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A di rect an a lyt i cal math e mat i cal method is in tro duced to cal cu late the ef fi ciency of gamma
ray cy lin dri cal de tec tors. The ef fi ciency ex pres sion is de duced through a straight for ward
math e mat i cal ap proach. The pre sented method is based on the ac cu rate an a lyt i cal cal cu la tion
of the av er age path length cov ered by the pho ton within the de tec tor's ac tive vol ume, ef fec tive
solid an gle, and the ef fi ciency trans fer method in an in te gral form, so as to ob tain a sim ple for -
mula for the de tec tion ef fi ciency. In ad di tion, the self-at ten u a tion co ef fi cient of the source
ma trix, the at ten u a tion fac tors of the source con tainer (with a ra dius smaller than the de tec tor 
ra dius) and the de tec tor hous ing ma te ri als are also treated by cal cu lat ing the av er age path
length within these ma te ri als. 152Eu aque ous ra dio ac tive sources cov er ing the en ergy range
from 121 keV to 1408 keV were used. Re mark able agree ment be tween the mea sured and the
cal cu lated ef fi cien cies was achieved, with dis crep an cies less than 6 %.
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In tro duc tion

Ab so lute ef fi ciency is greatly im por tant in
gamma ray spec tros copy, where it is needed to de ter -
mine the ac tiv ity of gamma-emit ting radionuclides in
a wide en ergy range. Cy lin dri cal NaI(Tl) de tec tors are
com monly used to iden tify and mea sure ac tiv i ties of
low-level ra dio ac tive sources, be cause of their high
de tec tion ef fi ciency and the fact that they op er ate at
room tem per a ture [1].

One of the main prob lems in gamma ray spec -
trom e try is the ac cu rate de ter mi na tion of the full-en ergy 
peak ef fi ciency curve for a given sam ple ma trix and
mea sure ment ge om e try. This prob lem is es pe cially im -
por tant in vol u met ric sam ples, where the self-at ten u a -
tion ef fects are sig nif i cant for a wide range of en er gies
[2]. The most ac cu rate method for cal cu lat ing de tec tor
ef fi ciency is the ex per i men tal method, which is lim ited
by sev eral fac tors, when the en ergy in ter val is broad. It
re quires a large num ber of ra dio ac tive stan dards, im ply -
ing a high fi nan cial cost, along with count ing time and a
lot of ef fort in pre par ing the sources [3]. In or der to
over come the said ob sta cles, sev eral non-ex per i men tal
meth ods [4-12] have been pro posed and ap plied, de -

pend ing on pho ton en ergy, source-de tec tor ge om e try
and vol ume. Also, Selim and Abbas over came these
hur dles by de riv ing a di rect math e mat i cal method for
ob tain ing the ef fi cien cies of source-de tec tor sys tems
with dif fer ent ge om e tries such as point source [13, 14],
disk source [15, 16], cy lin dri cal source [17], Marinelli
beaker [18], parallelepiped [19], and well-type de tec -
tors [20]. More over, they in tro duced a new the o ret i cal
ap proach [21-25] based on the Di rect Sta tis ti cal
Method to de ter mine de tec tor ef fi ciency for an iso tro -
pic ra di at ing point source at any ar bi trary po si tion from
a cy lin dri cal de tec tor, as well as the ex ten sion of this ap -
proach us ing vol u met ric sources.

Badawi and co-work ers de duced an an a lyt i cal
ap proach for cal cu lat ing the full-en ergy peak ef fi -
ciency of co ax ial semi con duc tor de tec tors, in clud ing
the source self-at ten u a tion cor rec tion, at ten u a tion by
the source con tainer and de tec tor hous ing ma te ri als
[26-30]. Hamzawy also de rived an ex pres sion to cal -
cu late the de tec tor to tal ef fi ciency us ing off- axis point 
sources and co ax ial cir cu lar disc sources with a cy lin -
dri cal NaI(Tl) de tec tor. These ex pres sions are shorter
than those in pre vi ous stud ies and eas ier to cal cu late,
be ing of an el lip ti cal in te gra tions type and, thus, short -
en ing, the pro gram length, run ning time and in creas -
ing the ac cu racy of the cal cu la tions [31].
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One of the most use ful tech niques to cal cu late
de tec tor ef fi ciency is the ef fi ciency trans fer method, in 
which the com pu ta tion of de tec tor ef fi ciency for var i -
ous geo met ri cal con di tions is de rived from the known
ef fi ciency for the ref er ence source-to-de tec tor ge om e -
try [32-37]. In the pres ent work, the au thors in tro duce
a new method, which de pends on three im por tant fac -
tors. The first one is the ef fi ciency trans fer method.
The sec ond one is the ac cu rate an a lyt i cal cal cu la tion
of the av er age path length cov ered by the pho ton in
each of the fol low ing: de tec tor ac tive vol ume, source
ma trix, source con tainer, dead layer and the end cap of
the de tec tor. The third uses the tech nique in tro duced
by Hamzawy [31].

