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Abstract

Downsizing is necessary for the spread of proton therapy. We developed a compact synchrotron for system downsizing.
The new synchrotron has a four-folding symmetric lattice, and its circumference is 18m. This synchrotron has the
quadrupole magnets of the single system, which change betatron frequency between injection and extraction. Under this
operation scheme, it is necessary to put betatron frequency, determined by edge focus of bending magnets, in +0.01 ranges.
Therefore, the bending magnet shape was determined by three-dimensional magnetic field calculation and particle-
tracking. As result, measured betatron frequency at flattop became the difference of less than 0.01 for designed value.
And, stable injection, acceleration and extraction were realized.
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Figure 1: Schematic View of the Synchrotron.
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Figure 2: Tune Diagram of the Synchrotron.

u O N

6,n[m]
IS

o B N W

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Longitudinal Distance[mm)]

Figure 3: § and 7 in the synchrotron.
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Figure 4: B-H Curve of Magnetic Steel.

RGO ZR MG H RO RN OB X v v
TR DK W DR 534 % Figure 5 1ZR7,
B v v 7 HLOBEERE By & 02T, 09T,
1.6T,17T L L7 4 7 —RIZHOWTCEE LT, E—2L4
B FEIE D /K 7 [51+90mm DI I 35\ TRES 2 +
0.1%% KBLLTEV ., ¥v v FNOMEBIL B
LhTeE D Ll TEx D, 6T, MO E
Figure 6~9 (27”3, Bo=1.6T,1.7T O @EBEHHZ I\ T
WXL CRBY ., =y BT HNENICEEE
GzaltEXOLN5,

1.0005

1.0000
Figure 8: Magnetic Field Calculation. (Bo=1.6T)
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Figure 5: Result of Magnetic Field Calculation.

Figure 9: Magnetic Field Calculation. (By=1.7T)
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Table 2: Conditions of Particle Tracking
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Figure 10: Result of Particle Tracking. (Bo=0.2T)
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Figure 12: Result of Particle Tracking. (Bo=1.7T)
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Figure 13: Result of Particle Tracking. (Bo=1.7T)
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Figure 14: Results of Calculation and Measurement of
Betatron Frequencies.
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