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In the gamma-ray spec tros copy field, the ra dio met ric ex am i na tion for small quan ti ties of nat -
u ral sam ples is ex tremely sig nif i cant. There fore, the gamma-ray spec trom e try cal i bra tion
pro cess must be pre pared with good pre ci sion for sev eral en er gies, ma tri ces of sources or sam -
ples, and source-to-de tec tor shapes. This manu script con sid ers a new un com pli cated an a lyt i -
cal com pu ta tion tech nique to cal cu late the ef fec tive geo met ri cal solid an gle and the ef fi ciency
of cu bic scin til la tion crys tal with a side cy lin dri cal hole. The com pu ta tions can be done by us -
ing a sim ple method, with a few es sen tial lim i ta tions, that de scribes ra dio ac tive point sources
lo cated in side the side cy lin dri cal hole and a high-ef fi ciency cu bic NaI(Tl) de tec tor, come to -
gether with a low back ground as well. The tech nique stands on a trou ble-free solid an gle an a -
lyt i cal for mula for the de tec tion sys tem, us ing an ac cu rate re la tion for the de tec tor cav ity,
united with rough for mu las con trol ling the in ter ac tions in the gamma-ray source and the ma -
te ri als in tro duced in be tween the source and the gamma-ray spec trom e try. This new tech -
nique is not re stricted to cer tain sources, be cause sev eral source shapes can cor re spond to a
ho mo ge neous huge num ber of point sources and the de tec tor ge om e try can be rep re sented as
a set of bor der points. The tech nique sim ply can be use ful to ob tain the full-en ergy peak ef fi -
ciency in the fu ture, chal leng ing de vel op ments for low-en ergy gamma-ray spec tros copy.
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IN TRO DUC TION 

One of the most com plex in stru ments in the ra di a -
tion mea sure ment field and nu clear ex am i na tions is the
gamma-ray spec trom e ter, the power of the nu mer i cal
val ues sup plied by it are based on the ac cu racy of the
cal i bra tion pro cess for these de tec tors. The gamma-ray
pho tons can travel within the ma te ri als by cre at ing very
slight in ter ac tions, hence this phe nom e non leads to
lower ef fi ciency of the de tec tors in com par i son with the
other types of ra di a tion. There fore, pre cise in for ma tion
on gamma-ray spec trom e ter ef fi ciency has greater
weight [1, 2]. In gen eral, the de tec tion sys tem ef fi ciency 
can be based strongly on sev eral fea tures such as the de -
tec tor and the source di men sions, the en ergy range, the
ar range ment be tween the source and the de tec tor, at ten -
u a tion of sur round ing lay ers, be sides the den sity and the 

com po si tion of the source ma te rial it self. There fore, not 
all the so phis ti cated cal i bra tion set-ups for some de tec -
tor can be valid for oth ers. The ex per i men tal rou tine
cal i bra tion pro cess can be a more au thor i ta tive method
for the ma jor ity of the de tec tors un der their nor mal con -
di tions, but these de tec tors have to be recalibrated again 
for each sam ple con fig u ra tion dif fer ent from the used
stan dard cal i bra tion source struc ture. Sev eral stud ies
were done on the cal i bra tion pro cess for dif fer ent
gamma-ray de tec tors with dif fer ent geo met ri cal ra dio -
ac tive sources [2-8].

The scintillator de tec tors are used for
gamma-ray pho ton de tec tion, due to the high de tec tion 
ef fi ciency which is a sig nif i cant pre req ui site in
gamma-ray spec trom e try for high-qual ity pulse-to-
noise rel a tive ra tio, where the pulse-to-noise rel a tive
ra tio in creases as a func tion of the de tec tion sys tem ef -
fi ciency [9, 10]. The per fect scintillator type must have 
more ra di a tion so lid ity, high-qual ity en ergy re sponse
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and res o lu tion time, more light yield, per spic u ous to
vis i ble light,  su pe rior steadi ness in light pro duc tion
with mod i fy ing the me dium tem per a ture, large Z num -
ber, and high ma te rial den sity [11], where the
gamma-ray spec tros copy ap pli ca tions need such de -
tec tor char ac ter is tics. The de tec tor ef fi ciency is de ter -
mined as a reg is tered frac tion of the ra di a tion, de tected 
by the de tec tor me dium, from the to tal amount of ra di -
a tion pro duced by the source. There fore, the re search -
ers are al ways at tracted to look ing for ma te ri als with
high to tal and full-en ergy peak ef fi ciency, or com pu ta -
tion tech niques for the de tec tion sys tem, es pe cially in
case of low ac tiv ity mea sure ments [12-24].

