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PEAK AREA DETEAMINATION AND ENERGY DEPENDENCE OF
GAMMA AMD X- RAY PEAK TAILING
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Atatlak Unbvarsity, Faculty of Arls and Sciences, ERZURLIM, TK2E240, TURKEY

Twa analytical shapa funclion reprasenting the shapes of ¥and charasleristic x-ray
photomaaks side obianed wilh 8 Ga(Liddedacior are described . The photopeak cenlroid
is detarminad by wsing thess function, Enegy depandence of tading at the lower eénergy
side of the phoiopeexs ere opteined by the leasi-sguare filttng meihod. The presant
meihad can be used far the analysis of pholopeaks whash is ane side well resetved, wilh

B switcient accuracy.

INTRODUCTION

X-ray spectrometry (XR3) has since long been recognized as a pow-

arful method for the qualilative analysis of metter.’ The accuracy
of XRS5 analysis depend an the accurate determination of the energy
arnd the imlensly of the ¥ -and characlanstic x-ray peaks. So. the
must imporiant part of spectrum determined by means of an energy
dispersive x-ray spectroscopy (EDXHESE) is the so-called full-energy
peak or photopsak. In the single¥ and characteristic photopeak de-
termination the must serious problem is the distortion fram a sim-
pla Gaussian shape on the lowsr energy side af the photopeak,
which ig atiributed to the trapping and recombination of charges.
ascape of photoelectrons from the sensitive region of Ge(l) de-

dectér® and the small angle scatlering of the pholons coniributing
1o the peak from the various element of the dedection system such
as dedector crystal, dedector window, collimator, sample and the
air .in the path of the photon. Furthermore, in precision calculatin
of peak area the noise. random summing of pulses al nigh counting
rates, times instabilty of the measuring device, or the use of a dg-
itai stabilizer and others must take info gococund since they contrib-
ute to the distortion of the lower and higher energy side of the

Gaussian peak.3 On the other hand many af the v and especially the
charasteristic pholopeaks can not be resolved by and energy disper
sive semiconductor dedector, since tha energy of them are too
clese te each other, For a mere presice calculation several shape
functions have so far been proposed and used in spectrum analysis
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by compuier. Helher el al® Putnam et al” studied on & modfied
Gavssian functions, Kuwalsky and Izenhour ® studied on a modified
hyperbolic secant function, Robinsen’ , Rautti and Prussin® siudied

on a coamposite function, Campbell and Schulie® fount it necassary
12 uee fwo tails of very different slope.

The coplete theoretical calculation of distortion is impracticable,
therefore, the real peak shapes must be studied expsrimentally

In this study, a second degree polinomial representing the back-
ground undar the photopeak and the third degree palinomials repre-
senting the left and rigt side of the photopeak are separately de-
termined by the least-square fitting method.

EXPERIMENTAL

The material used to propare the sample from which the H,E-1 -

and K@ , , photopeaks oblained by irradiation given in Table 1. Cha-
resteristic Kp, 5 ;and HEE . Photopeaks are optained by the ex-
citation of the sample by the y-rays of Am-241 and Co-57 radicac-
tivite source both about 3. GBg. Some specifications of the

calibrated point sources whose y-peaks are wsed in this study are
given in table 2.

Table I, The material used to propare the sample

Elemens Purity 5
Sm LS
Ew PR
G R
Lo R
I Lo §
r fog
w Qo &
Hg .5
Fo Qog

vy
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Table I, Some  spectfications  of  the  poind  sources

Eadicizotops  Emission ensrov  Activiiv Transmission
e} i) )

Am-241 14,00 10 sx10-4

Arm-241 26.00 1 516

s =137 FE.H] 10 < h,5

Am-24] 50,54 i 8084

Ba -137 B1.0{ 10k =1

The dala were collected by a Ge(li) dedector (FWHM=190 aV for
2%00 eV) coupled to an NODGSB multi-channel analyser. 2048 chan-
nel af analyser were used 1o collect the data. The pile-up effect
are minimized by holding the total counting rates below B00 eps by
using a narrow collimator system. Each spactrum  was recorded at
a cead lime less then 3% Puls shaping time of spesiroscopy ampli-
fier (Ortec 472) was 2 us. Enefgy scale of the multichannel puls
high analyser was kept 82.56 eV / channel. Al the samples are
bembarded with the yraye af excilation sources at an angle 45° as
shown in Fig .1(b).

