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Re cently, there have been sev eral sig nif i cant im prove ments in the area of the ra di a tion de tec -
tion sys tem and its in stru ments, es pe cially those us ing scin til la tion or semi con duc tor gamma
ray de tec tors. Sci en tists and tech ni cians are in ter ested in study ing this prog ress, which can be
use ful for the de tec tor's op er a tion and its ba sic prop er ties, such as en ergy, shape, and ef fi -
ciency cal i bra tion. In this work, an ex tended study of var i ous math e mat i cal for mu las was con -
ducted to ob tain the ef fi ciency best-fit ting func tion, that cov ers the mea sured val ues from low 
to high en ergy re gions. They can be used to rep re sent the ef fi ciency of a high-pu rity ger ma -
nium de tec tor in the re gions where ac cu racy and max i mum speed in op ti miz ing the cal i bra -
tion pro cess are very im por tant for gamma spec tros copy. De ter mi na tion of the ac tiv ity of en -
vi ron men tal sam ples mainly de pends on the ef fi ciency cal i bra tion curve of the de tec tion
sys tem. The gamma ray en ergy in the range from 59.54 up to 1408.01 keV used in this work
was ob tained by us ing a set of stan dard ra dio ac tive gamma ray sources of cer ti fied in ten sity.
The cur rent data anal y sis shows that most of the math e mat i cal for mu las, which rep re sent the
fit ting curve for the de tec tor full-en ergy peak ef fi ciency, were quite agree able with the ex per i -
men tal re sults.
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IN TRO DUC TION 

For set ups with dif fer ent “gamma ray source-to-de -
tec tor” ge om e try, the ex per i men tal cal i bra tion method
used de pends mainly on the ob tained cal i bra tion val ues,
which can be ei ther listed in data ta bles or plot ted as (e, Eg)
2-D-graphs, where e is the de tec tor ef fi ciency and Eg is the
pho ton en ergy. In this method, monoenergetic or
multi-en er getic stan dard ra dio ac tive sources of known ac -
tiv ity are placed se quen tially at a con stant dis tance from
the de tec tor in ques tion. Be sides, sources with a well-de -
fined en ergy spec trum must be used for the cal i bra tion
pro cess.

The ex per i men tal method is con sid ered to be the
sim plest and most di rect, al though it is time-con sum ing
[1, 2]. Al though ex per i men tal meth ods can of fer good
re sults with very low un cer tain ties, some lim i ta tions
can lead to er rors in the fi nal choice of the gamma ray

de tec tor full-en ergy peak ef fi ciency [3, 7]. The sources
of er rors can be from: vari a tion of the gamma emis sion
prob a bil ity used by dif fer ent sci en tists and tech ni cians,
the co in ci dence sum ming prob lems, the use of sev eral
stan dard ra dio ac tive sources to cover dis crete en ergy
re gions, which may lead to the ap pear ance of en ergy
gaps, gen er at ing huge un cer tain ties af ter fin ish ing the
in ter po la tions dur ing the curve fit ting and con sid er ing
the in trin sic rather than to tal ef fi ciency [8, 9].

Mod el ing the his tory of a large num ber of in di -
vid ual pho tons pass ing through the de tec tor, from the
mo ment of emis sion from the source to the point of ab -
sorp tion in side the de tec tor, is con sid ered to be the
prin ci ple of Monte Carlo meth ods. The pho ton can es -
cape the de tec tor or de posit its en ergy, in whole or in
part, in the de tec tor ma te rial, tak ing into ac count all
sec ond ary pho tons and par ti cles [10-12]. Monte Carlo
meth ods are used to cal cu late the gamma ray de tec tor
full-en ergy peak ef fi ciency, while obey ing a sta tis ti cal
dis tri bu tion model, ac cord ing to the given dis tri bu tion
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func tion. The use of Monte Carlo sim u la tions is be -
com ing in creas ingly im por tant for cal cu lat ing de tec -
tor ef fi ciency when us ing un usual ra dio ac tive sources
[13, 14]. In the past, the Monte Carlo meth ods were
con sid ered be cause the run ning time of a com puter
pro gram is quite long, since these meth ods fol low each 
pho ton his tory step-by-step, the sta tis ti cal er ror must
be cal cu lated and, to ob tain good prob a bil i ties, the
num ber of his to ries must be large enough [15]. Over -
all, many sci en tific groups, as men tioned be fore, use
this method to de ter mine the ef fi cien cies and cal i brate
de tec tors.

