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INTRODUCTION

INTRODUCTION

Since the beginning of humanity, radiation is located in the universe, and after about 100
years which since the discovery of X- ray by the scientist Rontgen (1895) then the scientist
Becquerel and his discovery of radioactivity (1896), in rolled discoveries in this domain even has
become a life more sophisticated in recent decades, it has swept the ionizing radiation a private
many sectors of which agricultural and military, as well as the medical world became so called

medicine radiation [1].

In any application or domain type, it must find out of measurement physical quantities
represented in the absorbed dose which is measured by gray and individual monitoring through
the interaction of radiation with matter. In generally, to determine these dosimeters quantities
passive or active, we define the main physical quantities.

In this memory, we will examine the dosimeter passive called Radiophotoluminescence glass
dosimeter (RPLGD), this dosimeter is a glass phosphate —doped silver. It emits fluorescence
orange by excitation UV when the glass was previously exposed to ionizing radiation. The
intensity of this fluorescence is proportional to the dose. This technique then offers all a set of
benefits for monitoring routine, which includes a holding fast data, reuse detectors, insentivity in
the light, to the temperature and humidity, and stability of signal. Where by reader system we
can find out of intensity and absorbed dose of detector [2-5]. The method will be adopted in this
thesis is simulation program called Monte Carlo, will be used this simulation to estimate the
value of the energy dependence, and the percentage depth-dose (PDD) of two dosimeters

Radiophotoluminescence, commercially known as RPL GD- 450 and RPL GD- 302.

This current work has four chapters, first chapter will be allocated the most important
interaction of radiation for photons and electrons, in chapter two we will discuss the physical
guantities and detectors with mention of characteristics and also uses of this detectors which will
be remembered Thermoluminescence dosimeter (TLD), Optically stimulated luminescent
dosimeters (OSLD), and in particular Radiophotoluminescence glass dosimeter (RPLGD). The
third chapter we will discuss the method used in this study, which is simulation program with
Monte Carlo method, we have cited a general description of this method and the main code
implemented in this work namely code MCNP (Monte Carlo N-Particles) which is developed by
the national laboratory of Los Alamos(LANL). For last chapter, which is our experimental work,

a simulation Monte Carlo (MC) code MCNP version 5,we will be used to optimize the energy

1
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dependence of radiophotoluminescence dosimeters RPL GD- 450 and RPL GD- 302and the
percentage depth dose (PDD), after a citation of the materials and methods that are used in this

study, and finished with the results that are obtained with their discussion.

Finally we conclude this memory with a general conclusion, discuss about the dependence
energy of both dosimeters radiophotoluminescence (GD- 450 and GD- 302) and the calculated
percentage depth dose (PDD).
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CHAPTER I
INTERACTION RADIATION - MATTER

In this chapter, we summarize what happens and the main laws that govern the interaction of

radiation with matter.

I.1.Radiation

The term radiation applies to the emission and propagation of energy through space or a
material medium [6], this energy it becomes the form of waves or streams of particles [7].

1.1.1.Classification of radiation

Radiation is classified into two main categories, non ionizing and ionizing, depending on its

ability to ionize matter.

e Non-ionizing radiation (cannot ionize matter).

e lonizing radiation (can ionize matter either directly or indirectly) :

— Directly ionizing radiation (charged particles) : electrons, protons, a particles and heavy ions.
— Indirectly ionizing radiation (neutral particles) : photons (X-rays and gamma rays), neutrons
[1,8,9]

Radio wave, UV, Visible
Non-ionizing Infrared micro wave

Radiation

Directly ionizing radiation

lonizing

/ (charged particles)

Indirectly ionizing radiation
(photons, neutrons)

Figure (1.1) : Classifications of radiation [1, 9].
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|.2.Interaction photons with matter

Photons are electromagnetic radiation [10] have the ability in penetration of matter. The
energy of photon : E = hv, photons react with matter by three basic processes : Photoelectric

effect, Compton effect, Pair production.

1.2.1.Photoelectric effect

In the photoelectric effect the photon interacts with a tightly bound orbital electron of an
attenuator and disappears, while the orbital electron is ejected from the atom as a photoelectron

with a kinetic energy E. given by [11] :

Ee=Ey—Esg (ll)

where Ey is the incident photon energy (Eo = hv) and Eg is the binding energy of the electron in

its original shell [1,11].

Before After

Figure (1.2) : photoelectric effect.

Discontinuities in photoelectric cross section due to discrete binding energies of atomic electrons

and it is formula [11] :

32 m.c2\”/? (1.2)
op =3 2 mr2a*z® <ELO)

Exact cross section calculations are difficult due to atomic effects : the photon electric cross-
section scales with Z°, this means that high-Z detectors are more efficient at high energies.
1.2.2.Compton effect

In the Compton effect, the photon scatters from a free electron or a loosely bound atomic

electron. The scattered photon has less energy than the incident photon and the excess energy is
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transferred to the electron. The laws of conservation of mass-energy and conservation of

momentum limit the maximum Kinetic energy of the photoelectron to a value [6, 11, 12] :

E — Eg (1.3)
71+ y(1 = cosh)]

Eo _ & D
o~ and cosb = —(1 + y)tan(z) and E¢ = hv

’Y:

And the information that clarified the relationship (1.3) is that the greater the scatter angle 6
decreased energy E; [1, 11, 13, 14].

e

B.:)
.+~ Recoilelectron
W o
&)
Eo
Incident photon
Scattered
photon
Ey

Figure (1.3) : Compton effect.

The differential cross-section per unit of solid angle of the Compton effect is given by the
formula of Klein-Nishina [5, 15] :

do. 1+ cos?8 1 - a?(1 — cosB)? (1.4)
do fo 2 [1+4+ a(l — cos0)]? (1 + cos?0)[1 + a(l — cosB)]
Where: o = £0

m,c?
1.2.3.Pair production

In pair production a high energy photon is transformed into an electron-positron pair :

y—et+e”

This process cannot happen in free space it needs the presence of a third body, usually a
nucleus, to simultaneously conserve energy and momentum. Since the rest energy of an electron

is 0.51 MeV, pair production is energetically impossible for photon energies less than 1.02 MeV.
6
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However when pair production becomes possible it soon becomes the dominant interaction

process for beams of very high energy photons [12, 14, 15].

Positron(e*)

e
nucleu&
""--..____““‘

Electron(e’)

Photon

Figure (1.4) : Pair production.

The cross section a,, for pair production in the field of a nucleus varies as [15] :

O ~Z* (1.5)

Cross sections for the most probable individual processes by which photons interact with atoms

and is derived as :
Otot = Op + 0c + 0y (1.6)

|.3.Interactions of light charged particles

Whereas photons interact with matter by photoelectric, Compton, or pair production process,

charged particles (electrons, protons, y particles, and nuclei) interact principally by ionization
and excitation. Radiative collisions in which the charged particle interacts by the bremsstrahlung
process are possible but are much more likely for electrons than for heavier charged particles.

The charged particle interactions or collisions are mediated by Coulomb force between the
electric field of the traveling particle and electric fields of orbital electrons and nuclei of atoms
of the matter. Collisions between the particle and the atomic electrons result in ionization and
excitation of the atoms. Collisions between the particle and the nucleus result in radiative loss of

energy or bremsstrahlung. Particles also suffer scattering without significant loss of energy.
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Because of much smaller mass, electrons suffer greater multiple scattering than do heavier

particles.

1.3.1.Stopping power

The rate of kinetic energy loss per unit path length of the particle (-dE/dx) is known as the
stopping power (S), used to describe the gradual loss of energy of the charged particle as it
penetrates into an absorbing medium. Two classes of stopping powers are known :
collision (ionization and excitations) stopping power that results from charged particle
interaction with orbital electrons of the absorber and radiative stopping power that results from
charged particle interaction with nuclei of the absorber (bremsstrahlung production).

The quantity S/p is called the mass stopping power, where p is the density of the medium and is

usually expressed in MeV cm?/g [6, 9].

1.3.1.1. The Linear Energy Transfer (LET)

When discussing the biological effects of radiation the term ‘Linear Energy Transfer’ (LET) is
often used to refer to the energy loss of charged particles. The linear energy transfer is defined as
the amount of energy transferred, per unit track length, to the immediate vicinity of the trajectory
of the charged particle. For heavy and low-velocity particles, the energy loss per unit track length
and the LET are the same. For light and fast particles, however, the two quantities differ
considerably. Part of the energy loss of an electron of several MeV is used to eject energetic o-
electrons from the atoms in the medium. These energetic electrons do not deposit their energy in
the immediate vicinity of the track and therefore do not contribute to the LET.

The energy loss of a high-energy charged particle in matter due to its interactions with the
electrons present in the matter is given by the Bethe-Bloch equation approximated :
dE z? (1.7)
i p(2MeV cmz/g)ﬁ

Where :
i—i - energy loss of particle per unit length ;

z . charge of the particle divided by the proton charge ;

B : relativistic parameters ;

p : density of the material ;

So the Linear Energy Transfer (LET) is similar to the stopping power except that it does not

include the effects of radiative energy loss (i.e., Bremsstrahlung) or delta-rays [14].

8
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|.4.Interaction electrons with matter

Electron is a stable elementary particle with a negative electric charge of 1.6x10™ coulombs
and a mass of 9.1 x 10 kg [7]. As an energetic electron traverses matter, it interacts with matter
through Coulomb interactions with atomic orbital electrons and atomic nuclei. Through these
collisions the electrons may lose their kinetic energy (collision and radiative losses) or change
their direction of travel (scattering). Energy losses are described by stopping power, and

scattering is described by scattering power.

The collisions between the incident electron and an orbital electron or nucleus of an atom may be
elastic or inelastic. In an elastic collision the electron is deflected from its original path but no
energy loss occurs, while in an inelastic collision the electron is deflected from its original path
and some of its energy is transferred to an orbital electron or emitted in the form of :

= Bremsstrahlung (X ray)

= Secondary electron (the ejected electron, of low energy, is called secondary electron SE)

= Auger electrons (ejected electrons with an energy characteristic from the target atoms).
Energetic electrons experience thousands of collisions as they traverse an absorber ; hence their
behavior is described by a statistical theory of multiple scattering embracing the individual

elastic and inelastic collisions with orbital electrons and nuclei [1, 16].

