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STUDY OF BREMSSTRAHLUNG PHOTONS IN BULK TARGET USING MCNP CODE

The aim of this research was to study the feasibility of bremsstrahlung photon production in target bombarded by
1 GeV electrons. The calculations were performed by the Monte Carlo code MCNP. Six target materials with densities
between 2 and 20 g/cm? were studied. The bremsstrahlung photon flux is high for the target density above 8 g/cm?.
Copper is the best target for 1 GeV electron beam due to high bremsstrahlung photon production, low scattering and
low transmission electron flux. The copper target was altered to have different thicknesses between 0.01 and 2.5 cm.
The results showed that the bremsstrahlung photon flux significantly increased when the target thickness increased from
0.01 to 1.5 cm. The angular distribution of the bremsstrahlung photons with angles between 0 and 120 degrees was

determined for copper target. The maximum angle of the photon scattering was about 20 degree.
Keywords: bremsstrahlung, electron beam, MCNP simulation.

1. Introduction

In medical facilities, the bremsstrahlung photons
are produced from a thick-target bombarded by
electrons with energy up to 40 MeV. The
bremsstrahlung photons from the target are spread in
various directions. Many works have studied the
effect of the bremsstrahlung photons expanding due
to the variety in the target materials with different
bombardment electron energies. DeMarco et al. [1]
reported the results of thick-target bremsstrahlung
calculations showing the emissions from beryllium,
aluminium and lead targets at various angles
between 0 and 90°. The targets were bombarded by
15 MeV electrons. Kosako et al. [2] measured the
angular distribution of the bremsstrahlung photons
between 0° and 120° from copper and tungsten
targets bombarded by a variety of electron energies
(18, 28 and 38 MeV) from an electron linear
accelerator (linac). The results show that the target
plays an important role in the production of the
bremsstrahlung photons. Different material densities
and thicknesses of the target have an influence on
the bremsstrahlung photons’ distribution and flux.

Currently, electron accelerators are widely used
in order to generate bremsstrahlung photons in
radiotherapy. At the Thai-Synchrotron, electron
accelerators have been developed that create multi
Giga-electron volt (GeV) beams [3]. Thus, the
utilization of higher electron energies for radio-
therapy is considered in this research. The precise
estimation of the bremsstrahlung photon distribution
from a thick-target bombarded by high energy
electrons is necessary for the accurate dose
estimation and also for the shielding calculation.

In order to design the target, the simulations
using Monte Carlo method are needed. A number of
Monte Carlo methods are widely used and available

for the electron-photon transport, such MCNP or
Monte Carlo N-Particle [1, 2, 4], FLUKA [5, 6] and
EGS4 [7], etc. The most advanced code for the
electron-photon particle transport is the MCNP,
which was used to obtain the results reported in this
paper. MCNP is a powerful Monte Carlo code
capable of three-dimensional geometry for neutron-
photon-electron problems [8]. Therefore, the MCNP
has the capability to simulate the target brems-
strahlung photons production, which is important for
radiotherapy applications.

In this work, feasibility studies of bremsstrahlung
photons produced from target bombarding with high
energy electrons (1 GeV) were conducted. The
results were based on the MCNP simulations, which
considered the main parameters (the target material
and the target thickness) of the cylinder target. The
results of the bremsstrahlung photon flux and
distribution showed the potential ability of the high
energy electrons to be utilized in radiotherapy
application fields.

The MCNP simulation setup and calculation are
reported in section 2. The results of the brems-
strahlung photons from a variety of target materials
and thickness and flux angular distribution were
obtained and presented in section 3. Finally, the
work is concluded in section 4.

2. MCNP model and calculation

The MCNP model and the simulation set up are
presented in this section. The calculations were
performed using a 1 GeV electron beam. The
electrons were fired at a target that was fixed at 5 cm
in a parallel axis to the beam. The tally was set
20 cm behind the target. The 1 GeV electron beam
was designed with a Gaussian spatial distribution of
0.4 cm radius with ¢ = 0.03. The full width at half
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maximum (FWHM) of the electron beam energy
was 900 keV. Three parameters were considered to
study the feasibility of this work: 1) target material,
2) target thickness and 3) bremsstrahlung photon
angular distribution.