MATH E MAT I CAL TREAT MENT

The ef fi ciency trans fer prin ci ple, as es ti mated in
[38], was ap plied to es tab lish the ef fi ciency cal i bra tion 
curves of the cy lin dri cal de tec tors based on the fol low -
ing equation.

e etarget
target

ref
ref=

W

W
(1)

where etar get and eref are the full-en ergy peak ef fi ciency
(FEPE) of the tar get (small ra dio ac tive cy lin dri cal
source) and the ref er ence ge om e try (an iso tro pic ra di -
at ing point source placed on the crys tal axes), re spec -
tively. Wtarget 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 point source, re spec tively. In or der to use the 
ef fi ciency trans fer prin ci ple, the ex per i men tal ref er -
ence ef fi ciency eref  was es sen tially mea sured [39, 40].

The ef fec tive solid an gle for the iso tro pic co ax ial 
ra dio ac tive point source Weff(point) can be cal cu lated by
as sum ing that, there are two main cases to be con sid -
ered, as in di cated in fig. 1. The strik ing pho ton may en -
ter the up per face of the cy lin dri cal de tec tor (with ra -
dius R and length L), and may emerge from its op po site 
base or from its side with dif fer ent path lengths (d1 and
d2, re spec tively) and can be given by
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Con sider the de tec tor has a re flec tive layer cov -
er ing its up per sur face with thick ness tRL, that each
pho ton en ter ing the de tec tor must pass through the up -
per sur face of the re flec tive layer and, con se quently,
the pho ton path length tdl through the up per sur face re -
flec tive layer can be given by 

t
t

dl
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cos q
(4)

Also, if tecf is the thick ness of the de tec tor end
cap ma te rial, the pho ton path length tecl through the
end cap ma te rial can be given by

t
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The po lar an gles can take the val ues as fol low
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where qmax and q¢max are the max i mum po lar an gles for
the pho ton to en ter from the de tec tor face and exit from 
the de tec tor base, re spec tively.

For the co ax ial ra dio ac tive point source, the lat -
eral dis tance r is equal to zero and, ac cord ing to the
pres ent sym me try, the max i mum az i muthal an gles j
are equal to 2p. There fore, the ef fec tive solid an gle for
an ax ial ra dio ac tive point source can be ex pressed by

W Weff(point att pure(point)) = f f (7)

where Wpure(point) is the solid an gle sub tended by the ra -
dio ac tive point source and the ac tive sur face of the de -
tec tor and can be de fined by

Wpure(point) d d d d= = òòòò sin sin
max

q q j q q j
q

qj 00

2p

(8)
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Fig ure 1. A di a gram of a cy lin dri cal-type de tec tor with a
non-ax ial point source (r £ R)



and                                                                                                                                   
f d= - -1 e m (9)

where m is the de tec tor  to tal at ten u a tion co ef fi cient
with out co her ent scat ter ing and d  – the av er age path
length trav eled by a pho ton through the de tec tor me -
dium and can be given by
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The fac tor fatt de ter mines the pho ton at ten u a tion
by all ab sorb ers be tween the source and the de tec tor
and can be given by

f f fatt Rlay Ecap= × (11)

where fRlay is the at ten u a tion by the re flec tive layer,
while fEcap is the at ten u a tion of the end cap ma te rial and 
both can be given by
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where mRlay and mEcap are the at ten u a tion co ef fi cients of 
the re flec tive layer and end cap, re spec tively, while 
dRlay and dEcap are the av er age path length trav eled by a
pho ton through the re flec tive layer and the end cap, re -
spec tively, which can be given by
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The ra dio ac tive cy lin dri cal source (with ra dius S
and height H) can be con sid ered as a vol u met ric
source, as shown in fig. 2, where it con sists of a group
of uni formly dis trib uted ra dio ac tive point sources,
each with its own ef fec tive solid an gle, Weff(point).
Thus, the to tal ef fec tive solid an gle Weff(cyl) of the cy -
lin dri cal de tec tor when us ing a ra dio ac tive cy lin dri cal
source can be given by

W WEf(Cyl) att self sc Pure(Cyl)= f S S f (14)

where
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where V is the vol ume of the ra dio ac tive source. Any
el e ment of vol ume dV = r dr da dh, when dis placed at
a lat eral dis tance r from the de tec tor axis and  emit ting
a pho ton at an an gle a to the de tec tor ma jor axis, can be 
ex pressed in cy lin dri cal co-or di nates and eq. (15) can
be re writ ten as
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The fac tors f and fatt have been de fined in eqs. (9)
and (11), but in this case, the av er age path length, d ,
trav eled by the pho ton through the de tec tor and the
solid an gle will  as sume new forms due to the ge om e -
try of fig. 2. The av er age path length can be ex pressed
by
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The new for mu las of the av er age path length