Characteristic X ray uger electron Secondaryelectron
® Incident electron 4
Diffused
electron
(A) (B) (€)

Figure (1.5) : Interaction of an electron with electrons orbital : (A) Bremsstrahlung, (B) Secondary

electron and (C) Auger electrons [17].
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1.4.1.Electron—orbital electron interactions

Coulomb interactions between the incident electron and orbital electrons of an absorber result

in ionizations and excitations of absorber atoms :

o lonization : ejection of an orbital electron from the absorber atom.
o Excitation : transfer of an orbital electron of the absorber atom from an allowed orbit to a
higher allowed orbit (shell).
Atomic excitations and ionizations result in collisional energy losses and are characterized by

collision (ionization) stopping powers(-dE /dx) :

. — (_ d_E) (1.8)
Col — dX Col

The signal (-) means the greater distance incursion in matter increased loss electrons energy. The
range R of a charged particle in a particular absorbing medium is an experimental concept
providing the thickness of an absorber that the particle can just penetrate. It depends on the
particle’s kinetic energy, mass as well as charge, and on the composition of the absorbing
medium. Various definitions of range that depend upon the method employed in the range

determinations are in common use.

1.4.1.1.The range of charged particles(electrons)

Generally, the concepts of range R must be distinguished from the concept of the path-length
of a charged particle. This path-length simply provides the total path-length of the charged
particle in the absorber and can be calculated, using the continuous slowing down approximation
(CSDA) as follows :

R o Eo 1
_ d dE,
RCSDA = f dx = f d_dE = f (_ dX) dt
0 0 0

For light charged particles (like electrons) Regp, is up to twice the range of charged particles in

(1.9)

<

e

the absorber, because of the very tortuous path that the lightcharged particles experience in the
absorbing medium, but for heavy charged particles (photons) do not experience radiative losses,
transfer only small amounts of energy in individual ionizing collisions with orbital electrons, and
mainly suffer small angle deflections in elastic collisions. Their path through an absorbing

medium is thus essentially rectilinear, as shown schematically in Figure (1.6) :

10
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Heavy charged i
particle R = Recspa
>
<
Light charged F
articl
e %C/\
B
- Kk =
R < Rcspa

Figure (1.6) : Schematic diagram of charged particle penetration into a medium. Top:Heavy charged

particle; bottom: light charged particle (electron) [9].

So, the maximum range given to the following relationship with enough energy of ionization :

max [

87 { 0.412E 26700955 1n(E0) 0 0111MeV < Eo < 2.5MeV (1.10)
cm? 0.530E; %106 Eo > 2.5MeV

Where E, is Electron kinetic energy (MeV) [1, 18].

1.4.2.Electron—nucleus interactions

Because of its small mass, an electron may interact with the electromagnetic field of a nucleus
and be decelerated so rapidly that a part of its energy is lost as bremsstrahlung. The rate of
energy loss as a result of bremsstrahlung increases with the increase in the energy of the electron
and the atomic number of the medium. Bremsstrahlung production is governed by the Larmor
relationship, which states that the power ‘P’ emitted in the form of photons from an accelerated
charged particle is proportional to the square of the particle acceleration ‘a’ and the square of the
particle charge ‘q’ [1] :

q2a? (1.12)

P=
6meyC3

In this type of interactions, when the electron undergoes with a particular atom of radius a
depends on the impact parameter ‘b’ of the interaction, defined as the perpendicular distance
between the electron direction before the interaction and the atomic nucleus (see Fig.1.7).
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Electron trajectory

4

Nucleus

— Electron cloud

Figure (1.7) : Interaction of an electron with an atom, where a is the atomic radius and b is the impact

parameter [1].

% For b >> a the electron will undergo a soft collision with the whole atom and only a small

X/
L X4

amount of energy will be transferred from the incident electron to orbital electrons.

For b = a the electron will undergo a hard collision with an orbital electron and an

appreciable fraction of the electron’s kinetic energy will be transferred to the orbital electron.

For b << a the incident electron undergoes a radiative interaction (collision) with the atomic

nucleus. The electron will emit a photon (bremsstrahlung) with energy between zero and the

incident electron kinetic energy. The energy of the emitted bremsstrahlung photon depends

on the magnitude of the impact parameter b ; the smaller the impact parameter, the higher the

energy of the bremsstrahlung photon. The relationship of stopping power (radiative stopping

power) of this case :

S _( dE>
Rad — dX Rad

12
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b«~a b>>a bh<<ga

Figure (1.8) : Three different types of collisions of a charged particle with an atom: Hard collision, soft

collision, and radiative collision [9].

As we made clear already, the inelastic energy losses by an electron moving through a medium
with density p are described by the total mass—energy stopping power (S/p)tot, (S/ p)iot CONSists of
two components : the mass collision stopping power (S/p)co, and the mass radiative stopping
power(S/p)rag [1, 9] :

(& CF F e
(%3_5) = (5/pP)tot (114

So:
(5/P)tor = (S/P)cor + (S/P)Rad (1.15)

The bremsstrahlung cross section oy, , which gives the radiation emission probability, depends on
the strength of the nuclear Coulomb force, which in turn depends on the atomic number and how

close the encounter is. The bremsstrahlung cross section varies as :

2 1.16
o ~zzrgf(E)=zz< e’ ) £(E) (1-16)

m,c?

Where

2
Z is the nucleus atomic number, r, = —— is the classical electron, and radius = 2.82x107* cm.

mec2

The function f(E) is a strongly increasing function of initial energy E that becomes appreciable

13



CHAPTER I INTERACTION RADIATION - MATTER

only for E > m.c?, the electron rest mass energy. The resulting average energy loss per length
traversed in a medium due to the emission of bremsstrahlung radiation varies as :

(_ d_E) —_— (1.17)
dx Rad b

Where E is the incoming beta energy, N is the number density of atoms [11].

1.4.3.Cherenkov radiation

While playing an important role in the detection of very high energy charged particles, absorbs
only a small amount of energy. The contribution of each mechanism depends on the charge,
mass and speed of the incident particle as well as the atomic numbers of the elements which
make up the absorbing material. Cherenkov radiation is When the particle moves faster than the
speed of light in the material it generates a shock wave of electromagnetic radiation similar to
the bow wave produced by a boat travelling faster than the speed of water waves. Cherenkov
radiation does not occur at all if the particle's speed is less than the speed of light in the material.
Even at high energies the energy lost by Cherenkov radiation is much less than that by the other
two mechanisms but it is used in radiation detectors where the ionization along the track cannot

be conveniently measured [12].

Cherenkov Radiation

Ov(mf’s)

. C
sinf = —
nv

Figure (1.9) : Cherenkov radiation

1.4.4.Absorption of electrons

The behavior of electrons when the fall to matter (charged particle) is different from a
significant difference for the behavior of heavy particle, some of different in the impact of the

electron in matter, not be this impact in the form straight line, but in the form of line refracted, a

14
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charged particle penetrates in matter. It loses energy by transferring a small amount of energy to
each of a large number of electrons along its trajectory. Some of these electrons have enough
energy to travel a macroscopic distance, and also cause further ionization along their trajectory in
addition to that the completely different for a range, so electrons do not have a well-defined

range, shape shows that :

-/'\/‘
’/\.\./'\.

Figure (1.10) : the impact of the electron in matter.

That the fall of the beam parallel of electrons with energy one on the matter so called absorbent
matter, if the thickness of this matter is not enough to absorb this electron, these recent graduated
from the other side with matter different cards significant difference (dispersion). Output the feat
that the very large compared with his counterpart in the case of heavy particles [2, 4, 13] so
because of its light mass an electron is easily scattered in collisions with other electrons. The
resulting erratic path will be longer than the linear penetration (range) into the material and there
will be greater straggling [12].

1.4.5. Attenuation low

When the scattering electrons is happening, the absorption of these electrons (particles) within

the matter, absorption relationship writes as follows :

dN = —uNydx = N=Nye™ (1.18)

Where:
N : Number of electrons.
Ny: Number of electrons fallen.
X : Thickness of absorbent matter.
w: Coefficient of proportionality.
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This relationship is valid even when the interaction of photon with matter.

The signal (-) means the whenever decrease number of photon or electrons which penetrate the

matter increased distance of penetration in this matter.
Traditionally it instead of the expense of the number of electrons or photon use the intensity of
radiation’ I’ :

dl = —plydx (1.19)

The integration of the relationship (1.19), we find :
[ =Iye ™™ (1.20)

= Iy = z Ioe- (B (1.21)
i

Io: Intensity of radiation which penetrate the matter.
It : Intensity of radiation fallen to the matter.

The relationship (1.18) called “law of attenuation” [1, 18].
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CHAPTER II
DOSIMETRIC QUANTITIES AND DOSIMETERS

The radiation dosimetric systems have been developed for more than 50 years and are applied
in the measurement of clinical and environment radiation dose. It deals with methods for a
quantitative determination of energy deposited in a given medium by directly or indirectly
ionizing radiations.
In this chapter, we have defined the main physical and dosimetric, units used in dosimetry,

processes that depend upon these devices and the three kinds of luminescent dosimeters.

