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Origin of Particle Beam Fusion in Japan

Professor Keishiro NIU

- Pioneer of particle beam fusion research in Japan
- Proposed a scheme for light ion fusion reactor based on rotational beams
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Light lon Beam Is extremely space charge dominated

« Charge neutralization by electron

« Enhancement of ion current

« Bootstrapping effect by electrons and ions

« Impedance collapse Anode o
!
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Acceleration
 Unstable electron sheath
 Beam divergence
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We shifted our efforts to a scheme I
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Schematic of typical LIB diode



There are still space charge issues
In high power ion accelerators

Final Transport Focus
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We need a breakthrough for HIF injector

High-yield (~10“ A-sec ( 10%° particles)), and low emittance (Vi< Vt/g))

Laser ablation (Expanding) plasma
- Plasma acceleration and gas-dynamic cooling
- Low temperature and high flux

- Control by axial magnetic field

Achievable beam flux and emittance ( High-flux & Phase space density)
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Laser lon Source may be the Solution for the High Flux Injector



Flux level and current shape of LIS are controllable

Direct extraction can overcome the ~20degf ) ens
Bohm current limit __Optical Window
51 /E I |
Matching between ion supply and S
Cathode _ L /

space charge limit of effective gap ’Mf/—-ﬁ |
Beam bunch of Cu ions with Target (Cu)— ]
100mA/cm2 level , emittance of | Faraday Cup

0.251T mm=mrad and flat—top Plasma 1
waveform was obtained
[
Pepper-pot Emiitance Measurement

Cu 010 : i

High Speed Camera
20m

Anode Cathode

Phospher

TMcP
Pepperpot

090

M.Nakajima, K.Horioka, et.al., NIFS-Proc. (2004)



Laser ablation plasma was manipulated by magnetic field

EBIS LIS

( M. Okamura, BNL, this conference )
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There are still space charge issues
In high power ion accelerators

Final Transport Focus

Acceleration, Compression & o
and Irradiation

Stable Transport
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Layout of the KEK Digital Accelerator

Switching power supply KEK digital accelerator
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Einzel Lens Longitudinal Chopper : Idea, Device, Performance

Why we need a Chopper? Longitudinal gate study by IGUN
1 turn injection < 10 psec e ———
A long pulse from ECRIS ~ 2 - 5 msec | cr L Sy v
What type is desired? — M 2 NN

Low energy operation Low energy x-ray
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Low cost (~ $2,500) ™= Reduced out-gassing
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Longitudinal Beam Handling in the KEK-DA by Barrier Voltages

| Experimental result Simulation result
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Notable facts in LEBT:
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BModulation in the momentum
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There are still space charge issues
In high power ion accelerators

Final Transport Focus
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Compact beam simulator was developed for
bunching dynamics stud

Extreme Bunch Compression Study : 1D PIC Calculation with Experiment

Experimental Setup in TIT

Y. Sakai, et. al.,
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Arrangement for Bunch Compression Experiments

[

HV pulse module

Acceleration Gap for Beam Modulation

Pepper-pot detector

\"\; r
i iT ] ‘F Faraday cup or
B

—

|
PO N[ C)
| M1/

S

1

Electron gun
5-CH Induction Adder

for Beam Modulation

Laboratory-scale devices



PIC Simulation indicates an effect of space charge field

Evolution of Chgrge Density of e-Beam Transport with Compression
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WDM study using pulse power device (NUT)

Electrical conductivity and Thermal conductivit
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Wobblers and Rayleigh-Taylor Instability Mitigation
in HIF Target Implosion

Beamlet axis
S. Kawatal, T. Kurosaki!, K. Noguchil, T. Suzukil, S. Koseki?, Beam center trajectory
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Background Image of Wobbling Heavy lon Beam
Precisely controllable HIB: pulse shape, particle energy, beam axis, etc.

Wobbling HIBs were proposed to smooth HIB illumination nonuniformity & R-
T growth reduction. <- /M. Basko, et al., /S.Kawata, et al., /J. Lunge, et al., /H.
Qing, /A. Friedman, etc.

J. Lunge & G. Logan found a very-good uniformity of wobbling HIBs
illumination for time-averaged HIBs on a target.

-> Alarge Initial imprint ~ 15% -> The initial imprint is reduced by Spiraling HIBs.
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Summary

« Feasibility of laser ablation plasma was discussed for high-flux and/or high
yield ion source (BNL-RIKEN-KEK-TIT)

« Beam experiments with KEK digital accelerator has started successfully
(KEK-TIT)

« Compact beam simulator was developed for study on bunching beam
dynamics (TIT-NUT)

» Target physics was made progress (ILE, NUT), in particular, spiraling HIBs
were proposed for uniform irradiation (UU-VNL)

« Japanese HIF group is weakly coupled, but their research activities extend
from ion source to target physics through the beam dynamics