The qual ity and quan ti ties in gamma ray spec -
trom e try mea sure ments, on the whole, de pend mainly
on the aware ness of know ing the gamma ray de tec tion
ef fi ciency for a source-to-de tec tor ge om e try of the
set-up. Since the sam ples usu ally can be of var i ous
types of ma te ri als and with dif fer ent ge om e try, cal i -
bra tion is not pos si ble for most of the ma te ri als and
their con tain ers used in the mea sure ments. These pro -
ce dures are of change able de pend abil ity and need
set-up pe ri ods, which can be un suited with the ne ces si -
ties of reg u lar mea sure ments. More over, the lim ited
mea sure ment that, in par tic u lar, is nec es sary for mea -
sur ing en vi ron men tal sam ples, de form the ar eas un der
the peaks, which leads to in cor rect quan ti ta tive re -
sults.To over come these two dif fi cul ties, a spe cial ef fi -
ciency trans fer method was pro posed [16-25]. It is a
com pu ta tional tech nique de signed to of fer a use ful
and ap pro pri ate ex pla na tion for prob lems en coun tered 
in lab o ra tory mea sure ments. It al lows es ti mat ing the
ef fi ciency of the gamma ray de tec tor with out mak ing
cal i bra tion by the experimentalists. This makes it pos -
si ble to in crease the pre ci sion of the re sults of the
quan ti ta tive re search us ing gamma spec trom e try and
keep away from time un con trol la ble mea sure ment
runs. This method has been built up based on the con -
cept of chang ing the gamma ray de tec tor ef fi ciency in
case of the ab sence of the ra dio ac tive cal i bra tion
sources-to-de tec tors set-up, which should be sim i lar
to the sam ples un der in ves ti ga tions and anal y sis. By
com pu ta tion, it is pos si ble to find out the gamma ray
de tec tor ef fi ciency, equiv a lent to sam ples of non-point 
shape and/or in spe cial lo ca tions as pre sented by
[26-30] where the ef fi ciency trans fer method can be
ex tended to (vol u met ric, bulk) sources, by cal cu lat ing
the solid an gle of the setup and the ef fect of var i ous ab -
sorb ing ma te ri als.

Sev eral sci en tists have used a sim pli fied di rect
ap proach to de ter mine the gamma ray de tec tor ef fi -
ciency for a ra dio ac tive point-like source at any ran -
dom lo ca tion from a cy lin dri cal or well-type de tec tor,
in ad di tion to ex tend ing this ap proach to es ti mate the
ef fi ciency for disk and vol u met ric sources such as co -
ax ial or sym met ri cally per pen dic u lar cyl in der and
Marinelli beaker. This ap proach de pends on the math -
e mat i cal ex pres sion for the dis tance trav eled by the
pho ton be fore be ing re corded in side the de tec tor as a

func tion of the po lar and az i muthal an gles and the dis -
tance from the source to the de tec tor.  Be sides,
car ry ing out the in te gra tion of the ap proach over lim its 
of the po lar and az i muth an gles via sim ple pro grams
us ing the trap e zoidal rule, [29-30].  Within the frame -
work of this ap proach, the co ef fi cient of pho ton at ten -
u a tion by the source con tainer, the ma te ri als of the de -
tec tor end cap, and the in ter ac tion with the source
ma te rial it self were taken into ac count.

