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The bremsstrahlung photon facility where photon beam can be created via bremsstrahlung processes has been
installed in many different accelerator in the world. TARLA (Turkish Accelerator and Radiation Laboratory at
Ankara) will be first facility of TAC (Turkish Accelerator Center) project in Turkey. An optimal design of collimator
is important for obtain a clean high energy photon beam in a bremsstrahlung facility. In this study the photon
spectrum has been obtained depending on the entrance angle of the collimator. The energy deposition and dose
distributions on the collimator by photon beam generated from 30 MeV energy electron beam have been calculated
with FLUKA Monte Carlo simulation code.
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1. Introduction

The real photons produced at the electron linear ac-
celerators are important tools for nuclear structures and
variety nuclear astrophysics and medical physics exper-
iments. Particularly, the photon scattering experiments
are very useful for elementary excitations. Darmstadt
electron accelerator S-DALINAC [1], linear accelerator
facility in Gent university [2], superconducting electron
accelerator ELBE [3] are some of the accelerator facilities
working at photon-scattering experiments. The Turk-
ish Accelerator and Radiation Laboratory (TARLA) in
our country, is currently under construction, and also
will be planned photon-scattering experiments in our
bremsstrahlung facility [4]. In order to sensitive mea-
surements, the photon beam is transported to the exper-
imental area by a massive collimator system. It should
be designed to minimize the spatial

distribution of photons and also to reduce the neutron
production via (γ,n) reactions at the collimator. It is
important to measure energy deposited on the collimator
in respect to safety.

In this work, the FLUKA simulation results
are presented for collimator design in the TARLA
bremsstrahlung facility. The photon spectrum has been
investigated depending on the entrance radius. The en-
ergy deposition and dose distributions on the collimator
by photon beam from 30 MeV energy electron beam have
been calculated.

∗corresponding author; e-mail:
nlgndemir@gmail.com

2. Materials and methods

2.1. Collimator

We calculated the interactions of bremsstrahlung pho-
tons scattered from 6 µm thick Ta radiator with colli-
mator. This value is optimum thickness for radiator ma-
terial [5]. In the simulation, we have choosen Al as the
collimator material and it is positioned 1 m behind the
radiator. The collimator has a length of 3200 mm and
a cylindrical geometry with 0.25 cm inner, 5 cm outer
radius.

2.2. Simulation with FLUKA

In the collimator system design is involved the elec-
trons, bremsstrahlung photons interactions with various
target materials. Also the photonuclear reactions in the
collimator should be included depending on photon en-
ergy and collimator material. Effectively these complex
processes can be calculated using the Monte Carlo code.
FLUKA is the best choice for calculating these processes.
It is a general purpose Monte Carlo code for particle
transport and interactions and it can simulate interac-
tion and diffusion in matter of about 60 different particle
It used in many fields of physics for fundamental research
and applications [6].

Energy deposition is expressed in GeV cm−3 per unit
primary weight by FLUKA. Radiation dose in the system
thanks to energy deposition values were calculated by
FLUKA. Doses is expressed in GeV/g per unit primary
weight. If it is expressed as Gy (Gray), multiply GeV/g
by 1.602176462× 10−7 [6].

2.3. Calculations and Simulations

The inputs for FLUKA are given as, an electron beam
energy 30 MeV, beam shape pencil, beam direction along
the z axis. The Ta radiator were positioned at (0,0,0) in
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FLUKA geometry and it’s radius and thickness, respec-
tively, was choosen as 0.8 cm, 6 µm. Simulation were
started by 5 × 106 primary electrons. Figure 1 repre-
sents the FLUKA geometry in the XZ plane and photon
fluence in the whole geometry. The field covering Ta ra-
diator and Al collimator was defined as the air.

Fig. 1. The photon fluence in XZ plane.

Fig. 2. The photon spectrum from the collimator for
0.25 and 1.0 cm entrance radii.

The photon spectrum was obtained for various en-
trance radii between 0.25 and 1.0 cm. As shown in Fig. 2,
the maximum photon was observed at the 0.25 cm ra-
dius. The tail of photon distribution is increased as the
entrance radius is increased.

Deposited total energy and dose on the Al collimator
was calculated for 0.25 cm entrance radius and plotted
in Figs. 3 and 4. The photon beam passing through the
collimator leaves maximum energy, near the centre of the
collimator. The maximum energy deposition is in the
collimator on a radius of 1.8 cm and is due to secondaries.
The maximum dose distribution is almost at the same
radius.

3. Conclusion

Monte Carlo calculations were performed with FLUKA
to optimize the collimator at the TARLA bremsstrahlung
facility. Bremsstrahlung photons produced from electron
beams with energy of 30 MeV and the photon beam was

Fig. 3. The energy deposition profile in the Al
collimator.

Fig. 4. The dose distribution profile in the Al
collimator.

collimated by the Al collimator with a 3200 mm length
and cylindrical geometry. It has been observed that the
photon fluence increase and tail decrease with decreasing
entrance radius. Thus, it is possible to obtain a cleaner
high energy photon beam at the small radii. As a result
maximum radiation dose and energy were formed the en-
trance of collimator and due to generation of secondary
particle was observed to decreased toward outside of the
collimator. In the next study, simulations will be de-
veloped for different collimator geometry and materials.
Also, the (γ,n) reactions will be included in the calcula-
tions and neutron fluence will be obtained.
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