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This work deals with full-en ergy peak ef fi ciency for a count ing ar ray of  two NaI(Tl) scin til la -
tion de tec tors (2² ́  2² and 3² ́  3² with 7.5% and 8.5% res o lu tions, re spec tively) and ra dio ac -
tive sources in the form of rect an gu lar par al lel epi peds of var i ous di men sions. Aque ous so lu -
tions con tain ing the 152Eu radionuclide were used; the lat ter ex hib its a fa vour able multiline
gamma spec trum cov er ing a wide en ergy range from121.78 keV up to 1408.03 keV. A new
math e mat i cal and an a lyt i cal ap proach to the prob lem is de vel oped. The well known, ac cu rate
and widely used ef fi ciency trans fer prin ci ple is ap plied, to gether with de tec tor ef fi ciency cal -
cu la tions based on the ef fec tive solid an gle con cept. The self-at ten u a tion of the source ma trix,
at ten u a tion by the source con tainer and de tec tor hous ing ma te ri als, as well as a num ber of
other rel e vant de tails of the ex per i men tal set-up were duly ac counted for. A re mark able agree -
ment be tween the mea sured and cal cu lated ef fi cien cies was ob served for a va ri ety of
source-to-de tec tors dis tances, con firm ing the re li abil ity of the method de vel oped.

Key words: ef fec tive solid an gle, full-en ergy peak ef fi ciency, gamma de tec tor, rect an gu lar
parallelepiped source

IN TRO DUC TION

Full-en ergy peak ef fi ciency (FEPE) is an im por -
tant fac tor to be de ter mined in a g-spec tros copy sys tem 
aim ing to pro duce ab so lute mea sure ments (e. g. in ter -
ac tion cross-sec tion de ter mi na tion, quan ti ta tive el e -
men tal anal y sis, ra dio ac tiv ity mea sure ments, etc.).
Many re search ers have ap plied Monte Carlo sim u la -
tion soft ware to solve the prob lem of ef fi ciency cal i -
bra tion, ei ther gen eral pur pose (e. g. PENELOPE,
MCNP, and EGS) [1] or ded i cated ones, such as
GESEPCOR [2] or DETEFF [3]. Our ra di a tion phys -
ics laboratory (Prof. Y. S. Selim Lab o ra tory, De part -
ment of Phys ics, Fac ulty of Sci ence, Al ex an dria Uni -
ver sity, Egypt) has pre vi ously de vel oped a di rect
math e mat i cal cal cu la tion method (DMC) based on ex -
act math e mat i cal mod el ing and ex pres sions [4-10]. In
this way, prob lems of ef fi ciency cal i bra tion for dif fer -

ent de tec tors were ad dressed for FEPE [4-7] and for
to tal ef fi ciency [8-10]. Un re li able spec i fi ca tions of de -
tec tor pa ram e ters led to the use of op ti mized pa ram e -
ters in stead of those pro vided by the man u fac tur ers.

To cope with the sen si tiv ity of the cal cu lated
FEPE to in ac cu rately re port de tec tor pa ram e ters (as is, 
to a lesser or greater de gree, the case), the ef fi ciency
trans fer (ET) prin ci ple was ap plied in the pres ent
work. FEPE val ues were cal cu lated via ef fec tive solid
an gles by DMC. The count ing ar range ment con sid -
ered in cludes an ar ray of two g-de tec tors and a rect an -
gu lar parallelepiped source. The di men sions of both
the de tec tors and the source are var ied in sub se quent
val i da tion ex er cises.

Moens [11] pi o neered the ef fi ciency trans fer
tech nique. It is based on the as sump tion that the ra tio
of the FEPE to the ef fec tive solid an gle is in de pend ent
of the sam ple ge om e try and com po si tion for a given
g-ray en ergy and is, thus, an in trin sic prop erty of the
de tec tor [12].
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The ET, as pro posed by Moens and co-au thors, is 
car ried out ac cord ing to the equa tion
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target

ref
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where etar get and eref, are the FEPE for the g-de tec tor
count ing the tar get (point, plane, and vol ume) and ref -
er ence ge om e try, re spec tively, while, Wtar get and Wref,
are the ef fec tive solid an gles sub tended by the de tec tor
sur face with the tar get and the ref er ence ge om e try, re -
spec tively. The two ef fec tive solid an gles were com -
puted by us ing the DMC. For the de ter mi na tion of the
ex per i men tal ref er ence ef fi ciency, eref, the ef fi ciency
trans fer ap proach was used [13].