For the first study, six materials with the density
range of 2.69 to 19.32 g/cm?® were selected: alumi-
num - 2.69; iron - 7.86; copper - 8.25; lead - 11.35;
tungsten - 19.30; gold - 19.32. The target was fixed
with a diameter of 1 cm and thickness of 0.5 cm.
The FMESH tally [8] was used to obtain the electron
and bremsstrahlung photon fluxes.

For the second study, the best material will be
selected as a target due to its high capability on the
bremsstrahlung photon production. The target
diameter of 1 cm was fixed. The target thicknesses
were varied with values of 0.01, 0.05, 0.1, 0.25, 0.5,
0.75, 1.0, 1.5, 2.0 and 2.5 cm.

In the last study, the angular spectra and
distribution of the bremsstrahlung photons were
evaluated. The electron beam was fired normally at
the selected target with different thickness (0.01,
0.05, 0.25, 0.75 and 250 cm) to produce
bremsstrahlung photons that were emitted in a
variety of directions. F5 tallies as known as point
detectors [8] were used in this calculation. The
tallies were set at angles between 0 and 120° with an
angular radius of 20 cm from the target. The model
arrangement of the incident electron beam line, the
target and the simulation tally is depicted in Fig. 1.
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Fig. 1. Simulation model arrangement for electron beam
line, target and F5 tallies to calculate the angular
distribution of bremsstrahlung photons. (See color Figure
on the journal website.)

3. Results and discussion

Ideally, the target can produce good quality of the
bremsstrahlung photon with high photon flux, low
scattering and low electron transmission. The
calculation results here show the optimization of the
important parameter for the bremsstrahlung photon
production.
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3.1. Target material

The first study is to determine the effect of the
target material’s density on the flux distribution. The
simulation results of the bremsstrahlung photon and
transmission electron flux distribution on the plan at
20 cm perpendicular to the beam have been
determined. The mid-plan profiles of the flux are
conducted to study the flux intensity and dis-
tribution. Fig. 2, a shows the mid-plan profiles of
bremsstrahlung photon flux and Fig. 2, b shows the
mid-plan profiles of transmission electron flux.
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Fig. 2. Mid-plan profile of the bremsstrahlung photon flux
(a); mid-plan profile of the transmission electron flux
from different target materials (b). (See color Figure on
the journal website.)

As shown in the results, the fluxes had a normal
distribution, in which the broadening can be
explained using the normal distribution fit. The
fitting results of the mid-plan profiles of the
bremsstrahlung photon and transmission electron
flux are presented in Fig. 3.

The electron scattering (in a function of o) in the
low density materials (aluminum and iron) was less
than in the high density materials (copper, lead,
tungsten and gold), but the flux intensity (in a
function of amplitude) was high. For the high
density materials, the bremsstrahlung photon flux
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slightly decreased and the bremsstrahlung photon
scattering increased proportional to the density of
the target. The high density materials above 8 g/cm?
provided high bremsstrahlung photon flux and low
transmission electron flux as shown in Figs. 2 and 3.
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Fig. 3. Mid-plan profile fitted with normal distribution

function: a - electron amplitude; b - electron standard

deviation (c); ¢ - bremsstrahlung photon amplitude;

d - bremsstrahlung photon standard deviation (o). (See
color Figure on the journal website.)

The integrations over the FMESH detection of
the bremsstrahlung photon and transmission electron
flux were obtained. The results showed that the
bremsstrahlung photon flux increased significantly
when the densities of the target were above 8 g/cm?,
approximately. However, due to the high flux
distribution of the bremsstrahlung photons and high
integrated transmission electron flux, tungsten and
gold were not the best targets for the 1 GeV electron
beam application.

For this work, the density of the target material
was found to significantly effect the bremsstrahlung
photon and transmission electron fluxes and the
angular scattering. Therefore, copper was selected as
the target for the 1 GeV electron beam due to high
bremsstrahlung photon production, low brems-
strahlung photon scattering and low transmission
electron.

