef fi ciency. Sim i larly, in cases of
fixed g-ray en ergy, as the ra dius of the disk source is in -
creased, the points near the outer pe riph ery, fur ther
away from the de tec tor, will have a smaller sub tended
solid an gle and, there fore, a smaller con tri bu tion to the 
to tal ef fi ciency which, in turn, tends to re duce to tal ef -
fi ciency.

Ta bles 1-3 give the nu mer i cal val ues of the to tal
ef fi ciency for a 3'' ´ 3'' NaI(Tl) de tec tor for off-ax ial
disk sources of dif fer ent ra dii, rang ing from 0-7 cm,
with r = 1, 5, and 10 cm and g-ray en er gies in the
0.05-20 MeV range. Typ i cally, the val ues of to tal ef fi -
ciency ex hibit a de creas ing trend with the in crease in
the ra dius of the disk source which is con sis tent with
the ex pected be hav ior. Be cause, as ex plained above,
the points near the outer pe riph ery of the thin disk
source at a larger dis tance from the de tec tor have
smaller val ues of sub tended solid an gles, as a re sult,
their con tri bu tion to the to tal ef fi ciency is smaller. The
same de creas ing be hav ior is seen in the val ues of to tal
ef fi ciency as off-ax ial dis tance is in creased which is,
again, con sis tent with the ex pected vari a tion, due to
the re duc tion of the solid an gle.
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Fig ure 5. Vari a tion of the to tal de tec tion ef fi ciency of a
3²´  3² NaI(Tl) de tec tor with the ra dius of the disk source
for var i ous in di cated val ues of g-ray en er gies

Table 1. Values of total efficiency of a 3'' ´  3'' cylindrical NaI(Tl) detector at  r = 1 cm for various g-ray energies
at indicated values of circular thin disk source radii w

w [cm]
Eg [MeV]

0.05 0.1 0.5 1 2 5 10 20

0 3.6576E-01 3.6139E-01 2.3322E-01 1.8340E-01 1.4619E-01 1.2999E-01 1.3456E-01 1.5195E-01

1 3.6240E-01 3.5793E-01 2.3049E-01 1.7985E-01 1.4547E-01 1.2703E-01 1.3363E-01 1.4992E-01

2 3.4867E-01 3.4285E-01 2.1934E-01 1.7127E-01 1.3799E-01 1.2135E-01 1.2782E-01 1.4130E-01

3 3.1985E-01 3.1038E-01 2.0274E-01 1.5816E-01 1.2745E-01 1.1259E-01 1.1710E-01 1.3079E-01

4 2.7229E-01 2.6774E-01 1.7511E-01 1.4108E-01 1.1337E-01 9.9855E-02 1.0601E-01 1.1599E-01

5 2.2588E-01 2.2221E-01 1.5141E-01 1.2251E-01 9.9604E-02 8.8264E-02 9.2775E-02 1.0242E-01

6 1.8915E-01 1.8643E-01 1.2958E-01 1.0485E-01 8.6753E-02 7.6505E-02 8.0969E-02 8.8156E-02

7 1.6160E-01 1.5916E-01 1.1331E-01 9.2837E-02 7.6054E-02 6.5893E-02 6.9539E-02 7.7940E-02

Table 2. Values of total efficiency of a 3'' ´ 3'' cylindrical NaI(Tl) detector at r =  5 cm for various g-ray energies
at indicated values of circular thin disk source radii w.

w [cm]
Eg [MeV]