Mak ing use of the ET tech nique, the pres ent
work as sumes that: the FEPE of a sys tem com posed of
two dis crete de tec tors count ing a rect an gu lar
parallelepiped ra dio ac tive source can be cal cu lated
based on the FEPE ref er ence of the sys tem with re -
spect to a ra dio ac tive point source, so that
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where  e grec
sys ( )E  and e gref

sys ( )E , are the FEPE for the
two com bined g-ray de tec tors us ing a rect an gu lar ra -
dio ac tive parallelepiped source and a ra dio ac tive point 
source as the ref er ence ge om e try, re spec tively, while  
e grec

sys ( )E  and e gref
sys ( )E  are the ef fec tive solid an gles

sub tended by the de tec tor sur face with the source and
the ref er ence ge om e try, re spec tively. 

MATH E MAT I CAL ELAB O RA TION

This sec tion ex plains in de tail the der i va tion of
math e mat i cal ex pres sions used to cal cu late ef fec tive
solid an gles for point as well as for rect an gu lar
parallelepiped sources with re spect to a cy lin dri cal
bi-de tec tor sys tem. The cal cu la tions take into ac count
any at ten u at ing ma te rial in be tween the source and the
ac tive ma te rial of the de tec tion sys tem, in clud ing the
de tec tor end-cap, holder and source con tainer ma te -
rial, as well as source self-ab sorp tion. 

Ef fec tive solid an gle for a point
source and a cy lin dri cal de tec tor

In a spher i cal co-or di nate sys tem, the geo met ri -
cal solid an gle, Wgeo met ri cal, sub tended to a de tec tor sur -
face by an ar bi trarily lo cated ra dio ac tive point source
[14, 15] is given by

Wgeometrical d d= òò sin q j q
jq

(3)

where q and j are the po lar and az i muthal an gles, re -
spec tively, while the ef fec tive solid an gle, Wef fec tive, is
de fined as

Weffective att d d= òò f sin q j q
jq

(4)

where fatt is a fac tor for de scrib ing the at ten u a tion of
the in ci dent ra di a tion due to the dif fer ent ma te ri als act -
ing as attenuators be tween the source and the de tec tor
which can be ex pressed by the equation
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where, mi is the to tal at ten u a tion co ef fi cient, with out
co her ent scat ter ing, of the ith ab sorber for a g-ray pho -
ton with en ergy, Eg, its value ob tained from [16]; di –
the dis tance trav elled in the ma te rial and, n, de notes
the num ber of ab sorb ers be tween the source and the
de tec tor's ac tive ma te rial.

Con sid er ing a cy lin dri cal de tec tor de noted by
cyl of ra dius R and depth L (see fig. 1), the ef fec tive
solid an gle, Wpnt

cyl ( , , )h Rr , sub tended to an ar bi trary
iso tro pic point source de noted by pnt above the de tec -
tor sur face by a dis tance h and dis placed lat er ally by a
dis tance r we ob tain
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with the at ten u a tion fac tor,  fatt, ex pressed as the prod -
uct of two fac tors

fatt =  fhold   fcap (7)

where fhold and  fcap are the at ten u a tion  fac tors for the
holder and end-cap, re spec tively, each de pend ent on
both the en ergy and di rec tion of the emerged pho ton,
while the screen ing ef fect of the source and source
con tainer were ne glected. So the,  fhold, can be rep re -
sented by the equa tion
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where µhold is the to tal lin ear at ten u a tion co ef fi cient of
the holder ma te rial thold – the thick ness of the holder,
and q – the az i muthal an gle.

Fur ther, fcap, can be ex pressed by the fol low ing
multirange equa tion, where the rep re sent ing ex pres -
sion is de ter mined ac cord ing to the val ues of q1, qcap,
and jcap
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where q and j are, the po lar and az i muthal an gles, re -
spec tively, of the di rec tion of the emerged pho ton,
while µcap and tcap, are the to tal lin ear at ten u a tion co ef -
fi cients of the end-cap ma te rial and its thick ness, re -
spec tively.