trav eled by  the pho ton through the de tec tor re flec tive
layer and the de tec tor end cap ma te rial are given by
eqs. (18) and (19), re spec tively. 
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Fig ure 2. Pos si ble cases of pho ton path lengths through a
source-to-de tec tor sys tem
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In the case of a ra dio ac tive cy lin dri cal source
with a ra dius smaller than that of the de tec tor and  ho,
be ing the dis tance be tween the source and the de tec -
tor's up per sur face, there are two pos si ble paths, ts1 and 
ts2, for the pho ton to leave the source which can be
given as:
(1) To exit from the ra dio ac tive source base

t
h h

s
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(2) To exit from the ra dio ac tive source side
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The max i mum po lar an gle qs to let the pho ton
exit from the ra dio ac tive source base can be given by
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The self-at ten u a tion fac tor Sself of the ra dio ac -
tive source ma trix is given by

S sts
self e= -m (23)

where ms is the at ten u a tion co ef fi cient of the source
ma trix and t s  – the av er age path length trav eled by the
pho ton in side the source and can be given by
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There are two pos si ble val ues of gsl ac cord ing to
the val ues of the po lar an gle  q  which can be given by
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for case in which (qs < qmax), and
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for case in which (qs ³ qmax).
If tscb is the source con tainer bot tom thick ness

and tscs is the source con tainer wall thick ness, there are
two pos si ble path lengths, tsc1 and tsc2, for the pho ton to 
exit from the source con tainer:
(1) To exit from the ra dio ac tive source base
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(2) To exit from the ra dio ac tive source side
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The max i mum po lar an gle qsc to let the pho ton
exit from the ra dio ac tive source con tainer base can be
given by
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The at ten u a tion fac tor Ssc of the ra dio ac tive
source con tainer ma te rial can be given by

S c sct
sc e= -m (30)

where mc is the at ten u a tion co ef fi cient of the ra dio ac -
tive source con tainer ma te rial and t sc is the av er age
path length trav eled by a pho ton in side the ra dio ac tive
source con tainer, which can be given by
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There are two cases for the val ues of gscl ac cord -
ing to the val ues of the po lar an gle q and they can be
given by
– The case in which (qsc < qmax)
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The case in which (qsc ³ qmax)
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By us ing the ef fi ciency trans fer prin ci ple, the
full-en ergy peak ef fi ciency of the cy lin dri cal de tec tor
when us ing  a co ax ial ra dio ac tive cy lin dri cal source
can be cal cu lated based on the ref er ence mea sured
full-en ergy peak ef fi ciency of the cy lin dri cal de tec tor,
with re spect to an ax ial ra dio ac tive point source and
can be given by the fol low ing for mula

e e(Cyl)
Eff(Cyl)

Eff(Point)
Po=

W

W
( int) (34)

where e(Cyl) and e(Point) are the full-en ergy peak ef fi -
ciency for the cy lin dri cal de tec tor for us ing a ra dio ac -
tive cy lin dri cal source and iso tro pic co ax ial ra dio ac -
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tive point source as the a ref er ence ge om e try,
re spec tively. While WEff(Cyl)  and WEff(Point)  are the ef -
fec tive solid an gles sub tended by the de tec tor sur face
with the ra dio ac tive cy lin dri cal source and the ref er -
ence ge om e try, re spec tively.

EX PER I MEN TAL  SET-UP

The ex per i men tal  sec tion of this work was per -
formed in Prof. Dr. Y. S. Selim, Lab o ra tory for Ra di a -
tion Phys ics, Phys ics De part ment, Fac ulty of Sci ence,
Al ex an dria Uni ver sity, Al ex an dria, Egypt. Full-en -
ergy peak ef fi ciency val ues were de ter mined for two
NaI(Tl) de tec tors with res o lu tions of 8.5 % and 7.5 %
at the 662 keV peak of 137Cs, la beled as Det.1 and
Det.2, re spec tively. The man u fac turer pa ram e ters and
set ting up val ues are shown in tab. 1. The FEPE has
been mea sured by us ing two dif fer ent types of ra dio ac -
tive sources. These ra dio ac tive point sources are
241Am, 133Ba, 152Eu, 137Cs, and 60Co, pur chased from
the Physikalisch-Technische Bundesanstalt (PTB) in
Braunschweig and Berlin Germany. The sources' ac -
tiv i ties and their un cer tain ties, half-lives, pho ton en er -
gies and pho ton emis sion prob a bil i ties per de cay for
all PTB sources are listed in tab. 2. 

The cal i bra tion pro cess was done by the PTB ra -
dio ac tive point sources, where the home made Plexi -
glas holder was used to mea sure these sources at four
dif fer ent ax ial dis tances from the de tec tor sur face,
start ing from P4 = 20 cm up to P10 = 50 cm, with 10 cm
at each step.

Ra dio ac tive cy lin dri cal sources in poly propy -
lene (PP)  plas tic  vi als  with  a  vol ume  of  25  ml and
50 ml, filled with an aque ous so lu tion con tain ing 152Eu 

radionuclide, emiting g-rays in the en ergy range from
121 keV to 1408 keV, served as the sec ond source.

