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Characteristics of Induction Synchrotron (Digital Accelerator)
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KEK Digital Accelerator (Rapid Cycle Induction Synchrotron)

T. Iwashita et al., “KEK Digital Accelerator”, Phys. Rev. ST-AB 14, 071301 (2011).

Equivalent Circuit for Induction Acceleration System
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Einzel Lens Longitudinal Chopper : Idea, Device, Performance

Why we need a Chopper? Longitudinal gate study by IGUN
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Beam Profile on the Screen Monitor placed upstream in LEBT

Beam profile plotted from by the result from “Screen Monitor
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Electrostatic Injection Kicker
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DA Ring Machine & Beam Parameters

Combined-function type magnet (lower half) - -
Bending radius P 3.3m
_ Ring circumference | C, 37.7m
Beam orbit -
Maximum flux Brax [084T
N density (1.1 7T)
Accel. voltage/turn |V 3.24 kV
* | Repetition rate f 10 Hz
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Scenario of induction acceleration/capture of He2+ and Cé6+
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Induction Acceleration Scenario

Technical Limitation of (If magnet ramping is slow)
Induction Acceleration Cell 1) Pulse density control

vV V. >V
Fixed output voltage V= ~ 1 - 2 kV/cell e out™ “req

Primary voltage is not easily changed.
Maximum pulse length ~ 0.5 - 2 usec/pulse “

Voltage pulse length is determined by droop.

Maximum rep-rate ~ 1 MHz Heat deposit is serious t
beyond 1 MHz.
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(If larger acceleration voltage
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1
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KEK Digital Accelerator (Rapid Cycle Induction Synchrotron)
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Equivalent Circuit for Induction Acceleration System
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Induction Acceleration Control System using FPGA/DSP

In Accelerator tunnel
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Beam Physics Issues associated with Acceleration from a Low Energy Region & Countermeasure

Closed Orbit Distortion
originated from residual flux density in the main magnets
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Beam Commissioning (1): Free Circulation at E;.; under B,

Notable facts in LEBT:

simulation
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Case C

Beam Commissioning (2): Barrier Volt. Confinement at E; ; under B,
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Beam Commissioning (3): Bunch Squeezing Experiment
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Beam Commissioning (4): Demonstration of Hel+ Acceleration (Preliminary)
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Provided ion species and parameters at KEK Digital Accelerator

He ion bunch signal

Barrier voltage pulse

Acceleration voltage
pulse

lonsource ______Jien ________Jenermy | Particle number/sec

ECR lon Source

Laser Ablation lon Source  Xe, Fe, Cu, Ag, Au < 70 MeV/au

H, He, C, N, O, Ne, Ar <140 MeV/au, 200MeV <1010

<10° Y



Coming half year and Future Plans

Introduction of LAIS for Metal ions (Fe, Cu, Ag, Au)

Confirmation of Induction Acceleration
toward the last stage in the KEK-DA

1. by Completely programmed control
based on B-clock trigger
2. by Beam feedback control

Deliver ofp He C, N, Arto appllcatlons

Science
experiment
using virtual
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JAXA-ISAS/NAO/Yokohama Nat. Univ.
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Drift chamber
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\_

Target chamb _L ' '
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186 kVT RIKEN-BNL Research Center
P
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Package devloped
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B Noble device such as Einzel lens longitudinal chopper has been developed.
Its capability is excellent.

B Beam Commissioning of KEK Digital Accelerator

» Induction acceleration was confirmed (but not complete yet).

» Beam handling using barrier voltage pulses was demonstrated with
increasing freedom of beam handling in the longitudinal direction.

Consequently,
M it turned out that Induction Synchrotron Concept can work both as
Slow Cycle Synchrotron (2 sec, KEK 12 GeV PS, 2006)
Rapid Cycle Synchrotron (50 msec, KEK-DA, 2011)
B Plan/possibility of applications utilizing heavy ions (virtual cosmic-rays )
» Laboratory Space Science: Systematic development of electric circuits to work
in space (single ion phenomena), confirmation of “origin of life” (authorized)
»Industrial use: Deep implantation of Rl particle into materials
Use of high energy ion track through materials
» Medical use: The next generation of hadron cancer therapy with option of
C-11 cancer therapy