I1.1. Quantities used in radiation protection and dosimetry

11.1.1. Physical and dosimetric quantities

11.1.1.1. Particle Flow

The particle flow can be defined as being the quotient dN by dt, where dN is the number of

particles incident, for a time interval dt[1]:

. dN (11.1)
N= dt

I1.1.1.2. Energy flow

Energy flow is defined as the quotient dEby dt, where is the energy particles incident, dt the time

interval expressed (W or j.s™) [1]:

dE (11.2)
E= dt

I1. 1.1.3. Particulate fluenceand particulatefluence rate

The particle fluence® is the quotient dNby da, where dNis the number of particles incident on a

sphere of cross-sectional area da:

_ d_N (1.3)
9 = da

The unit of particle fluence is m™.
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The particle fluence rate @is the quotient of d@ by dt, where d@ is theincrement of the fluence in

time interval dt:

. do (11.4)
=%

with units of m2.s[1].
I1. 1.1.4. Energy fluenceand energy fluence rate

The energy fluence is the quotient of dE by da, where dE is the radiant energy incident on a

sphere of cross-sectional area da :

_dE (11.5)

da

The unit of energy fluence is J/m?. Energy fluence can be calculated from particle fluence by
using the following relation:

v E=GxE (11.6)
da

where E is the energy of the particle and dN represents the number of particles with energy E.
The energy fluence rate (also referred to as intensity) is the quotient ofd wby dt, where dwis the

increment of the energy fluence in the time interval dt:

g =2 (11.7)
dt

The unit of energy fluence rate is W/m? or J.m2.s [1].
I1. 1.1.5. Energy imparted
the energy imparted of the matter in the volume is defined as :
€= Rin — Rout + 20 (11.8)

Rin Is the radiant energy that enters the volume.
Rout IS the energy that leaves.
2Q is the sum of all changes in the mass energy of the nuclei and particles which result from all

the transformations that occur in the volume [19].
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I1. 1.1.6. Energy deposited

The energy deposited in a given volume is defined as the sum of all energy imparted in this
volume [19, 20]:

e=> ¢ (11.9)

I1.1.1.7. Absorbed dose and absorbed dose rate

The non-stochastic quantity absorbed dose is defined as the statistical average of the energy

imparted per unit mass at a point In spit D is a point quantity, it should be recognized that the

physical process does not allow dm to approach zero in the mathematical sense[21].

The absorbed dose is defined as:

= d¢ (11.10)
dm

where de is the mean energy imparted to matter of mass dm by ionising radiation.

The SI unit for absorbed dose is joule per kilogram (J. kg™) and its special name is gray (Gy)

[21,22].

The rate of absorbed doseD is the quotient dD by dt where dD is the increment of the dose

absorbed and dt the time interval.

p=2L (11.11)
dt

Its unit is joule per kilogram per second (J.kg™.s™) or gray per second (Gy.s™).
11.1.1.8. KERMA and KERMA rate

The KERMA (Kinetic Energy Release per unit MASsS)its transfer of radiant energy from
uncharged primaryto charged particles as they interact in a material.

Energy transferred can be absorbed locally or at a distance[17]:

L (1.12)

dm

the unit OF KERMA is the gray (Gy) : 1Gy =1 j.kg*.
The flow of KERMA is the quotient dK by dt; Where dK is the increment of KERMA, dt the

time interval:
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=3 (11.13)
dt

Its unit is joule per kilogram per second (J.kg™.s™) or gray per second (Gy.s™).

11.1.2. Protection Quantities

Dose quantities that the Commission has developed for radiological protection that allow
quantification of the extent of exposure of the human body to ionizing radiation from both whole
and partial body external irradiation and from intakes of radio nuclides [22].

The protection quantities are equivalent dose in tissues or organs, and effective dose [17].

I1. 1.2.1.Equivalent dose

The equivalent dose is the dose absorbed by tissue T or organ. [3, 7] The dose equivalent in

tissue or organ is defined as:
Hr=2XDrrx Wr (| |.14)

Where Dt is the mean absorbed dose in an organ or tissue T of the absorbed dose of the
radiation R;

Wk is a radiological weighting factor that takes into account the nature of the radiation.

The unit of equivalent dose is J.Kg?, it is called the Sievert (Sv)[21]. According to the
recommendations of the ICRP 103, the weighting factors are summarized in the Table (I1.1).

Table (11.1) :Radiation weighting factors[6, 23].

Radiation WR

Photons, electrons and muons of all energies 1

Neutrons See Fig.(11-1)
Protons 2

Alpha particles and heavy ions 20
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Figure(l1.1):Radiation weighting factorswifor external neutron exposure for neutrons of various,

energies [23].
I1. 1.2.2.Absorbed dose

The amount of energy absorbed by irradiated matter per unit mass. This reflects theamount of
energy deposited by ionizing radiation as it passes through a medium (such as air, water orliving
tissue) The unit ofabsorbed dose is(Gy)[7].

1. 1.2.3. Effective dose

The effective dose is the sum of the weighted equivalent doses, delivered to the various organs

and tissues of the body by internal and external irradiation; she is defined by the formula [6, 7]:
E=%XWrx Hr =2XW7 x ZWRrDr R (1.15)
The unit of effective dose is the Sievert (Sv)[6, 21].

Table (11.2) :Organ/tissue weighting factors [6].

Organ/tissue Wt Wt
Bone marrow, colon, lung, stomach, breast, remainder. 0.12 0.72
Gonads. 0.08 0.08
Bladder, liver, oesophagus, thyroid. 0.04 0.16
Bone surface, skin, brain, salivary glands. 0.01 0.04
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11.1.3.Individual monitoring

Individual monitoring is the measurement of radiation doses received by individuals working
with radiation. Individuals who regularly work in controlled areas or those who work full time in
supervised areas should wear personal dosimeters to have their doses monitored on a regular
basis. Individual monitoring is also used to verify the effectiveness of radiation control practices
in the workplace. It is useful for detecting changes in radiation levels in the workplace and to

provide information in case of accidental exposures[3].

11. 1.3.1.0perational Quantities

The human body-related protection quantities, equivalent dose in an organ/tissue and effective
dose, are not measurable. To overcome these practical difficulties for external photon irradiation,
ICRU [15,24] has introduced and defined a set of operational quantities, which can be measured
and which are intended to provide are a son able estimate for the protection quantities. These
quantities aim to provide a conservative estimate for the value of the protection quantity
avoiding both underestimation and too much overestimation. The operational quantities are

based on point doses determined at defined locations in defined phantoms.

I1. 1.3.1.1.0Operating magnets for the ambient dosimeter

One such phantom is the ICRU-sphere It is a sphere of 30 cm diameter with a density of 1 g/cm®
and a mass composition of 76.2% oxygen, 11.1% carbon, 10.1%hydrogen and 2.6%
nitrogen[22].

11. 1.3.1.2.Ambient Dose Equivalent

The ambient dose equivalent, H*(10), is the operational quantity for area monitoring. It is the
dose equivalent at a point in a radiation field that would be produced by the corresponding
expanded and aligned field in a 30cmdiameter sphere of unit density issue (ICRU-sphere) at a
depth of 10 mm on the radius vector opposing the direction of the aligned field. An oriented and
expanded radiation field is an idealized radiation field which is expanded and in which the
radiation is additionally oriented in one direction. How radiation protection instruments are

calibrated in this quantity is described below [21].
11. 1.3.1.3.The Directional Dose Equivalent

The directional dose equivalent H' (d,Q2) at the point of interest in the actual radiation field is the

dose equivalent which would be generated in the associated expanded radiation field at a depth
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of d mm on the radius of the ICRU-sphere which is oriented in the fixed direction 0.03 the depth
0.07 mm and we can write H'(0.07,Q) [5].

I1. 1.3.1.4.Personal Dose Equivalent

The personal dose equivalent, Hp(d), is the operational quantity for individual monitoring: the
dose equivalent in soft tissue (ICRU-sphere) below a specified point on the body at an
appropriate depth d.

This quantity can be used for measurements of superficial and deep organ doses, depending on
the chosen value of the depth in tissue. The depth d is expressed in millimeters, and ICRU
recommends that any statement of personal dose equivalent should specify this depth. For
superficial organs, depths of 0.07 mm for skin and3 mm for the lens of the eye are employed,
and the personal dose equivalents for those depths are denoted by H,(0.07) and Hp(3),
respectively. For deep organs and the control of effective dose, a depth of 10 mm is frequently
used, with the notation Hp(10).

The personal dose equivalent varies from person to person and from location to location on a
person, because of different scattering and attenuation. However, Hp(d) can be assessed
indirectly with a thin, tissue equivalent detector that is worn at the surface of the body and
covered with an appropriate thickness of tissue equivalent material. ICRU recommends that

dosimeters be calibrated under simplified conditions on an appropriate phantom([4,22].

I1. 1.4. Dose Limits

Radiation dose limits represent the absolute maximum dose a person or organ can receive in a
year. Dose limits are much lower than the threshold doses required for deterministic effects, so
the aim of dose limits is to limit the risk of stochastic effects taking place. The unit of

measurement for dose limits is the Sievert (Sv), which is the unit of dose equivalent [1, 6, 7].

Table( 11.3):dose limits according to the recommendations of the ICRP[6].

Type of dose limits worker (mSv/an) Public (mSv/an)
Effective dose 20 1
Equivalent dose: 15
Crystalline 150 50
Skin 500
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11.2. Dosimeters of ionizing radiation

Radiation dosimetry is the process of determining the energy absorbed in a specified target from
a radiation field. The processes by which energy is transferred from the radiation field and
absorbed in the target tissue depend on the nature and energy of the radiation. It issued for the
measurement of personal dose equivalents, or personal dose equivalent rates, kerma quantities
required for radiation protection purposes as the exposition rate.

Two kinds of dosimeters are used: active or passive. The first device measures absorbed dose in

real time, and the second gives integrated absorbed dose over a period of time [1, 25, 26].
11.2.1.Luminescence

A luminescing system is constantly expending energy to drive the emission process. The general
thermluminescence includes a wide variety of light emitting processes which derive their names
from the varied sources of energy that power them. Photoluminescence, which includes
fluorescence and phosphorescence, is one among many luminescent categories. To illustrate the

diversity of luminescence emissions[27, 28].

11.2.1.1. photoluminescence

Luminescence in solids is the phenomenon in which electronic states of solids are excited by
some energy from an external source and the excited energy is released as light. When the
energy comes from short wavelength light, usually ultraviolet light the phenomenon is called
photoluminescence (PL).

11.2.1.2. Fluorescence

Is defined as a photoluminescent emission that arises from the singlet electronic state. To the
human eye fluorescence is observed only when the exciting light source shines on the radiator
[29, 30].

11.2.1.3.Phosphorescence

is defined as a photoluminescent process that originates from the triplet electronic state.
Emissions from the triplet state are from 10 to 10,000 times longer than fluorescence; therefore,

to the eye these radiators appear to emit after the excitation radiation is removed [27, 29, 30].
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11.2.1.4. Radioluminescence
Radioluminescence is produced by ionizing radiations. Some polymers contain organic
molecules which emit visible light when exposed to such radiations as X-rays, gamma rays or

cosmic rays, and thus act as detectors for high energy radiations[30, 31].