Ta ble 3 shows the ra dio ac tive source di men -
sions. Ef fi ciency mea sure ments are car ried out by
putt ing the sources over the plexi glas holder, which
se cures the top of the end cap of the de tec tor, as shown
in fig. 2. In or der to min i mize the dead time, the ac tiv -
ity of the sources was pre pared to be (5050 ± 50 Bq).
The mea sure ments are car ried out to ob tain sta tis ti -
cally sig nif i cant main peaks in the spec tra, re corded
and pro cessed by winTMCA32 soft ware made by ICx
Tech nol o gies. The mea sured spec trum saved as Spec -
trum ORTEC files can be opened by ISO 9001 Ge nie
2000 data ac qui si tion and anal y sis soft ware made by
Can berra, Australia [41].

The ac qui si tion time is high enough to get at
least 20,000 counts which make the sta tis ti cal un cer -
tain ties less than 0.7%. The spec tra are 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 peakfit,
us ing the in ter ac tive peakfit 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, runtime, and the start time
for each spec trum, were en tered in the spread sheets
that are used to per form the cal cu la tions nec es sary to
gen er ate the ef fi ciency curves.

RE SULTS AND DIS CUS SION

The ex per i men tal FEPE at en ergy E for a given
set of mea sur ing con di tions can be com puted by the
equa tion

e( )
( )

( )
E

N E

tA P E
C=

S
i (35)
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Ta ble 1.  Man u fac turer pa ram e ters and set-up val ues for the de tec tors

Items Det. 1 Det. 2

Man u fac turer Can berra Can berra

Se rial num ber 09L 654 09L 652

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 662 keV 8.5 % 7.5 %

Cath ode to an ode volt age +1100 V d.c. +1100 V d.c.

Dynode to dynode +80 V d.c. +80 V d.c.

Cath ode to dynode +150 V d.c. +150 V d.c.

Tube base Model 2007 Model 2007

Shap ing mode Gaussi an Gaussi an

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

Weight [kg] 0.77 1.8

Crys tal vol ume [cm3] 103 347.64

Crys tal di am e ter [mm] 50.8 76.2

Crys tal length [mm] 50.8 76.2

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

Outer di am e ter [mm] 57.2 80.9

Outer length [mm] 53.9 79.4



where N(E) is the num ber of counts in the full-en ergy
peak, t – the mea sur ing time (in sec onds), P(E) – the
pho ton emis sion prob a bil ity at en ergy E, AS – the
radionuclide ac tiv ity, and Ci are the cor rec tion fac tors
due to dead-time and radionuclide de cay. In tended for
mea sure ments of the ra dio ac tive vol u met ric and point
sources, the dead-time has al ways been less than 2 %,
when the sources with high ac tiv i ties were placed at a 
se cure enough dis tance from the de tec tor sur face in or -
der to re duce the dead-time to this per cent age. There -
fore, the cor re spond ing fac tor was ob tained by sim ply
us ing ADC real time. The de cay cor rec tion Cd for the
cal i brat ing source from the ref er ence time to the
runtime is given by

C t
d e= lD (36)

where l is the de cay con stant and Dt – the time elapsed
be tween the ref er ence date and the time of mea sure -
ment. The un cer tainty in the ex per i men tal full-en ergy
peak ef fi ciency se is given by
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where sA, sP, and sN are the un cer tain ties as so ci ated
with the quan ti ties AS, P(E) and N(E), re spec tively, as -
sum ing that the only cor rec tion made is due to source
ac tiv ity de cay.

The full-en ergy peak ef fi ciency FEPE curves
were de ter mined for point ra dio ac tive sources for four
mea sure ment ge om e tries (po si tions P4, P6, P8 and
P10). Each of these curves was used to ob tain a FEPE
curve for two cy lin dri cal sources (V1 and V2), mea -
sured at the top of the de tec tor, by the ET method. The
trans fer ring pro cess, as de scribed, was per formed for
two NaI(Tl) de tec tors (Det. 1 and Det. 2). Also, the
FEPE curves for the cy lin dri cal source ge om e try were
ex per i men tally de ter mined, and the com par i son of ex -
per i men tal val ues and ef fi cien cies ob tained by the
(ET) method for each de tec tor pre sented in figs. 3 and
4 con sid ered to serve as ex am ples and a graphic dis -
play of the said re sults. The dis crep an cies be tween the
cal cu lated and the mea sured ef fi cien cies, given by eq.
(38), where ecal and emeas are the cal cu lated and ex per i -
men tally mea sured ef fi cien cies, re spec tively, are
listed in tab. 4. 