Newly, ex ten sions to gamma-ray spec trom e try
have been ex panded and be come func tional in var i ous
fields, such as as tro phys ics and med i cal ther apy, in
which ex tremely pre cise mea sure ments of gamma ray
and cal i bra tion pro cesses for the de tec tors are re -
quired. This was achieved us ing the mode of track ing
the in ter ac tion of gamma quanta in side the semi con -
duc tor and scin til la tion de tec tors and the en ergy re -
leased in them.  Since the mea sure ments are car ried
out at sep a rate ar bi trary en er gies, the de tec tor full-en -
ergy peak ef fi ciency val ues at the re quired gamma ray
en er gies must be ob tained from a smooth curve drawn
through out the ob tained ex per i men tal points. In turn,
to take full ad van tage of the pre ci sion of the ex per i -
men tal val ues, sev eral in ter po la tion meth ods are re -
quired that do not vi o late the ac cu racy of the ba sic re -
cords. This is achieved by fit ting the ba sic or main data 
points with dif fer ent math e mat i cal for mu las. Sev eral
math e mat i cal for mu las, which de pend on the in ter po -
la tion method and the num ber of pa ram e ters, are used
in this work to in ten sively study the de tec tor ef fi ciency 
curve in gamma ray spec tros copy in the en ergy range
from 59.54 to 1408.01 keV. All re sults of the math e -
mat i cal for mu las agree sat is fac to rily with the re sults
ob tained from the mea sured val ues.

MEA SURE MENT CON FIG U RA TIONS

In gamma-spec tros copy, the use of a ger ma nium
de tec tor makes it pos si ble to iden tify radionuclides
pres ent in an en vi ron men tal sam ple with high res o lu -
tion and de ter mine their massic or vol u met ric ac tiv ity
(for ex am ple, Bqkg–1 or BqL–1). The sci en tists and
tech ni cians usu ally need to know the de tec tor's
full-en ergy peak ef fi ciency with good ac cu racy for
any spe cific source-to-de tec tor con fig u ra tion of con -
cern.  This sec tion de scribes the re quire ments to do the
cal i bra tion pro cess in the gamma-ray spec tros copy
field. The Can berra Ger ma nium De tec tor Com pany
has been work ing for many years to im prove de tec tors
to have better res o lu tion, better peak-to-Compton ra -
tio, and higher ef fi ciency.  In this work, we used Can -
berra's GC1520 co ax ial high-pu rity ger ma nium de tec -
tor.  A typ i cal sec tional view of the de tec tor cham ber
and char ac ter iza tion are shown in fig. 1(a). Mul ti ple
width Nu clear In stru ment Mod ules (NIM) were ac -
com mo dated in a CAN BERRA Model 2000 Min
Bin/Power Sup ply Crate, which pro vides mount ing
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space and power sources for up to 12 stan dard sin -
gle-width NIM elec tronic units. The Model 3106D
power sup ply pro vided a con stant volt age of +4500,
which was re quired as an op er at ing volt age. The
Model 2002CSL preamplifier was in te grated into the
de tec tor it self, and the Model 2026 am pli fier was one
of the NIM mod ules pro vid ing a 4 ms time con stant.

The ra dio ac tive point sources in clude four dif fer -
ent radionuclides: 60Co, 133Ba, 152Eu, and 241Am. The
sources cov ered en ergy range from 59.54 up to 1408.01
keV. The ac tiv ity of the ra dio ac tive sources on June 1,
2009, was (212.1 ± 1.5, 275.3 ± 2.8, 290.0 ± 4.0 and
259.0 ± 2.6) kBq, re spec tively. The sources are made of
two fused disk-shaped poly eth yl ene films with a sur face
den sity of (21.3 ± 1.8) mgcm–2, hold ing in their cen ter a
weak ra dio ac tive ma te rial in the form of a small spot with 
a di am e ter of no more than 5 mm.  For easy, flex i ble, and
safe han dling, the poly eth yl ene-coated ra dio ac tive
source is se cured to a cir cu lar alu mi num ring, the di men -

sions of which are shown in fig. 1(b). To mea sure the
spec tra, we used a spe cial home made Plexi glass source
holder pro vid ing a suf fi ciently wide solid an gle, as
shown in fig. 1(c). The sam ple holder is in two pieces; the 
first is the base of the holder, which is also used to sup port 
the sec ond one, shield the top of the de tec tor and pro tect
it  from  X-rays  and  beta  par ti cles;  the sec ond piece,
2.38 mm thick, is used as a holder for ra dio ac tive
sources, each of which was lo cated at a dis tance of
507.49 mm from the front end of the de tec tor and was
mea sured sep a rately. This dis tance en sures ob tain ing the
am pli tude spec tra of sig nals with out the in flu ence of the
co in ci dence sum ma tion ef fect, pulse pile-up, and dead
time of the de tec tor. The de tec tor ef fi ciency val ues, ob -
tained un der these con di tions, will be more suit able for
test ing var i ous fit ting func tions. The mea sure ments and
re cord ing of the sig nals from the in ter ac tion of the
gamma rays with the ac tive ma te rial of the de tec tor were
car ried out via the PC USB port us ing the Can berra Ge -
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Fig ure 1.  (a) Cross-sec tional of the de tec tor, (b) ra dio ac tive source di men sions, (c) home made plexi glass source holder,
and (d) experimental set-up