Where the max i mum az i muth an gle, jmax, is
given by the equa tion
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and the po lar an gles are de ter mined by
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Ef fec tive solid an gle us ing a
point source with a bi-de tec tor

A de tec tion sys tem com posed of two dis crete ac -
tive ma te rial re gions (de tec tors), in this in stance, act -
ing as a bi-de tec tor sys tem. Each re gion has a cy lin dri -
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Fig ure 1. Ar bi trarily lo cated iso tro pic point source with a cy lin dri cal de tec tor for r ³ R and r < R



cal shape with no re stric tions on their di men sions,
both are of a dif fer ent size, while the sep a ra tion be -
tween the two ma te rial re gions can be ar bi trarily cho -
sen, as de scribed in fig. 2.

The sep a ra tion be tween the two cy lin dri cal de -
tec tors rep re sented by the axis-to-axis dis tances, D12,
RD1

; RD2
, de notes the de tec tors, Det-A, and, Det-B, ra -

dii, re spec tively, while LD1
 and LD2

, de note their re -
spec tive lengths. The sys tem was ar ranged so that the
end-caps sur faces of the de tec tors were placed in the

same plane, while the de tec tors, Det-A, and, Det-B,
sur faces were lo cated at, ZD1

 and ZD2
, un der that plane,

re spec tively.
The ef fec tive solid an gle sub tended by a ra dio ac tive

iso tro pic point source and sur faces of the sys tem com posed
of two de tec tors (bi-de tec tors, fig. 2), is ex pressed as the
sum of ef fec tive solid an gles sub tended by the source and
sur faces of each of the two de tec tors. The ef fec tive solid an -
gle for the sys tem, Wpnt

sys ( , , , , )h R R Dr1 1 2 12 , us ing an iso -
tro pic point source lo cated at a dis tance H from the com mon 
end-cap and dis placed lat er ally from the Det-A axis a dis -
tance r1, is hence given as
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where W Wpnt
A

pnt
Band  are the ef fec tive solid an gles

sub tended by the sur faces of de tec tors Det-A and
Det-B from the point source, re spec tively.

Ef fec tive solid an gle us ing a rect an gu lar
parallelepiped with a bi-de tec tor

Con sider a rect an gu lar parallelepiped source,
fig. 3, its width de noted as WS, its depth de noted as Ds,
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Fig ure 2. Sche matic di a gram of the bi-de tec tor sys tem
with an ar bi trary point source

Fig ure 3. Sche matic di a gram of the bi-de tec tor de tec tion sys tem with an ar bi trarily lo cated parallelepiped source



and its height de noted as Ls. The source is placed ar bi -
trarily, so that its plane of sym me try is co in ci dent with
the plane of sym me try of the de tec tion sys tem. The
source sep a rated from the com mon end-cap is de noted
by Hs, and its axis, lat eral from, Det-A, is de noted as
Xs.

Ac cord ing to [17, 18] treat ing a vol u met ric ra -
dio ac tive source as a group of point sources which are
uni formly dis trib uted. Sim i larly, us ing the ap pro pri ate 
Car te sian co-or di nate sys tem, the ef fec tive solid an gle
of the vol u met ric rect an gu lar parallelepiped source, 
Wrec

sys
s s s s s D( , , , , ),W D L X H Z , can be ex pressed by the

in te gra tion
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where the integrand, Wpnt
sys ( , , )x y z , rep re sents the ef -

fec tive solid an gle of the sys tem sur face sub tended by
a point source lo cated in the Car te sian co-or di nate, (x,
y, z), as in fig. 3, rep re sented by the equa tion
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where, the lat eral dis tances can be ex pressed in the
Car te sian co or di nate sys tem by the equa tion
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where fatt, in eq. (6) rep re sents the at ten u a tion due to
the source self-ab sorp tion and the other ab sorb ers be -
tween the source and the de tec tor, as given by the
equa tion

f f f f fatt s con hold cap= (16)

where, fs, fcon, fhold, and fcap rep re sent the at ten u a tion
due to the source, source con tainer ma te rial, holder,
and end-cap, re spec tively, each de pend ent on both
the en ergy, as well as the di rec tion of the emerged
pho ton.

