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Design and validation of a proton beam line based on a rapid-cycling
synchrotron for Flash radiation

Shi Ying'?,  Zhang Manzhou'?*?,  Li Deming'?,  Han Xuejian'?,  Sun Peihan'?
(1. Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China;
2. University of Chinese Academy of Sciences, Beijing 101408, China;
3. Shanghai Apactron Particle Equipment Co, Ltd, Shanghai 201800, China)

Abstract: We have designed a proton beamline based on a rapid-cycling synchrotron for Flash radiation with
ultra-high dose rate. Because proton beams can be extracted within hundreds of nanoseconds in the rapid-cycling
synchrotron, its energy can be altered from one cycle to the next with different extraction time. The intended beamline
system can achieve layer stacking irradiation at an instantaneous dose rate of 107 Gy/s. Each longitudinal layer requires
a different beam intensity. The target is divided longitudinally into different layers, each of which needs a different
beam energy, to produce a uniform irradiation field. The system, including a double scatter system, a range
compensator, a ripple filter, and a multi-leaf collimator to maximize proton fluence into the target, is simulated using
the Monte Carlo software FLUKA. Three different kinds of ripple filters are built for the low, medium, and high
energy zones based on the original Bragg peaks to reduce the number of energy layers and shorten the total irradiation
duration. These filters transform the spike region into a Gaussian distribution with flat expansion areas of
2 cm, 6 cm, and 20 cm, respectively. Combining the rapid-cycling synchrotron with the layer stacking irradiation
provides a novel method for achieving Flash proton irradiation, which delivers an ultra-high dose rate to the target.
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Fig. 1 Location layout of the beamline modulation. A detailed description of the parameters and distances between each device will be provided later
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Table 1 Comparison of observed data using the water phantom and FLUKA simulation results for proton beams passing

through solid water at three different energy levels

with 5 cm solid

energy/MeV water or no Bragg peak/cm Rgy 1/cm Ry o/cm ARgp/cm
measurement 8.70419 8.54409 8.80425 0.26016

109 " simulation 8.70218 8.54214 8.80220 0.26007
with measurement 3.64103 3.46091 3.74109 0.28018

simulation 3.65091 3.49087 3.75094 0.26007

measurement 15.79053 15.54036 16.00067 0.46031

15 e simulation 15.80395 15.53388 15.98400 0.45011
with measurement 10.75829 10.476 88 10.92915 0.45226

simulation 10.772 69 10.48262 10.93273 0.45011

measurement 33.93419 33.37339 3427468 0.90129

235 e simulation 33.89847 33.34834 34.25856 0.91023
with measurement 28.85285 28.31231 29.19319 0.88088

simulation 28.87722 28.31708 29.21730 0.90023
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Fig.2 Transverse normalized dose profile in cylindrical coordinate system and proton fluence in rectangular coordinate system in low energy region
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Fig.3 Transverse normalized dose profile in cylindrical coordinate system and proton fluence in rectangular coordinate system in medium energy region
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Fig. 4 Transverse normalized dose profile in cylindrical coordinate system and proton fluence in rectangular coordinate system in high energy region
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Fig. 5 A schematic view of SOBP construction in low, medium and high energy region
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Table 2 Weights of proton beams with different energies in low energy region

energy/MeV weight flatness/%
70 0.042 1.68
75 0.048 2.43
80 0.062 3.12
85 0.082 3.49
90 0.114 3.65
95 0.182 3.72
100 0.470 4.90
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Table 3 Weights of proton beams with different energies in medium energy region

energy/MeV weight flatness/%
130 0.064 5.88
135 0.024 3.57
140 0.036 3.82
145 0.071 2.25
150 0.072 1.12
155 0.104 3.91
160 0.151 425
165 0.478 4.88
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Table 4 Weights of proton beams with different energies in high energy region

energy/MeV weight flatness/%
170 0.037 5.69
180 0.030 5.41
190 0.047 4.52
195 0.023 3.48
200 0.025 3.10
205 0.058 2.70
210 0.056 2.85
215 0.052 3.41
220 0.121 431
225 0.125 4.82
230 0.426 5.38
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