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Abstract

The KEK Laser ablation ion source (KEK-LAIS) has been developed in order to obtain highly ionized metal ions and
fully ionized carbon ions since 2012.Recently, the electron resonance ion source of the KEK-Digital accelerator (KEK-
DA), which is small-scale induction synchrotron, has been replaced by the KEK-LAIS. 2 us long fully ionized carbon ion
beam with 108 ions, which was derived from the LAIS mounted on the 200kV high voltage platform, was directly injected
into the KEK-DA ring at 0.5 Hz without an injector, as well as C*" and C*". They were captured by the barrier bucket to
survive until beam intensity life. Intensity distribution in the low energy transport line, the momentum spread and beam
lifetime in the ring, were measured. The effect due to reflection in barrier voltage on confined beam is explained by
experimental data and the results of simulation. It is noted that the first step of the essential characteristics required for a
carbon driver of future carbon therapies has been demonstrated.
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Figure 1: Schematic view of the KEK-DA integrated with
the LAIS.
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Figure 2: The HVP for the LAIS system.
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Figure 3: Charge state spectrum of carbon beam, which is
generated from LAIS and accelerated by 200 kV.

Tablel: Parameter of Carbon Ions
(oM Cs+ 4+

Number of particles (one  0.56 337 477
shot) [ X 10®%particles]

Peak current [LA] 72 200 137
Pulse width (FWHM) [us] 1.2 1.5 2.8
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Figure 4: Time-turn plane view of free-run of C¢".
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Figure 5: Time-turn plane view of free-run of C3*,
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Figure 6: Time-turn plane view of free-run of C*",
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Table 2: Beam/ Machine Parameters
C6+ C5+ C4+

Mass to charge ratio A/Q 2 24 3
Relativistic X 1072 1.46 1.33 1.19
Revolution period Ty [us] 8.6 9.4 10.6

Magnetic flux density of main 279 303 339
magnet [Gauss]
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Figure 7: Barrier voltage pulses used for C®" confinement.
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Figure 8: Time-turn plane view of the trapped C®" beam.
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Figure 9: Time-turn plane view of the trapped C>" beam.
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Figure 10: Time-turn plane view of the trapped C** beam.
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Figure 11: Barrier voltage pulse profile with fine structure.
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Figure 12: (upper) Model barrier voltage pulse with a
reflection and (bottom) phase space structure if the barrier
bucket disturbed by the reflection voltage.
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Figure 13: Multi-particle tracking simulation for a C**
beam, (upper) the line density of an injected C3" beam
pulse uniformly direction and (lower) line density after
1000 turns.
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Figure 14: Beam survival of C>*,
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