nie 2000-ISO 9001 spec trum ac qui si tion and anal y sis
soft ware. The block scheme of the ex per i men tal setup is
shown in fig. 1(d). To ob tain enough high-count num ber
of events un der the in ter est ing peak with 1 % as sta tis ti cal 
un cer tainty, the mea sured time was long enough.

Cal i bra tion pro cess

To en sure high-qual ity mea sure ments and cal i -
bra tion, be fore start ing ac tual mea sure ments with ra -
dio ac tive sources, the de tec tor elec tron ics must be
tuned to re duce the ef fect of any in ter fer ence that
might af fect the col lected sig nals. This was done ex -
per i men tally us ing a good qual ity pulse sta bi lizer, and
the setup was lo cated away from the floors and walls
of the mea sure ment site. The cal i bra tion pro ce dure
con verts the col lected by the II MCA mod ule 8k-chan -
nel am pli tude spec tra of the sig nals into 8k-chan nel
en ergy spec tra of the gamma rays. Be fore start ing a
real mea sure ment pro cess, three ra dio ac tive sources,
60Co (1173.23 and 1332.50 keV), 137Cs (661.66 keV),
and 241Am (59.54 keV) were used for en ergy cal i bra -
tion of the gamma ray de tec tor and they roughly cov -
ered the en tire en ergy range in re cent mea sure ments.

The mea sured ef fi ciency of the HPGe gamma ray
de tec tor var ies with the en ergy of gamma quanta and
ge om e tries of the in ves ti gated source and de tec tor,
there fore, in the quan ti ta tive anal y sis of ra dio ac tive en -
vi ron men tal sam ples, stan dard ra dio ac tive sources of
the same ge om e try and gamma-ray en er gies must be
used. The ef fi cien cies for reg is tra tion of gamma quanta
with a cer tain en ergy, cal cu lated by eq. 1, can be pre -
sented in ta bles or the form of e(Eg) = f (Eg)-graphs
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where  s sA g
, ( )I E  and s

gN Enet ( )  are the un cer tain ties
as so ci ated with the quan ti ties A, I(Eg), and Nnet(Eg) re -
spec tively.

From the ef fi ciency val ues e(Eg) at cer tain en er -
gies (Eg) ob tained by eq. (1), a 2-D plot {e(Eg), Eg}is
drawn.  Sci en tists and tech ni cians use var i ous math e -
mat i cal for mu las to plot a curve through the cal i brated
full-en ergy peak ef fi ciency val ues, which can later be
used to cal cu late the gamma ray de tec tor ef fi ciency
e(Eg) at any other en ergy in the cal i brated en ergy range 
when they an a lyze an un known gamma spec trum.

MATH E MAT I CAL TREAT MENT

Any one work ing in the field of gamma spec tros -
copy should be aware that the ex per i men tal method is
lim ited, this is due to many dif fer ent rea sons. One of the
most im por tant rea sons may be the lack of cal i brated ra -
dio ac tive sources due to their high cost and the de crease
in their in ten sity due to their short half-life. There fore,
the de tec tor ef fi ciency for each peak in the mea sure -
ment spec tra, which is de ter mined us ing cal i brated ra -
dio ac tive sources, must be mea sured in the same ge om -
e try as soon as the de tec tor reaches the lab o ra tory to
en sure that it cov ers the en ergy range of in ter est. Af ter
de ter min ing the ef fi ciency e(Eg),for each cal i bra tion
peak, var i ous math e mat i cal func tions de pend ing on the
gamma ray en ergy Eg can be pro posed to fit the ef fi -
ciency of the HPGe gamma de tec tor. Many of these
math e mat i cal func tions de pend on the type of de tec tor,
the en ergy range cov ered by the source, and the dis tance 
from the source to the de tec tor.