But the y-ray spaclra of the radicisclope sources are obtained at
90° source-dedector gecmetry as shown in Fig.1{a). All the charac-
lerigtic x-ray speclra of the samples are. recorded at the same ex-
perimental conditions to make an easy and clear comparision be-
tween them. All yoray spectra were also obtained at tha zame
experimental conditions, For each peak of interest about 10% 1o1a
counts were accumulated.

METHOD OF ANALYSIS
The most important regicn in a spectrum is the photopeak. The phao-

lopeak area is composed of the net pholopeak area and of the ba-
grocund, There are great number of methods for the phatopeak area
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datermination. Since photopeak shapes are notl a simple Gaussm@an as
mentioned in the introduction an experimentally meassured re-
sponse function could be used to determine the photopeak area. The
expanmantel points on the left and right side of photopeak are sep-
arately fitted to the polinomials of the first, second, third and
forth degree. For all the spectra, the chi-sguare values of the poli-

nemials of the third degree are less than the others' values as
shown in table 3(a) and 3(b). '

Table 3a.). ;.;iutu-:s of lower and higher energy side of I'.'.EI_,l y g PEAKS

Element Energy _Lower emergy side = Higher enerzv side

eVl ¢hannels in . channels in f
fiming fitting

Sm 43.40 11 it 12 48
Eu 4702 10 44 8 16
G 48.T1 4] 58 9 14
Dy 52.17 10 67 8 13
Ho 53.93 14 T 13 Y
Er 55.649 il 2 g 20
W 67.23 12 26 9 13
HE 8026 17 66 12 166
b B 92 L) i 12 B

Table 3(b}. xlvnlu:: of lower and higher energy side of p-peaks

Radiotsotope  Energy Lomer epprey side _Higher engrgy side

(ke channels in 1‘1 channels in ;|;3

fitting fining
Am-141 1400 g - 34 B L
Am-241 26,00 11 #1 ] Th
C=-137 EL L0 L3 112 1z E"
Arm-14d1 5054 10 16 L1 12
Ba-133 81.00 14 g5 12 46
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In many cases the namow photopeaks allow the backgraound to be
treated as a siraight line, although this is not statisfactory if the
slope of the background is changing rapidly as it does, for exampls,

at the lower energy edge of phn’rﬂpeaks.’ The background function is
also datermined by experimantal points fitting 1o the polinomi-
als. Some background channels of the y and K§ spectra fitted to the
first, sacond, third and forth order polinomial by split and non-
gplit case as shown in Fig.2(a) and 2(b). The background function
obtained in non-split casa by fitting to the second arder polincmial
agre.resonable  as sean from the analytical result of the background
procedures given in Table 4.

Table 4{ak. Polinomials fitted to the background of Dy-ﬁl}l ;.5 Peak using

-5
the split method .

I " Hizt i

Analytical form Chanmels £+ %° Chanpels £ 57
i ficring in fitng

AX+H 11 o9 5 i (&} 13

Axl+Bx+C 11 g 1% % 5 5

Ani4Bx2aCuaD 11 7 10 8 4 17

A+t +Cx 2+ Da+E 11 & 11 8 LR

Table 4(b), Polinomials fitted to the background of 38 keV y- peak of
Cs-137 using the non-split method

F

Analytical form Channels in Ating Fe ¥
Ax+B 14 12 48
AxliBxsC 14 . 11 25
A 4Byl oD 14 10 36
At b i+ Cx e D+ E 14 g ]

[TEFE

1*= depree of froedoen.
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Pholopeak Centrpid and Photepesk Area Determinalion

In titerature generally, the highest experimental point i5 choosen
ac the photopeak cenlrow in provious studies as we know. But the
peak centroid must be different from the channel with expenman:
tel highest count excep! a few special case. The true pholopeas
centroid is the joining point of the fitting curves reprecenting the
laft and right sice of the pholopeak. Lower and higher enargy boun-
daries of the photopeaks determined as the joining peints of the
lawer and higher energy side functions and background funciion

To cbtain the lelt energy side total area and the right energy sida
jotal area, lower enargy side function and higher energy side
functicn integrated in the range from left boundary 1o centroid and
from centroid right boundary respectively .To lotal ares of the pho-
topeak is found out by addiation of these results.