The well-type de tec tors, in gen eral, are very use -
ful in the case of sam ples that re lease very low en ergy
gamma-ray pho tons from cer tain radionuclides, where 
there is a huge weight for the self at ten u a tion in side the 
sam ple ma te rial [24, 25]. The well-type de tec tors are
used as an al ter na tive co ax ial de tec tor type with the
equiv a lent vol ume, due to the de tec tion solid an gle in
or der of 4p, which is higher in com par i son with the
solid an gle of the stan dard co ax ial de tec tor types [25,
26]. The well-type de tec tors are ideal in case of high
ma te rial den sity, low en ergy gamma-ray pho tons, high 
Z, and high gamma-ray pho ton at ten u a tion in side the
sam ple, the de tec tion ef fi ciency can some times reach
up to 4 or 5 times higher value than the ef fi ciency of
typ i cal co ax ial type de tec tor with the same vol ume
[27, 28]. One of the main rea sons to use the well-type
de tec tor is of fered by lit tle quan ti ties of ma te ri als that
need to be an a lyzed, which are in tro duced in side the
de tec tor well cav ity, to in crease the de tec tor ef fi ciency
and drop the ef fect of the self-ab sorp tion in side the
sam ple it self [25].

The cur rent manu script aims to ex plain a new
spe cific an a lyt i cal com pu ta tion tech nique ACT, de -
pend ing on the de tec tion prob a bil ity of the emit ted
gamma-ray pho tons from the source, to cal cu late the
ef fec tive geo met ri cal solid an gle and the to tal ef fi -
ciency of the cu bic scin til la tion crys tal with a side cy -
lin dri cal hole. This new type of de tec tor is con sid ered
a new ideal and es pe cially well-type in stru ment for
fuel rod scan ning ap pli ca tions and for the
radioimmunoassay method, where the sam ple, or the
source, can be sited in side the side cy lin dri cal hole,
that is set at a 90-de gree an gle to the cu bic scin til la tion
NaI(Tl) de tec tor axis. The pro duc tion of light from the
de tec tor crys tal can be ac cu mu lated by an op ti cal win -
dow, con nected to the de tec tor sur face from one side.
The back ground level is sup posed to be de creased in -
side the side cy lin dri cal hole in the well-type de tec -
tors, and the de tec tor ef fi ciency will be in creased,
which will help to over come the de tec tion lim i ta tions
for short and ex ten sive en ergy range, where the av er -
age g-ray pho tons path length through the de tec tor me -
dium is small in case of high g-ray pho tons. The de tec -
tor ef fi ciency can be given and stud ied as a func tion of
the po si tion of the source through the side cy lin dri cal
hole and the gamma-ray pho ton en ergy.

The ACT is de vel oped to es ti mate the solid an gle 
for cer tain ge om e tries of a ra dio ac tive point source po -
si tioned in the side cy lin dri cal hole of the cu bic scin til -
la tion crys tal de tec tor ge om e try, by us ing the for mu las
of sim ple integrals, which can be solved nu mer i cally
by a writ ten easy com puter pro gram us ing BA SIC lan -
guage. This tech nique can be help ful in the gamma-ray 
spec trom e try sys tem, es pe cially for good ac cu racy of
the cal i bra tion pro cess, but firstly, the geo met ri cal
solid an gle for ax ial and non-ax ial point source in side
the de tec tor cav ity must be stud ied and de ter mined as
the start ing step for this tech nique, then the tech nique
can be ex panded to cover the sources in form of disk or 
vol ume within the cav ity. The gamma-ray pho ton's
path lengths through the source-to-cu bic de tec tor sys -
tem and the at ten u a tion ef fect, due to all the dif fer ent
fac tors that ex ist in the de tec tion sys tem, can be in -
cluded in the ef fi ciency cal cu la tions in that tech nique,
which can be adapted in the fu ture to com pute the ef fi -
ciency of any new gamma-ray spec trom e try de tec tors
in side or out side the lab o ra tory. The de tails of the ACT 
are pre sented in the sec tion of the math e mat i cal model
af ter the in tro duc tion sec tion. The de tails of the cal cu -
la tion re sults and dis cus sion be side the con clu sion are
given in the sec tions of re sults and dis cus sion plus the
con clu sion.

MATH E MAT I CAL MODEL

In the cur rent re search, the ACT to cal cu late the
ef fec tive geo met ri cal solid an gle and the ef fi ciency of
a cu bic scin til la tion crys tal with a side cy lin dri cal
hole, was es tab lished. This de tec tor type was de vel -
oped es pe cially with an ex traor di nary hole in the cen -
ter, to use in the de tec tion pro cess, for low in ten sity
and low en ergy of  X– and gamma-ray pho tons, in a
lower en ergy am bi ent back ground dur ing the mea -
sure ments, which was a big chal lenge for the sci en tists 
and tech ni cal per sons who build up a new de sign for
the gamma-ray de tec tion sys tem and its setup. The
model of the ACT must con tain ac cu rate geo met ri cal
de tails of the source-to-de tec tor sys tem and needs the
gamma-ray lab o ra tory us ers to know ev ery small fac -
tor of an ef fect on the de tec tion sys tem ar range ment,
which has to be in cluded in the model. The cy lin dri cal
de tec tor un der study has a length (2a), width (2b), and
height (2c) be side ra dius, r, and length (2b) for the cen -
ter cyl in der hole. The de tec tor was ir ra di ated from in -
side the side cy lin dri cal hole by us ing a ra dio ac tive
point source, po si tioned on the main axis of the hole
and moved on to be at cer tain ax ial and non-ax ial po si -
tions with lat eral dis place ment, r, as shown in fig. 1.
The de tec tor ge om e try gives the abil ity to cover ap -
prox i mately 4p solid an gles around the source.