The fit ting func tions can be used only if their de -
vi a tion from the ex per i men tally ob tained ef fi ciency
val ues for most en er gies and source-to-de tec tor dis -
tances are very small. This can be done if the un cer -
tainty of the mea sured full-en ergy peak ef fi ciency,
which is used in the weighted least squares (WLS)
method, is very small. In this way, the fit pa ram e ters of
the math e mat i cal func tions for all source-to-de tec tor
dis tances can be ob tained with ex cel lent pre ci sion.
The weight ing pa ram e ter is in versely pro por tional to
the square of the ef fi ciency un cer tainty, 1/s2

e(Eg). The
en ergy range to be fit ted must have closely spaced data 
points to ob tain a con tin u ous smooth fit ting curve
span ning the en tire range, from which one can get the
de sired full-en ergy peak ef fi ciency for any en er gies of
in ter est.

Poly no mial math e mat i cal func tions were reg u larly 
used on a log a rith mic or ln scale, where their pa ram e ters
were de ter mined us ing the least-squares method af ter
weigh ing the mea sured points. The de gree of the poly no -
mial, n, must be less than the num ber of mea sured data
points, p. In some cases, two dif fer ent fit ting func tions
with a joint point can be used. In this case, a sep a rate fit
func tion is used for each en ergy range, and the re sult is
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two sep a rate curves.  There fore, for a two-curve model, at 
least five cal i bra tion en ergy data points are re quired, two
be fore the curves cross over point, one at the cross over
point, and two af ter it. If one func tion is used, at least
three mea sure ment points are re quired to plot the curve
and more points should be pro vided.  In this study, to get
the best re sults from plot ting a smooth curve through ex -
per i men tal data in the rec om mended dif fer ent range of
gamma ray en er gies, sev eral tested dif fer ent math e mat i -
cal func tions such as

· Math e mat i cal func tions cover the en ergy range
from 59.54 up to 1408.01 keV (one re gion).
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· Math e mat i cal func tions cover the en ergy range
from 59.54 up to 1408.01 keV (two re gions).

– First two re gions:
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range from 121.78 to 1408.01 keV where the vari ance
is given as in eq. (3)
– Sec ond two re gions:
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range from 59.54 to 223.24 keV

ln ( ) ln ( ) ln ( )

(
( )

e

s
e

g
g g

e g

E a
c

E
b

c

E

E

= +
æ

è

ç
ç

ö

ø

÷
÷

=

2

1

and

ln
2

E
E

g
es g)
( )

æ

è

ç
ç

ö

ø

÷
÷

2

2

(14)

range from 223.24 to 1408.01 keV                     
– Third two re gions:
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range from 59.54 to 276.4 keV                                                   
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range from 276.4 up to 1408.01 keV where the vari -
ance is given as in eq. (3).

In the above math e mat i cal func tions ai, a, b, c,
and d are the pa ram e ters of the fit ted func tion, which
are de ter mined by the least-squares method, while the
value slne(Eg) is the vari ance of lne(Eg) and sloge(Eg) is
the vari ance of loge(Eg). Based on the above equa tions, 
the weight ing co ef fi cient Wi for each mea sured point i
is de ter mined as

( )
W

Variance
i =

é

ë

ê
ê

ù

û

ú
ú

1
2

(17)

RE SULTS AND DIS CUS SIONS

The pres ent study shows that all the math e mat i -
cal func tions used to de scribe the full-en ergy ab sorp -
tion peak ef fi ciency curve of the HPGe gamma de tec -
tor are con sis tent with each other to ac cept able
de grees. The full-en ergy ab sorp tion peak ef fi ciency of
the HPGe gamma ray de tec tor was tested with thir teen
math e mat i cal func tions, some with a cross-over point.
Some prob lems are as so ci ated with the pro cess of de -
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tect ing gamma quanta with en er gies be low 100 keV,
where at ten u a tion is one of them. The ef fi ciency curve
peaks at around 100 keV and then de creases ex po nen -
tially to wards higher en er gies. The full-en ergy ab sorp -
tion peak ef fi ciency curves de pend on the ef fec tive
solid an gle sub tended by the de tec tor with the point ra -
dio ac tive source, and on the in trin sic ef fi ciency of the
de tec tor. At en er gies be low 1.022 MeV, the in trin sic
ef fi ciency de pends on the pho to elec tric and Compton
cross-sec tions. Above en ergy of 1.022 MeV, the pair
pro duc tion cross-sec tion also con trib utes to it.