0.05 0.1 0.5 1 2 5 10 20

0 6.9298E-02 6.8196E-02 4.9750E-02 4.0099E-02 3.4098E-02 2.9929E-02 3.1769E-02 3.4862E-02

1 6.9636E-02 6.8890E-02 4.9717E-02 4.0939E-02 3.3522E-02 2.9263E-02 3.1371E-02 2.4672E-02

2 6.7953E-02 6.7294E-02 4.8696E-02 3.9812E-02 3.3113E-02 2.9002E-02 3.0678E-02 3.3322E-02

3 6.6728E-02 6.5967E-02 4.7089E-02 3.8447E-02 3.0911E-02 2.7975E-02 2.9612E-02 3.2795E-02

4 6.5073E-02 6.4165E-02 4.6534E-02 3.7399E-02 3.0765E-02 2.8096E-02 2.8794E-02 3.1806E-02

5 6.4579E-02 6.3213E-02 4.4384E-02 3.5794E-02 2.9931E-02 2.7252E-02 2.7552E-02 3.0704E-02

6 6.2326E-02 6.1457E-02 4.3237E-02 3.5195E-02 2.8972E-02 2.6088E-02 2.6824E-02 2.9899E-02

7 5.9280E-02 5.7907E-02 4.2337E-02 3.3620E-02 2.7825E-02 2.4764E-02 2.5782E-02 2.8718E-02



These ta bles also show a de creas ing trend fol -
lowed by a ris ing trend in the val ues of etot as the en -
ergy of in ci dent g-rays is in creased. This be hav ior
matches the cor re spond ing vari a tion of the to tal at ten -
u a tion co ef fi cient m with en ergy. Since de tec tor ef fi -
ciency is di rectly re lated with the en ergy de pend ent at -
ten u a tion prop er ties of the NaI(Tl) crys tal, the
ob served vari a tion of etot is con sis tent with the ex -
pected be hav ior.

Lastly, the DSEMC pro gram has been used for
the study of the de pend ence of etot on the di men sions
of the cy lin dri cal NaI(Tl) de tec tor for var i ous thin cir -
cu lar disk sources of dif fer ent ra dii. Fig ures 6 and 7
show the cor re spond ing de pend ence on de tec tor
length and ra dius, re spec tively. Fig ure 6 shows de tec -
tor to tal ef fi ciency ap proach ing max i mum lim it ing
val ues as the de tec tor length in creases in the 1-20 cm
range. This is due to the fact that a dom i nant frac tion of 
in ci dent pho tons have a pri mary in ter ac tion within a
few mean free paths from the en try point, while only a

small frac tion pen e trates greater depths of the de tec tor. 
There fore, the in cre men tal gain in the to tal ef fi ciency
de creases with in creas ing val ues of de tec tor length L
and, as a re sult, to tal ef fi ciency ap proaches the cor re -
spond ing max i mum value. 

A sim i lar trend of ap proach ing max i mum val ues
of etot is found as the de tec tor ra dius in creases within
the 1-20 cm range. This be hav ior has been ob served
for var i ous thin disk sources with ra dii in the 0-7 cm
range and cor re spond ing re sults are shown in fig. 7.
This is con sis tent with the ex pected ap proach to the
max i mum value of etot fol low ing the in crease in the
solid an gle caused by the in crease in the de tec tor ra -
dius.

CONCLUSIONS

The novel, pri mary in ter ac tion based Monte
Carlo meth od ol ogy has been found ef fec tive for the
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Table 3. Values of total efficiency of a 3² ´ 3² cylindrical Nal(Tl) detector at r  = 10 cm for varius g-ray energies 
at indicated values of circular thin disk source radii w

w [cm]
Eg [MeV]

0.05 0.1 0.5 1 2 5 10 20

0 2.3466E-02 2.3370E-02 1.6592E-02 1.3852E-02 1.1664E-02 1.0189E-02 1.0434E-02 1.2088E-02

1 2.2929E-02 2.2802E-02 1.6955E-02 1.3697E-02 1.1102E-02 1.0333E-02 1.0463E-02 1.1729E-02

2 2.3606E-02 2.2657E-02 1.7076E-02 1.3987E-02 1.1115E-02 1.0030E-02 1.0931E-02 1.1836E-02

3 2.3357E-02 2.2921E-02 1.6831E-02 1.3428E-02 1.1356E-02 1.0111E-02 1.0633E-02 1.1680E-02

4 2.3277E-02 2.2854E-02 1.6704E-02 1.3853E-02 1.1166E-02 1.0352E-02 1.0611E-02 1.1578E-02

5 2.2751E-02 2.2807E-02 1.6568E-02 1.3279E-02 1.1422E-02 1.0288E-02 1.0540E-02 1.1385E-02

6 2.2731E-02 2.3345E-02 1.6610E-02 1.3379E-02 1.1197E-02 9.8820E-03 1.0446E-02 1.1773E-02

7 2.2426E-02 2.2273E-02 1.6541E-02 1.3127E-02 1.0760E-02 1.0008E-02 1.0457E-02 1.1033E-02

Fig ure 6. Vari a tion of the to tal de tec tion ef fi ciency of a
cy lin dri cal NaI(Tl) de tec tor with a 3² di am e ter and the
ra dius of the disk source for in di cated val ues of de tec tor
length L

