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Abstract

Injection of the ion beam into a synchrotron has been studied, extracted from a laser ion source and accelerated by a
linac. Single turn injection is required because its operation is intermittent and the ion beam pulse width is usually a few
microseconds at the longest. The carbon beam with the emittance of about 1/10 of the synchrotron acceptance was injected
off the center in the phase space in the horizontal direction of the synchrotron. The behavior of the off-center injected
beam was investigated by a particle trajectory simulation with consideration for space charge effect. The beam instability,
integer or half integer resonance caused by magnetic field error, was also investigated theoretically by solving Hill’s

equation and by using the particle simulation.
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Figure 1: Schematic diagram of Laser Ion Source.
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Table 1: Parameters for Emittance Expansion by Foil

X | y
RFEE (um) 0.22
ASTE—LIRILF— (MeV) 4
ASE—LHYAZX(L1F) (mm) 18.5 13.5
ASIIVAU R (T mm-mrad) 8 8
BBEIIVAV R (Jmm-mrad) 25 19
IRILE—OR (keV/u) 26
IRILE—EHY (£%) 0.2
BEERE /LR (K) 2
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Table 2: Beam Parameters at Injection
AFE—LD/VLRIE 1(us)
AT RFE 5% 10° (ppp)
EE v, (4MeV) 2.78.E+07 (m/s)

HELNY Av/v +0.2 (%)
B3 63.3 (m)
Fai— v, 1.79

Momentum Compaction Factor 0.3(~1/v2)
debunchingf [ (200MHz) 0.6 (¢s) 16.5(m)

roynknr 1 ERE SR 23(us)
E—LDA4BRIZIEAZETH 2851 (E)
B [E] 8% &R e 6.5(ms)

Table 3: Arrangements of BMP-Magnets and Q-Magnets

Magnet  S(m) Magnet  S(m)
Start 0 QD 24.03
BMPF1 2.59 QF 29.1

Qb 2.93 Qb 34.58
QF 8 QF 39.65
ESI 10.155 QD 45.13
INJ 10.65 QF 50.2

Qb 13.48 Qb 55.68
QF 18.55 QF 60.75
BMPF2 21.49 End 63.3
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Figure 2: Time variation of BMP magnetic fields.
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Figure 3: Time history of beam position for each turn
in the phase space with variation of BMP-Magnetic
Field.
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Figure 4: Beam distributions (a) after 6.5 milliseconds
of injection and (b) after beam length fully expands.
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Figure 6: Trajectory of particles in the phase space
injected at the center of the Synchrotron.
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Figure 7: Tune shift caused by beam current (i.e. space
charge effect) calculated theoretically and by the particle
Simulations.
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Figure 8: Trajectory of particles in the phase space
injected off the center of the Synchrotron.
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Table 5: Occurrence Cases and Non-Occurrence Cases of
the Beam Instabilities Caused by Magnetic Field Error
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Figure 9: Horizontal beam trajectory with the dipole
magnetic Error.
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Figure 10: Horizontal beam trajectory with the
quadrupole magnetic Error.
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Figure 11: Maximum displacement dependences of
beam center (left) and maximum radius dependences

(right) on beam current with the dipole magnetic Error.
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Figure 13: Maximum radius dependences on tune (left)
and on beam current (right) with the quadrupole
magnetic Error.
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