When per form ing a non lin ear curve fit us ing the
Or i gin lab o ra tory pro gram, an it er a tive pro ce dure is
em ployed to re duce the chi-square and ob tain the op ti -
mal pa ram e ters val ues. The eval u a tion good ness of the 
fit of math e mat i cal func tions is based on the
chi-square value c2, which pro vides a uni ver sal mea -
sure of the re li abil ity of the mea sured ef fi cien cies and
their val ues from the fit ted curve. In to tal 24 gamma
rays en er gies from four ra dio ac tive point sources
60Co, 133Ba, 152Eu, and 241Am were used to de ter mine
the full-en ergy ab sorp tion peak ef fi ciency of the
HPGe gamma ray de tec tor. Sev eral dif fer ent math e -
mat i cal func tions (for mu las 4-16) were fit ted to the ex -
per i men tally ob tained ef fi ciency data points us ing the
least-squares fit method. Seven dif fer ent math e mat i -
cal func tions rep re sented by eqs. (4)-(10) were fit ted
to the ef fi ciency data points mea sured in the gamma
ray en ergy range from 59.54 to 1408.01 keV. The mea -
sured ef fi ciency data points along with their er ror bars
are shown in fig. 2(a) up to fig. 2(g). Two meth ods
were used to fit these mea sured points, the first us ing
seven dif fer ent math e mat i cal func tions to rep re sent
the full-en ergy peak ef fi ciency of the HPGe
gamma-ray de tec tor over the en tire en ergy range from
59.54 to 1408.01 keV, the least-squares fit pa ram e ters
of these seven func tions are shown in fig. 2.

The sec ond method is to di vide the en tire en ergy
re gion into two dif fer ent re gions us ing the cross-over
(tran si tion, in ter sec tion) point at en er gies of 121.78 keV,
223.24 keV, and 276.4 keV, re spec tively, as shown in fig.
3(a) up to fig. 3(c). The en ergy re gion be fore and af ter the 
cross-over point was fit ted ap prox i mated by two dif fer -
ent math e mat i cal func tions. The pa ram e ters re lated to
these func tions are shown in fig. 3. The re sid u als (dis -
crep an cies) be tween the mea sured points and the fit ted
curves are shown in figs. 2 and 3 based on the fol low ing
equation

Residual
Fit

=
-

×
e e

e

exp

exp

[%]100 (18)

where eexp and efit are the full-en ergy peak ef fi ciency
ob tained ex per i men tally and us ing the fit ted func tions, 
re spec tively.

The fluc tu a tion of re sid u als is rel a tively small,
their per cent age is about ±5 % in figs. 2 and 3, ex cept
for  fig.  2(g)  where  it  is  less  than ±9 % when us ing
eq. (10). The re sid ual per cent age is less than ±6 %

when us ing fit func tions (11) and (12) as shown in fig.
3(a). The pa ram e ters re lated to these func tions, ob -
tained by the least-square method, are also in di cated in 
the fig ures. In ad di tion, tab. 1. In cluded the num ber of
the equa tions that were used fit ting, cov ered en ergy
range, ad justed R2, and re duced c2. When two in ter -
sected fit func tions were used, the qual ity of the fit did
not change sig nif i cantly, these de vi a tions were found
to be ac cept able for gamma-ray spec tros copy ap pli ca -
tions. In this study, it was shown that di vid ing the en -
ergy range and the piecewise ap prox i ma tion of the ef -
fi ciency data leads to the same re sults. The re sults
ob tained are in good agree ment with each other and
show the ap pli ca bil ity of the math e mat i cal func tions
used to rep re sent the full-en ergy ab sorp tion peak ef fi -
ciency of the HPGe gamma-ray de tec tor.

