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When the activities of gamma-ray emitters present in samples are calculated fromrggmma
spectra by automated spectral analysis procedures, data describing realistic counting conditions
must be used in the procedures in order to obtain reliable results. Therefore parameters such as
sample dimensions, composition and density must enter into the calculations as well as the
probabilities for coincident detection of photons. To cary out the calculations, two basic
approximations are made: the self-attenuation function is calculated supposing a simple detector
model and the spatial dependence of the efficiencies for poirtesoisrapproximated by

exponential functions. The approaches leading to these approximations are briefly described.

Introduction

Nowadays measurement of the activiteg@mma-ray emitters is widely performed by
gamma-ray spectrometers with semiconductor detectors. The spectrometers sort and
register electric pulses generated by gamma-rays in the detectors according their height.
The height of each pulse is proportional to the energy offtbeop deposited in the

sensitive volume of the detector, and since photons from nuclear or atomic decays are
emitted at discrete energies, the measured energy distribxtibiispeaks at the

emission energies. The count rate in a peak at the eBagygroportional to the activity
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of the source, and the probabilitp(E) that a photon with enerdyis emitted in the

NE) _
T = p(E)a .

decay, depositing all its energy in the detector and registering in its peak:
To calculate the activity it isecessary to know thegablity for registration. The

factors influencing this probability are:

. the dimensions of the source,

. the material of the source,

. the relative position of the detector and source,

. the properties of the detector,

. the probability for emission

. the probabilities for detection of any radiation in coincidence with the photon.

The probability for detection of coincident radiation depends on the properties of the
detector, the sample and the decaymgeus. Therefore the @bpablity for registration
can be a complicated function of the probabilities for emission and detection of alll

radiations emitted simultaneously.

The probability that a photon is detected in such a way that it deposits all its energy in
the sensitive volume of the detector is referred to as the peak efficiency. It is influenced
by the sample properties, detector properties and the sample-detector arrangement. The
influence of the detector properties as well as the influence of the sample material on the
efficiency depend on the energy of the photon. Botghdetermined by the energy-
dependent probabilities for interaction between the photon and the materials of the

detector and the sample.
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The efficiency ata certain energy can be measured by measuring the registration
probability in the corresponding peak in cases when the losses due to coincident
registration of other radiation aregtigible or well known. Such measurements are
performed by measuring spectra from calibrated sources emitting phosave

energies. The measured calibration curve is valid just for the specific sample-detector
arrangement and sample matrix. In circumstances where samples of different materials
are measured in a variety of shapes this approach is not appropriate, since much labour
has to be invested in measuring and maintaining the calibration curves. In our laboratory,
where samples of various materials are measured and the sample geometries are not
known in advance, another approach was developed and it is the aim of this contribution

to present it.

The Approach

Calculation of the efficiency

In our laboratory the counting efficiency mbmayeneous cylingcal samples is

calculated at the time of sample analysis. This requirement sets restrictions on the

method of calculation, since the calculatione must be regtted to a few minutes. A
semiempirical method is implemented, where the use of geometrical representation is
avoided to the largest possible extent. Namely, the language of geometry, speaking in
terms of distances and solid angles, is not particularly appropriate in those cases where
simultaneous description of sample-detector arrangements with the sensitive volume of
the detector much larger than the sample, and arrangements with the sample much larger
than the sensitive volume, are required. Instead, the problem is formulated in terms of

mathematical analysis.

The efficiency for a point source emitting photons with energy E and placed ata point r
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in the vicinity of the detector may be expressed as [1]:

Eps(r, E ) =

NG.E) Jan(T, R,E) ,

whereN(r,E) denotes the number ohptons with energf emitted atr, dn(r,R E) the
number of photons emitted atand interacting aR within the sensitive volume of the
detectoVp in such a way that they deposit all their energy there. The efficiency of an
extended homogeneous source is calculated by averaging the point-source efficiencies

over the sample volume taking into account the attenuation within the sample [1,2,3,4]:

dn(f,R,E) “

1 .
EV(EJJ) = V—S JSJDe'/J(E)S(fP) N(l_; E) S(r ) y

whereVs denotes the sample volume/:) the linear attenuation coefficient in the source
ands(r,R) the path in the sample of photons emitted ahd interacting aR. By

introducing the efficiency of the point source embedded in an abgankdium

eps(F,E, 1) = N(flE) Ie-u(E)scr,m dn(?,_R’E )

ev(Eu) = Vis Isps(r,E,H) st(f)

the efficiency for an extended source can be to expressed as an average over point
sources:

These efficiencies for point sources difécult to measure and thefore they are not
appropriate as a basis for efficiency calculations. To avoid their use the self-attenuation

function [1] F(r £,z is introduced by rewriting the last equation to the following form:
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1 ps(T, E, - . 1 - - -
sEm) = o [N enE) avs) = - [ FER) ers(C.B) dVe(r)

Vs !

The self-attenuation function describes the attéonaif photons vithin the sample.

Since it is defined as a ratio of two point source efficiencies, the detector properties to a
large extent cancel out. It depemainly on the point of emission and the attenuation
coefficientu. The second factoep(r ,E), describes the detector properties. This

efficiency is measured with point sources on a grid of points within the space near the
detector occupied by the sample in order to determine its spegiehdence. Itis

measured with many different radionuclides in order to determine its energy dependence.
The measured efficiencies characterize the detector properties in such a way that they are

appropriate for further calculations.

