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Characteristics of Circular Induction Accelerator (Synchrotron)
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Equivalent Circuit of Induction Acceleration System and Individual Instruments
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Demonstration of the Induction Synchrotron Concept (2006, March)
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KEK Digital Accelerator
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Layout of Induction Sector Cyclotron

Sector
. magnet
Induction .
. Extraction
acceleration ‘ )
™, device
cell A

Cell C

=" Bunch

Core cross-sectior monitor

Induction acceleration
cell B

Lo :‘_v‘\
v

T S SN
Al

Excitation

Induction core :
coil

AT cern

T R AT
A ’f’:;;:-‘,f-“,}}:E):,}:;u}A_- O gt -
e S s AN R el L8

B Induction cells are located between adjacent
sector magnets.
Two type cells will be used.
Cell A/B for acceleration
Cell C for confinement

B Horizontally wide aperture induction cells are
required.
In order to realize this shape, a nanocrystalline
thin tape as a magnetic material will be wound
in arace-track shape.



Layout of Induction Sector Cyclotron
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Acceleration Principle and Pulse Profiles

Cell A

©. Cross section V(ofCellAB
of induction core Revolution period

lon bunch

t,Xt<t, :

Beam orbit  wmpy
. Cell B Revolution period

B Anion beam is bunched by barrier voltages generated in Cell C. The beam pulse occupies less than
half of the orbit length.

B Cell A/B are set and reset every turn of the ion bunch to avoid saturation of the core material.

B The primary coil of Cell A/B is connected in series with 8-figure, being driven by a common PS.
Set-voltage in Cell A and reset voltage in Cell B contribute to the induction acceleration.

B This series connection is helpful to duplicate the core inductance,
resulting in mitigation of the droop voltage.
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Summary

Concept has been already demonstrated using KEK 12 GeV PS.

Time-varyin i
Induction i, ying Induction Synchrotron

Circular guide-fields KEK digital accelerator is close to commissioning.

Accelerators

Induction Sector
Fixed guide-fields » Cyclotron

Turn-by turn acceleration
Functionally separated and

Extremely high rep-rate switching power supply
Solid-sate switching element/module
with voltage resistance of 2-3 kV and carrying current of 50 A
rising/falling time < 100 nsec

capable of operating at 1 MHz rep-rate
O



Control of Acceleration
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Development of Switching Module and Switching Power Supply at KEK
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Achievable Energy vs. Magnetic Rigidity of ISC
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B Achievable energy is simply dependent of the magnetic rigidity of sector magnet
as well as in other cyclotrons.
B Equivalent voltage, which can be easily compared with the acceleration voltage of
electro-static accelerator, is shown as a function of the ratio of charge state “Q” to mass number “A”.



Acceleration of cluster ions, Q/A of which is extremely small (< 1/10-100).

Its acceleration frequency falls out of that of RF.

So far a unique solution has been an electrostatic accelerator.

A single-end electrostatic accelerator has a limitation of achievable charge-state.

A=720

Energy density of swift cluster ions is extremely high in space.

$

Deep damage on a target material is unpredictable because of nonlinear effects.

¥

B Unique driver for development of functionally noble materials
B Unique driver for studying Material Science or Warm Dense Matter Science

by Y. Oguri, in Proceedings of RPIA 2006




