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Induction Synchrotron Concept
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Induction acceleration system and controls for POP
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from the Induction Synchrotron to All-ion Accelerators

from the experimental demonstration of induction acceleration in the KEK-PS

® Stable performance of the switching power supply from ~OHz to 1TMHz
®Master trigger signal for the switching P.S. can be generated from

a circulating beam signal Synchronization
_ A o L
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A single circular strong-focusing machine can accelerate from proton to uranium,

maybe including cluster ions.
All-ion accelerators almost injector-free
for a low intensity beam

K.Takayama, K.Torikai, Y.Shimosaki, and Y.Arakida, “All lon Accelerators”,
(Patent 3896420, PCT/JP2006/308502), and J. of Appl. Phys. 101, 063304 (2007)
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AlA using KEK PS-Booster

KEK 12GeV-PS

500 MeV Booster

Parameters Value Rapid Cycle Synchrotron
~ Booster Ring
Magnetic flux, B, |0.02916 T e o
- LINAC  Debuncher .
Magnetic flux, B |0.8583 T 27 extraction /&7 ndh field
] septum
Frequency of 10 Hz
. 40 MeV BTL eraction
magnet ramping injectig bump kicker #4
Bending radius, o | 3.3m L stripping foil
Circumference, C, |37.71m
AlA
MaX|mur_n 3.24 kV Induction Synchrotron
acceleration voltage
Booster Ring
40Argon lon two kickers
Source
low field
septum
Q E. Nakamura, Y.Arakida, T.Dixit, et.al, Electric Kicker 10
for injection

Proceedings of PACO7, Albuquerque, NM USA



( Booster Synchrotron —A Rapid cycle synchrotron
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@’ Pulse density control

* Trigger based system — acceleration voltage
pulses can be controlled using trigger

Acceleration voltage requirement <——p Induction acceleration
is dynamic «x dB/dt cells output is fixed

1

Pulse density control
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< Simulation results
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Simulation results

Pulse density Vs Time
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Argon lon Longitudinal phase space plots

Blue- Barrier voltage pulse Green-Acceleration voltage pulse Red- Particles
10—t 4000 — 10
U —Tap/p % do/o %
1|At injection W At20 ms PP
1000 — 2000 — 0.5
VO VO
-1000 — -2000 — -0.5 —
] 10| 4000 10
1.0 l l l l
l l | l l 9 sec
_Ax10°° ) 0 2 45ec -400x10 -200 0 200 400
2000 At 5.11 ms T | dplp % 0 -
- dp/p %
0.5 . _ At 40 ms
1000 ] . |.“- 2239 .o o 2 o 2000 1 05 ]
Vo vV 0 e -
-1000 — AR AR -
-2000 — -0.5 —
-2000 | 10 L] - .
| | | | S B At B B
-1 0 1 2 € -150x10°-100 50 0 50 100 150 sec

20




New requirement-
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p Existing Induction acceleration cell
oy

Maximum rep-rate of 1 MHz

Maximum output voltage of 2 kV with a droop of 15% in 250 ns

droop o exp(-Zt/L)
where Z is total impedance (Cell + Matching resistance)
L is Inductance of Cell
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1 TURN to 2 TURN

SPICE SIMULATION
Equivalent circuit -
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Wire experiment setup for 3 cells (2 turn)

Wire Measurement
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