CON CLU SIONS

Thir teen math e mat i cal func tions were used to ap -
prox i mate the ex per i men tally ob tained full-en ergy ab -
sorp tion peak ef fi ciency of the HPGe de tec tor in the
gamma ray en ergy range from 59.54 up to 1408.01 keV.  
The qual ity as sess ment of the math e mat i cal fit ting pro -
cess was based on c2. The dis crep ancy be tween the
mea sured points and the fit ted curves was usu ally about
±5 %. Based on the cur rent in ves ti ga tion, one can say
that these func tions could be rec om mended for fit ting
the mea sured ef fi ciency of the HPGe gamma ray spec -
trom e ter. They can also be used for test ing dif fer ent
source-to-de tec tor ge om e tries and as per ma nent math e -
mat i cal func tions to ap prox i mate the ef fi ciency of any
gamma-ray de tec tion sys tem. This ar ti cle sum ma rizes
the re sults of last year's work on im prov ing use ful meth -
ods for cal i brat ing gamma-ray de tec tors in a wide en -
ergy range. The main goal of this study was to use a sim -
ple, eco nom i cal, and cor rect pro ce dure us ing the
high est qual ity in for ma tion col lected.
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Ta ble 1. The num ber of the equa tions that were used fit ting, cov ered en ergy range, ad justed R2, and re duced Chi-square

Equa tion num ber Re duced c2 Ad just R2 Cov ered energy range [keV]

From To

4 1.64855 0.99947

59.54 1408.01

5 1.61472 0.99948

6 1.64855 0.99947

7 0.32055 0.99945

8 2.12257 0.99902

9 1.49009 0.99931

10 1.64686 0.99718

11 3.71E-39 1 59.54 121.78

12 2.90E+00 0.99849 121.78 1408.01

13 0.40326 0.99714 59.54 223.24

14 1.45571 0.99941 223.24 1408.01

15 0.08095 0.99953 59.54 276.40

16 1.40996 0.99915 276.40 1408.01

Fig ure 3.  The mea sured ef fi ciency data points in (a) up to (c) with their er ror bars and its fit ting val ues that rep re sent one
en ergy re gion by us ing eqs. (11)-(16), be side the re sid ual per cent age



DATA AVAIL ABIL ITY

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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Abuzeid A. TABET, Bohajsa A. SA LEM, Mohamed S. BADAVI

PROU^AVAWE  MATEMATI^KIH  FUNKCIJA  ZA  FITOVAWE
KRIVIH EFIKASNOSTI  DETEKTORA  U  OBLASTI  ENERGIJA

GAMA  ZRA^EWA  OD   59.54  keV  DO  1408.01  keV

U novije vreme bilo je nekoliko zna~ajnih poboq{awa sistema i instrumentacije
detekcije zra~ewa, posebno onih koje koriste scintilacione ili poluprovodni~ke detektore gama
zra~ewa. Istra`iva~i i tehni~ari zainteresovani su za prou~avawe ovog razvoja, {to je od
koristi za upravqaqe detektorima i wihovim osnovnim svojstvima, kao {to su energija, oblik i
kalibracija efikasnosti. U ovom radu sprovedeno je obuhvatno prou~avawe razli~itih
matemati~kih for mula radi dobijawa najboqih aproksimacija funkcija efikasnosti, koje
pokrivaju merene vrednosti u oblastima od niskih do visokih energija. One mogu biti kori{}ene
da opi{u efikasnost germanijumskog detektora visoke ~isto}e u oblastima u kojima su  ta~nost i
maksimalna brzina optimizacije kalibracionog procesa veoma zna~ajne za gama spektroskopiju.
Odre|ivawe aktivnosti uzoraka iz okoline uglavnom zavisi od efikasnosti kalibracionih
krivih detektorskog sistema. Energija gama zra~ewa od 59.54 keV do 1408.01 keV kori{}ena u ovom
radu dobijena je setom standardnih radioaktivnih izvora gama zra~ewa sertifikovanog
intenziteta. Analiza podataka pokazala je da je ve}ina matemati~kih for mula, koje aproksimiraju 
krive efikasnosti detektora u piku ukupne energije, sasvim saglasna sa eksperimentalnim
rezultatima.

Kqu~ne re~i: matemati~ka for mula, efikasnost u piku ukupne energije, proces fitovawa,
..........................detektor gama zra~ewa, radioaktivni ta~kasti izvor