D% =
-

×
e e

e
cal meas

meas

100 (38)
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Ta ble 2. Point source ac tiv i ties and their un cer tain ties, half livfes, pho ton en er gies and
pho ton emis sion prob a bil i ties per de cay

PTB-nu clide En ergy [keV] Emis sion prob a bil ity
[%] Half life [days]

Ac tiv ity [kBq]
at June 1, 2009 00:00

Hr
Un cer tainty [kBq]

241Am 59.52 35.9 157861.05 259.0 ±2.6
133Ba 80.99 34.1 3847.91 275.3 ±2.8

152Eu

121.78 28.4

4943.29 290.0 ±4.0

244.69 7.49

344.28 26.6

778.90 12.96

964.13 14.0

1408.01 20.87
137Cs 661.66 85.21 11004.98 385.0 ±4.0

60Co
1173.23 99.9

1925.31 212.1 ±1.5
1332.5 99.982

Ta ble 3. Pa ram e ters of the ra dio ac tive
cy lin dri cal sources

Items
Source de scrip tion

V1 V2

Vol ume [ml] 25 50

Outer di am e ter [mm] 32.1 39.658

Height [mm] 36.21 45.4

Wall thick ness [mm] 1.2 1.1

Man u fac turer Azlon

Jar ma te rial Poly propy lene

Fig ure 3. The cal cu lated full-en ergy peak ef fi ciency for
de tec tor Det. 1 us ing ra dio ac tive cy lin dri cal sources V1
and V2, based on ref er ence val ues at po si tion P4,
com pared  with the ones mea sured with their as so ci ated
un cer tain ties as a func tion of pho ton en ergy 



CON CLU SIONS

This pa per pres ents a sim ple an a lyt i cal method
to eval u ate the full-en ergy peak ef fi ciency cov er ing a
wide en ergy range while, us ing iso tro pic ax ial ra dio -
ac tive point sources, and ax ial ra dio ac tive cy lin dri cal
sources. The pres ent ap proach of fers a great pos si bil -
ity to cal i brate the de tec tors through the de ter mi na tion
of the FEPE curve, even in cases when no stan dard
source is avail able, this be ing the ul ti mate goal of our
work. In gen eral, the dis crep an cies be tween the cal cu -
lated and the ex per i men tal val ues of all mea sure ments
were found to be less than 6 % across the en tire en ergy
range of in ter est.

AUTHORS' CON TRI BU TIONS

The the o ret i cal work was done by M. M. Gouda
and M. S. Badawi.  The ex per i men tal part of the ver i fi -
ca tion work was car ried out by N. S. Hussien and M.
M. Gouda. All au thors took part in plan ning the pro -
ject and in dis cus sions dur ing all phases of its elab o ra -
tion. The manu script was con ceived and writ ten by M.
M. Gouda, M. S. Badawi, A. M. El Khatib and M. I.
Abbas. N. S. Hussien per formed the data elab o ra tion
and the graph i cal rep re sen ta tion of re sults.

REF ER ENCES

[1] Perez-Andujar, A., Pibida, L., Per for mance of CdTe,
HpGe and NaI(Tl) De tec tors for Ra dio ac tiv ity Mea -
sure ments, Appl. Radiat. Isot., 60 (2004), 1, pp. 41-47

[2] Ramos-Lerate, I., et al., A New Method for
Gamma-Ef fi ciency Cal i bra tion of Voluminal Sam -
ples in Cy lin dri cal Ge om e try, J. En vi ron. Ra dio ac tiv -
ity, 38 (1998), 1, pp. 47-57 

[3] Abbas, M. I., Di rect Math e mat i cal Method for Cal cu -
lat ing Full-En ergy Peak Ef fi ciency and Co in ci dence
Cor rec tions of HPGe De tec tors for Ex tended Sources, 
Nucl. Instr. and Meth., B, 256 (2000), 1, pp. 554-557 

[4] Moens, L.,  Hoste, J., Cal cu la tion of the Peak Ef fi -
ciency of High-Pu rity Ger ma nium De tec tors, Int. J.
Appl. Radiat. Isot., 34 (1983), 8, pp. 1085-1095

[5] Lippert, J., De tec tor-Ef fi ciency Cal cu la tion Based on
Point-Source Mea sure ment, Int. J. Appl. Radiat. Isot., 
34 (1983), 8, pp. 1097-1103

[6] Wang, T. K., et al., HPGe De tec tor Ab so lute-Peak-Ef -
fi ciency Cal i bra tion by Us ing the ESOLAN Pro gram,
Int. J. Appl. Radiat. Isot., 46 (1995), 9, pp. 933-944

[7] Wang, T. K., et al., HPGe De tec tor Ef fi ciency Cal i -
bra tion for Ex tended Cyl in der and Marinelli-Beaker
Sources Us ing the ESOLAN Pro gram, Appl. Radiat.
Isot., 48 (1997), 1, pp. 83-95

M. M. Gouda, et al.: Cal cu la tion of NaI(TI) De tec tor Full-En ergy Peak ...
156 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2016, Vol. 31, No. 2, pp. 150-158