The geo met ri cal ef fi ciency eG(Hole) the chance
that g-ray pho tons pass within the de tec tor in the case
of both ax ial and non-ax ial point sources in side the de -
tec tor hole can be given by
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where the source-to-de tec tor pure solid an gle, WG(Hole), 
can be de fined as the frac tion of a cer tain an gu lar range 
based on both po lar q and az i muthal j an gles in 3-D
di men sions space and given by

WG(Hole) d d= òò sin q q j
qj

(2)

where, the po lar an gle q ob tains val ues es tab lished
from 0 up to p/2, while the az i muthal an gle j ob tains
val ues es tab lished from 0 up to j1 and 0 up to j2. 
By tak ing into con sid er ation all the pho ton's path
lengths within the de tec tor and bor der ma te ri als, the
pho ton at ten u a tion in side the de tec tor it self, and the
other sur round ing ma te ri als, fatt. The ef fec tive solid
an gle WEff(Point – Hole) for a non-ax ial point source placed
in side the de tec tor hole can be cal cu lated by

W Eff(Point Hole)- = +4 1 2[ ]I I (3)

where I1 and I2 can be de scribed as
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where f ii
di= - =-( ), , ,1 1 2 3e for andm

The chance that g-ray pho tons trav el ing a dis -
tance di in the de tec tor me dium with no in ter ac tion is 
e–mdi, so its in ter ac tion chance is f ei

di= - -( )1 m , where 
m is the to tal mac ro scopic cross-sec tion of the de tec -
tor's ma te rial. The val ues of j1 and j2 are plot ted in
fig. 2 and they can be rep re sented by the fol low ing eq.

j j1
1

1 2
1

2= =- -tan ( ) tan ( )m x m xand (5)

where m1 = b – r in case of I1 and m2 = b + r in case of I2.

In ad di tion, di, sym bol izes the pos si ble pho ton
path lengths through the de tec tor ma te rial it self and
can be de fined as, d1, d2, ands d3, re spec tively, as
shown in fig. 2. If the pho tons exit from XY, YZ, or XZ 
planes re spec tively, the pre vi ous three path lengths
can be es tab lished us ing the fol low ing ex pres sions
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where m = m1 or m2 for I1 and I2 re spec tively.

The po lar an gles qj1 and qj2 are cor re lated with
the az i muthal an gles j1 and j2, re spec tively, and it can
be ex pressed by the fol low ing equa tion
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Fig ure  1. A ra dio ac tive point
source is lo cated at a dis tance r
from the de tec tor ma jor axis, and
the prob a ble path lengths are d1,
d2, and d3



while the po lar an gles qj0 and qj are cor re lated with
the az i muthal an gles 0 and j, re spec tively, and this can 
be de ter mined by the fol low ing equa tion
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x z
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where x and z are rep re sented in fig. 2 and can be cal cu -
lated as func tions of qj0 by the fol low ing equa tion

x r z x= =sin ( ) , / tan ( )q qj j0 0 (9)

The po lar and az i muthal an gles that gov ern the
in ci dent pho ton's path ways through the de tec tor ma te -
rial can be seen in fig. 3. It is found that q1, rep re sents
the max i mum po lar an gle for the pho tons to leave the
de tec tor ac tive me dium from its base at cer tain val ues
j = 0, where q1 can be cal cu lated us ing eq. (10). More -
over, if the value of the az i muthal an gle j > js the in ci -
dent pho ton will leave the de tec tor by side of the
XZ-plane

q1
1= -tan ( / )a c (10)
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Fig ure 2. A hor i zon tal
cross-sec tional view of the
de tec tor side hole

Fig ure 3. Po lar and az i muthal
an gles for a ra dio ac tive point
source con cern ing the cu bic
de tec tor base (XY-plane)



The az i muthal an gle js takes two dif fer ent val -
ues js1 and js2, as shown in fig. 3; both js1 and js2 can
be cal cu lated by
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where
k c= tan ( )qj0 (12)

The val ues of the path lengths, in gen eral, de -
pend di rectly on the val ues of the po lar and the az i -
muthal an gles un der cer tain con di tions which are
listed
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The av er age path length value d Po Hole( int )- in the
cu bic scin til la tion crys tal, with a side cy lin dri cal hole,
based on the po si tion of the in com ing pho tons from the 
source, can be cal cu lated ac cord ing to
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The to tal ef fi ciency eT (Point Hole)-  of the cu bic
scin til la tion crys tal with a side cy lin dri cal hole, in the
case of non-ax ial point sources lo cated in side the de -
tec tor hole, can be de fined as the ra tio be tween the
num ber of gamma-ray pho tons that are re corded in the
de tec tor, with any pos si ble en ergy, dur ing a cer tain
time in ter val, and the num ber of gamma-ray pho tons
that are emit ted by the source dur ing the same time in -
ter val [29]. It is re lated to the in trin sic to tal ef fi ciency 
eiT  by the fol low ing equa tion

