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The thickness of silicon AE-detectors can be measured with a ca-
librated gamma-ray source using Compton conversion /1/ for which the
cross section is known. The spectrum produced by a 13705 gamma-ray
source. /662 keV/ in the 5i AE-detector with a radius of 16 mm and a
thickness of about 500 pm is displayed in Fig.1. The dotted curve is
the experimental Compton shoulder whose edge appears at 478 keV, the
full line represents the Klein-Nishina theoretical shape of the Comp-
ton profile. It is seen that the simple Klein-Nishina distribution
does not adequately fit the measured Compton continuum region in the
gamma-ray spectrum for an actual experimental arrangement. It should
be noted that the theoretical distribution does not contain contribu-
tions from multiple scattered photons in a finite detector. However,
a correction for Compton electrons escaping through the edge of the
detector must be introduced. Moreover, an attentive approximation of
the missing part of the spectfum due to the threshold effects of elec-
tronics is also needed. For thease reasons, we have tried to fit the
experimental energy spectra of Compton scattered electrons by the
function calculated using the Monte Carlo method. We have used the
Monte Carlo model of scattering and absorption events of a gamma-ray
in a finite homogeneous medium as described in Ref./2/.

The geometry of a real experimental arrangement considered in the
calculation is 1llustrated in FPig.2. A gamma-ray history starts by
selecting a random initial direction 90, Yo from an isotropic source
Ng, and the flight distance Zo. Then Cartesian coordinates of the
entry point Né(xo,yo.o) and the point of the first interaction are
computed. The type of interaction is determined from the comparison
of the ratio of photoelectric and total absorption coefficients for
initial energy Eo to a generated random number, If an event of the
photoelectric origin is produced, a given gamma-ray history is termi-
nated. For a Compton scattering event, the Kle;n-Nishina distribution
is sampled to determine the angle of the scattered gamma-ray and the
history is continued. After the evaluation of the scattering angle,
the values of photon and electron energies, as well as the polar
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angle of the scattered electron and itas path length, can be calculated
/see below/. In general, the state of the gamma-ray after n-th scatte-
ring, Sn=(En,9n,Yh,xn,yn,zn), is specified by a set of quantities:
energy E, coordinates @,% describing the direction of motion in a
spherical coordinate system with the z-axis as a polar one /see Fig.3/,
and Cartesian coordinates x,y,z; S°=(Eo,@°.'fo.xo,yo,zo=0) being the
state of a photon entering the detector. The steps in the calculation
of Sn” quantities, given Sn, are:

1. Energy
E . = En ,
n+1 2
1+ En/moc (1—cosfdn+1)

where m002 = 511 keV and the photon scattering angle &Jn+1 is
sampled from the theoretical distribution.

/1/

2. Cartesian coordinates

Xne1 x, + ﬂn sin 8, costfn

Yhe1 = Yn +4, 8sin & sinf /2/
Zo,q = 2y + L, cos B
~with flight distance I'n determined from the inverse probability
distribution :

1

1 .
aan = “(En) 1n 1-Q ’ H /3/

u(En) and Q are the total attenuation -coefficients /3/for a gamma-
ray of energy E and a random number, respectively.

3. Angulér coordinates

'8

ne 1 arccos E:os 8, cosadm_,‘ + sin 8, Si“xnn] /4/

Yneq = Y, + arcsin Einfn+1 gin@n+1/sin 8n+1]

whereInM is the randomly selected azimuthal scattering angle
/see Fig.3/ distributed uniformly between 0 and 2%’.

The state of a Compton electron after /n+1f-th scattering is specifief
by its energy E;L and a polar angle M;L with respect to the direc-
tion of motion of the gamma-ray. These quantities are glven as a

function of the energy Bn'{n of the zamma-ray and the scattering angle

w‘f;ﬂ of the photon after /n+1/-th scattering:

2

A

aEn'g'H(‘l-c os m‘,‘;;‘)

1
S, = /5/
n+1
1+a(1-cosw'§ﬂ)
el 1 Y
' wn+1 = arctan[(“a)tan(w'a1/ﬁ] ” /6/
where a = E£1/mbc2. The path length of a scattered electron is obtai-~

ned from the range, Rel' of the electron with energy Eel /in MeV/ in
silicon /4/:

el = 0.1768E:i265"0'0954Ee1 /em/ . I/
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Fig.2. Geometry considered in the' }

~-calculation. detector
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In the case of the path length exceeding the dimension of a cyl;i.ndr;i.-‘I
cal detector in a given direction, the position of electron escape is
calculated, and only an appropriate part of its energy is registered.

As a result of the proéedure described here, the energy spectrum
of Compton schttered electrons corrected for the escape through the
edge of the detector is obtained. It should be noted that the results
of the calculation are only of a randomcharacter. A 1limit on the ac-~
curacy of any set of Monte Carlo results is a statistical uncertainty
which can be reduced by increasing the number of histories.

Fig.4 shows the experimental spectrum fitted with the Monte Carle
model calculations for the 13705 gamma-ray source and the real experi.
mental arrangement. As can be seen, the calculated curve reproduces

~the shape of the neasured Compton profile in a _silicon AE-detector

about 500 pm in thickness better than the Klein-Nishina theoretical
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distribution. It is evident that the corrected calculated curve can
also produce a good approximation of the missing part of the experi-
mental spectrum below the electronic threshold. One can conclude that
the calculations, employing the simple Monte Carlo model of gamma-ray
interaction in a silicon AE-detector,provide a very reliable spectrum
of scattered electrons. The least-squares fit of this spectrum to an
experimental Compton continuum,measured with a calibrated gamma-ray
sou}ce, enables one to determine the thickness of a S1 E-detector

with a good accuracy. ‘ y }
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Fig.4. Resultant fit of the experimental
spectrum by the Monte Carlo model
curve.
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