11.2.2. Luminescence dosimeter

Some materials, known as luminescent detectors, when irradiated emit a quantity of light
proportional to the absorbed ionizing radiation. Three groups of luminescence detectors are
applied in personal dosimetry : Thermoluminescence detectors (TLD), Optically stimulated

luminescent detectors (OSLDs) and radiophotoluminescent glass detectors (RPLGDs) [25, 31].

11.2.2. 1. The Mechanism of Luminescence

The electrons in orbit around an atom occupy a series of discrete energy levels. In a crystal,
interactions between neighboring atoms result in these energy levels being broadened into a
series of continuous energy bands. The highest filled band is called the valence band and it is
separated from the conduction band by an energy gap of a few electron-volts. Electrons in the
conduction band are free to move within that band. The energy gap separating the conduction
and valence bands is sometimes referred to as the forbidden zone. If impurities are introduced
into the crystal, intermediate energy levels are formed within the forbidden zone and these are
referred to as electron traps. If the crystal is irradiated, electrons in the valence band may receive
sufficient energy for them to be raised to the conduction band. Electrons may then fall back to

the valence band or get caught in an electron trap (Figure 11.2).

26



CHAPTER I DOSIMETRIC QUANTITIES AND DOSIMETERS

—_— BC
. Stimulation
Heat (TLD)
- tee Light (OSL)
- — UV (RPL)
ae
T e
2% S B S TL signal
OSL signal
E 0 RPL signal
H_QO
- n BV

Figure(l1.2):Basic principles of TL, OSL and RPL process[31].

Electrons caught in the traps are unable to escape until the crystal is like: heat, light, or Uv.
When sufficient heat or light or Uv is applied the electrons gain thermal or light energy and fall
back from the electron trap to the valence band; in doing so the electrons emit energy in the form
of light photons. The total light output is proportional to the number of trapped electrons which

in turn is proportional to the energy absorbed from the radiation beam [15, 29].
11.2.2.2. The type of dosimeter luminescence

11.2.2.2.1. Thermoluminescence dosimeter (TLD)

Thermoluminescence(TLD)is a temperature stimulated light emission from a crystal after
removal of excitation, that the amount of light released by the phosphor material which has been
exposed to ionizing radiation, will depend on the radiation dose received by the material and it is
sensitive dosimeter. (TLDs) come in very small dimension sand their use, to a great extent,

approximates a point measurement [3, 32].
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TLD chip

Figure(11.3):Thermoluminescence dosimeter [33].

11.2.2.2.2.0ptically stimulated luminescent dosimeters (OSLDs)

Optically stimulated luminescent dosimeters (OSLDs) are becoming increasingly popular for
measuring an absorbed dose in clinical radiotherapy.

OSLDs have known energy dependence, and this is accounted for by either calibrating the OSLD
with a specific nominal energy, or using a standard energy correction factor to account for
differences between the experimental beam photon energy and the photon energy used to
establish the OSLD’s sensitivity(giving large amounts of light output for relatively small
absorbed doses). Carbon-doped aluminum oxide (Al,O3:C) has been used for some 15 years is
the most commonly used OSLD material in the medical environment.

The underlying process by which energy is deposited and trapped in the crystal structure of
Al203:Cis similar to that of thermoluminescent materials ; the difference is that, after excitation,

the crystal is stimulated using visible light as opposed to heat[3, 34, 35].

Copper Filter Aluminum Oxide
Window Detector Film

Imaging Filter
Tin  Filter

Figure(11.4):Optically stimulated luminescent dosimeter.
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11.2.2.2.3.Radiophotoluminescence glass dosimeter

There is renewed current interest in the use of radiophotoluminescent glass dosimeters
(RPLGDs), which were used by a few centers for radiotherapy applications in the 1950s and 60s,
but not very widely since. Silver-activated phosphate glass (comprised of Ag* and PO, *ions),
when irradiated, forms stable luminescence centers (Ag®, Ag®"), which are able to absorb and
release energy. By illuminating the RPLGD with an ultraviolet laser, orange luminescent light is
produced. Unlike the case in TLDs, the luminescence centers are not destroyed by the readout
process, so the devices can be read out multiple times. Current systems use the difference in
fluorescence decay times between surface contamination (0.3us) and radiophotoluminescence
(3.0us) to discriminate signal from contamination noise, making handling easier....One
complication with the use of RPLGDs is the fact that following irradiation, some electrons
require additional energy to correctly enter luminescence centers, which can be supplied by
heating, thus increasing the luminescence signal by up to 50% (sometimes termed the ‘build-up
effect’)[3, 34].

Figure(11.5):RPL dosimeters made of glass with a plastic capsule and tin filter[36].

I1.3.Radiophotoluminescence glass dosimeter

11.3.1. Photosensitive glass

Photosensitive glass represents a very promising material for the effective fabrication of
optoelectronic elements of very small dimensions. The illumination of the photosensitive glass
by the light of appropriate energy results in the formation of “defects” usually possessing an
unpaired electron. This causes a local increase of the refractive index. The Photosensitive glass

depends on the phenomenon photoluminescence (PL)[37].
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11.3.2.Radioluminescentsglass

Exposure to ionizing radiation induced a number of changes in the properties of glass doped
argon. It can show a phenomenon of luminescent center which molecular act as of
radiophotoluminescencecenter.

RPL is a phenomenon where a Ag-activatedphosphate glass emits a luminescence when excited

with ultraviolet light after exposure to ionizing radiation[2].
11.3.3.Chemical characteristics of the silver ions

For centuries, silver has been used in medicinal applications[38]. The color centers were
structured at the silver activated phosphate glass. The numbers of ionic silver relate to energy
levels in color centers and the numbers of electron trap(s). The numbers of electron trap(s)
increase with increasing numbers of ionic silvers. However, excessive numbers of ionic silver
decrease the penetration efficiency of the pulse ultra-violet laser and increases energy
dependence. Therefore, a proper ratio of ionic silver is required for the best luminescence and

excitation efficiency[2, 39].

electron

Xray

Figure(11.6):The color centers formation mechanism of FD-7 (A. T. G.).

11.3.3.1.LuminescentcentersinRPLDmaterial

RPLD material consists of a glass substrate incorporating ions of silver (Ag®) and phosphate
(PO,>), The location of these ions represents defects in the lattice of the dosimeter material.
Irradiation releases electrons in the dosimeter material; as a result, there are electron-hole pairs
which are caught by Ag" ion and PO,> ion, creating stable luminescent centers (Ag®, Ag™)
which are defined for the electron trap as:
Agt +e — Ag°
and for the hole trap as:
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Ag* +hPO, — PO, + Ag*™
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Figure(l1.7):Schematic representation of creation of stable luminescent centers (Ag®, Ag™) by X-ray, C)

fluorescence emission after UV excitation and D) annealing in 400°C to empty dosimeters[13].

The traps are stable in the sense that the energy required to remove the electron or hole from the
trap to the conduction or valence band must be much larger than the binding energy of the
electron in the trap. The electrons move slowly to the traps and dose fading is minimal. During
the irradiation of the silver-activated phosphate glass, luminescent centers begin to form.
However, the formation of these centers does not appear immediately, because some of the
electrons are caught in effective traps which do not produce luminescence. After a ten- and
hundred-day follow-up study at room temperature, 90% and 99% of the total dose of the
dosimeter is reached, respectively. This phenomenon is known as the build-up effect and
requires a stabilization treatment by heating in 70°C or 100 C. The electrons diffuse faster than
holes in the glass material, and the accumulation speed of AgP is thus higher than that of Ag*™*.
This build-up effect is stabilized by heating.

Stable luminescent centers are able to absorb and release energy; this is used as the principle in
the dosimeter readout system. When the luminescent centers are irradiated by pulsed ultraviolet
laser (270-340 nm), electrons are excited into a higher energy state. The centers return to a

stable energy level by emitting light (420-700 nm) known as fluorescence. The fluorescence is

31



CHAPTER I DOSIMETRIC QUANTITIES AND DOSIMETERS

measured with a photomultiplier system, and the amount of fluorescence is directly proportional
to the dose absorbed into the dosimeter. Figure(11.7) shows that [13, 40].

11.3.4.RPLD read-out device

Readout is a system for measuring a dose-dependent radiophotoluminescence (RPL) signal of a
silver-activated phosphate glass dosimeter. The developments of new generation RPLGD and
readout system were completed in 1990 [39]. The present reader consists of a modulated
continuous-wave (cw) using pulsed UV-laser excitation and the dosimetric properties, such as
energy and angular response, random uncertainty and ambient parameters affecting the dose
measurement.

The actual progress in the field of photoluminescence dosimetry and thus the breakthrough of a
so far unattractive technique is based on a modern evaluation technique using pulsed UV-laser
excitation and a fully automatic readout [41].

The amount of orange light emitted from RPLGD is linearly proportional to the radiation
received; therefore, it is suitable for long term personal dose monitor or environmental radiation
monitor [39].

The reader unit is used to detect the intensity of the orange luminescence and converts this into

personal dose equivalent[2, 35], in read-out system is contain also on holder, lock figure (11.8)

Figure(11.8):Automatic RPLD read-out device in the left and holder in the right [36].

11.3.5.Applications of RPLGD

- RPLGD can be used for small field radiationmeasurements effectively. Nose designed a
tube to hold RPLGDs for dose measurements for head and neck patients to verify the

delivery dose against the calculated dose from treatment planning system (Nose).
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Although the maximum dose variation can be as high as 15%; however, those differences
are mostly from the positioning errors. Based on the RPLGD physical characteristics
study, the error from the RPLGD system stability is less than 3% (out of 15%) [39].

- Used for calculate : dose effect, rate dose, energy dependence and angular dependence.

- Used to detect radiation in a place or a person.

- Used in radiotherapy.

- Verification of delivered dose in radiotherapy and diagnostic imaging using phantom
simulation.

- Studies using small animal irradiation experiments[36].
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CHAPTER 111
MONTE CARLO SIMULATION

The name "Monte Carlo” was invented in the forties by scientists Working"Nicholas
Metropolis and StanislasUlam™ on the project of nuclear weapon in "Los Alamos " todesignate a
class of numerical methods based on the use of numbers Random.