The at ten u a tion due to holder ma te rial, fhold, can
be rep re sented by the equa tion
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where µhold is the to tal lin ear at ten u a tion co ef fi cient of
the holder ma te rial and, thold – the thick ness of the
holder ma te rial, and  q – the po lar an gle while fcap is ex -
pressed by the fol low ing multirange equa tions, ac -
cord ing to the val ues of q1, qcap, and jcap.
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where q and j, are the po lar and az i muthal an gles, re -
spec tively, to the di rec tion of the emerged pho ton;
while µcap and tcap rep re sent the to tal lin ear at ten u a tion
co ef fi cient of the end-cap ma te rial and its thick ness,
re spec tively.

The po lar an gle, qcap, is given by the equa tion
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while the az i muthal an gle, jcap, is given by the equa -
tion
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where Rcap and hcap are the end-cap ra dius and its sur -
face sep a ra tion from the de tec tor sur face, re spec tively.

In ad di tion, to ex press fs and fcon, the az i muthal
an gle j is di vided into four re gions, as de picted in fig.
3, bounded by the az i muthal an gles stated by the equa -
tion
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where
– Re gion I (0 £ j < j1 or j4 < j < 2p)
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– Re gion II (j1 £ j < j2)
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and

– Re gion IV (j3 £ j < j4)
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where µs and µcon are the to tal lin ear at ten u a tion co ef fi -
cients with out the co her ent scat ter ing for the source
ma trix and con tainer ma te rial, re spec tively, while tcon

is the con tainer thick ness, and pa ram e ters a± and b±

are given by the equa tion
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so, the FEPE of a sys tem com posed of two de tec tors
us ing rect an gu lar ra dio ac tive parallelepiped sources
given by eq. (2) and eq. (12) and (13) can be cal cu lated
based on the FEPE ref er ence of the sys tem with re -
spect to a ra dio ac tive point source as
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EX PER I MEN TAL SET-UP

Ex per i men tal mea sure ments were done us ing a set
of stan dard point sources ob tained from PTB, Ger many,
and a set of rect an gu lar home made ra dio ac tive
parallelepiped sources in dif fer ent vol umes. The cer tif i -
cates show the sources' ac tiv i ties and their un cer tain ties,
as listed in tab. 1 and tab. 2. The data sheet states the val -
ues of half-life pho ton en er gies and pho ton emis sion
prob a bil i ties per de cay for all radionuclides used in the
cal i bra tion pro cess, as listed in tab. 3, which is avail able
at the Na tional Nu clear Data Cen ter Web Page or on the
IAEA website.

The de tec tion sys tem com posed of two cy lin dri -
cal NaI(Tl) scin til la tion de tec tors (Model 802 scin til -
la tion de tec tors, Can berra) of dif fer ent sizes 3² ´ 3²
(Det-A, fig. 4-A) and 2" ́  2" (Det-B, fig. 4-B). The de -
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Ta ble 1. PTB point sources' ac tiv i ties and
their un cer tain ties

PTB-nuclide Activity
[kBq]

Reference date
00:00 hour Uncertainty

152Eu 290.0

June 1, 2009

± 1.38%
137Cs 385.0 ± 0.71%
60Co 212.1 ± 1.04%

Ta ble 2. Char ac ter is tics of the rect an gu lar
parallelepiped sources

Stan dard source Con tainer

ID Length Width Height Vol ume Ma te rial Thick ness

V1 5.9 cm 3.8 cm 5.2 cm 100 mL HDPE 0.15 cm

V2 6.1 cm 6.1 cm 6.2 cm 200 mL PP 0.15 cm

Both have activity (5 kBq ± 1.98%, reference date January 1, 2010

Ta ble 3. Half-life, pho ton en er gies, and pho ton emis sion
prob a bil i ties per de cay for all radionuclides used in
this work

PTB-nuclide En ergy
[keV]

Emis sion
prob a bil ity [%] Half-life [d]

152Eu

121.78 28.4

4943.29

244.69 7.49

344.28 26.6

778.9 12.96

964.13 14.0

1408.03 20.87
137Cs 661.66 85.21 11004.98

60Co
1173.23 99.9

1925.31
1332.5 99.982



tec tors mounted ver ti cally in a spe cially con structed
holder (fig. 4-c) made of tef lon, so that the dis tance
from side end-cap to side end-cap is 1cm. The de tails
of the set-up pa ram e ters of the de tec tors, along with
ac qui si tion elec tron ics spec i fi ca tions sup ported by the 
se rial and model num ber, are listed in tab. 4. 

