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Abstract

The KEK digital accelerator is an induction-acceleration synchrotron. It accelerates beam using induction acceleration
cells which are one-to-one pulse transformers. One advantage of this type of accelerator is that it enables to accelerate
beams over a broad range of revolution frequency from 0 to 1MHz. This means that it is not only possible to inject
beams directly from an ion source to the final main ring without a pre-accelerator to accelerate them up to high energy,
but also to accelerate all ion species from proton to gold ion in the same synchrotron ring. Induction acceleration cells
are driven by ON/OFF operation of gate circuit in switching power supplies. Gate signals, which are previously
programmed so as to give required acceleration voltages uniquely determined from magnetic ramping pattern, are
generated in the FPGA and sent to the gate trigger module. Here it is essential to adjust timing of the gate signals to the
actual magnetic field, and we have developed a method to find the precise timing information directly from the beam
motions. Using this method, we have succeeded to accelerate the ion beam (mass to charge ratio A/Q = 4) in the
frequency range from 82 kHz to 1.02 MHz. In this paper, we report the detail of this result.
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Figure 2: The schematic view of the induction
acceleration system.
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Figure 3: Schematic view of Induction acceleration with
the comparison with RF acceleration.
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Figure 4: The method to adjust Beomror in PC to the
minimum of ring magnetic field Bucuar-
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Figure 5: The schematic view of the phase difference
measurement.
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Figure 6: The 2D mountain-view of the ion bunch signal
(top) and temporal evolution of the horizontal position
measured by the position monitor (bottom).
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Figure 7: The confinement voltage in every periods.
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Figure 8: The acceleration voltage pulse pattern and pulse
profile.
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Figure 10: The bunch s1gnal (blue) Just after acceleratlon

Fo ERONCTF T TR K A& JE ] E 0o
W RERA] . fMEdlh 2 A2 6 ORI RE & LT
Mountain view & L CTHiW /=[x % Fig. 11 1277, X
@EV‘*K \75”: JA%%LVCV\%

Time[msec)

6
Time[us]

Figure 11: Time-turn plane view of a trapped and
accelerated beam signal (experiment).
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Figure 12: Time-turn plane view of V3, where positive
pulse (yellow) and negative pulse (blue) (experiment).The
beam bucket with 2us length consists of two confinement

voltages.

—F5. TOREOMEE/LE Fig. 13 [ZR7, FHD
23 1E O NN EE R (1.6kV) . 7 03 & o I & T (-
1.6kV)TH 5,

50

Time[msec)

4]
Time[us]
Figure 13: Time-turn plane view of V, (experiment)
where positive pulse (yellow) and negative pulse (blue).
The pulse-generation density is weaker in the injection
and final stage than the medium stage. This corresponds to
the needed acceleration voltage (see Fig. 12).
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