In this chapter, we shall see a generality for Monte Carlo method with the most important

simulation codes, and a detail description of our simulation code MCNP5.

I11.1.Monte Carlo Method

Monte Carlo techniques are a widely used class of computational algorithms for the purpose of
statistically modeling various physical and mathematical phenomena [42].

Monte Carlo can be used to duplicate theoretically a statistical process (such as the interaction of
nuclear particles with materials) and is particularly useful for complex problems that cannot be
modeled by computer codes that use deterministic methods. The individual probabilistic events
that comprise a process are simulated sequentially. The probability distributions governing these
events are statistically sampled to describe the total phenomenon.

In general, the simulation is performed on a digital computer because the number of trials
necessary to adequately describe the phenomenon is usually quite large. The statistical sampling
process is based on the selection of random numbers analogous to throwing dice in a gambling
casino — hence the name “Monte Carlo.” In particle transport, the Monte Carlo technique is pre-
eminently realistic (a numerical experiment). It consists of actually following each of many
particles from a source throughout its life to its death in some terminal category (absorption,
escape....etc).

Probability distributions are randomly sampled using transport data to determine the outcome at
each step of its life [43].

One of the most important issues limiting the use of Monte Carlo techniques for clinical
absorbed dose calculations is the long execution time required to reduce the statistical variance

associated with the calculated absorbed dose at each differential volume [42].
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111.1.1. Random numbers

Random numbers have been used for more than 4,000 years. People use this numbers

everywhere, in applications as simulations in mathematics ,fundamental physics....

In the Monte Carlo method, Random numbers are a key tool for. It is required to produce random
numbers quickly when necessary, but to have access them use, we need a source of random
numbers, this source called a random number generator (RNG) which is produced by
algorithms[44,45, 46].

There are two principal methods used to generate random numbers. The first method known as
true random number generators measures some physical phenomenon that is expected to be
random and uses the measure to generate random number sequence. The second method known
as pseudo random number generator uses computational algorithms that can produce long
sequences of apparently random results, which are in fact completely determined by a shorter
initial value, known as a seed value or key. The random number generator directly influences the

accuracy of the simulation, it is based on the following recurrence formula [ 45,47,48] :

Xn+1 = (@X, + c)mod m (1n.1)
where
n >0 and m >0.

m: the modulo m fait intervenir une division euclidienne de (a X,, + c) par m.
Xo: the starting value, it is number used to produce a pseudo-random sequence called seed

(0 < X, <maand c denote respectively the multiplier and the increment.

a : the multiplier; 0 <a <m.
c¢: the increment; 0 <c¢ <m.
However, the periodicity of the sequence limits the validity of the random variable generator. It

is therefore beneficial for this period to be very large. For this, we take:
c=0andm = 2N
where N is generally of the order of 30 or 40.

The numbers obtained have a uniform distribution. To obtain these numbers in the interval {0,

1}, we divide the X; by (m-1) and obtain the following sampling relationship:
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Xn a (1.2)
X, = = X,_
""m—-1 m-1""1

111.1.2. Monte Carlo Method vs. Deterministic Method

Monte Carlo methods are very different from deterministic transport methods. Deterministic
methods, the most common of which is the discrete ordinates method, solve the transport
equation for the average particle behavior. By contrast, Monte Carlo obtains answers by
simulating individual particles and recording some aspects (tallies) of their average behavior.

Deterministic methods typically give fairly complete information (for example, flux) throughout
the phase space of the problem. Monte Carlo supplies information only about specific tallies
requested by the user. In the limit, this approaches the integro-differential transport equation,
which has derivatives in space and time. By contrast, Monte Carlo transports particles between

events (for example, collisions) that are separated in space and time [43].

Monte Carlo methods are usually requires a computer, by contrast, deterministic techniques It need
not always be implemented on a computer — paper analyses may suffice, in Calculations Monte
Carlo methods can take much longer than analytical models[49]. In the table below show

Comparison between Monte Carlo methods and deterministic techniques.

Table(l11.1):Comparison between Monte Carlo methods and deterministic techniques[42]:

Term Deterministic Monte Carlo

1. Geometry Discrete/ Globally Exact
Discretized

2. Energy treatment-cross section Discrete Exact
3. Direction Discrete/ Turncated series Exact
4. Input preparation Varies Simple
5.  Computer memory required Large Small/ Large
6. Computer time Small Large
7. Numerical issues Convergence Statistical uncertainty
8. Amount of information Large limited
9. Parallel computing Complex Trivial

111.1.3. Transport of particles

In this work, we focused mainly on the electron-matter interaction, when the passage of an

electron in the middle of a physical interaction is called the Coulomb interaction and through the
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collision the electron orbits of an electron or nucleus happen In both cases, the first electron loses
energy and recorded death. Event tracking is done step by step and by order Chronology:
sampling of the mean free path, sampling of cross sections Differential and total, the nature of
the interaction, the direction and the loss of energy following the interaction, a process that
begins again with the particles generated.

111.1.3.1. Transport of electrons

Unlike photons, electrons can interact several times with the medium of molecules in which
crossed through it during the time, and because of this interaction is the impact mail as the
transmission of this or these electrons have track lines broken and that is what is causing at the
exit of electrons from the other side of the center of different energies completely,then move the
electrons take a long time, which affects the way the Monte Carlo simulation, and it affects the

dosimetry and irradiation account, so it must be used to maintain the simulation techniques[6].

I111.2. Main Monte Carlo Simulation Codes

111.2.1. PENELOPE code

The PENELOPE code, issued by the University of Barcelona, is the most recent of the three
mentioned in this article. The first official version dates back to 1996.

The PENELOPE code is recognized as one of the Codes with both numerical models and the
most detailed and up-to-date sections in the processing of electron transport, in particular Low
energies. For comparison, the two codes Precedents stop the individual monitoring of electrons
that their kinetic energy is equal to 1 keV. This difference is related to the fact that this code was
originally developed for the transport of electrons and extended to that of the photons. In
addition, this code has a good ability to take complex geometries into account by combining of
eleven basic quadratic surfaces. These Advantages are to be compared with the slowness of the
calculations related to the detailed processing of particle transport Loaded and the current lack of

a parallel version The code[46, 47, 50].

111.2.2.GEANT4code

GEANT4 is a Monte Carlo-based code, that is developed in two independent studies at CERN
and KEK in 1993.1s based on a focused programming C ++ object[51].1t allows to simulate the
response function of the detector by Based on the different types of interactions. In-depth studies
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can be carried out on any experiment taking into account the geometry of the experimental
device, the materials Primary and secondary particles and their step-by-step follow-up Medium
studies. GEANT4 is used in several branches of physics: physics of Particles, nuclear

physics..[6].
111.2.3EGSnrccode

The EGS (Electron-Gamma-Shower)system of computer codes, is a general purpose package for
the Monte Carlo simulation of the coupled transport of electrons and photons in an arbitrary

geometry for particles[52].

111.2.4. MCNP code

The code MCNP( Monte Carlo N-Particle ) developed and maintained by Los Alamos National
Laboratory, primarily analyzes the particles neutrons, photons and electrons, uses continuous-
energy nuclear and atomic data libraries[43]. The user creates an input file that is subsequently
read by MCNP. This file contains information about the problem in areas such as: the geometry
specification, the description of materials and selection of cross-section evaluations, the location
and characteristics of the neutron, photon, or electron source, the type of answers or tallies
desired, and any variance reduction techniques used to improve efficiency [53].

111.2.4.1.Units Used by MCNP
The units used by MCNP are (1) length in cm, (2) energy in MeV, (3) time in shakes (10 ®s), (4)
temperature in MeV (KT), (5) atom density in atoms b™* cm™, (6) mass density in g.cm ™3, and(7)

cross sections in barns [53].

111.3. Description of MCNP5 code

MCNP5 code is a Monte Carlo-based simulation of particle transport and interactions with
matter. MCNP5 is mostly used by nuclear engineers and scientist around the world for a vast
number of research simulations. It has a wide range of applications in the fields of medical
physics, reactor physics calculations, reactor safety calculations, and radiation dose
estimates[51].1t is necessary to define the cells, surfaces, materials, the parameters of the

simulation and the type of answers desired.
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111.3.1.Structure of the MCNP5 file

It contains an input file (the required algorithm) and the output file (contains all the
measurements and the desired results on the issue of transmission or distribution of particle). The
input file consists of three blocks [53, 54]:

Message Block +
blank line delimiter {optional}

One Line Problem Title
Cell [Block 1]

blank line delimiter
Surface [Block 2]
blank line delimiter
Data [Block 3]

blank line terminator {optional}

Figure (111.1) :MCNP input file structure.

111.3.2.Cells

Cells are defined as volumes of space bounded by surfaces, and it are used to define the shape
and material content of the physical space of the problem. The cell is written by a number that
defines the material constituting it and its density.

It has two meanings, one positive and the other negative. Applied to a closed surface, the sign
(+)Indicates the outside of the cell and the (-) sign indicates the inside. The cell is the result of a
Boolean logic(The intersection —and-, union — or-, complementarity of the different
surfaces).The intersection is implicit and represented by the White between two surfaces is
symbolized by( ). The union is given by (:). The last operator complementarity is symbolized
by(#)which means everything (does not belong). The cell is declared in this form:

J m d geom params

Figure (111.2) :Cell card format.
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J :number of the cell given by the user.

m : number of the cell if it is not empty.

d : density of the material (atoms / cm®) or g / cm?®.

geom: sign of the cell and the various Boolean operators quoted before.
params: optional, uses keywords like IMP, Vol, ...

111.3.3.Surface

The surface is the first element must be defined in the program, it used to create the geometry of
a problem by applying logical operations and also use the cartesian coordinate system,

mnemonic and equation. The specific format for a surface is shown in :

j a list

Figure (I111.3): Surface card format.

J : represents the surface number.

a: represented the surface type (Coordinate transformations).

list: is a space for the user to list numbers that describe the surface. The predefined shapes are:
SPH (sphere), RCC (cylinder), HEX (hexagon), and REC (cylinder Elliptic).In Table below are

given the maps of surfaces recognized by the code.

Table (111.2):Library of surface maps recognized by MCNP [53, 55, 56].

