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1. Introduction

Heavy ion sources — H!gh cqrre.nt beam.
Highly ionized particles

Desired ions with different charge state ions

Some accelerator systems
Multi charge beam injected simultaneously into RFQ linac

Example

1. Direct Plasma Injection Scheme (Laser lon Source + RFQ
Linac)

2. EBIS based RHIC injector at BNL

Aim

Effects from these different charge state ions cannot be neglected

=

Numerical Simulation (Particle-Mesh
method)




2. Direct Plasma Injection Scheme

Combination of laser ion source and RFQ linac
No LEBT

High-intensity heavy ion beam acceleration with low cost

Laser Produced Plasma

Laser target

RFQ Iinac 1. Pulsed laser is focused on the laser target.

| 2. Generated laser plasma expand with
v initial drift velocity.

w (

:| — ( 3. Designed ions are extracted at the RFQ

RFQ vane . . .
entrance with high voltage applied to the
cage inside the ion source chamber

High voltage

lon source chamber




RFQ linac for laser ion source at Brookhaven

Nd:YAG Laser
Wavelength : 1064 nm
Energy per pulse : 2300 mJ
Pulse duration : 4-8 ns
Beam diameter : 17 mm
Divergence : 0.5 mrad

RFQ Linac

F Frequency : 100 MHz
Energy in : 20 keV/u
Energy out : 100 keV/u
Charge-to-Mass : 1/3
Cell number: 118
Length:2 m




lon current from laser plasma and beam current after RFQ

Laser target

Current transformer
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Beam current after the RFQ
Measured with current transformer
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Charge distribution measured with electrostatic analyzer
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This charge state distribution vs. time is used
for the simulation of the output beam pulse.



Particle-Mesh method

Input beam parameters

Distribute macro-particles

Computational Cycle

1. Charge Assignment

2. Poisson’s Equation

3. Force Interpolation

Space charge force

4. Equations of motion

/—> 1 dimensional example

a b—>
b Q a
X X

a+b a+b
Input vane parameters
Intervane voltage
Minimum radial aperture
Modulation factor
Cell length

RFQ force l

Define two-term

potential



Simulation at different times in the pulse
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6.0keV (at 2.01us), 40mA 4.5keV (at 2.32us), 20mA 3.0keV (at 2.85us), 4mA



Simulation result
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2. Single charge beam acceleration with an RFQ linac

12mA, C5+ acceleration
Designed injection energy (20keV/u) and intervane voltage (96kV)

DB: visit_xy%44.dat DB: visit_xyz944.dat
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3. Multi charge beam acceleration with an RFQ linac

Parameters for simulation

Frequency = 100.0 MHz

Time step : dt = 0.625 ns (1 RF cycle divided by 16)

1 macro-particle represent about 1000 particles.

Calculation box : 2cm * 2cm * beta*lambda (mesh : 80 * 80 * 160)
Inter-vane voltage : 96kV (for C5+ acceleration)

Elimit = 250.0 keV

944 time steps for 118 cells

60 T T T T v v T T T

Normalized emittance : 0.5 pi mm mrad

Under the same extraction voltage

Dt

Different injection energy

X' [mrad]

C4+:16 keV/u
C5+ : 20 keV/u « designed ion
C6+ : 24 keV/u

Initial distribution on horizontal phase plane



Particle motions on longitudinal phase space

C4+, R-loss : 00.0 %, L-loss : 100 % C4+ : Blue C4+, R-loss : 00.0 %, L-loss : 100 %
C5+, R-loss : 00.0 %, L-loss : 4.04 % C5+: Green | C5+, R-loss :00.0 %, L-loss : 7.95 %
C6+, R-loss : 00.0 %, L-loss : 32.0% C6+ : Red C6+, R-loss : 0.02 %, L-loss : 46.2 %
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Particle motions in transverse phase plane

Transverse emittance growth
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Au31+, Au32+, Au33+ Acceleration with new EBIS-
RFQ

These ions have close charge-to-mass ratio
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Summary

. Numerical simulation for multiple charge state ion beam
acceleration in an RFQ linac

. Transverse emittance growth with single charge beam
and multi charge beam

. Beam acceleration example for Direct Plasma Injection
Scheme

. Beam acceleration example for EBIS-RFQ for RHIC injector
at BNL

. Importance of multi charge effect to designed particle

Thanks for your attention



Electric field potential at RFQ entrance section

The most characteristic part of Direct Injection Scheme

External electric field from static and RF obtained separately by using KOBRA3-INP

KOBRAZ-INF potential plat
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KOBRAZ-INP potential plot
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Ca+

Initial energy : 16.0 keV/u
Alpha : 0.750

Beta : 0.0648 mm/mrad
Emit : 85.310 pi mm mrad
C5+

Initial energy : 20.0 keV/u
Alpha : 0.750

Beta : 0.0725 mm/mrad
Emit: 76.301 pi mm mrad
C6+

Initial energy : 24.0 keV/u
Alpha : 0.750

Beta : 0.0794 mm/mrad
Emit : 69.658 pi mm mrad




RFQ output emittance with and without space charge
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