e e eT(Point Hole) G(Hole)
eff(Point Hole)

where

-
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= =iT
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iT att i att
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Usu ally, not all gamma-ray pho tons that en ter
the de tec tor will be re corded with it, de pend ing on the
de tec tor di men sions, the pho ton en ergy, and the de tec -
tor ma te rial type. There fore, in trin sic to tal ef fi ciency
eiT can be de fined as the ra tio be tween the num ber of
pho tons that are re corded by the de tec tor and the num -
ber of pho tons that en ter the de tec tor [29]. More over, it 
can rep re sent the chance that gamma-ray pho tons will
go through an in ter ac tion in side the de tec tor ma te rial.
Now the equa tion num ber (16) can be re writ ten in de -
tail by us ing
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By us ing the def i ni tion of the av er age path
length value d (Point Hole)-  in the cu bic scin til la tion crys -
tal with a side cy lin dri cal hole, in eq. (15), the in trin sic
to tal ef fi ciency,  eiT, can be cal cu lated by the fol low ing
re la tion

e
m

iT att i att
d

f f f= = -
- -[ ]1 e (Point Hole) (18)

Nu mer i cal eval u a tion of all the in te gra tions was
ex e cuted us ing the trap e zoidal rule, where a com puter
pro gram was pre pared con cern ing the source at any
sep a ra tion ax ial and non-ax ial source-to-de tec tor dis -
tance in side the hole, while the pre ci sion of the in te -
gra tion came to gether very well at the num ber of the
in ter vals n un der ev ery in te gra tion reach to n = 20. By
set ting the value of the lat eral dis tance  r equal to zero,
the ax ial value of any phys i cal quan ti ties that are de -
fined at the top, can be cal cu lated sim ply.

RE SULTS AND DIS CUS SION

Based on the scin til la tion de tec tor's ad van tages,
where it has high ef fi ciency and can be fab ri cated in
dif fer ent sizes and shapes, the NaI(Tl) has many ap pli -
ca tions in med i cal and in dus trial zones. The novel ca -
pa bil ity of the cu bic scin til la tion crys tal with a side cy -
lin dri cal hole ex hib its a high chal lenge in com par i son
to the el derly shapes that were pre pared by sev eral
man u fac tur ers, in the cy lin dri cal form [30]. The de tec -
tion pro cess can be done when the gamma-ray pho tons 
strike the de tec tor from the square side, which is called 
the en trance win dow of the de tec tor, or when the
gamma-ray pho tons strike the de tec tor through the
side cy lin dri cal hole of the de tec tor. Typ i cally, the
side-well de tec tors are used in ap pli ca tions that would
not al low for the height of a straight-on de tec tor de sign 
and re quire spe cial de tec tor ge om e tries. The side-well
de tec tor de sign is hard to be man u fac tured, since the
scin til la tion light must travel around the well, it is very
dif fi cult to com pen sate for the in trin sic losses. More
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re cently, many ap pli ca tions that would have used a
side-well de tec tor are solved with shorter
photomultiplier tubes, or sil i con photomultipliers.
More over, there is an al ter na tive de sign that does not
ex hibit the losses that are in her ent in the de tec tor me -
dium, such as the de tec tor un der the pres ent study,
where the crys tal is such that in ter ac tions tak ing place
in dif fer ent parts of the scin til la tion ma te rial give the
same sig nals in the PMT [30].

It was mo ti vat ing and use ful to per form a broad
study on a new un com pli cated ACT to reach ac cu rate
ad van tages of the cu bic NaI(Tl) scin til la tion crys tal
with a side cy lin dri cal hole within 0.05 up to 3.00 MeV
as the en ergy range. This work is most im por tant for the
knowl edge about the de tec tion pro cess be hav ior when
the point source is lo cated within the side cy lin dri cal
hole of the cu bic de tec tor at dif fer ent po si tions. The
most im por tant point, in this case, is to ob tain the true
solid an gle ex actly and the gamma-ray pho ton path
length within a de tec tor ma te rial. In the high-en ergy re -
gion, de ter min ing the ef fi ciency of such a de tec tor is too 
com pli cated be cause there is no stan dard ra dio ac tive
cal i bra tion source that re leases gamma-ray pho tons
with en ergy in the re gion of 3 MeV. Con se quently, the
ex per i men tal cal i bra tion of such a de tec tor and the ef fi -
ciency cal cu la tions with high en ergy can not be done by
us ing the stan dard g-ray sources in prac tice. Be sides all
of that, it will not suc ceed to make in ter po la tion and ex -
trap o la tion for a few mea sured ef fi ciency points, to
cover all the re gions with the best fit ting func tion, es pe -
cially in the high en ergy re gion. To rise above these
trou bles, the ACT was in tro duced in this pa per to cal cu -
late the geo met ri cal solid an gle  WG(Hole) , the ef fec tive
solid an gle WEff(Point Hole)- , the geo met ri cal ef fi ciency 
eG(Hole) , and the to tal ef fi ciency eT (Point Hole)- , of cu bic
NaI(Tl) scin til la tion crys tal with a side cy lin dri cal hole,
at dif fer ent lo ca tions and en er gies, in side the de tec tor
hole. 