The mea sure ments were done us ing ra dio ac tive
sources placed at 30 cm above the de tec tor com mon
end-cap which al lows to min i mize the dead time to an
or der of zero and to ne glect the ef fect of co in ci dence
sum ming on ex per i men tal re sults, while all lat eral dis -
tances are re ported rel a tive to the axis of  the sym me try 
of Det-A.

The 152Eu point source and home made rect an gu -
lar ra dio ac tive parallelepiped sources V1 and V2 were
used to es tab lish the ex per i men tal cal i bra tion curves

in or der to be com pared with those cal cu lated by the
the o ret i cal equa tions de rived in this work. Be sides
that, two stan dard point sources, 60Co and 137Cs, were
used for en ergy cal i bra tion and, at the time of ac qui si -
tion, gain ad just ment in both de tec tors done to make a
match be tween the chan nels.

The mea sure ments were car ried out to ob tain
sta tis ti cally sig nif i cant main peaks in the spec tra that
are re corded and pro cessed by winTMCA32 soft ware
made by ICx Tech nol o gies. The mea sured spec trum
was saved in the form of spec trum ORTEC files which
can be opened by ISO 9001 Ge nie 2000 data ac qui si -
tion and anal y sis soft ware made by Can berra. This ac -
qui si tion time is high enough to get at least  20,000
counts, thus mak ing the sta tis ti cal un cer tain ties less
than 0.5%. The typ i cal ac qui si tion time for a point
source was sev eral hours, as op posed to that of  the
vol u met ric sources which, due to the low ac tiv ity,
lasted at least 48 hours for each mea sure ment. The
spec tra were an a lyzed with the pro gram us ing its au to -
matic peak search and peak area cal cu la tions, along
with changes in the peak fit us ing the in ter ac tive peak
fit in ter face when nec es sary to re duce the re sid u als
and er rors in peak area val ues. The peak ar eas, live
time, run time, and the start time for each spec trum are
en tered into spread sheets that are used to per form the
cal cu la tions nec es sary to gen er ate ef fi ciency curves.

RE SULTS AND DIS CUS SION

The mea sured ef fi ciency val ues as a func tion of
the pho ton en ergy, e(E), for both NaI(Tl) scin til la tion
de tec tors were cal cu lated us ing the fol low ing for mula

e( )
( )

( )
E

N

TA P
C= Õ

E

Es
i (32)

where N(E) is the num ber of counts in the full-en ergy
peak ob tained by us ing the Ge nie 2000 soft ware, T – the 
mea sur ing time (in sec onds), P(E) – the pho ton emis -
sion prob a bil ity at en ergy, E, ob tained from the Ge nie
2000 stan dard li brary, while, As – the radionuclide ac -
tiv ity, and Ci, rep re sents the cor rec tion fac tors due to the 
dead time and radionuclide de cay. No sum ming cor rec -
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Fig ure. 4. (a) 3² ´ 3²
de tec tor, (b) 2² ´ 2²
de tec tor, and (c)
mount ing of the
bi-de tec tor sys tem in a
spe cially de signed holder
(di men sions in inches)

Ta ble 4. De tec tors' set-up pa ram e ters with ac qui si tion
elec tron ics spec i fi ca tions for de tec tor (Det-A) and de tec tor
(Det-B)

Items De tec tor Det-A De tec tor Det-B

Man u fac turer Can berra Can berra

Se rial num ber 09L 652 09L 654

De tec tor model 802 802

Type Cy lin dri cal Cy lin dri cal

Mount ing Ver ti cal Ver ti cal

Res o lu tion (FWHM) at
661 [keV] 8.5% 7.5%

Cath ode to an ode volt age +800 V DC +900 V DC

Dynode to dynode +80 V DC +80 V DC

Cath ode to dynode +150 V DC +150 V DC

Tube base Model 2007 Model 2007

Shap ing mode Gaussi an Gaussi an

De tec tor type NaI(Tl) NaI(Tl)

Crys tal di am e ter [mm] 76.2 50.8

Crys tal length [mm] 76.2 50.8

Top cover thick ness [mm] Al (0.5) Al (0.5)

Side cover thick ness [mm] Al (0.5) Al (0.5)