Ta ble 4. The dis crep ancy per cent age (D%) be tween the ex per i men tal and the o ret i cal val ues of FEPE for de tec tors Det. 1
and Det. 2 us ing ra dio ac tive cy lin dri cal sources V1 and V2 based ref er ence val ues at po si tions P4, P6, P8, and P10

(D%) [Det. 1]

En ergy
[keV]

V1 V2

P4 P6 P8 P10 P4 P6 P8 P10

121.78 –1.84 1.05 1.59 –2.80 1.90 –0.79 1.07 0.98

244.69 –3.60 3.58 2.58 0.42 –2.25 0.64 –3.11 –0.86

344.28 –3.24 2.88 1.59 –1.22 2.11 3.86 –0.07 1.50

778.90 0.09 –1.19 –0.04 0.07 4.11 4.06 –0.30 0.46

964.13 –0.30 –1.45 –0.41 –0.57 4.89 4.97 0.54 1.03

1173.23 4.05 –2.60 4.06 3.87 –0.82 –0.85 –0.44 –3.08

1408.01 0.77 1.63 0.24 –2.45 –2.36 –2.99 –2.55 –0.32

(D%) [Det. 2]

En ergy
[keV]

V1 V2

P4 P6 P8 P10 P4 P6 P8 P10

121.78 –1.85 0.33 0.09 4.82 1.21 3.32 –3.84 –4.67

244.69 –1.76 1.93 3.11 2.72 –1.16 2.50 3.68 3.29

344.28 –4.24 –1.10 0.46 –0.85 –5.57 –2.39 –0.81 –2.14

778.90 –2.27 1.50 4.11 3.56 –4.15 3.39 –0.04 2.79

964.13 –1.40 –3.10 –0.52 0.05 –0.22 2.52 –1.31 –2.72

1173.23 1.67 –0.44 –2.20 0.77 –4.55 1.05 –1.55 –0.64

1408.01 –1.12 –2.96 0.68 –2.26 –1.17 0.25 –1.71 –1.85

Fig ure 4. The cal cu lated full-en ergy peak ef fi ciency for
de tec tor Det. 2 us ing ra dio ac tive cy lin dri cal sources V1
and V2, based on ref er ence val ues at po si tion P4, com -
pared with the ones mea sured and as so ci ated un cer tain -
ties as a func tion of pho ton 



[8] Nakamura, T.., Monte Carlo Cal cu la tion of Peak Ef fi -
cien cies of Ge(Li) and Pure Ge De tec tors to
Voluminal Sources and Com par i son with En vi ron -
men tal Ra dio ac tiv ity Mea sure ment, Nucl. Instr. and
Meth., 205 (1983), 1-2, pp.  211-218

[9] Rieppo, R., Cal cu lated Ab so lute Full-En ergy Peak
Ef fi cien cies for True Co ax ial Ge(Li) De tec tors in the
Pho ton En ergy Re gion 0.1-3.0 MeV with Dif fer ent
Source-To-De tec tor Ge om e tries, Int. J. Appl. Radiat.
Isot., 36 (1985), 11, pp. 861-865

[10] Jiang, S. H., et al., A Hy brid Method for Cal cu lat ing
Ab so lute Peak Ef fi ciency of Ger ma nium De tec tors, 
Nucl. Instr. and Meth. A., 413 (1998), 2-3, pp. 281-292

[11] Haase, G., et al., Ap pli ca tion of New Monte Carl
Method for De ter mi na tion of Sum ma tion and
Self-At ten u a tion Cor rec tions in Gamma Spec trom e -
try,  Nucl. Instr. Meth. A., 336 (1993), 1-2, pp. 206-214

[12] Sima, O., Ar nold, D., Self-At ten u a tion and Co in ci -
dence Sum ming Cor rec tions Cal cu lated by Monte
Carlo Sim u la tions for Gamma Spec tro met ric Mea -
sure ments with Well-Type Ger ma nium De tec tors,
Appl. Radiat. Isot., 47 (1996), 9-10, pp. 889-893

[13] Selim, Y. S., Abbas, M. I., Source-De tec tor Geo met ri -
cal Ef fi ciency, Radiat. Phys. Chem., 44 (1994), 1-2,
pp. 1-4

[14] Selim, Y. S., Abbas, M. I., Di rect Cal cu la tion of the
To tal Ef fi ciency Cy lin dri cal Scin til la tion De tec tors
for Ex tended Cir cu lar Sources,  Radiat. Phys. Chem.,
48 (1996), 1, pp. 23-27

[15] Selim, Y. S., Abbas, M. I., An a lyt i cal Cal cu la tions of
Gamma Scin til la tors Ef fi cien cies, Part II: To tal Ef fi -
ciency for Wide Co ax ial Disk Sources, Radiat. Phys.
Chem., 58 (2000), 1, pp. 15-19

[16] Selim, Y. S., et al., An a lyt i cal Cal cu la tion of the Ef fi -
cien cies of Gamma Scin til la tors, Part I: To tal Ef fi -
ciency of Co ax ial Disk Sources Radiat, Phys. Chem.,
53 (1998), 6, pp. 589-592