The gamma-ray pho ton av er age path length 
d (Point Hole)-  within the de tec tor ma te rial, was cal cu lated
as well, there fore math e mat i cally the de tec tor can be cal i -
brated, and ob tain ing val ues of the ef fi ciency with high ac -
cu racy may be the study's need for fine-tun ing with the
avail able mea sured data at sev eral points of en ergy. The
geo met ri cal draw ing for cu bic NaI(Tl) scin til la tion crys tal
with a side cy lin dri cal hole was sup plied by the SCIONIX
HOL LAND BV com pany for scin til la tion de tec tors and
ra di a tion de tec tion in stru ments [31]. The type of de tec tor
was V76AP76/3M-X, while the geo met ri cal num ber for
the draw ing was VS-1104-40, which con tains the PM tube 
and its con nec tions with the de tec tor, in clud ing all the
spec i fi ca tions, as shown in fig. 4. The XCOM pro gram
[32] was used to cal cu late the to tal mac ro scopic cross-sec -
tion of the de tec tor's ma te rial, the de tec tor win dow ma te -
rial, and the rest of the lay ers that ex ist in the de tec tor struc -
ture. All the previous cal cu la tions were done by as sum ing
the ra dio ac tive source placed on the hole ma jor Y-axis, has 
a point-like shape, as shown in fig. 5, at eight dif fer ent lat -

eral dis tances r  which  start  from  0  cm  up to 3.5 cm. The
ob tained re sults were com pared with the pub lished data
for the cy lin dri cal NaI (Tl) de tec tor with a full side hole
[30], un der the same con di tions of en ergy, source shape,
and source po si tion. To ob tain the ef fec tive solid an gle, 
WEff(Point Hole)- ac cu rately, the pho ton's path length
through the de tec tor ac tive me dium was es ti mated.

The geo met ri cal solid an gle WG(Hole)  and the geo -
met ri cal ef fi ciency eG(Hole) were cal cu lated at each lat -
eral dis tance r in side the cu bic de tec tor hole and it was
com pared with the cy lin dri cal de tec tor re sults as re -
ported in tab. 1. It was found that the val ues of both
have the same be hav ior, where they were de creased as
the lat eral dis tance r in creased. In ad di tion, it was no -
ticed that the val ues of both of them, in the case of the
cu bic de tec tor, were slightly greater than those for the
cy lin dri cal de tec tor, this is due to an in sig nif i cant dif -
fer ence in the vol ume, where the vol ume of the cyl in -
der de tec tor is 304 cm3 and while the vol ume of the cu -
bic de tec tor is 397 cm3, while both have the same in ner 
ra dius 1.32 cm and the same hole length 7.6 cm.

The ef fec tive solid an gle of the cu bic de tec tor
was cal cu lated for ax ial and non-ax ial po si tions to
show the vari a tion of lat eral dis tance r on its value.
This study was done by us ing a ra dio ac tive point
source lo cated on the de tec tor hole ma jor Y-axis, at
eight po si tions. The change of the ef fec tive solid an gle 
WEff(Point Hole)-  for the cu bic de tec tor, as a func tion of
pho ton en ergy, was plot ted in fig. 6 and com pared with 
the val ues of the cy lin dri cal de tec tor [30]. The graphs
show that the ef fec tive solid an gle WEff(Point Hole)-  was
de creased as the lat eral dis tance, r, in creased for both
cu bic and cy lin dri cal de tec tors. More over, there was
an in ter sec tion point be tween the curves for both de -
tec tors, this in ter sec tion point moved to the low en ergy 
re gion as the lat eral dis tance, r, in creased. At all the
val ues of the lat eral dis tance r, the value of ef fec tive
solid an gle WEff(Point Hole)- , for the cu bic de tec tor in the
re gion of low en ergy, is the higher one com pared to the 
cy lin dri cal de tec tor val ues due to the pho to elec tric
phe nom ena, be ing gov erned by the in ter ac tions with a
high prob a bil ity, based on the large cu bic de tec tor vol -
ume re lated to cy lin dri cal de tec tor vol ume. The ver ti -
cal line in fig. 6 shows the po si tion of the in ter sec tion
and it clears the line more to the low en ergy re gion as
the val ues of the lat eral dis tance r in creased. 