Re flec tor-ox ide [mm] 2.5 2.5

Weight [kg] 1.8 0.77

Outer di am e ter [mm] 80.9 57.2

Outer length [mm] 79.4 53.9

Crys tal vol ume [cm3] 347.49 102.96



tion was done due to the very low dead time as so ci ated
with the mea sure ments and the cor re spond ing cor rec -
tion fac tor for the dead time was ob tained by sim ply us -
ing (ADC) live time. How ever, the back ground sub trac -
tion which was ex tremely im por tant for low-ac tiv ity
rect an gu lar sources was also car ried out. The de cay cor -
rec tion, Cd, for the cal i bra tion source from the ref er ence 
time to the run time is given by

C Td = exp( )lD (33)

where l is the de cay con stant and DT – the time in ter -
val over which the source is al lowed to de cay un til the
run time. The main source of un cer tainty in the ef fi -
ciency cal cu la tions were the un cer tain ties of the ac tiv -
i ties of the stan dard source so lu tions. The un cer tainty
in (FEPE), se, is given by
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where sN, sA, sP, are the un cer tain ties as so ci ated with
the un cer tain ties in the quan ti ties, N(E), AS, and P(E),
re spec tively.

The per cent age de vi a tions be tween the cal cu -
lated and the mea sured full-en ergy peak ef fi ciency
val ues are cal cu lated by

D(%) =
-

×
e e

e
cal meas

cal

100 (35)

where ecal and emeas are the cal cu lated and the mea sured 
ef fi cien cies, re spec tively.

All the integrals en coun tered are el lip tic
integrals which do not have a closed-form so lu tion
[19], so a nu mer i cal so lu tion is ob tained us ing the trap -
e zoidal rule. Al though the ac cu racy of the in te gra tion
in creases with the in crease in the num ber of in ter vals
n, the in te gra tion con verges well at n = 20. A com puter
pro gram (us ing the Microsoft QuickBasic Pro gram)
has been writ ten to cal cu late the ef fec tive solid an gles
for ar bi trarily lo cated point and vol u met ric sources
based on the de rived equa tions. 

The vari a tions of the FEPE mea sured  and cal cu -
lated ef fi cien cies based on eq. (31) of the bi-de tec tor
sys tem, along with their as so ci ated un cer tain ties as a
func tion of the pho ton en ergy us ing two vol u met ric
rect an gu lar parallelepiped sources (V1 and V2), are
de picted in (figs. 5, 7, 9, 11, 13, and 15). These
volumetric sources pro duced an en ergy range from
121.78 keV up to 1408.03 keV and placed it so that: its
cen ter is el e vated 30 cm above the sys tem's com mon
end-cap, with a lat eral dis place ment of 0 cm, 4.6 cm,
and 8 cm, re spec tively.The dif fer ence in per cent age
be tween the FEPE mea sured  and the cal cu lated val ues 
as a func tion of the pho ton en ergy are pre sented in
(figs. 6, 8, 10, 12, 14, and 16) for the bi-de tec tors and
were found to amount to less than 6 [%]. The dif fer -
ence in the mea sured ef fi cien cies them selves for dif -
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Fig ure 5. Calculated full-en ergy ef fi ciency val ues and
the mea sured ones with their as so ci ated un cer tain ties as
a func tion of the pho ton en ergy for the bi-de tec tor us ing
a (V1) mounted ax ial to Det-A with its cen ters el e vated 30 
cm above the com mon end-cap plane and a point-like
source at the (V1) cen ter

Fig ure 6. The dif fer ence per cent age [D%] cal cu lated as a
func tion of the pho ton en ergy for the bi-de tec tor us ing a
(V1)  mounted  ax ial  to  Det-A  with its cen ters el e vated
30 cm above the com mon end-cap 

Fig ure 7. Cal cu lated full-en ergy ef fi ciency val ues and the 
mea sured ones, with their as so ci ated un cer tain ties as a
func tion of the pho ton en ergy for the bi-de tec tor us ing a
(V1) mounted 4.6 cm lat eral to Det-A with its cen ters
el e vated 30 cm above the com mon end-cap plane and a
point-like source at the (V1) cen ter



fer ent source ge om e tries re late to the  sources used and 
can be mainly at trib uted to the self-ab sorp tion of the
source, since a big ger vol ume is as so ci ated with lower
ef fi cien cies.