[17] Abbas, M. I., et al., HPGe De tec tor Photopeak Ef fi -
ciency Cal cu la tion In clud ing Self-Ab sorp tion and
Co in ci dence Cor rec tions for Cy lin dri cal Sources Us -
ing Com pact An a lyt i cal Ex pres sions, Radiat. Phys.
Chem., 61 (2001), 3-6, pp. 429-431

[18] Abbas, M. I., HPGe De tec tor Photopeak Ef fi ciency
Cal cu la tion In clud ing Self-Ab sorp tion and Co in ci -
dence Cor rec tions for Marinelli  Beaker Sources Us -
ing Com pact An a lyt i cal Ex pres sions, Appl. Radiat.
Isot.,  54 (2001), 5, pp. 761-768

[19] Abbas, M. I., A Di rect Math e mat i cal Method to Cal -
cu late the Ef fi cien cies of a Parallelepiped De tec tor for 
an Ar bi trarily Po si tioned Point Source, Radiat. Phys.
Chem., 60 (2001), 1-2, pp. 3-9

[20] Abbas, M. I., An a lyt i cal For mu lae for Well-Type
NaI(Tl) and HPGe De tec tors Ef fi ciency Com pu ta -
tion, Appl. Radiat. Isot., 55 (2001), 2, pp. 245-252

[21] Abbas, M. I., Val i da tion of An a lyt i cal For mu lae for
the Ef fi ciency Cal i bra tion of Gamma De tec tors Used
in Lab o ra tory and In-Situ Mea sure ments, Appl.
Radiat. Isot., 64 (2006), 12, pp. 1661-1664

[22] Abbas, M. I.,  et al., Cal i bra tion of Cy lin dri cal De tec -
tors Us ing a Sim pli fied The o ret i cal Ap proach,
Radiat. Phys. Chem., 64 (2006), 9, pp. 1057-1064

[23] Abbas, M. I., et al., A Sim ple Math e mat i cal Method to 
De ter mine the Ef fi cien cies of Log-Con i cal De tec tors, 
Radiat. Phys. Chem., 75 (2006), 7, pp. 729-736

[24] Pibida, L.,  et al., Cal i bra tion of HPGe Gamma-Ray 
De tec tors for Mea sure ment of Ra dio ac tive No ble Gas 
Sources, Appl. Radiat. Isot. J., 65 (2007), 2, pp.
225-233

[25] Nafee, S. S., Abbas, M. I., Cal i bra tion of Closed-End
HPGe De tec tors Us ing Bar (Parallelepiped) Sources,
Nucl. Instr. and Meth. A.,  592 (2008), 1-2, pp. 80-87

[26] Gouda, M. M., et al., New An a lyt i cal Ap proach to
Cal cu late the  Co-ax ial HPGe De tec tor Ef fi ciency Us -

ing Parallelepiped Sources, Jour nal of Ad vanced Re -
search in Phys ics, 4 (2013), 1, 011303

[27] Badawi, M. S., et al., New Al go rithm for Study ing the
Ef fect of Self At ten u a tion Fac tor on the Ef fi ciency of
Gamma Rays De tec tors, Nu clear In stru ments and
Meth ods in Phys ics Re search A., 696 (2012), Dec., pp. 
164-170

[28] Badawi, M. S., et al., New An a lyt i cal Ap proach to
Cal i brate the Co-Ax ial HPGe De tec tors In clud ing
Cor rec tion for Source Ma trix Self-At ten u a tion, Appl.
Radiat. Isot., 70 (2012), 12, pp. 2661-2668

[29] Gouda, M. M., et al., Ma jor ity Study to De ter mine the
Full En ergy Peak Ef fi ciency of NaI (Tl) De tec tors
Based on Mod ern Ap proach by Us ing Parallelepiped
Sources, Pro ceed ing, The Fourth Arab In ter na tional
Con fer ence in Phys ics and Ma te ri als Sci ence, Al ex -
an dria, Egypt, Oc to ber 1-3, 2012, pp. 369-377

[30] El-Khatib, A. M., et al., New An a lyt i cal Ap proach to
Cal i brate The NaI (Tl) De tec tors Us ing Spher i cal Ra -
dio ac tive Sources, Ra di a tion Pro tec tion Do sim e try,
156 (2013), 1, pp. 109-117

[31] Hamzawy, A., Sim ple An a lyt i cal For mula to Cal cu -
late G-Ray Cy lin dri cal De tec tors Efficiencies, Nucl.
Instr.  and Meth A., 624 (2010), 1, pp. 125-129

[32] Elzaher, M. A., et al., De ter mi na tion of Full En ergy
Peak Ef fi ciency of NaI(Tl) De tec tor De pend ing on
Ef fi ciency Trans fer Prin ci ple for  Con ver sion Form
Ex per i men tal Val ues, World Jour nal of Nu clear Sci -
ence and Tech nol ogy, 2 (2012), 3, pp. 65-72

