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Design and simulation of vacuum system in energy selection section for HUST-PTF

CHEN Aote LIU Xu WANG Jian LIANG Zhikai LIU Kaifeng QIN Bin

(Institute of Applied Electromagnetic Engineering, Huazhong University of Science & Technology, Wuhan 430074, China)

Abstract  [Background] Energy selection section (ESS) is an important part of the beam line of Huazhong
University of Science and Technology Proton Therapy Facility (HUST-PTF). It is located downstream of the
cyclotron and includes a set of quadrupoles, a kicker magnet system, an energy degrader system and a double
bending achromatic (DBA) section. Various types of vacuum pipe and several inserts are placed in this section.
What's worse, large radiation exists in the downstream of the degrader. [Purpose] This study aims at the design of the
vacuum system and the selection of the vacuum pump to satisfy system requirements for better than 5x10™ Pa
dynamic vacuum pressure. [Methods] First of all, the ESS vacuum system was simulated by Monte Carlo method in
the MOLFLOW software. Then the pressure distributions under different working conditions were analyzed, and the
mechanical strength of various vacuum pipe was calculated and checked. [Results] The simulation results show that
the pressure in the ESS is lower than 4.14x107° Pa, an order of magnitude better than the system requirement. The
mechanical deformation of various vacuum pipes is less than 0.3 mm, avoiding the extra beam loss. [Conclusions]
Both of the dynamic vacuum pressure and the mechanical strength can meet the design requirements.
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Table 1 Material outgassing in the vacuum pipe

#4 %l Material PN BE [ F Inner wall area / cm? fift T € Desorption rate / Pa-L-(cm’+s)™
AN Stainless steel 35301.9 3.06x10™

84 4 Aluminum alloy 13 523.7 1.83x10°

TG4 Oxygen free copper 933.1 1.3x10°

A 5 CH D Graphite (normal temperature) 1116.6 5.7x10°

F 5 (HEH#% ) Graphite (high temperature) 1116.6 1.2x107

SR B Alumina ceramic 498.48 8.8x10°
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Fig.3 Vacuum component layout of the energy selection
section (CCG-cold cathode gauge, PG-pirani, TP-
turbomolecular pump, GV-gate valve)
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Fig.4 Cross-section of the ceramic vacuum chamber
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Fig.5 Vacuum chamber deformation analysis for dipole iron (a), Kicker magnet (b) and energy reducer (c)
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Table 2 The maximum pressure of each part of the degrader

B el B A ARG L8N IR HEE A2
Wedge value / mm Bake or not Wedge block gap / Pa Collimator No.1 / Pa Collimator No.2 / Pa
424 & Yes 3.39x10°° 1.11x10* 1.06x10°
424 73 No 3.55x10°° 1.13x10™ 1.41x10°
10.08 & Yes 3.04x10°° 1.01x10™* 1.23x10°
10.08 5 No 3.16x107° 1.12x10™ 1.60x107
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Fig.8 Layout of vacuum pipe in the energy selection section
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Fig.9 Pressure distribution of the energy selection section
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