3.2. Target thickness

In this work, copper with a density of 8.25 g/cm?®
was selected to study the thickness of the target.
Thicknesses between 0.01 and 2.5 cm were chosen.
Similar to the previous study, the flux distribution
profile of the bremsstrahlung photons and electrons
produced from the target were determined by the
FMESH tally. Therefore, the mid-plan profiles of the
bremsstrahlung photons and transmission electrons
flux distribution were obtained and compared.
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The results show that the bremsstrahlung photon
and transmission electron fluxes had a normal
distribution. The bremsstrahlung photon flux
significantly increased when the thickness increased
from 0.01 to 0.75 cm while the transmission electron
flux decreased. At thicknesses higher than 0.75 cm,
both bremsstrahlung photon and transmission
electron fluxes were constant.

Fig. 4 shows the integrated flux over the FMESH
detection of the bremsstrahlung photon and trans-
mission electron for different thicknesses of the
copper target. The total bremsstrahlung photons
increased significantly when the thicknesses
increased from 0.01 to 1.5 cm. At thicknesses above
1.5 cm, the total bremsstrahlung photons flux was
constant. The total transmission electron flux was
not affected by the target thickness.
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Fig. 4. Integrated flux over FMESH detection of brems-
strahlung photons and electrons for different thicknesses
of copper. (See color Figure on the journal website.)

3.3. Angular distribution

In this section, the simulations provided the
bremsstrahlung photon spectra and integrated flux at
angles between 0 and 120° from the copper target.
Five thicknesses of the copper target were calculated.
The angular energy spectra of bremsstrahlung photon
from zero up to the maximum energy of the incident
electron from five thicknesses are obtained. An
example of the angular energy spectra from 0 to
20 MeV from capper thickness of 0.25 cm shows in
Fig 5. The bremsstrahlung photon flux presents a
highest flux at the 0° and reduces in the magnitude of
four at 10°, approximately. At 30°, the angular energy
spectrum shows the maximum energy at about
10 MeV and reduces at the higher degree.

The integrated bremsstrahlung photon fluxes as a
function of the angle and as a function of the target
thickness are presented in Fig.6 and Fig.7,
respectively. The bremsstrahlung photon flux showed
the maximum value at 0° and it decreased
significantly about four orders of magnitude up to 20°.
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Fig. 5. The angular energy spectrum of bremsstrahlung
photons for the copper target 0.25 cm.
(See color Figure on the journal website.)
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Fig. 7. Bremsstrahlung photon flux in function

of thickness of copper target.
(See color Figure on the journal website.)

For the higher angles, the bremsstrahlung photon
fluxes were constant. Additionally, for the copper
thicknesses of 0.25, 0.75 and 2.5 cm, the fluxes
decreased exponentially against the angles.

Fig. 7 shows the relation of the integrated
bremsstrahlung photon flux and the copper target
thickness at different angles between 0 and 120°. At
0°, the bremsstrahlung photon flux slightly increased
due to the increased copper thickness. At the higher
angles from 10 to 120°, the integrated bremsstrahlung
photon fluxes slightly increased for the copper
thicknesses up to 0.05 cm and significantly increased
for the thicknesses between 0.05 and 2.50 cm.
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Fig. 6. Bremsstrahlung photon flux in function
of angles of copper target.
(See color Figure on the journal website.)

4. Conclusion

Through the MCNP simulation of the bulk media
target, the important parameter such as the material
density and thickness are optimized and determined.
The material density and thickness show the
important role in the bremsstrahlung photon
production. The high density material produces high
bremsstrahlung photon flux, high bremsstrahlung
photon scattered but low transmission electron.
However, copper showed a high capability as a
target for the 1 GeV electrons due to the high
bremsstrahlung photon production and low brems-
strahlung photon scattering flux. The thicknesses of
the target have an influence on the bremsstrahlung
photon production. The thick target produces a high
bremsstrahlung photon flux. The bremsstrahlung
photon flux is high at 0° to the beam axis and
decreases significantly up to 20°to the beam axis for
all thickness of the copper target.