The de tec tion ef fi ciency pro cess is con sid ered to 
be an im por tant is sue in the field of gamma-ray spec -
tros copy, where the de tec tion ef fi ciency in di cates the
prob a bil ity of de tec tion for the gamma-ray pho tons. A
cor rect and ex act cal i bra tion pro cess is ex tremely sig -
nif i cant for the quan ti ta tive mea sure ment of an un -
known sam ple. The per fect ra di a tion de tec tion setup
must have a high qual ity of en ergy res o lu tion with
high ef fi ciency as well, which is al most not easy to
have in re al is tic ap pli ca tions, a ne go ti a tion is usu ally
nec es sary [30]. The de tec tor size and the gamma-ray
pho ton in ter ac tion rep re sent the main fac tors that con -
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trol the de tec tion ef fi ciency. A lim i ta tion of the ef fi -
ciency is that it is mod i fied each time as the de tec tion
ge om e try setup is var ied. To con struct the ef fi ciency
val ues ap prox i mately in de pend ent of the de tec tion ge -
om e try, the in trin sic ef fi ciency was de fined as the
num ber of pulses de tected over the num ber of ra di a -
tion quanta in ci dents on the de tec tor. Cur rently, the de -
tec tor ef fi ciency can be ex plained per num ber of
gamma-ray pho tons in ci dent on the de tec tor ma te rial,
there fore the power of the de tec tion ge om e try is a
good deal com fort able and the ef fi ciency is al most
self-gov erned by the ge om e try. How ever, at a very
close source-to-de tec tor setup dis tance, the in trin sic
ef fi ciency may vary sig nif i cantly due to changes in the

path length through the de tec tor and there fore, care
should be taken in this sit u a tion. If all the sig nals from
the de tec tor were con sid ered de pend ing on the in ter ac -
tions con cerned with ev ery gamma-ray pho ton in the
whole spec trum, in this sit u a tion the to tal ef fi ciency
will be ap plied. The to tal ef fi ciency eT (Point Hole)-  of the 
cu bic scin til la tion crys tal with a side cy lin dri cal hole
in case of non-ax ial point sources lo cated in side the
de tec tor hole for each lat eral dis tance r was tab u lated
in tab. 2. 

Those val ues were cal cu lated at en er gies start ing 
from 0.05 MeV up to 3.00 MeV. In gen eral, the to tal ef -
fi ciency eT (Point Hole)-  shows de creas ing in its val ues as 
the lat eral dis tance r if its gamma-ray pho ton en er gies
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Fig ure 4. Geo met ri cal draw ing for cu bic NaI(Tl)  scin til la tion crys tal with a side cy lin dri cal hole en clos ing con nec tions of
PM tube [31]



in creased. In ad di tion, there are com par a tive stud ies
with the val ues of the cy lin dri cal de tec tor [30] as well
in tab. 2 at the same po si tions and en er gies. At all the
val ues of the lat eral dis tance r the value of to tal ef fi -
ciency eT (Point Hole)-  for the cy lin dri cal de tec tor till the
gray color cells in tab. 2 is the higher one com pared to
the cu bic de tec tor val ues, while af ter the gray color
cells the sit u a tion was re versed. This may be due to the
dif fer ence in de tec tor vol umes, which leads to a
change in the in trin sic ef fi ciency of each de tec tor from 
the oth ers. The in trin sic and to tal ef fi cien cies can be
based on each other with the pos si bil ity of the in ci -
dence of gamma-rayphotons on the de tec tor ma te rial.
The geo met ri cal solid an gle can be used and is used to
in di cate this pos si bil ity.

Based on the ACT, fig. 7 rep re sents a spe cial com -
par i son be tween the av er age path length d ( )Point Hole-

through the cu bic and the cy lin dri cal de tec tors [30]. It
was found that as the r/b ra tio, along with the hole de tec -
tor's Y-axis, in creases on both sides from the hole cen ter,

the av er age path length d ( )Point Hole-  for a cy lin dri cal de -
tec tor de creases, while its val ues slightly re mains
con stant in the case of the cu bic de tec tor. This can be due
to the sym met ric shape around the hole in both de tec tors
and the dif fer ence in both shapes, as well.

Fig ure 8 rep re sents the vari a tion of the geo met ri -
cal ef fi ciency eG(Hole)  con cern ing the r/b ra tio along
the hole de tec tor's Y-axis. It is found that the geo met ri -
cal solid an gle eG(Hole)  for both cu bic and cy lin dri cal
de tec tors [30],  has its max i mum value at the cen ter of
the hole, while it was de creased to reach its min i mum
val ues at both ends of the hole, within both de tec tors.
More over, the val ues for the cu bic de tec tor are much
higher than for the cy lin dri cal de tec tor, due to an in sig -
nif i cant dif fer ence in the di men sions.

CON CLU SION

The ACT for the cal cu la tion of the pure geo met -
ri cal solid an gle, the geo met ri cal ef fi ciency, and the to -
tal ef fi ciency of cu bic scin til la tion crys tal with a side
cy lin dri cal hole, is in tro duced in this work. The
method is de pend ing on the di a gram of the orig i nal
pos si bil ity of gamma-ray pho ton de tec tion, which ex -
plains the phys i cal form for the de tec tion in the real,
par tic u lar stud ied con di tions. In ad di tion, it re pro -
duces the ap pli ca ble char ac ter is tics of the de tec tion
pro ce dure. This pos si bil ity is based ex plic itly on the
path of the gamma-ray ra di a tion, al low ing for the im -
prove ment and wider ap pli ca tion of mod els than the
tra di tional ones, de pend ing on the in te gra tion pro cess.
This method is con sid ered to be a sim ple and ex -
tremely fast pro cess for cal i bra tion pro ce dures. This
style of de tec tor is per fect for fuel rods and pipe line
ex am in ing rea sons, be sides the ra dio-immunoassay
per for mance. The path lengths of gamma-ray pho tons
were stud ied across the de tec tor and dis cussed over all
the cal cu la tions, be sides the pho ton av er age path
length in side the de tec tor me dium it self. The tech -
nique is suit able for any type of source-to-de tec tor de -
sign, where it can be use ful, af ter sev eral ad just ments,
to de ter mine the full-en ergy peak in the case of a cy lin -
dri cal ra dio ac tive source lo cated in side or out side the
de tec tor hole. This will be ex posed in a fu ture pa per
jointly with a new mea sur ing ev i dence. The out comes
show good qual ity of its be hav ior and a help ful ap -
proach for the novel de tec tors pro duc tion, which can
be used for mea sur ing ra di a tion at low-level.

