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Abstract

Particle beam therapy (PBT) is spreading worldwide in recent years. It is necessary for wider spread of PBT that
downsizing of system including accelerator. Conventionally, synchrotron or cyclotron is adopted for PBT accelerator.
Synchrotron enables controlling beam energy extracted from accelerator. However, synchrotron is relatively large; its
circumference is about 18m or more because of utilize of normal conducting magnet for main bending magnet. On the
other hand, cyclotron can extract high current beam continuously. However, it is required energy selection system (ESS)
because cyclotron cannot control the beam energy widely. In this study, new concept of accelerator which is compact and
able to control extracted beam energy is suggested. The new accelerator has not concentric trajectories in main magnetic
field but eccentric trajectories. And there is a small turn-separation area. It can control beam energy by extraction from
this small turn-separation area. As result of searching main magnetic field distribution to realize stable betatron oscillation,
the main magnetic field is 4.94T at maximum energy, 5T at injection point, the frequency range is from 76.2 to 60.1MHz.
In this case the compact accelerator whose trajectory radius is less than 0.5m can be realized.
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Table 1: Design Parameters

Parameter ~ Value
B,[T] 5
Koo 0.99
py[m] 0.086
S[T/m?] 17
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Figure 1: Y-axis Position of trajectories.

ZOEIERLE 2 FESWT XY i B CoBER IR A
Figure 2 (2" ¥, HAMEDOHLIEIL 235MeV DOHLIE TH
D, ZZCORBHHIL 4.94T, #IE 28 0.47m Th D, 1L
L F O F —DHE 2OV T, ERRIMERT 504y
B CORLIZ, SBIE NN OELE DR A 00 %L
SIRBEAR AR THY . MEX ¥ 7 DR ENL E O
fi&7e %, K2, IR N —F AR E R A 2
T BE. 1EY7-0 Z[EAUANET v 7 OiEimIc -
THEUANAHZEE EOEMNE E DT HIEE 2342

(0 = £ m/2) DB DPNIHF ¥ 7 OALEEL T E T
HHEZZBND,

1

0.8

0.6

0.4

Y[m]

0.2

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
X[m]

Figure 2: Designed Trajectories.
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Figure 3: Betatron oscillation frequency.
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Figure 4: Tune Diagram.
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Figure 5: Horizontal Twiss parameter f5,.
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Figure 6: Vertical Twiss parameter f3,.
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Figure 7: Dispersion function 7.
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Figure 8: Magnetic field along Y-axis.
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