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ABSTRACT

Dose rates calculations, in PMMA dosimeters, placed in the vicinity of the Tunisian “Co gamma ray irradiator, have
been achieved using a pencil like model. The obtained results are in good agreement with recent experimental data.
Moreover, in this work we determine also the conversion factor between the dose rate deposited in a PMMA dosimeter
and the one deposited in a reel medium. This factor is used to determine the dose deposited in a real irradiated medium

such as foodstuff products.
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1. Introduction

Many authors have calculated dose rates for various
sources geometries such as a cylindrical source [1] and a
linear source [2-4]. These authors calculated the dose rate,
at an arbitrary point in a given infinite medium, essen-
tially air. In these calculations, the dose rate is propor-
tional to the photon flux. The proportionality constant is
equal to the gamma rate exposure and the energy loss is
equal to the photon energy. In the present work, we will
not calculate the dose rate in any point on the infinite
medium but we calculate the dose rate deposited in a
PMMA dosimeter [5] used in the experience and placed
in a given direction from the source. However, the ob-
tained results have been compared with recent experi-
mental data. The advantage of this work is the possibility,
to obtain a dose rate in each dosimeter position, using a
straightforward calculation.

2. Materials and Methods

The irradiator of the Tunisian National Center for Nu-
clear Sciences and Technologies (CNSTN) is designed
for medical devices sterilisation and foodstuff preserva-
tion [6]. It is built of eight “°Co pencils, each of 45 cm
height and 1 cm diameter. The pencils are arranged
around the Z-axis in two levels. The overall height of the
irradiator is 90 cm, with a mean radial extension of about
6 cm. In a previous work [7], we showed that this irra-
diator can be simulated by a single pencil of equal height
and equal activity placed along the Z-axis.
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Gharbi et al. [8] selected 29 positions, with a 10 cm
step, parallel to the Z axis, at a constant distance X = 150
cm from this axis. Dose measurements were carried out
using PMMA dosimeters which are oriented perpendicu-
larly to the X-axis (Figure 1). In order to increase the do-
simeter thickness, the authors superposed three films at
each position. The films have a parallelepipedic shape: 3
cm long by 1 cm large and 3 mm thick.

3. Dose Rate Calculation

The gamma rate generated by a pencil-like gamma
source of a length 2L and activity 4, intercepting a do-
simeter placed at a point M such us OM =r, is given by
[7]:

dN Ads

—7(r)=
dt (r) 8nLX?

L
[ sin® 0'dz (3-1)
-L

The air attenuation factor of the photon flux is equal to
1—exp(— X /sin@'). Given that, X = 150 cm and u =
6.8 x 107> cm™' [9], the air attenuation contribution is
clearly negligible (about 1%). Therefore, the number of
free electrons per unit time generated in the dosimeter is
given by:

dNe Ads
)= 8nLX’

_T [1 —exp(—&pe/sin 6”)} sin® §'dz
7 (3-2)

where &= 0.061 cm*/g [9] is the photon mass attenuation
coefficient, p = 1.19 g/em® is the PMMA density [9] and
e =3 x 0.3 cm is the dosimeter thickness which corre-
sponding to a mass thickness m = 1.07 g/cm’.
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Figure 1. Positions of the source and the dosimeter films.

. 1 . . .
Since m ] E , the photon interaction probability &, p,

e is small (0.065), the development of Equation (3-2) to
the first order gives:

G-

dr

The dose rate is equal to the electrons rate multiplied
by the mean energy deposited by each electron in the
dosimeter. At E =1.25MeV (the mean energy of the
two “Co photons) Compton scattering is predominant
and the forward electron energy is £, = 1.03 MeV having
a range R = 0.45 g/cm’ [9] in the PMMA. In order to
calculate the energy deposited in the dosimeter, two

cases will be treated.

Adsgep [ sin® 0'dz . (3-3)

8nLX~™ °,

3.1. Front End Region

If a Compton electron is produced in the dosimeter front
end region, equal to m— R, the electron energy loss is

equal to E., where E. is the mean Compton electron
energy:

_ 1 /2 d
EC=;J‘EC(6’E) d‘;" (6,)d0 (3-1-1)
e 0

where E(6,) is the electron kinetic energy at a given
angle 6, and do,(6,)/dQ is the Compton differential
cross section.
After integration, we obtain E. =0.59 MeV.
Consequently, the dose rate in the dosimeter is given

by:
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1 dNe =
2———(r)E.,
m, dz‘()c

d(r)=

where the factor 2 corresponds to the two “°Co photons
and m, = peds is the dosimeter mass.
Thus:

(3-1-2)

T L
AgECZ [ sin® 0'dz .
4nLX? 7,

d(r)=
After integration, we have:

1 Z+L Z-L
d(X,Z)= Ky{arctg(Tj—arctg(Tﬂ , (3-1-4)
AZE,

4nL
0.18 PBq [8] and L =45 cm, we obtain K = 660 Gy m/h.
We obtain the same expression found by Huttlin [4],
for a linear source of length 2L. However the two
constants K and f are not equal, precisely

K/f=E.|E,=047.