The authors would like to express sincere thanks
to the Department of Physics, Faculty of Science,
Mahasarakham University. The authors acknow-
ledge the High Performance Computing Server of
the Thailand Institute of Nuclear Technology for
providing computing resources that contributed to
the research results reported within this paper.
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JOCJI)KEHHS IT'AJTBMIBHUX ®OTOHIB Y TOBCTII MILIEHI
3 BUKOPUCTAHHAM KOJ1Y MCNP

MerTo10 maHOTO AOCHIMKEHHS € BUBYCHHS TaIbMIBHOTO Y-BUIIPOMIHIOBaHHS mpu OomOapayBanHi mimeneit 1 ['eB
eJleKTpoHaMHU. Po3paxyHKH BHKOHaHI 3a gomnomoror Monte-Kapio xomy MCNP. BuueHo mricth matepiaiiB st
MiIlIeHi 3 TYCTHHOIO Bix 2 mo 20 r/em3. TIOTiK TanbMiBHUX Y-KBaHTIB € BUCOKHM JUIA TYCTHH MilleHell Buie 8 r/emB.
Minp € HalKpalow MIIIEHHIO IS eIEKTPOHHOTO Iydka 3 eHeprieio 1 I'eB 3aBasku BennkoMy IOTOKY rajibMiBHHUX
(OTOHIB, HEBENMKOMY pO3CISIHHIO Ta HH3bKOMY IIOTOKY €JIEKTPOHIB, IIO MpOHIUTM MimreHb. Jnst MigHOi MimeHi
po3paxyHku nposeneHo st ToBuwH Bix 0,01 mo 2,5 cMm. Pe3ynbraT mokasanu, 10 NOTIK TaIbMIBHUX ()OTOHIB 3HAYHO
301IBIIY€EThCS, KOJIM TOBIIMHA MilleHi 30umbmryeTbest Big 0,01 mo 1,5 cM. YcTaHOBIEHO KYTOBUI pO3IOJILT rajlbMiBHUX
¢doroniB i3 kyramu Bix 0 mo 120 rpax mist MitmeHi 3 Mifi. MakCUMabHAN KyT PO3CiFOBaHHS ()OTOHIB CTAHOBUB OJIM3BKO
20 rpan.

Kniouosi crosa: TabMiBHE BUIIPOMIHIOBAHHS, €JIEKTPOHHUH My40K, MoemoBanHs 3 MCNP.
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UCCJIETOBAHUE TOPMO3HBIX ®OTOHOB B TOJICTOM MUAIIIEHA
C HCITOJIb30BAHHUEM KOJJA MCNP

Henpto mccnenoBanus OBUIO M3Y4YE€HHE TOPMO3HOTO Y-M3JIydeHHs npu OomOapanmpoBke wmwumened 1 1B
JNeKTpoHaMH. Pacyersl BbIMOMHEHBI ¢ mMomolnsio Monrte-Kapno koma MCNP. M3ydeHo miecTh MaTepualioB Jyist
MUIIEHH C TIOTHOCTBIO OT 2 110 20 r/cM®. TIOTOK TOPMO3HBIX Y-KBAHTOB SBJISETCS BHICOKAM TSl INIOTHOCTEH MHIIEHEH
oonbiie 8 r/cm®. Menp sBNsSeTCs Haudydiledl MULIEHBIO [/ SIEKTPOHHOrO Mydka ¢ sHeprueii 1 '>B 6Gnaromgaps
0O0JIBIIOMY TIOTOKY TOPMO3HBIX (DOTOHOB, HEOOIIBIIOMY PACCESHHIO M HU3KOMY TOTOKY IPOMICALINX JJIEKTPOHOB. [liist
MEIHOW MUIIEHU pacueThl poBeaeHb! as TomamuH ot 0,01 1o 2,5 cm. PesynbTaTsl mokazanu, 4TO MOTOK TOPMO3HBIX
(hOTOHOB 3HAYMUTENLHO YBEIWYHMBACTCS MPU yBeIMYeHUH ToumuHbl Mumenu ot 0,01 no 1,5 cm. YcraHoBieHO yrioBoe
pacmpesiesicHie TOPMO3HBIX (OTOHOB ¢ yrimamu oT 0 mo 120 rpax ans MUNICHH W3 Meau. MaKCUMAallbHBIA yroJ
paccesiHust pOTOHOB OBLT 0KOJI0 20 rpa.

Kniouegvie cnosa: TopMO3HOE N3ITyUEHHE, INEKTPOHHBIHN ITy4oK, Moxenuposanue ¢ MCNP.
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