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Abstract

KEK digital accelerator is a fast cycling type of induction synchrotron in which a heavy-ion beam can be accelerated
by pulse voltages generated in induction cells of a 1-to-1 pulse transformer. One of advantageous features in induction
acceleration is that the wide-band acceleration is realized where the heavy ion beam generated in the Electron Cyclotron
Resonance Ton Source (ECRIS) embedded in the 200 kV platform can be directly injected into the ring and be quickly
accelerated. The on- and off- timings of gate circuits for switching power supplies driving the induction cells are
controlled by digital signals of Field-Programmable Gate Array (FPGA). Currently the acceleration scheme employing
“accelerating voltage pulse density control”, where a fixed induction acceleration voltage is discretely generated for
acceleration, is used. The discrete acceleration at the initial acceleration stage causes serious synchro-beta coupling in
the horizontal direction and also induces longitudinal emittance blow-up. To suppress these beam dynamically
undesired features, a new induction acceleration system with time-varying induction voltages has been contrived. The
differences between both schemes are discussed with some experimental results and particle simulations.
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Figure 2: The confinement and acceleration patterns of
the pulse density control at the KEK digital accelerator.
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Figure 3: The confinement and acceleration patterns of
under the pulse density control at the KEK digital
accelerator (experiment).
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Figure 4: The horizontal position in the pulse density
acceleration at the KEK digital accelerator (experiment).
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Figure 5: The longitudinal beam motion in the initial
acceleration stage under the pulse density control
(simulation).
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Figure 6: The confinement and acceleration patterns of
the time-varying induction acceleration at the KEK digital
accelerator.
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Figure 7: The longitudinal beam motion in the initial
acceleration stage under the time-varying induction
acceleration (simulation).
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Figure 8: The confinement (top) and acceleration
(bottom) patterns of the time-varying induction
acceleration at the KEK digital accelerator. The
confinement-voltage height is 500V. The acceleration one
changes to around 1100V continuously (simulation).
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Figure 9: The horizontal (blue) and vertical (yellow)
positions in the time-varying acceleration at the KEK
digital accelerator (simulation).
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