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Monte Carlo research on 6 MV X-ray spectrum characteristic of linear accelerator without flat-
tening filter

ZHOU Peng, HU Nan, LIU Yan-hai, YOU Shi-hu, XU Ting-ting, YU Xian, YANG Zhen-zhou, WANG Ge
Cancer Center, Institute of Field Surgery Research, Daping Hospital, Third Military Medical University, Chongqing 400042, China

Abstract: Objective To analyze the differences of 6 MV X-ray spectrum and spatial distribution of linear accelerator with
and without flattening filter by using Monte Carlo method. Methods With the field sizes of (5x5) cm’, (10x10) cm’, (15%15)
cm’ and (20%20) cm’, the initial photon spectrums and spatial distributions of 6 MV X-ray with and without flattening filter
were calculated and analyzed by using Geant4 Monte Carlo simulation program. Results The photon fluence increased
when the flattening filter was removed. With the increase of field size, the photon flux ratio in the field reduced, and the
average energy decreased significantly. When the flattening filter was removed, the relative photon distribution was
changed, and the ratio of photon fluence of the out-filed to the whole phase plane was reduced significantly and related to
field sizes. The reduction percentages of field sizes changing from (5%5) em’ to (20%20) cm’ were respectively reduced by
6.00%, 4.42%, 3.48% and 2.28%, which showed flattening filter free had significant influences on the smaller field sizes.
Conclusion The photon spectrum and distribution were optimized by removing the flattening filter. Flattening filter free is
more benefit for intensity- modulated radiotherapy. However, the high dose rate of flattening filter free would cause the
treatment risk, so the further research and discussion are necessary.
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Fig.2 Photon spectrum of linear accelerator with and without flattening filter (FF)
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Tab.1 Parameters of spectrum for different field sizes with and without flattening filter

. ) Photon flux ratio Peak flux ratio Average energy/MeV
Field size/cm®
(FFE/FE) (FEE/FF) FF FEF
55 2.599 4.064 1.886 1.513
10x10 2.470 3.743 1.851 1.506
15%x15 2.313 3.339 1.809 1.498
20%20 2.291 3.301 1.792 1.486
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Fig.3 Photon distribution of linear accelerator with and without flattening filter
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Tab.2 The distribution of out—of—field photon for different field sizes with and without flattening filter

Percentage of out-of-field photon /%

Average energy of out-of-field photon/MeV

Field size/cm’

TR BRE FF [RIRIE
5%5 12.467 6.464 2.023 2.112
10x10 7.789 3.373 1.723 1.903
15%15 5.134 1.651 1.578 1.752
20x20 3.539 1.258 1.458 1.608
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