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Abstract

The J-PARC 3-GeV Rapid Cycling Synchrotron (RCS) adopts a charge-exchange multi-turn beam injection method
with stripper foils to achieve high-intensity proton beams. Through the user operation at the RCS design output of 1 MW,
it is successfully demonstrated that the stripper foils have the lifetime to sustain operational use. Meanwhile, at the J-
PARGC, efforts are underway to achieve even higher beam intensity, and we investigate the feasibility of a 1.5 MW beam
output from the RCS and the potential for a 2.0 MW output. The primary challenge in advancing high-intensity operation
for the stripper foils is the temperature rise accompanying increased irradiation beam intensity and the resulting shortened
lifetime. Particularly when the maximum temperature reaches the sublimation point, a rapid decrease in foil thickness is
anticipated. Therefore, we performed computational analysis using the ANSYS code to investigate the temperature rise
of the foil due to higher-power beam irradiation. Additionally, we are setting up the test bench to heat the foil through
electron beam irradiation, thereby achieving a foil temperature measurement system.
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Figure 1: Thermal effects imparted to the foil by beam
irradiation. (a) Thermal desorption. (b) Pyrolysis
gasification. (c¢) Sublimation.
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Figure 2: Infrared Foil Heating Device. (a) Device
Appearance. (b) Schematic of Measurement Principle.
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Figure 3: Trend of heating temperature and vacuum
pressure in thermal desorption.
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Figure 4: Mass spectra of Q-mass obtained during thermal
desorption.
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Table 1: List of Candidate Molecular Ions

m/z  Molecule ion m/z  Molecule ion
2 Hy* 39 CsHs*

12 Cct 40 C3;Hst, CHO'
18 H.O* 41 C3Hs*, C2H20"
28 N»*, CO*, CoHst 42 CsHe', C2H30"
32 02", CH4O* 43 CsH7", C2H30"

44 CO2*, C3Hs", CoHsO*
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Figure 5: Analytical model for simultaneous operation of
MLF (1 MW) and MR (0.8 MW). (a) Foil size, (b) Beam
operation cycle, (c) Heat input conditions.

Figure 6: Beam distribution incident on the foil. (a) MLF
(1 MW), (b) MR (0.8 MW).

Table 2: Current Beam Operation Condition

Beam Peak Macro Chop  Paint condition
destination current ~ width  width

MLF 50 mA 500 us 456ns  200m - Anti.
MR 50 mA 500 us 440ns 50m - Corr.
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Figure 7: Trend of the maximum thermal point on the foil
for simultaneous operation of MLF (1 MW) and MR
(0.8 MW).
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Figure 8: Temperature distribution on the foil for
simultaneous operation of MLF (1 MW) and MR
(0.8 MW).
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Figure 9: Analytical model for solo operation of MLF
(1.5 MW). (a) Foil size, (b) Beam operation cycle, (c) Heat
input conditions.
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Figure 10: Beam distribution incident on the foil in MLF
(1.5 MW).

Table 3: RCS 1.5 MW High-Power Operation Condition

Beam Peak Macro  Chop Paint
destination current width width condition
MLF 60 mA 600 us  460ns 150w - Anti.

~1116 °C

—

time 3]
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Figure 11: Trend of the maximum thermal point on the foil
for solo operation of MLF (1.5 MW).
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Figure 12: Temperature distribution on the foil for solo
operation of MLF (1.5 MW).
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Figure 13: Foil observation system. (a) System overview,
(b) Photo of the Pillar.
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Figure 14: Infrared camera calibration test. (a) Electron
beam irradiation device, (b) Conceptual diagram of
infrared camera calibration, (¢) Photo of a near-infrared
camera (NIRCam-640).
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