AU THORS' CON TRI BU TIONS

M. S. Badawi and A. A. Thabet car ried out the
the o ret i cal for mu las and the nu mer i cal val i da tion test -
ing.  Both au thors wrote the ar ti cle to gether. In ad di -
tion, all the au thors ar ranged, re viewed, and dis cussed
the re sults within the ar ti cle.
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Fig ure 5. Ra dio ac tive sources were placed at eight
po si tions on the de tec tor hole ma jor Y-axis

Ta ble 1. Vari a tion of geo met ri cal solid an gle  WG(Hole) and
the geo met ri cal ef fi ciency eG(Hole) as a func tion of lat eral
dis tance r

Lat eral
dis tance
r [cm]

Geo met ri cal solid an gle 
WG(Hole)

Geo met ri cal ef fi ciency 
eG(Hole)

Cu bic
de tec tor

Cy lin dri cal
de tec tor [30]

Cu bic
de tec tor

Cy lin dri cal
de tec tor [30]

0.0 11.915 11.694 0.948 0.931

0.5 11.811 11.546 0.940 0.919

1.0 11.678 11.458 0.929 0.912

1.5 11.525 11.221 0.917 0.893

2.0 11.094 10.767 0.883 0.857

2.5 10.469 10.044 0.833 0.799

3.0 9.381 8.953 0.747 0.712

3.5 7.840 7.185 0.624 0.572
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Fig ure 6. Com par i son be tween the ef fec tive solid an gle W Eff(Point-Hole) for the cu bic and the cy lin dri cal de tec tor as a
func tion of pho ton en ergy and the lat eral dis tance r
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Ta ble 2. Com par i son be tween the to tal ef fi ciency  eT (Point Hole)-  for the cu bic and the cy lin dri cal de tec tor as a func tion of
pho ton en ergy and the lat eral dis tance r

Lat eral
dis tance r

[cm]

To tal ef fi ciency,  eT (Point Hole)-

Ax ial r = 0.0 Non-Ax ial r ¹ 0

Cu bic
de tec tor

Cy lin dri cal
de tec tor [30]

0.5 1.0 1.5

Cu bic
de tec tor

Cy lin dri cal
de tec tor [30]

Cu bic
de tec tor

Cy lin dri cal
de tec tor [30]

Cu bic
de tec tor

Cy lin dri cal
de tec tor [30]

]
V

e
M[ y

gr
 e

n
e 

n
o t

o
h

P

0.05 0.795 0.865 0.789 0.859 0.779 0.851 0.768 0.833

0.06 0.821 0.875 0.814 0.870 0.805 0.860 0.794 0.842

0.08 0.835 0.882 0.829 0.877 0.819 0.867 0.808 0.846

0.10 0.828 0.882 0.821 0.878 0.813 0.866 0.803 0.844

0.15 0.771 0.855 0.765 0.850 0.760 0.835 0.750 0.807

0.20 0.692 0.769 0.687 0.764 0.684 0.748 0.675 0.552

0.30 0.553 0.590 0.549 0.586 0.548 0.573 0.540 0.552

0.40 0.470 0.488 0.466 0.485 0.466 0.475 0.459 0.458

0.60 0.386 0.391 0.384 0.398 0.383 0.381 0.379 0.368

0.80 0.342 0.342 0.340 0.340 0.340 0.333 0.336 0.322

1.00 0.312 0.309 0.310 0.307 0.310 0.301 0.307 0.291

1.20 0.290 0.285 0.288 0.283 0.288 0.278 0.285 0.269

1.40 0.274 0.268 0.272 0.266 0.272 0.261 0.269 0.252

1.60 0.261 0.254 0.259 0.253 0.259 0.248 0.256 0.240

1.80 0.251 0.244 0.249 0.242 0.250 0.238 0.247 0.230

2.00 0.243 0.236 0.242 0.235 0.242 0.230 0.247 0.230

2.20 0.237 0.230 0.236 0.228 0.236 0.224 0.233 0.217

2.40 0.232 0.224 0.231 0.223 0.231 0.219 0.228 0.212

2.60 0.228 0.220 0.227 0.219 0.227 0.215 0.224 0.208

2.80 0.225 0.217 0.224 0.216 0.224 0.212 0.221 0.205

3.00 0.222 0.214 0.221 0.213 0.221 0.209 0.219 0.202

Lateral
dis tance
r [cm]

