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Fast Beam Chopper with MA Cores
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Longitudinal Beam Chopper
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Modulation of Injection Energy, 8 keV/u (%)

_ simulated and measured RF() transmission
efficiency as a function of the injection energy
modulation. Since the measured values contain a certain
transport  loss, they are normalized =0 that  the
measwrement agrees with the simulation at the %
modulation.
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Side view of the chopper. Three magnetic-alloy
cores with 5S04dmm eow X 138mMm @in x 25mm thickness
are used. An one-turn coil 1s wound around the cores.

|CFA — HB2002, Takagi



| CFA — HB2002, Takagi



4+

0.0 01ms~10ms

He 32keV Vacc=32kV
Chopper
462" 32kev  Vacc=16kv  Cavity
8keV/u ----800keV/u 6MeV/u
Upper/Lower Rin
lon RFQ Linac o )
Source
\ Faraday
1 Vace (100MHz) o Cup Synchrotron
/; Medium Line 100---800MeV/u
chop (1~8MHz)
(Vacc + or - Vchop(p-p)) RF Cavity
FET
Pulser DC HV
U/L/M T
| e
Beam Oscilloscope RF Amg
Trigger e !
| Delay Gate : RF Signal
! Line (150p1s) :
: 2ns~500ns : @ OSC
I |
| |
Beam Timing| Delay :
| Module Control Room
| |
| |

| CFA — HB2002, Takagi | CFA — HB2002, Takagi



[~
LA

£
2 2.0
—
z
= 1.5
3]
L]
A0
3
o
= 0.5
=
e
0.0
=
W}
=
o
[
=
o
S
_I_
[
[

A
[
[
L |

0 0.5 I l.
Time [psec]

i

-:....._...-... ki T
0 50 100 150

Frequency [MHz]

Fourier-transformed beam spectrum (top) with

its original waveform (bottom) in the case of the lower-
side modulation. The chopping frequency 1s 1 MHz and
the duty factor 1s 50%.
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Modulation in lower-side
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Measured and calculated results of chopped beam
currents. When the chopping is done with the lower-side
modualation, the spike appears at the front edge of the
pulse {top). and with the higher-side modulation, at the
rear edge (bottom). These spikes are caused with the
bunching of beams due to the finite rise and fall speed of
the chopper voltage. Numerical caleulation was carried out,
with a simplified assumption of a sinusoidal voltage rise-
and fall-time of 50nsec (broken lines).
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Short & single bunch injection : ~150ns

U: linac beam, M: chopper pulse, L: drive trigger

1microsec/div.
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Captured beam profiles observed at the HIMAC
main-ring. Prior to the injection, the beams are chopped
to make short bunches of 150nsec width. In the top figure,
the beam 1s injected into 4 buckets of the main-ring. In
the bottom figure, the same short bunches are injected
with a harmonic number of 1. In both cases, the beams
start growing in the longitudinal direction after ~30msec
from the injection.
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