Mnemonic | Type Description Equation Card
Entries

P Plane General Ax+By+Cz—D=0 ABCD

PX Normal to x -axe x-D=0 D

PY normal to y -axe y—D=0 D

PZ normal to z -axe z—-D=0 D

SO Sphere centered at origin X2+y2+22-R2=0 R

S general (x — x)2+(y — ¥)2+(z —|xy zR

SX centered on x-axis z)2 -R2=0 xR

SY centered on y-axis (x —x)2+y2+z2-R2=0 |yR

Sz centered on z-axis x2+(y —y)2+z2-R2=0 |zR
x2+y2+(z—2z)2—-R2=0
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CIX Cylinder parallel to x-axis (y — y)2+(z — z)2 -R2=0 zR
CIY parallel to y-axis (x — x)2+(z — 2)2 -R2=0 xzZR
Clz parallel to z-axis (x —x)2+(y —y)2+-R2=0 |xy R
CX on x-axis y2+22-R2=0 R
Cz on y-axis Xx2+22-R2=0 R
on z-axis X2+y2—-R2=0 R
K/X Cone parallel to x-axis Jo =92+ @z - 2)2 - Xy zt2t
K/IY parallel to y-axis t(x — X)=0 1
K/z parallel to z-axis J&-—02+ -2 - xy z1t2+
- X Z T
KZ on z-axis \/(X B i 1 ’
t(z—2z)=0 _
xt2+1
VY2 + z2 -t(x —X)=0 y 1
vx2 + z2 -t(y —y)=0 S0+ 1
JX2 + y2 -t(z—2)=0
SQ Ellipsoid axis parallel to x-, y-, | £1 used only for 1-sheet cone
Hyperboloid or z-axis Ax - X2 +By—-y)2+|ABCDE
Paraboloid C(z—72)2 FGHIJK
+2 D(x —X) +2E(y — V)
+2F(z—72)+G=0
GQ Cylinder, cone | Axis not parallel to x- | A+ B,”+ C,”+ Dy+E,, |ABCDE
Ellipsoid , Y-, Or Z-axis +Fx+ G, +Hy+J,+K=0|FGxy z
Paraboloid
Hyperboloid
X elliptical or | (x — x)2IB2 + (\/(y — y)2 + (z — 2)2-A)2/C2- | Xy zABC
TY circular torus. 1=0 xy zABC
TZ Axis is parallel (v - 92B2 + (JO = )2 + (z — 2)2-A)2/C2- xy zABC
to x-, y-, or z- 1=0
s (z — 2)2/B2 + (/(x — X)2 + (y — §)2-A)2/C2-
1=0
XYZP surfaces defined by points
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111.3.4.Definition of MCNP data

The format of the data card section is the same as the cell and surface card sections. The data
card name must begin in columns 1-5. At least one blank must separate the data card name and
the data entries. The most important data cards for medical physics applications include: problem
type, source specification, tally specification, and material and cross section specification. These

are only a few examples of the many available MCNP data cards.

The “MODE” card, discussed above, also serves as part of the source specification in some cases

by implying the type of particle to be started from the source.
111.3.4.1.Sources

The source is defined by the SDEF card. This card is used once in an input file and can
reproduce a large variety been sources. SDEF Card is one of four available methods of defining

starting particles. The format for the source card is shown below in Figure (111.4)

SDEF source variable=specification...

Figure (111.4) :General source card format.

Within this source definition, the user can specify source distribution functions specified on “Sin
(Source Information)”, “SPn (Source Probability)”, “SBn(Source Bias)”,and “DSn (n is the

distribution number)” cards.

Slnoption 11...1k
SPnoption P1 ... Pk(orSPnf a b)
SBnoption B1 ... Bk(or SBnf a b)

Figure (111.5) :Sourcedistribution functions cards format.
The most common source variables used for “SDEF” specification are listed below in Table

(111.3)
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Table (111.3) :Most common variables used for general source (“SDEF”) specification.

Variable Meaning

ERG Energy of the particle (MeV)

CEL Source cell

SUR Surface (Default case : Zero, means cell source)

RAD Radial distance of the position

POS Reference point for position sampling

PAR Particle type source will emit

AXS Reference vector for EXT and RAD

EXT Cell case: distance from POS along AXS
Surface case: cosine of angle from AXS

TME Time when the particle started (shakes)

Uuu, VVV, WWW Direction of the flight of the particle

XXX, YYY, Z2ZZ Position of the particle

WGT Particle weight

111.3.4.2.Tallies

The tally cards are used to specify what you want to learn from the Monte Carlo calculation,
perhaps current across a surface, flux at a point, etc. You request this information with one or
more tally cards. Tally specification cards are not required, but if none is supplied, no tallies will
be printed when the problem is run and a warning message is issued. Many of the tally
specification cards describe tally “bins.” A few examples are energy (En), time (Tn), and cosine
(Cn) cards. MCNP provides six standard neutron, six standard photon, and four standard electron
tallies, all normalized to be per starting particle. Some tallies in criticality calculations are
normalized differently.

The tallies are identified by tally type and particle type. Tallies are given the numbers 1, 2, 4, 5,
6, 7, 8, or increments of 10 thereof, and are given the particle designator :N or :P or :E (or :N,P
only in the case of tally type 6 or P,E only for tally type 8). Having both an F1:N card and an
F1:P card in the same INP file is not allowed. The tally number may not exceed three digits.

For our sample problem we will use Fn cards (Tally type) and En cards (Tally energy)[46, 53,
54, 57].
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Table (111.4):MCNP tally commands and their corresponding units[57].

Mnemonic Tally Description Description *Fn units
F1:N or F1:P or F1:E  Current integrated over a surface particles MeV
F2:N or F2:P or F2:E  Flux averaged over a surface particles/cm? MeV/cm?
F4:N or F4:P or FA:E  Flux averaged over a cell particles/cm? MeV/cm?
F5a:N or F5a:P Flux at a point or ring detector particles/cm2 MeV/cm2
F6:N or F6:N,P or Energy deposition averaged MeV/g MeV
F6:P over a cell
F8:P or F8:E or Energy distribution of pulses in a pulses jerks/g
F8:P,E detector

111.3.4.3.Materials

The format of the material, or m card, in this section specifies both the isotopic composition of
the materials and the cross section evaluations to be used in the cells. The material card is shown
below in Figure (111.6).

mnzaidl fractionl zaid?2 fraction?2 ...

mn = Material card name (m) followed immediately by the material number (n)
on the card. The mn cards starts in columns 1-5.
zaid = Atomic number followed by the atomic mass of the isotope.
Preferably(optionally) followed by the data library extension, in the form of
A##L (period, two digits, one letter).
fraction = Nuclide fraction
(+) Atom density (atoms/b-cm)
(-) Weight fraction

Figure (111.6):Material card format.

The “n” on a material card corresponds to the material number on the cell card. The consecutive

pairs of entries on the material card consist of the identification number (ZAID) of the

constituent element or nuclide followed by the atomic fraction (or weight fraction if entered as a
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negative number) of that element or nuclide, until all the elements and nuclides needed to define
the material have been listed.

One simulation in MCNP uses one nuclear data library for every isotope specified in the MCNP
input file. The selection of libraries is done through a unique identifier for each library, called
ZAID(ZZZAAA.NnX). These identifiers consist of the atomic number (Z), mass number (A) and
library specified ID.

In calculations involving photons and electrons, the isotopes of the elements play the same role
as natural elements; Consequently, the A's can be set to 0 and the numbers nnx forgotten. The
fractional i numbers are the atomic fractions of component i or density atomic if introduced with

a minus sign[ 53,56].
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CHAPTER IV
CALCULATION OF ENERGY RESPONSE AND
PERCENTAGE DEPTH DOSE

This chapter is devoted to the Monte Carlo simulation of energy dependence and the
Percentage Depth Dose (PDD), where we cited the methods and materials these we used, and

show obtained results with their discussion in the current work.

IV.1.Dosimetric system

1V.1.1.Dosimeters

In our study, we used two dosimeters radiophotoluminescence (RPL), the model GD- 450 and
model GD- 302 without filter that are manufactured by” AGC techno Glass Corp.., Shizuoka,
Japan”. The dosimeter GD- 450 is 8 cm of diameter and 1mm of thickness, the dosimeter GD-
302 is 1.5 mm of diameter and 12 mm of long. The both dosimeters are RPL FD-7 glass series.
The weight compositions the FD- 7 glass series are: 31.5% P, 51.16% O, 6. 12% Al, 11.00% Na
and 0.17% Ag, their effective atomic number Z_eff is 12.04 and its density p is 2.61 g.cm-3.[5,
39,58].

B
GD-302M

Figure (IV.1):Picture of radiophotoluminescence glass dosimeters RPL GD-450, GD-352 and GD-302
[39].
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IV.1.2. Used phantom

The phantom material was water (H,0), with sufficient material around the dosimeter to ensure
full scatter conditions. The atomic compositions and density of the materials are listed in Table
(IV.1). The water phantom whose polymethylmethacrylate (PMMA) walls were 10 mm thick
(except along the beam axis where they were 2.5 mm thick)[59].
Each dosimeter is irradiated in a depth Z of the Phantom, the compositions atomic matters are
listed in the Table (1V.1).

Table (IV.1):Phantom characteristics, weight compositions and density used in simulation
MCNP5[29].

Element Water PolymethylMethacrylate(PMMA)
H 0.1119 0.0805
C — 0.5999
0] 0.8881 0.3196
Density(g/cm®) 1.00 1.19
Zeft 6.6 5.85

LINAC - Saturne 43 / VARIAN
Calibration facility

e ——— P

Water
phantom

=

Dosimeters

¥

Figure (1V.2): Experimental example identical of our simulation study[60].
V.2 Simulation Monte Carlo

In our work, we used the Monte Carlo simulation code MCNP version 5 (LANL 2003), as a
means to calculate the answer of dosimeters such as energy response and Percentage Depth Dose
(PDD). the MCNP5 with ENDF/B-VI cross section data was used in this study. In each

radiophoto-luminescent detector, the code of particles transport MCNP5 was used to calculate
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the deposed energy. The simulation is applied for a point electrons source collimated in a cone

whose circular surface end equal to field sizes of electrons beam used.