The background under the lower energy and higher energy side of
photopeak area chbtained by  the integration of backgraund func-
tion in the same ranges . To net area of the left and right side pho-
iopeak is found oul as the difference between left and right side of
total area and the background areas. The difference betwsan the
iaft and right side net area of the photopeak is the “net failing
area”. The net 1aling area of the various peak in the concerned en
@rgy range are given in Tabla 2.

Fig.3 shows linsar and quadratic energy dependencizs of the nel
tailing areas of the photopeaks under invashigation The nel photo-
neak area is analically calculated by using the lower and higher
gnargy side functions.

A briel comparision af the preseni resulls with the results of sup-
plied program by NDESB-MCA and the resulle of the methods given

by T A.E.C Pratt’® and Dojo® and L Kokta® is given in Table 6.

“ CONCLUSIONS

‘The lower and higher energy side shape funclion for photopsak hit-
fing has been presenied and examined with the Ge(li) y-and x-ray
specira. Taking the joinin points of side function wilh background
function as boundaries of the phetopeak is an advantages of not re
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guring the calculaten of the mean of fen channels ® ar finding a

channel has counls grater than one siancart dewial on * &l each
side of the photopeak

An another adventages of the method described here pver previous
maethods™® ' '® is about the fundation of the photopeak centraid by
using the side shape function. The pholopeak centrowd easily deter-
mined as the joinin point af the side shape functions without ne-

cessity of time censuming calculatios reported in some litera-

12
iurea.

The goodness of the fit of present methed is apperent from the 3°
values given in Table 6. Once the energy variation of the tailing of
the pholopeaks recorded by an EDXHS system in can be poszble 10
regolve some ovarlapped photopeaks practically. .

Table 5. The net tailing areas of KpE, , . and y-peaks

Enerey Pealk Ner Met Mt wiling area

Element (ke cenuoid reuk arsa 2iling area et peak anei
Em 4540 T34 BYIRL0D 520723 (LOE0GE]
Eu 27403 73540 RIRI1.74 EiT4.08 010112
od 4871 Ta2.3G 2219574 1723.8] =80
Dy 5217 BI3.4E RER1E.63 10205 50 (11746
Hn R Y Eak 22 EORAD 04 1817.34 RO
Er 55,69 BRO54 264160 B336.36 =t
W (723 0020 BaB1A. 56 TOETE 30 ﬂ.:::@ﬁ
Hp E0.27 1334 24 BOEI2TD 2972440 OEGTES
Fb RN 133907 E3350.73 3119989 037418
Rudicizolape

Ame4] 1500 333,26 BRGDE.O5 221085 L0
Am-231 0 JALD L2060 Rolsl 53 B3 RS3 ARV
C=-]137 =200 LE224 T4lal.d® A73.040 L AE
AmeCdl FRA2 1326.57 Ly 12 264712 il
Pa-13% R4 126k 50 4552453 S2al 5 (Li=353
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FIGURE CAFTION

Figure 1, Experimental arrangement: (a) For ¥ -ray spectra, {b) For
¥-ray specira; AS-point radioisciope sourca, LC-lead col
limater, LS-lead shisld, B-Berilium wiadow, GL-Ga[Li] ds
dactar, SA- sample, SH -sample holder, R-plastc ring, KMF-
mylar film, F-fiber, G-zource collimator made of high pur
ity Pb, BA-annular radigisaolope source.

Figure 2. The background fitting methods © (a) Split method, (bjMNan-
split method.

Figure 3. Energy dependencies of nel I:aillirig area par nel peak area:
{a) ForY -peaks, (b) For KE-] 35 paaks.
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