To tal ef fi ciency  eT (Point Hole)-

Non-Ax ial r ¹ 0

2.0 2.5 3.0 3.5

Cu bic
de tec tor

Cy lin dri cal
de tec tor [30]

Cu bic
de tec tor

Cy lin dri cal
de tec tor [30]

Cu bic
de tec tor

Cy lin dri cal
de tec tor [30]

Cu bic
de tec tor

Cy lin dri cal
de tec tor [30]

0.05 0.742 0.799 0.700 0.745 0.627 0.659 0.519 0.528

0.06 0.766 0.807 0.723 0.752 0.648 0.665 0.537 0.534

0.08 0.780 0.810 0.737 0.753 0.662 0.664 0.549 0.535

0.10 0.776 0.806 0.733 0.746 0.659 0.656 0.549 0.530

0.15 0.727 0.764 0.688 0.702 0.624 0.616 0.527 0.504

0.20 0.656 0.680 0.622 0.623 0.568 0.549 0.490 0.457

0.30 0.526 0.522 0.502 0.481 0.464 0.428 0.410 0.365

0.40 0.448 0.433 0.429 0.401 0.398 0.359 0.356 0.309

0.60 0.370 0.349 0.355 0.324 0.331 0.292 0.299 0.254

0.80 0.328 0.306 0.315 0.284 0.295 0.257 0.267 0.224

1.00 0.300 0.277 0.288 0.258 0.270 0.233 0.245 0.204

1.20 0.279 0.256 0.268 0.238 0.251 0.216 0.229 0.189

1.40 0.263 0.240 0.253 0.224 0.237 0.203 0.216 0.178

1.60 0.251 0.228 0.241 0.213 0.227 0.193 0.207 0.170

1.80 0.242 0.219 0.232 0.204 0.218 0.186 0.199 0.164

2.00 0.234 0.212 0.225 0.198 0.212 0.180 0.194 0.158

2.20 0.229 0.206 0.22. 0.193 0.207 0.175 0.189 0.154

2.40 0.224 0.202 0.215 0.188 0.202 0.171 0.185 0.151

2.60 0.220 0.198 0.212 0.185 0.199 0.168 0.182 0.148

2.80 0.217 0.195 0.209 0.182 0.196 0.166 0.180 0.146

3.00 0.214 0.192 0.206 0.180 0.194 0.164 0.178 0.144
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ing on the scin til la tion the ory, to of fer a geo met ric di a -
gram of this de tec tor, which could not have been ef fec -
tively suc cess ful with out it.
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The data that sup port the find ings of this study
are avail able from the cor re spond ing au thor upon rea -
son able re quest.
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ANALITI^KA  TEHNIKA  PRORA^UNA  EFEKTIVNOG  GEOMETRIJSKOG
PROSTORNOG  UGLA  I  EFIKASNOSTI  KUBI^NOG  SCINTILACIONOG

KRISTALA  SA  BO^NOM  CILINDRI^NOM  RUPOM

U oblasti spektroskopije gama-zra~ewa, radiometrijsko ispitivawe malih koli~ina
prirodnih uzoraka je izuzetno zna~ajno. Zbog toga se kalibracija spektrometrije gama-zra~ewa
mora pripremiti sa dobrom precizno{}u za nekoliko energija, matrica izvora ili uzoraka i
oblike prostora od izvora do detektora. U ovom rukopisu razmatra se nova, nekomplikovana
tehnika analiti~kog prora~una za odre|ivawe efektivnog geometrijskog prostornog ugla i
efikasnost kubi~nog scintilacionog kristala sa bo~nom cilindri~nom rupom. Prora~uni se mogu 
obaviti kori{}ewem jednostavne metode, sa nekoliko su{tinskih ograni~ewa, koja opisuje
radioaktivne ta~kaste izvore sme{tene unutar bo~ne cilindri~ne rupe i visokoefektivni
kubi~ni NaI(Tl) detektor, zajedno sa niskim pozadinskim zra~ewem. Tehnika se zasniva na
analiti~koj formuli sa prostornim uglom za sistem detekcije, koriste}i ta~nu jedna~inu za
{upqinu detektora, udru`enu sa grubim formulama koje kontroli{u interakcije u izvoru
gama-zra~ewa i materijalima unetim izme|u izvora i gama-spektrometrije zra~ewa. Ova nova
tehnika nije ograni~ena na odre|ene izvore, jer vi{e oblika izvora mo`e odgovarati velikom
homogenom broju ta~kastih izvora te geometrija detektora mo`e biti predstavqena kao skup
ta~aka na granici. Tehnika jednostavno mo`e biti korisna u budu}nosti za postizawe maksimalne
efikasnosti u piku energije, {to predstavqa izazov za razvoj niskoenergetske gama-zra~ne
spektroskopije.

Kqu~ne re~i: analiti~ki prora~un, kubi~ni scintilacioni kristal, bo~na cilindri~na rupa, 
..........................geometrijski prostorni ugao, efikasnost detektora