Fig ure 7. Vari a tion of the to tal de tec tion ef fi ciency of a
cy lin dri cal NaI(Tl) de tec tor with a 3² length and the ra -
dius of the disk source for in di cated val ues of de tec tor ra -
dii



de ter mi na tion of the to tal ef fi ciency of NaI(Tl) de tec -
tors for thin cir cu lar disk sources. This meth od ol ogy
has been im ple mented in a Matlab based com puter
pro gram, the DSEMC. Fast con ver gence has been at -
tained by uti liz ing a dy namic bi as ing tech nique which
yields a frac tion of a per cent stan dard de vi a tion in
about 104 his to ries, two or ders of mag ni tude smaller
than the con ven tional Monte Carlo tech nique.

When to tal ef fi ciency is con cerned, the pre dic tions
of the DSEMC pro gram and the re sults of di rect an a lyt i -
cal cal cu la tions have been found to be in ex cel lent agree -
ment for an ax i ally lo cated thin disk source for var i ous
val ues of source-to-de tec tor dis tances in both the 0-20 cm 
range and var i ous ra dii of disk sources in the 0-2 cm
range. The DSEMC pro gram has been used to study the
vari a tions of etot with the ra dius of the disk source for
off-ax ial con fig u ra tion hav ing r in the 1-10 cm range and
pho ton en ergy Eg in the 0.05-20 MeV range. This pro -
gram has also been used for study ing the de pend ence of
etot on the ra dius and length of the NaI(Tl) scintillator for
var i ous val ues of disk source ra dii in the 0-7 cm range and 
Eg  = 0.662 MeV. Ob served be hav ior matched ex pected
vari a tions in each case.
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[akil U. REHMAN, Sikander M. MIRZA, Nasir M. MIRZA

SIMULACIJA  UKUPNE  EFIKASNOSTI  CILINDRI^NIH 
SCINTILACIONIH  GAMA  DETEKTORA  ZA  IZVORE  U  OBLIKU  DISKA

Odre|ena je ukupna efikasnost cilindri~nih scintilacionih gama detektora upotrebom 
novog Monte Karlo algoritma zasnovanog na primarnoj interakciji. Kori{}ewem redukcije
varijanse u simulacijama, ovaj postupak ubrzava prora~un konvergiraju}i re{ewima sa
standardnom gre{kom mawom od dela jednog procenta pri 104 istorija – {to je oko dva reda veli~ine 
ni`e od konvencionalnih stohasti~kih tehnika. Metodologija je implementirana u kompjuterski
pro gram DSEMC, sa MATLAB osnovom. Za izvore u vidu tankog diska razli~itih polupre~nika i
koaksijalnih konfiguracija, pokazalo se da su predvi|awa DSEMC programa izvanredno saglasna
sa odgovaraju}im rezultatima dobijenim direktnim analiti~kim postupkom. Za koaksijalne
izvore promenqivog polupre~nika, i u {irokom podru~ju gama energija, potvr|ena je sli~na
saglasnost izme|u izra~unatih vrednosti ukupne efikasnosti pomo}u programa DSEMC i
odgovaraju}ih rezultata dobijenih neposrednim analiti~kim postupkom.

Pro gram DSEMC kori{}en je tako|e za odre|ivawe ukupne efikasnosti detekcije za
neaksijalne konfiguracije. Sa uve}awem polupre~nika diska izvora zra~ewa, rezultati pokazuju
postepeno slabqewe ukupne efikasnosti. Za ove konfiguracije, energetska zavisnost ukupne
efikasnosti prati promenu odgovaraju}eg ukupnog koeficijenta slabqewa, {to se moglo
o~ekivati. Za izvore u obliku koaksijalnog tankog diska, ukupna efikasnost detekcije pribli`ava 
se odgovaraju}oj maksimalnoj vrednosti kako se du`ina detektora uve}ava od 1 cm do 20 cm, za
razli~ite vrednosti polupre~nika diska i razli~ite energije gama zra~ewa, a za stalni pre~nik
detektora od 7,62 cm. Sli~no pona{awe je prime}eno kada se  polupre~nik  detektora  uve}ava od 1
cm do 20 cm, a zadr`ava du`ina detektora od 7,62 cm, za razli~ite vrednosti polupre~nika diska i
razli~ite energije gama zra~ewa.

Kqu~ne re~i: gama detektor, ukupna efikasnost, izvor u obliku diska, Monte Karlo
..........................simulacija