Figure (1V.3):Set up of the simulation study[61].

The luminescent dosimeters irradiated by a conical electron beam in a depth Z from the
surface of the phantom. Figure (1V.3) gives the model of the installation used to the simulation
of Monte Carlo.

The energy deposition in each dosimeter studied is calculated by using the Tally ‘*F8’ of
MCNPS with particle transport mode “Mode :p ¢”. To make all statistical checks recommended
by MCNP5 code, the simulations are executed with a number of history of 100 million for each
orientation, where reported that the relative error less than 2% was obtained for each simple
calculation mentioned.

Calculations were carried out using the source-to-surface distance (SSD) of 100 cm with a field

size of 15x15 cm?for the clinical electrons beams, and 10x10 cm? for the®®Co photons beam. [5]

IV.3. Equivalent field and electron beams quality

Beams used in radiotherapy, have different forms which represent usually a compromise
between the present form of the target and the need for simplicity and effectiveness in the

formation of the beam. Four forms of field are used: square, rectangular, circular, irregular.
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For our study, we used the field square arbitrary will be equivalent to a field circular with the

radiusr,4, Where the two field have the same surface [1].

aﬁq — nrgq (IvV.1)
Where
_3eq (IV.2)
req = ﬁ

The beam quality for electrons beam dosimetry is specified by Rso, the depth in water (in
centimeter) at which the percent depth dose is 50% for a broad beam at an SSD of 100 cm, Rsp
for a broad beam may be determined by measurement (or calculation) of dose at two points on
central axis: one at dmx and the other at depth where the dose falls to 50% of the maximum dose.
The depth of 50% ionization (I5,) is determined by subtracting 0.5r.,, from the depth indicated
by the center of chamber cavity. The beam quality specified, Rs, is then calculated from Iso[15,
62, 63]:

Rs0=150,—0.06cm [for 2<I5,<10 cm ] (IvV.3)

R50=I50,—0.37cm [for I5,>10cm] (1V.4)

Z,s=0.6R5(—0.1 cm (IV.5)

Z.or - Were set up on the reference depths in the water phantom for each electron beam energy to

decrease the fluctuation error [6, 62].
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relative depth dose | %

Figure (IV.4): schema determine Rs,[17].

The below table illustrates the values of reference depth Z..r according to energies beams (4-20
MeV) .
Table (1V.2):Physical parameters of clinical electron beams used in this study[64].

Electron beam energy Z.s (CM)
(MeV)

4 0.9
6 1.4
9 2

12 2.8
16 3.8
20 4.9

I1V.4. Percentage Depth Dose (PDD)

The electron beams in the energy range of 4-20 MeV are widely used in radiotherapy [65]. So, it
IS necessary to determine and use the dose data in depth for electron beams [66, 67].
Percent depth dose (PDD) is the ratio of absorbed dose (on the central axis) at a chosen depth to

the absorbed dose at the reference depth D, , SO the relationship of Percentage Depth Dose is:

D
P=—%%100 (IV.6)
Dq,
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where: d is any depth and dg ( dy=D,,45) is reference depth of maximum dose [6].

u’l Fa*—Collmator

,’ . — Central Axis
— \ %
—— Surface

\
/ A IR

b do"\'".".'“, __- Phantom

Figure (IV.5): schema determine Percentage Depth Dose[6].

Electron fields are most often used clinically with fixed SSD techniques. Only occasionally are is
acentric techniques used. This section will deal with only fixed SSD dosimetry. Percent depth-
dose calculations for electron beams should be performed for each available energy for the range
of field sizes available. Small differences in energy, scattering foils, or scanning systems can

affect the electron-beam characteristics [68, 69].

Table (1V.3): Monte Carlo calculated Percentage Depth Dose (PDD) for RPL GD- 450 with 4 MeV and

6 MeV electrons beams.

RPL GD- 450
4MeV 6MeV
Depth (cm) PDD (%) Depth (cm) PDD (%)
0.4 84.909 0.9 89.3516
0.5 90.327 1 92.428
0.6 95.312 11 95.1996
0.7 98.673 1.2 97.504
0.8 100 1.3 99.175
0.9 99.110 14 100
1 95.776 15 99.864
11 89.801 1.6 98.657
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1.2 80.911 1.7 96.226
1.3 68.947 1.8 92.498
1.4 54.046 1.9 87.405

®  4MeV in RPL GD- 450
® 6MeV in RPL GD- 450
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Figure (IV.6):Monte Carlo simulated Percentage Depth Dose (PDD) with 4 MeV and 6 MeV electrons
beams forRPL GD- 450 (SSD= 100 cm, field size= 15 x15 cm?).

Table (1V.4):Monte Carlo calculated Percentage Depth Dose (PDD) for RPL GD- 302 with 4 MeV and
6 MeV electrons beams.

RPLGD- 302
4MeV 6MeV
Depth (cm) PDD (%) Depth (cm) PDD (%)
0.4 82.479 0.9 88.533
0.5 87.908 1 91.645
0.6 93.384 1.1 94.139
0.7 96.943 1.2 96.963
0.8 99.835 1.3 99.088
0.9 100 1.4 99.620
1 98.0545 15 100
1.1 92.866 1.6 99.302
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1.2 83.916 1.7 97.225
1.3 71.963 1.8 93.892
1.4 57.161 1.9 89.008
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Figure (IV.7):Monte Carlo simulated Percentage Depth Dose (PDD) with 4 MeV and 6 MeV
electrons beams for RPL GD- 302 (SSD= 100 cm, field size= 15 x15 cm?).

Table (IV.5):Monte Carlo calculated Percentage Depth Dose (PDD) for water with 4 MeV
and 6 MeV electrons beams.

Water
4MeV 6 MeV
Depth PDD (%) Depth PDD (%)

0.4 81.122 0.9 87.651
0.5 86.033 1 90.806
0.6 92.196 1.1 93.389
0.7 96.357 1.2 95.903
0.8 99.550 1.3 98.094
0.9 100 1.4 99.037
1 98.612 15 100

1.1 94.49 1.6 99.404
1.2 86.88 1.7 97.975
1.3 77.050 1.8 94.534
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1.4 65.001 1.9 89.960
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Figure (IV.8):Monte Carlo simulated Percentage Depth Dose (PDD) with 4 MeV and 6 MeV
electrons beams for water (SSD= 100 cm, field size= 15 x15 cm?).

For 4 MeV electrons beam, we found that the depth maximum dose was at depth Z=0.8 cm for
RPLGD- 302 and water, for RPLGD- 450 the depth maximum dose was at depth of 0.9 cm.

For 6 MeV electrons beam, the results show that the maximum depth dose was at depth of 1.4
cm for RPLGD- 450, at depth of 1.5 cm for RPLGD- 302, and at depth of 1.5 cm for water.

The difference between the value of RPL GD- 450 and RPL GD- 302 is due to the difference of

geometry, where the diameters are 8 mm and 1.5 mm for RPLGD- 450 and RPLGD- 302,
respectively.

Our results confirm that, for constant field size and source surface distance (SSD) the PDD

beyond Zn.x increases with beam energy because of a decrease in beam attenuation (i.e. because

of an increase in beam penetrating power)

In the same way, we can determine the depth of maximum dose for the rest energies of electrons
beam 9, 12, 16 and 20 MeV.
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IVV.5. Energy dependence and quality correction factors

Absorbed dose at a reference depth Z,.¢ in water for a beam quality Q is given by the following

equation [6]:

Dw,q = Mq X Npw,qo X Kqq, (IV.7)

Where:

Dy is the absorbed dose to water for a beam of quality Q, M, is the dosimeter reading adjusted
influence other factors than those related to beam (pressure and temperature) and Npyy qo IS the

dosimeter calibration factor. in this work we used yrays of Cobalt-60 as the quality Q,(reference
beam) [7].

-1
koqo = (Faq,) (IV.8)

kqq,is the correction factor to take account of the difference between the response of the

dosimeter in beams of different qualities Q and Q, [64].

(r/DW)Q (r/Ddos)Q(Ddos/DW)Q (|V.9)

FQ:QO = (r/DW)Qo B (F/Ddos)Qo(Ddos/DW)Qo

Where:

(r/Dw)qis the dosimeter readingper dose to water at beam Quality Q, to obtain a dose reading
linear. (r/Dgos)qis corresponding reading per dose to the dosimeter and (r/Dgos)q,the ratio
between the dose to the dosimeter and the dose to water.

You can set the energy dependence F o, according to the formula (1V.9):

Fqq, = Goq, X Hoq, (IV.10)

Where :

Gq,q,is called the relative effectiveness (or performance of radiation relative) of the dosimeter,

and it’s given by formulated:

_ (/Daos)e (1v.11)
Q (F/Ddos)Q0

Hgq q,is the report of the absorbed dose Dy, in the dosimeter per the absorbed dose in water

Dw (without the presence of the dosimeter) for a beam quality Q with the absorbed dose Dy, in
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the dosimeter per the absorbed dose in water Dy, for a beam quality Qq, Hq,q,is given by an
equation:

T (Dgos/Dw)q (IV.12)
2% ™ (Dgos/Dw)q,

Thus, for a performance constant radicals by absorbed dose to dosimeter (that is, when
Gq,q,equal the unit or one), Fq o equal Hgq,. This factor is calculated by simulation of Monte

Carlo in this work for beams energy high electron clinical .

The response of a dosimetry system is generally a function of radiation beam quality (energy).
Since the dosimetry systems are calibrated at a specified radiation beam quality (or qualities) and
used over a much wider energy range, the variation of the response of a dosimetry system with

radiation quality (called energy dependence) requires correction[6].

The objective of this part of work is studying the energy response of two dosimeters GD-450 and
GD- 302 for electrons beams, we used Monte Carlo simulation to calculate the energy response
Fq,q, for clinical electrons beam at the depths of 0.9, 1.4, 2.0, 2.8, 3.8 and 4.9 cm for the energy
of 4, 6,9, 12, 16 and 20 MeV, respectively, under the same conditions of irradiation. Through
the relationship (11.14) and (1V.12), Thus, for a constant yield of radicals per absorbed dose to

the dosimeter (that is, when Gq qo equals unity) [64], we can conclude:

Foq, = Hoaqo (1V.13)

The results of the Monte Carlo simulations are displayed in Tables (IV.5 and 1V.6), reported the
energy response of the RPL dosimeters for clinical electrons, both RPLGD- 450 and RPLGD-
302 ( without filter)relative to®°Co.
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Table (1V.6):Monte Carlo calculated energy response Hq qofor RPL GD- 450 irradiated with

energy clinical electrons beam.