Since the self-attenuation function only weakly depends on detector properties, it is
acceptable to calculate it with a simple detector model. If the detector model describes
well the attenuadn of gamma-rays in the sample at some attenuatieffiaent 4, it
describes the attenuation as well or better at any smaller attenuation coefficient. To
obtain reliable results at large self-attenuations, a detector model describing photon
detection at low energies, where the attenuation coefficients are largest, is used in the
calculations. In the model the sensitive volume of the detector is replaced by a sensitive
surface of the same diameter, placed coaxially with the detector crystal. The surface is
placed behind the front surface of the crystal at the average penetration depth of the
photons. The quantitgn(r,R E) is supposed to be proportional to ithenination of the
surface at the poirR from a point light source positioned@atConsequently, the self-

attenuation function is calculated from the expression
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F(r,h,Eu) = R, 27 d (r R E)
2" RAR @
.r .r d*(F,R,E)

whereR andg denote the coordinates on the detectorasarivhere thélumination is
observed and represent the integration variablisshe distance of the source from the
symmetry axis of the detectdr(E) is the distance between the source and the detector
surfaceho/h(E) is the part of that distance occupied by the sample mat&yislthe

radius of the detector surface ah@,R E) is the distance between the source and the

d*(f,RE) =r?+ R®* - 2rRcos@) + h*E)

point where the illumination is observed:

In the calculabn of the countingfficiency the self-attenuation function is computed on

a grid of points within the sample, thereafter multiplied by the measured efficiencies and
averaged over the sample volume. In this way the material of the sample as well as the

sample dimensions are taken into account when calculating the efficiency.

Calculation of the probability for registration

At low count rates the losses in the peaks due to coincident detection of photons are due
to detection of two or more photons emitted icaacade ecay following the formation

of the daughter nucleus. The probability for simultaneous detection of photons depends
on the details of the deexitation scheme, and therefore it is nuclide-specific and must be
calculated for specified counting conditions for each emitter individually. The magnitude
of the effect depends on theopabilities that two or more of the radiations emitted in a

cascade are registered anywhere in the spectrum. Tiasbilites are referred to as
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the total efficiencies.

In a simple decay where just one photon with ené&rgyemitted in each decay, the
probability for registratiorman be expressed by the praligbfor emission of the photon

b(E), and the efficiency:

R (E.u) = b(E) &v (Bl )

If the photon is emitted at the pointand another photon with energyis emitted in

coincidence with it its registration probability is given as

p(F.E.u) = b(E) gps (F,Ep ) [1 - DE.) el Ept)]

whereb(E;) denotes the probgity for the emission of the photon with egg E; when
the photon with energ¥ is also emitted anebs'(r ,E, 1) denotes the total efficiency for
the photon with energly;. The registration probability for an extended sample is given

by the average over tharaple volumg5,6]:

REw) = 2 fen(FEH) [1- b(e: ) ek (Fe )] AV(F ) =

0E0
= b(E) & (Ed) -2 fer Egt) e 40) QYD)

It is observed that the probhty for registration in the peak is expressed by integrals of
the products of peak and total efficiencies for point sources. All the integrals can in
principle be calculated since all efficiencies for point sources can be obtained from the
detector model and the detector characterization data. The number of integrals to be
calculated in the casghenn states in the daughter nucleus are populated is of the order
4"Y2 [7]. Therefore approximations must be introduced in order to bring the amount

of computing within acceptablienits.
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The spatial dependencies of the point source efficiengigst, 1) andeps (r /1) are

EPS(F,E,H) = gOO(E) e—w(Evu)rz-w(E#)zw(Eu y2z

approximated by exponential functions [7]:

_ " T
EES(V,E,H) = sEO(E) eso(E#)rzw (Ep)zw' (Ep )2z ’

and

wherer andz denote the coordinates of the veatoil he integral over the sample
volume of the expondial functionscan be expressed by the exponentialgrake
functions in closed form. Since an expat@runctionretains its form after
multiplication by other exponential functions, the integration of products reduces to
evaluation of exponential integral functions at appropriate arguments. By this
approximation the probability for registratican be calculated faxtended sources in
the case of cascadeadys, cosequentlyenabling thecalculation of activitiegiccording
to Eq. (1).

Conclusion

The introduction of a simple detector model and the approximation of thi@ spa
dependence of the efficiency for point sources byegpgial functionshasenabled us to
use data describing realistic counting conditiorsailculations of attvities from peak
count rates. The approach describatgemented in an automatic spectral analysis
procedure. In this way human resources in the laboratory were freed from correcting

results obtained with procedures suppositegiized counting catlitions to results
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taking into account realistic counting citrons. Now the #iention of the spectroscopist

may be focused on the quality of the measurement, and the reliability and consistency of
the results. It is our opinion that good quality analysis cannot be performed without
human supervision of the entire measuring process. The main reason for this we see in
the first step of the spectral analysis, the peak evaluation procedure. Here the statistical
nature of spectral acquisition can introduce data sets which present day routines cannot

handle reliably.
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Povzetek:Prira¢unanju aktivnosti sevalcev gama iz spektropgnodjo avtomatske analize je pomembno,

da podatki, ki opisujejo pogoje metitve, ustrezajo dejanskim merskim pogojem. Zato mora analiza upoStevati
podatke kot so dimenzije vzorca, njegova gostota in sestava, pa tudi verjetnosti za hkratno dgtekcijo
fotonov. Prira¢unanju aktivnosti upoStevamo dva osnoyaélizka: Funkcija lastne atenuacijeijgrac¢unana

v okviru enostavnega modela detektorja, prostorska odvisnost izkorigtkkazae izvore pa je

aproksimirana z eksponentno funkcijo. V prispevku so predstavljeni pristopi, ki vodijo kitéitigom



