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Abstract

For the intensity upgrade of very-heavy ions such as *3U and '?*Xe at the RIKEN RI-Beam Factory (RIBF), a design
study of new SC linac injector has started on. In the RIBF, the very-heavy ions are accelerated in a cascade of the
injector linac (RILAC2), the RIKEN ring cyclotron (RRC), the fixed-frequency ring cyclotron (fRC), the intermediate-
stage ring cyclotron (IRC), and the world's first superconducting ring cyclotron (SRC). We plan to substitute the SC
linac for the RRC with respect to the very heavy ions, and to boost up the energy of ions with mass-to-charge ratio of 7
from 1.4 MeV/u to 11 MeV/u in the cw mode. The SC cavity is assumed to be a two gap QWR with an rf frequency of

73 MHz, that is twice the rf frequency of IRC and SRC.
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Figure 1: Present (upper half) and proposed (lower half)
accelerator chains for the uranium beam at RIBF.
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Figure 2: Layout plan of new linac injector.
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Figure 3: Evolution of energy gain by 73 MHz SC-
QWRs.
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Figure 4: Selected layout plan of one periodic structure.
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Figure 5: Transverse and longitudinal beam envelopes
plotted by TRACE3-D code.
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Table 1: Design Parameters of SC-Linac

Frequency 73.0 MHz
Duty 100%
Mass-to-charge ratio ~7

Input energy 1.4 MeV/u
Output energy 11.0 MeV/u
Number of cavities 56

Number of cryomodules 14

Number of quadrupole magnets 28

Total length 43 m

Total acceleration voltage ~67 MV

csT|

Figure 6: Magnetic-field strength (absolute) of optimized
SC-QWR calculated by MWS.
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Table 2: Design Parameters of SC-QWR

Frequency 73.0 MHz
Cavity inner diameter ¢ 300 mm
Cavity height 1103 mm
Gap length 60 mm
Gap voltage 800 kV

B geom Of cavity 0.078
Beam aperture ¢ 40 mm
Synchronous phase for f geom -25°
Operating temperature 45K

G =QoXRs 22.6 Q
R4/Qo 718 Q

Rs = RacstRees 25nQ

Qo 9.0X108
Shunt impedance, Ra 6.5X1011
Rf power loss 4.0W

Eace 4.5MV/m
Epeak/Eace 6.0

Bpea.k/Eacc 9.5 mT/(MV/m)

Figure 7: First conceptual design of a cryomodule.
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Figure 8: Defomation of SC-QWR calculated by
ANSYS. Two beam ports were pushed by load of 5000
N.
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Table 3: Deformation

Tool Fixed  Free
Max. deformation ANSYS 0.275  0.375
[mm]
Max. deformation CSTMPHYSICS 0.278  0.380
[mm]
Max. stress ANSYS 113 116
Max. stress CST MPHYSICS 138 123
Freq. variation [kHz] CST MWS -8.03 -9.40
Freq. variation CST MWS -2890 -24.75

[kHz/mm]
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Figure 9: Motion of beam centroid accelerated by
cryomodule #1. (Up to down) Rf electric field, Rf
magnetic field, velocity, vertical angle, vertical position.
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Figure 10: Beam envelopes of injection (a), extraction
(b,c). Correction by steering magnets are included in (c).
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