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Abstract

In general, a cyclotron has relatively higher energy efficiency(7,..) than other typed accelerators due to compactness
and simplification of magnets and RF systems. High Intensity Proton Accelerator(HIPA) at PSI, consisting of two ring
cyclotrons, has achieved the highest 7, of 18%. However, normal conducting cavities account for about 72% of the total
electric power consumption. Higher beam intensity and lower power consumption are required for further improvement
of 7qcc. Therefore, we have designed a new cyclotron combining high-temperature superconducting cavities using MgB,
and permanent magnets, called SRF-PM Cyclotron, in order to improve 7, up to 30%. While MgB, has high critical
temperature 7, of 39 K and capability of operation at 20 K, lower critical magnetic field B.; of 20 mT makes it difficult to
apply the SRF cavity using MgB, to our cyclotron with large leakage field from sector magnets. This paper reported the
characteristics of the SRF cavity and the thermal properties of the cryomodule for achievement of 30% energy efficiency.
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Figure 1: Outline figure of SRF-PM Cyclotron.

AL A N

MR —IL K

Table 1: Basic Design Parameter of SRF-PM Cyclotron

JE R+ Proton
SRS 0.5/1.0T
WA By ze e 42

(] i B 9 6.86 MHz

RF FEHE 82.3 ~137.2 MHz
AP 1.0~13m

gl H R 291 m

hi#H E S ~1.5 MV/m

T R L 20K

7R MRS <20mT = B4 (20K)
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wall

Table 2: Main Parameter Determining Energy Efficiency,
Used in Eq. (14)

parameter goal value ref.

P,..  Total Power 3.33 MW -
Py RF system Power 1.64 MW -
Peryo  Cryogenic Power 1.14 MW -
P;,;  Injector Power 045 MW  [1]
P,..s  Infrastructure Power 0.10 MW  [1]
Pyan  RF wall loss on cavity <6.12 kW -
Q;n  Heat Penetration(—20K) <0.22kW -
Heat Penetration(—80K) <1.30kW -
FEyeam  Extracted Beam Power 1.0 MW -
F..:+  Extracted energy 100 MeV -
Fina  Induced energy 10 mA -
Lina Induced intensity 10 mA -
Nace  Total energy efficiency 30% -
Nrf RF system efficiency 63% -
Neryo  Real Carnot efficiency 8% -
Nac AC/DC conversion 90% [5]
Namp  RF Amplifier efficiency 70%  [5]
Mbearn  REF/beam conversion 87 %  [6]
Nin;  Injector energy efficiency 18% [1]
Nirans ~ Beam transport efficiency 100 % -
Newt Beam extraction efficiency 100 % -
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Figure 2: GM refrigerator efficiency versus cooling tem-
perature up to 8 % achieved(dot-line).
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Figure 3: Surface model of 3-layer SRF cavity.
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FEFZT UL Eq. (11) D ED N, TRILF—5I%E 30 %
Gk 2 w79 RF 0 A IEAEA BEq. (13) & 745,
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Pwall(f) < PllzZ;anZg
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(a) RF wall Loss limit satisfied 74cc=30 %.
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Figure 4: RF loss limit & RF frequency limit that satisfies 7,.. = 30 % condition Eq. (13) versus Injection Radius.
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Figure 5: Thermal balance per 1-cavity that satisfies design
demand to show Table. 2.
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Figure 6: Thermal surface flux distribution on drift cham-
ber (Ti6Al4V, SUS316L) by FIoEFD.
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