Hooo RPL  koaqo RPL
Beam quality Depth (cm)

GD-450 GD-450
Reference :
Rayon vy ®co > 1 1
Clinicalelectrons  Rsq (g/cm?)
4 MeV 1.333 0,9 0.968 1.033
6 MeV 2.167 1,4 0.968 1.033
9 MeV 3.167 2 0.948 1.055
12 MeV 4.5 2,8 0.932 1.073
16 MeV 6.167 3,8 0.922 1.085
20 MeV 8 49 0.920 1.087

Table (IV.7):Monte Carlo calculated energy response Hq qofor RPL GD- 302 irradiated with energy

clinical electrons beam.

Hooo RPL Koo RPL
Beamquality Depth (cm)

GD-302 GD-302
Reference :
Rayon y %Co > ! !
Clinicalelectrons  Rsq (g/cm?)
4 MeV 1.333 0,9 0.976 1.025
6 MeV 2.167 1,4 0.975 1.026
9 MeV 3.167 2 0.971 1.03
12 MeV 4.5 2,8 0.965 1.037
16 MeV 6.167 3,8 0.957 1.046
20 MeV 8 4,9 0.957 1.045

The interaction electrons beam with matter has two type: interactions of electron—orbital
electron and interactions of electron —nucleus. Also use of gamma ray(*°Co) as reference
ray(E=1.25 MeV).

Figure IV.9, illustrate results from the Monte Carlo simulation energy response of RPL GD-302

and GD-450 dosimeters calculated for clinical electrons beams compared with previous work.
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The results show that, energy dependence Fg o is decreases with increase of energy. According

to this study, energies responses of 4 - 20 MeV electrons beams were approximately between
2.5% and 4.3% for RPLGD-302 ,and between 3.3% and 8% for RPLGD-450.

Thus, a correction factor should be determined for high energy electron beams used in
evaluations, assessments, or for absorbed dose determination. Glass Dosimeters RPLGD- 450
and RPLGD- 302 were found to be suitable for dosimetry of high-energy electrons beams in the
radiotherapy field.

®  MC, this work for RPL GD- 302
0.98 ® MC, this work for RPL GD- 450
. A K. Sonetal., 2011, exp for RPL GD- 302
1 v J-E.Rah et al., 2009, exp for RPL GD- 301
m
0.97
° °
Y
© 0.96 v M
8 v v A a
§ 0.95 ’
8 °
Q
o
> 0.94
o
2
°
W 0.93
0.92) ¢ °
4 6 8 10 12 14 16 18 20 22
Clinical electron energy

Figure (1V.9): Comparison between our work for RPL GD-302 And RPL GD-450 with the literature[5,
70].

The Monte Carlo calculations appear an over responses for both RPLGD- 450 and RPLGD- 302

appeared slow fall, by a maximum of 8 % and 4.3% respectively.
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Figure (1VV.10):Comparison between of RPL GD-450 with RPL GD-302.

The current study demonstrates that dimension of dosimeter has an important impact on the

energy dependence.

For electron beams, Fig.(IV.10) shows the calculated relative responses of both dosimeters in the
energy range of 4-20 MeV as a function of beam quality specified, Rs, (cm). The relative

responsesare normalized to the responses per unit dose calculated with a Co-60 beam.

So it can be said, after this results, that the dosimeter Silver-activated phosphate glass without

filter can use as a detector with high energy electrons beams such as in radiation therapy.

We recommended that the dosimeters RPLGD-450 and RPLGD-302 must be with energy

compensator filters (Aluminum, Copper, Tin...) used for neglected the influence of energy. [6]

61






General Conclusion

GENERAL CONCLUSION

A radiation dosimeter is a device, instrument or system that measures or evaluates, either directly or
indirectly, the quantities exposure, kerma, absorbed dose or equivalent dose, or their time
derivatives (rates), or related quantities of ionizing radiation. A dosimeter along with its reader is

referred to as a dosimetry system.

To function as a radiation dosimeter, the dosimeter must possess at least one physical property that
is a function of the measured dosimetric quantity and that can be used for radiation dosimetry with
proper calibration. In order to be useful, radiation dosimeters must exhibit several desirable

characteristics.

In radiotherapy exact knowledge of both the absorbed dose to water at a specified point and its
spatial distribution are of importance, as well as the possibility of deriving the dose to an organ of
interest in the patient. In this context, the desirable dosimeter properties will be characterized by
accuracy and precision, linearity, dose or dose rate dependence, energy response, directional

dependence and spatial resolution

Due to Monte Carlo method and the amazing results that it showed in radiotherapy domain, has
become is the common way in the calculation of absorbed dose (energy deposition). We Have relied

on simulation Monte Carlo to calculate the dosimeters responses.

This memory was concerned a passive dosimeter which based on luminescence phenomenon, it's

Radiophotoluminescence dosimeters.

We have adopted in current study two Radiophotoluminescence glass dosimeters: RPL GD-450 and
RPL GD-302 without filters, both dosimeters are Silver-activated phosphate glass and belong the
type FD-7 glass series.

In our work, we were using the Monte Carlo simulation code MCNP5 developed and maintained by
Los Alamos National Laboratory (LANL) to calculate the Percentage Depth Dose (PDD%) and
energy response in water phantom (dimension of 30x 30x 30 cm3) for 4-20 MeV electrons beams

with 60Co y-ray as a reference beam.
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For 4 MeV electrons beam, we found that the depth maximum dose was at depth Z=0.8 cm for RPL
GD-302 and water, for RPL GD-450 the depth maximum dose was at depth of 0.9 cm.

For 6 MeV electrons beam, the results show that the maximum depth dose was at depth of 1.4 cm
for RPLGD- 450, at depth of 1.5 cm for RPLGD- 302, and at depth of 1.5 cm for water.

The difference between the calculation values in RPL GD-450 and RPL GD-302 is due to the

difference of geometry, where its diameters are 8 mm and 1.5 mm, respectively.

Our results confirm that, for constant field size and source surface distance (SSD) the PDD beyond

Znmax INCreases with beam energy because of a decrease in beam attenuation.

The Monte Carlo calculations appear an over responses for both RPL GD-450 and RPL GD-302
appeared slow fall, by a maximum of 8 % and 4.3% respectively.

The results show that, energy dependence Fq o, decrease with increase of energy. According to this

study, energies responses of 4 - 20 MeV electrons beams were approximately between 2.5% and
4.3% for RPL GD-302 ,and between 3.3% and 8% for RPL GD-450.

The correction factor should be determined for high energy electron beams with RPLGD- 450 and
RPLGD- 302 to will be suitable in evaluations, assessments, or for absorbed dose determination
such as in radiotherapy.

The current study demonstrates that dimension of dosimeter has an important impact on the energy

dependence.

So it can be said, after this results, that the dosimeter Silver-activated phosphate glass without filter

can use as a detector with high energy electrons beams such as in radiation therapy.

For neglected the influence of energy, we recommend that the dosimeters RPLGD-450 and RPLGD-

302 must be used with energy compensator filters (Aluminum, Copper, Tin...).

As a perspective to this work, we can enlarge the study of the both dosimeters to other dosimetric
characteristics parameters such as dose profile, output factor, the percentage depth dose for different

field size with different energies...ect, for electrons beams and photons beams.
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Figure(2): MCNP5 (surface card)
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Abstract

The purpose of current work was to study the response of two commercially available glass dosimeters
known as RPL GD-302 and RPLGD-450 without filters.
In this study, Monte Carlo simulation code MCNP5 was using to calculate the Percentage Depth Dose (PDD%)
and energy response in water phantom for 4-20 MeV electrons beams with ®Co y-ray as a reference beam.
Monte Carlo calculations show, with 4 MeV energy beam the depth of maximum dose was 0.8 cm and 0.9 cm,
and with 6 MeV the depth of maximum dose was 1.4 cm and 1.5 cm for RPL GD- 450 and RPL GD- 302 ,
respectively. In other part, the results energy responses are comparable with literature, where we found a
maximum of 8 % and 4.3% for RPL GD- 450 and GD-302, respectively.
Finally, our results confirm that the Silver-activated phosphate glass dosimeter without
filter can be used as a detector for high energy electrons beams such as in radiation therapy.

Keywords: Radiophotoluminescence dosimeters, RPL Glass Dosimeter, Monte Carlo simulation, Percentage
Depth Dose, PDD, Energy response, Electrons beams, MCNP5.

Résumé

L’objectif du notre travail était d'étudier la réponse de deux dosimetres de verre disponibles dans le
marché, connus sous le nom de RPL GD-302 et RPLGD-450 sans filtres.
Dans cette étude, le code de simulation Monte Carlo MCNPS5 utilisait pour calculer la pourcentage de dose de
profondeur (PDD%) et la réponse énergétique dans un fantdme d'eau pour les faisceaux d'électrons de 4-20
MeV avec rayons y du °Co comme faisceau de référence.
Les calculs de Monte Carlo montrent montre, avec un faisceau d'énergie de 4 MeV, la profondeur de la dose
maximale était de 0,8 cm et 0,9 cm, et avec 6 MeV, la profondeur de la dose maximale était de 1,4 cm et 1,5
cm pour RPL GD-450 et RPL GD-302, respectivement. D'autre part, les réponses énergétiques des résultats
sont comparables a celles de la littérature, ou nous avons trouvé un maximum de 8% et 4,3% pour RPL GD-
450 et RPL GD-302, respectivement.
Enfin, nos résultats confirment que le dosimétre en verre phosphate activé par 1’argent sans filtre peut étre
utilisé comme détecteur pour des faisceaux d'électrons a haute énergie tels que dans la radiothérapie.

Mots-clés: Dosimetres de radiophotoluminescence, Dosimétre de verre RPL, simulation Monte Carlo,
pourcentage de dose de profondeur, PDD, réponse énergétique, faisceau d'électrons, MCNP5.