CON CLU SIONS

In the pres ent work, the au thors have in tro duced
a new, sim ple nu mer i cal cal cu la tion method based on
the ET tech nique over a wide en ergy range and an ef -
fec tive solid an gle to eval u ate the FEPE for a sys tem
com bine of two g-de tec tors. The fac tors re lated to pho -
ton at ten u a tion in the de tec tor end-cap, source con -
tainer, source holder and the self-at ten u a tion of the
source have been de rived and taken into ac count. The
ex am i na tion of the re sults ob tained re veals a good
agree ment be tween the cal cu lated and the mea sured
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Fig ure 8. The dif fer ence per cent age [D%] cal cu lated as a
func tion of the pho ton en ergy for the bi-de tec tor us ing a
(V1) mounted 4.6 cm lat eral to Det-A with its cen ters
el e vated 30 cm above the com mon end-cap plane

Figure 9. Cal cu lated  full-en ergy ef fi ciency val ues and
the mea sured ones, with their as so ci ated un cer tain ties as
a func tion of the pho ton en ergy for the bi-de tec tor us ing
a (V1)  mounted  ax ial to  Det-B  with  its  cen ters  el e vated
30 cm above the com mon end-cap plane and a point-like
source at the (V1) cen ter

Fig ure 10. The dif fer ence per cent age [D%] cal cu lated as
a func tion of the pho ton en ergy for the bi-de tec tor us ing
a (V1) mounted  ax ial  to  Det-B  with  its  cen ters  el e vated
30 cm above the com mon end-cap plane

Fig ure 11. Cal cu lated full-en ergy ef fi ciency val ues and
the mea sured ones, with their as so ci ated un cer tain ties as
a func tion of the pho ton en ergy for the bi-de tec tor us ing
a (V2) mounted ax ial to Det-A with its cen ters el e vated 30 
cm above the com mon end-cap plane and a point-like
source at the (V2) cen ter

Fig ure 12. The dif fer ence per cent age [D%] cal cu lated as
a func tion of the pho ton en ergy for the bi-de tec tor us ing
a (V2) mounted ax ial to Det-A  with its cen ters el e vated
30 cm above the com mon end-cap plane



ef fi cien cies and re flects the im por tance of con sid er ing  
at ten u a tion fac tors in the study of de tec tor ef fi ciency.
This study shows that the ef fi ciency trans fer tech nique 
can be used to eval u ate the (FEPE) of a bi-de tec tor sys -
tem us ing rect an gu lar parallelepiped sources. A re -
mark able agree ment be tween the mea sured and cal cu -
lated ef fi cien cies for the bi-de tec tor sys tem at the
source-to-sys tem was ver i fied by data com par i son.
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NOVI  MATEMATI^KI  MODEL  ZA  ODRE\IVAWE  EFIKASNOSTI
SISTEMA  OD  DVA  GAMA  DETEKTORA  I  IZVORE  U  OBLIKU

PRAVOUGLOG  PARALELOPIPEDA

U radu je prikazan model za odre|ivawe  efikasnosti u piku pune energije sistema od dva
spregnuta NaI(Tl) scintilaciona detektora (2² ´ 2² i 3² ´ 3², sa rezolucijom od 7.5% i 8.5%,
respektivno) i radioaktivne izvore u obliku pravouglog paralelopipeda razli~itih dimenzija.
Razvijen je novi analiti~ki pristup, pri ~emu je kori{}en ve} poznati i pouzdani princip tranfera
efikasnosti, uz ra~unawe efikasnosti pomo}u efektivnog prostornog ugla. Ovim je u potpunosti
uzeta u obzir atenuacija u svim apsorberima (matrica i kontejner izvora, konstrukcioni elementi
detektora, elementi merne konfiguracije, itd.). Vodeni rastvor radioaktivnog izotopa 152Eu, sa
prikladnim spektrom gama linija u {irokom opsegu (121.78 keV do 1408.03 keV) upotrebqen je za
eksperimentalnu proveru. Izmerene vrednosti efikasnosti veoma se dobro sla`u sa izra~unatim,
pri razli~itim rastojawima izvor-detektori, ~ime je potvr|ena pouzdanost metode.

Kqu~ne re~i: efektivni prostorni ugao, efikasnost sistema, gama detektor, pravougli
.........................paralelopipedni izvor


