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Low-energy photons are necessary to improve portal image quality, but are absorbed by the
linear accelerator’s head components such as the target or the flattening filter. This study is a
preliminary study on using low-atomic number (Z) target materials to generate photon beams with
energies in the diagnostic energy range of 25 to 150 keV in the 6 MeV electron mode. Beryllium (Z
= 2), carbon (Z = 4), and aluminium (Z = 13) were used as low-Z target materials in this study.
GEANT4 Monte Carlo simulations were carried out to calculate the photon energy spectrum and
the number of produced particles (electrons, photons, 25 to 150 keV photons) for different target
materials and thicknesses. Based on the results of GEANT4 Monte Carlo simulations, photons
with energies in the range from 25 to 150 keV accounted for more than 34% of the total numbers
of photons in the three target materials. On the other hand, 6 MV photons, which were used to
acquire the conventional portal imaging, have low-energy photons accounting for 0.3% of the total.
This result means that the photons newly generated by using the low-Z target material may improve
the portal image quality.
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Fig. 1. (Color online) Schematic diagram of the medical
linear accelerator head for acquiring a portal imaging.
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Fig. 2. (Color online) Schematic diagram of the medical
linear accelerator components for generation of 25-150
keV photon.
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Table 1. Parameters for Geant4 Monte Carlo simulation.

Electron beam
source (6 MeV)
Physics List

TAEA format phase space data

(myvarian.com/montecarlo)

Low energy Livermore
Electromagnetic models

histories 4x107
Cut-off range 0.01 mm
(photon, electron)

Field size 20%20 cm®

Table 2. The number of particles for various beryllium
target thickness.

Beryllium Number of particles
thickness Total Electron Photon 25-150 keV photon
10 mm 10,059,739 6,063,098 3,996,497 1,377,590
12 mm 9,409,315 5,281,307 4,127,856 1,454,560
14 mm 8,411,618 4,205,087 4,206,369 1,509,840
16 mm 7,149,692 2,926,058 4,223,484 1,539,150
18 mm 5,875,993 1,679,770 4,196,074 1,546,050
20 mm 4,881,768 752,247 4,129,381 1,531,080
22 mm 4,299,397 255,009 4,044,238 1,505,960

dS A-8otlar, FAF 9 A2 cut-off range+= 0.01 mm
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%107 Spectrums for 6 MeV electron beam with Beryllium target
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Fig. 3. (Color online) GEANT4 Monte Carlo simu-

lation for various beryllium target thickness (a) cal-
culated photon spectra (b) The number of particles
(electron/photon/25-150 keV photon).

oz AHE-o] v o] gAofA ZtutE TG EH Y
=EE Hol1 9l&& & 4= St} o]+ 6 MeV A
2 A S o] HAEE-S SOl Aol P L] FAH
= Zotohe A&z gl B on|eith. T3t
EAEA 0] FA S71eel whet AHEYo] MA|Ho =
=2 oy g ez o]Fot= W73} (beam hardening)
A UE T o= BAEE S FA7t S71sH A A
oz g Faso] 28-S St 5 +A4HL
2 5o Yt @440, o|efe H173te] Atz
AAFA R 0] ot o A]= =otA Al "t Fig. 3(b) <}
Table 1> H|2F BHAS Faoto] B2 @ 1457 o)A
QAR AR, A%, BAE e 254150 ke o]
U719 B2 Uehich, BARAY 57 Skl
O TS A ks A8 0 s

o] Z7}st7] 2ol
shA e, A4



1454

x107? Spectrums for 6 MeV electron beam with Carbon target
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Fig. 4. (Color online) GEANT4 Monte Carlo sim-

ulation for various carbon target thickness (a) cal-
culated photon spectra (b) The number of particles
(electron/photon,/25-150 keV photon).
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x10° Spectrums for 6 MeV electron beam with Aluminium target
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Fig. 5. (Color online) GEANT4 Monte Carlo simu-
lation for various aluminium target thickness (a) cal-
culated photon spectra (b) The number of particles
(electron/photon/25-150 keV photon).
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Table 3. The number of particles for various carbon tar-
get thickness.

Table 4. The number of particles for various aluminium

target thickness.

Carbon Number of particles Aluminium Number of particles
thickness  Total Electron Photon 25-150 keV photon thickness Total Electron Photon 25-150 keV photon
6 mm 10,470,650 6,502,674 3,967,780 1,378,730 2mm 10,477,742 6,850,000 3,631,538 1,188,120
8 mm 10,027,701 5,791,020 4,236,491 1,522,320 4 mm 10,449,169 6,108,785 4,339,998 1,469,890
10 mm 9,100,764 4,679,913 4,420,637 1,636,870 6 mm 9,543,067 4,692,607 4,850,058 1,670,700
12 mm 7,741,112 3,239,095 4,501,825 1,703,440 8 mm 7,879,784 2,823,667 5,055,729 1,734,750
14 mm 6,262,708 1,778,069 4,484,459 1,721,720 10 mm 6,178,079 1,172,341 5,005,336 1,677,600
16 mm 5,109,471 708,580 4,400,710 1,697,190 12 mm 5,110,944 291,721 4,818,842 1,552,000
18 mm 4,665,419 194,473 4,283,607 1,649,360 14 mm 4,665,419 49,062 4,615,955 1,425,390
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