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Abstract

The development of a laser ion source, which can produce highly-ionized ions by focusing and irradiating a pulse laser
onto a solid target, is being advanced. Single turn injection into a synchrotron is required because its operation is
intermittent and the pulse width of the ion beam extracted from laser-produced plasma is usually in the range of several
hundreds nanoseconds to a few microseconds. 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 injected beam was studied by a particle trajectory simulation with consideration for space charge effect. The tune shift
caused by space charge was also estimated theoretically and by using the particle simulation.
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Figure 1: Schematic diagram of the laser ion source and linac system.
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Figure 2: Particle trajectory simulations of carbon ions accelerated and squirted out of the nozzle. (a) Equipotential
plane. (b) Calculated ion trajectories.
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Figure 3: Injected beam shapes and synchrotron acceptance in the phase space. (a) Vertical (y-) direction. (b)
Horizontal (x-) direction and four turns of beam are described at a time. (¢) Horizontal (x-) direction after 14ms of

beam injection.
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Table 1: Beam Spread Time in Travelling Direction
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Table 2: Q-magnet Layout

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

Qb 2.93 QD 34.58
QF 8 QF 39.65
ESI 10.155 QD 45.13
INJ 10.65 QF 50.2
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QF 18.55 QF 60.75
BMPF2 21.49 End 63.3
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Table 3: Beam Parameters
+E a(m) 0.013
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Figure 4: Cross section of the B 0.435
elliptic beam with uniform j fz
charge density.
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Figure 5: Synchrotron acceptance and beam shapes are described in the phase space at injection (red line), after one
turn (blue line) and after 98 turns (green line), in the case of (a) /=0, beta=6.7, alpha=1.08, (b) /=5(mA), beta=6.7,
alpha=1.08, (c) /=50(mA), beta=6.7, alpha=1.08, (d) /=50(mA), beta=7.46, alpha=1.93. Two particles are plotted at
injection (red points), after one turn (blue points) and after 98 turns (green points) in each case. Beams were injected
through the center of the synchrotron in the phase space.
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Figure 6: Histories of x-directional beam radius, in the case of (a) /=0, beta=6.7, alpha=1.08, (b) /=5(mA), beta=6.7,
alpha=1.08, (c) /=50(mA), beta=6.7, alpha=1.08, (d) /=50(mA), beta=7.46, alpha=1.93. Beams were injected through
the center of the synchrotron in the phase space
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Figure 7: Synchrotron acceptance and beam shapes are described in the phase space at injection (red line), after one turn
(blue line) and after 98 turns (green line), in the case of (a) /=0, beta=6.7,alpha=1.08, (b) =5(mA), beta=6.7, alpha=1.08,
(c) I=50(mA), beta=6.7, alpha=1.08, (d) /=50(mA), beta=7.46, alpha=1.93. Two particles are plotted at injection (red
points), after one turn (blue points) and after 98 turns (green points) in each case. Beams were injected off the center of

the synchrotron in the phase space.
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