(3-1-3)

where: K = is a constant. In our case 4 = 1.81 +

3.2. Back End Region

If a Compton electron is produced in the dosimeter back
end of a mass thickness equal to R, this electron will lose
only a fraction of its kinetic energy. Therefore, the
electron mean energy loss in the dosimeter, is no more

equalto E.,butto E/ given by:
E.=—[(mfsin0'~R)E, +RE, ],
m/sin @

which is equivalent to:

C C

5 -F RsmH(

E.—Ey ), (3-2-1)

m

where ER is the mean energy loss of escaping elec-
trons.
The dose rate is then:

d(r)=

After integration, we obtain:

d(x,z):Kﬂarctg(%j_amg(%ﬂ £(x.2)

(3-2-3)

1 dn,
m, dt

=(r)Ec,

(3-2-2)

where f(X,Z) is given by:
(Z+L) (Z L)

1_k\/X +(z+L) \/Xz z-L)

arct; ﬂ —arct; ﬂ ’
& X & X

(3-2-4)

f(X.2)=
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is the correction factor due to escaping electrons.

R(E.-E
The constant k = —[g

J is determined by es-
m

C

timating E,.

3.2.1. Energy Loss of Escaping Electron
The mean energy loss of escaping electrons is given by:

Ey Ey
E = jERl(dNejdER jl(dNe]dER
RN\ dE, ) N, dE,

e

LN, 1N, /dE,
N,dE, N, dm/ dm

where

is the probability distri-

bution.

1 < is the electrons rate per unit mass such as:
m

dv, dE
WzNyexp(—ffm) and dmR

caping electrons per unit mass.

is the energy loss of es-

. . 1 .
Since in our case m[ —, we can write dN, = Nyfdm,
thus N, ~ N ¢R.
Therefore, we can write:

LN, _1 /dE,
N,dE, R/ dm’

(3-2-5)

.. dE a
Now, we use the approximation: — =~ 5 where a
m

is a constant and F is the electron energy.

Given that E=FE,—-E,, where E; is the forward
Compton electron energy and E, is the energy loss of
escaping electron, thus we have:

dEy . a (3-2-6)
dm  (E,—Ey)

Finally, we obtain:

1 dNe :l(EO_ER) . (3_2_7)
N,dE, R a

By injecting Equation (3-2-14) in Equation (3-2-8), we
find:

E=2. (3-2-8)

3.2.2. Simulation

To check the validity of Equation (3-2-13), it is equiva-
lent to show Equation (3-2-14). To determinate the con-
stant a, we integrate Equation (3-2-14) and we find

EZ
a=—2.
2R
Finally Equation (3-2-14) can be written as:
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L AN, 2
N,dE, E;

(E,—Ey). (3-2-9)

To validate this equation, we used the GEANT4 Monte
Carlo code. The irradiator is simulated by a single pencil
of a 90 cm length (Figure 1). A PMMA film with a mass
thickness equal to the range R of the forward electron is
placed at 150 cm from the center of the source. Figure 2

e

shows the obtained probability distribution L as

e R
a function of the escaping electron energy loss. The fit of
the obtained distribution by Equation (3-2-9) gives a
good mean squared error ( 7= 1.15) .

3.3. Conversion Factor

To determine the dose rate dpq in a very thick medium
from the dose rate dy,s measured using a PMMA do-
simeter we write:

éen me
d,,=C,(X,z)2ed g (3-3-1)
en(dos)
E 1 .
where C,(X,Z)=—=-——— is the conversion fac-
’ E. f(X,Z)

tor.

Usually, the length L is small relatively to the distance
r, in our case L =45 cm and X = 150 cm.

Therefore, the correction factor becomes:

E
¢ (X2)=5 12LX2
“1-k
3/2 2LX
X247 arct
( ) g()ﬂ +7Z° j
(3-3-2)
Given that:

E,=125MeV, E.=059MeV, E,=034MeV,
R=0.45 g/em® and m = 1.07 g/em’.

so k= 0.178, then for Z = 0, we obtain: C;= 2.62.

This means that the measured dose rate is only about
38% of the dose rate that will be deposited in an infinite
medium. Figure 3 shows the curve of the conversion
factor as a function of dosimeter position.

4. Results

The comparison between the calculated and the experi-
mental dose rates is shown in Figure 4. Given that the
uncertainty on the source activity is about 10% [8], the
distribution of the experimental data and the theoretical
curve show a very good agreement which is a proof of the
validity of the calculation. The conversion factor between
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Figure 3. Conversion factor as a function of the dosimeter
position.
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Figure 4. Calculated and experimental dose rates.
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the dose rates in a given thick medium using the one
measured by a PMMA dosimeter can be very useful, for
instance, when commissioning a similar irradiation facil-

ity.
5. Discussion

The authors of reference [8] have determined the dose
rate by simulating the dosimeters with spheres of 8§ cm
diameter filled with water. The mass thickness of the
sphere is more than 20 times the range of the forward
Compton electrons. Then, the multiple scattering is not
negligible and the electron energy loss in such spheres is
higher than in the dosimeter case. Consequently, the es-
caping effect has then been neglected, which is not the
case, in PMMA dosimeters. The same authors find a too
good agreement between their simulation and the data,
which is questionable. It seems that, their simulation is
not absolute but relative to the dosimeter placed at Z = 0.
Finally, if the simulation is necessary to check or validate
some calculations, we see no reason for not using the real
dosimeter geometry in order to obtain an absolute result.

6. Conclusion

In conclusion, using a relatively simple calculation, we
are able, to determine the dose rates in the vicinity of the
CNSTN “Co irradiator. The agreement between our cal-
culation and the experimental data is satisfactory. We
have also shown that the escaping effect, in a PMMA
dosimeter, is not negligible relatively to the spheres used
by some references authors. Finally, the conversion fac-
tor and the dose rates calculated in such dosimeters can
be used to obtain the dose rates deposited in a real me-
dium.
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