[33] Elzaher, M. A., et al., Cal cu la tion of the Peak Ef fi -
ciency for NaI(Tl) Gamma Ray De tec tor Us ing the
Ef fec tive Solid An gle Method, Jour nal of Ad vanced
Re search in Phys ics, 3 (2012), 2, 021204

[34] El-Khatib, A. M., et al., New An a lyt i cal Ap proach to
Cal cu late the Full En ergy Peak Ef fi ciency for NaI (Tl) 
Gamma-Ray De tec tor Us ing the Ef fec tive Solid An -
gle Method, In ter na tional Jour nal of In stru men ta tion
Sci ence, 1 (2012), 3, pp. 25-33

[35] Badawi, M. S., et al., Us ing an An a lyt i cal Ef fi ciency
Trans fer Prin ci ple to Cal cu late the Full En ergy Peak
Ef fi ciency for Gamma De tec tors, Pro ceed ing, XLII
In ter na tional Con fer ence on Phys ics of Charged Par -
ti cle In ter ac tions with Crys tals, May 2931, 2012,
Mos cow

[36] Badawi, M. S., et al., An Em pir i cal For mula to Cal cu -
late the Full En ergy Peak Ef fi ciency of scin til la tion
De tec tors, Ap plied Ra di a tion and Iso topes, 74 (2013), 
Apr., pp. 46-49

[37] Badawi, M. S., Com par a tive Study of the Ef fi ciency
of Gamma Rays Mea sured by Com pact-And Well
Type-Cy lin dri cal De tec tors, PhD The sis, Fac ulty of
Sci ence, Al ex an dria Uni ver sity, Egypt 2010

[38] Badawi, M. S., et al., A Nu mer i cal Ap proach to Cal -
cu late the Full-En ergy Peak Ef fi ciency of HPGe
Well-Type De tec tors Us ing the Ef fec tive Solid An gle
Ra tio, Jour nal of In stru men ta tion, 9 (2014), 7,
P07030

[39] Badawi, M. S., De ter mi na tion of the Full-En ergy
Peak Ef fi ciency in Gamma-Ray Spec tros copy Us ing
Cy lin dri cal Sources Per pen dic u lar and Par al lel to the
De tec tor Axis, Jokull Jour nal, 64 (2014), pp. 403-419

[40] Badawi, M. S., A Nu mer i cal Sim u la tion Method For
Cal cu la tion Of Lin ear At ten u a tion Co ef fi cients Of
Un iden ti fied Sam ple Ma te ri als In Rou tine g-Ray
Spec trom e try, Nucl Technol Radiat., 30 (2015), 4,  pp.
249-259

[41] ***, Can berra In dus tries web page, http://www.can -
berra.com/prod ucts/839.asp.

Re ceived on July 4, 2015
Ac cepted on May 10, 2016

M. M. Gouda, et al.: Cal cu la tion of NaI(TI) De tec tor Full-En ergy Peak ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2016, Vol. 31, No. 2, pp. 150-158 157



M. M. Gouda, et al.: Cal cu la tion of NaI(TI) De tec tor Full-En ergy Peak ...
158 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2016, Vol. 31, No. 2, pp. 150-158

Mona M. GOUDA, Mohamed S. BADAVI, Ahmed M. EL-KATIB,
Nansi S. HUSIEN, Mahmud I. ABAS

PRORA^UN  EFIKASNOSTI  NAI(Tl)  DETEKTORA
U  PIKU  ENERGETSKE  RASPODELE  METODOM  TRANSFERA  EFIKASNOSTI

ZA  MALE  CILINDRI^NE  RADIOAKTIVNE  IZVORE

Prikazana je direktna analiti~ko-matemati~ka metoda za prora~un efikasnosti
cilindri~nih detektora gama zra~ewa i izveden je izraz za efikasnost direktnim matemati~kim
postupkom. Predstavqena metoda zasniva se na ta~nom analiti~kom prora~unu sredwe du`ine
slobodnog puta fotona u aktivnoj zapremini detektora, efektivnom prostornom uglu i metodi
transfera efikasnosti u integralnom obliku ‡ sa ciqem da se dobije jednostavna for mula za
efikasnost detektora. Koeficijent samo-slabqewa matrice izvora, faktori slabqewa
kontejnera izvora (sa radijusom mawim od radijusa detektora) i materijala ku}i{ta detektora,
tako|e su razmatrani izra~unavawem sredweg slobodnog puta u ovim materijalima. Kori{}eni su
te~ni radioaktivni izvori 152Eu koji pokrivaju raspon energija od 121 keV do 1408 keV. Postignuto
je izvanredno slagawe merene i ra~unate efikasnosti, sa razlikama mawim od 6 %.

Kqu~ne re~i: NaI(Tl) scintilacioni detektor, cilindri~ni izvor, efikasnost u piku energije, 
.........................faktor samo-slabqewa


