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Energy spectra of 6 and 10 MV flattened and flattening filter-free photon beams from Varian Edge
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Abstract: Objective To study the energy spectra of 6 and 10 MV flattening filter (FF) and flattening-filter-free (FFF) photon beams
from Varian Edge and compare their differences. Methods Monte Carlo program package, EGSnrc/Beamnrc, was used to establish
Varian Edge models, including 6 MV FF and FFF, 10 MV FF and FFF, and the corresponding phase space files were simulated.
Then with the phase space as input source, DOSXYZnrc was applied to measure the dose distributions in water phantom which
were compared the simulated results obtained with three-dimensional water tank. If the differences between measurement and
simulation were within 1%, the phase space files were analyzed with Beamdp in order to obtain the energy spectra. The differences
among those obtained energy spectra were also compared. Results The differences of percentage depth dose and off axis ratio
between simulation and measurement were within 1%. Compared with that of FF model, the energy spectra of FFF model became
softer. The mean energy of 6 MV FFF decreased from 1.587 MeV to 1.172 MeV, and the percentage of low-energy photon
(=1 MeV) increased from 41.06% to 60.04%. The mean energy of 10 MV FFF decreases from 2.796 MeV to 1.956 MeV, and
the percentage of low-energy photon increased from 21.22% to 44.63%. In the same field, the energy spectra of FFF model had
slight changes with the increase of off axis distance, but the energy fluence caused by per initial particle was 2 to 4 times of FF
model. Meanwhile, compared with that of FF model, the energy fluence distribution of FFF model became uneven, with a raising
unflatness F The analysis on the energy spectra in different fields revealed that the scattering from FFF accelerator head was
less. Conclusion This study provides valuable references for the comprehension about the physical characteristic of FFF photon
beams.
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Tab.1 Time for recording the information of 100 million

particles in different fields of 6 MV FF and FFF, 10 MV

FF and FFF (h)
Field size
Model
(3x3)em’  (10x10) cm*  (40x40) cm’

6 MV FF 52.8 5.4 0.6
6 MV FFF 17.9 2.0 0.4
10 MV FF 96.5 9.0 0.7
10 MV FFF 35.1 3.5 0.7

FF: Flattening filter; FFF: Flattening filter-free
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