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AR ECR ion sources
: Brief History and Look into the next generation

T. Nakagawa (Nishina center, RIKEN)

1. Physics of ECR plasma
Effect of key components on the ECR
plasma and beam intensity

2. Technology of the ECR ion sources
Permanent magnet
super-conducting magnet
Example of most advanced ECR ion sources

3. Next generation
Super-conducting ECR ion source (>28GHz)
New type ECRIS
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ECR plasma condition
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|NA ECR ion source (structure)
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AR Magnetic field configuration I (B, effect)
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Energy absorption as a function of B,
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| A Magnetic field configuration Il (Mirror ratio)
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Electrom temperature (keV)

A. Girard et al J. Comput. Phys. 191(2003)228
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| |NA Magnetic field configuration 11 (B;,; effect)
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Scenario to increase the beam intensity
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Frequency effect

Fokker-Planck equation
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AR Chamber size effect (ion confinement time)
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|NA Technology of the ECR ion source
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Permanent magnet technology

Allfpermanent magnet ECR'ion|source
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All permanent magnet ECR ion source (LAPECRIS2)
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Heavy ion accelerator facility

Lanzhou (China)

RIKEN RIBF (Japan)

MSU (USA)
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Advanced ECR ion source | (VENUS)
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Advanced ECR ion source I1(SECRAL)

Hexapole magnet = (L L
29 21
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26 410
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RIKEN 28GHz ECR ion source

Colil arrangement
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Selenoid coils
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Structure of SC-Coils
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Size of ECR zone vs. B
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(field gradient)
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AR Heat load (x-ray form plasma)

Rev. Sci. Instrum. 79(2008)033302 D. Leitner et al,

10° S GM-JT refrigerator
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Next generation (requirements)

Indenaity > 1 partichaiday

e ]

.-. nfighe |} s

Protons L
(Elemeants)

Toy s
Ni ~10 particles/see
Meutrons —=

{Isiopas)

1puA U beam on target

EURISOL design

Decay

RCS

Required beam intensity from ion source

5He= 2 1013 atoms per second
18Ne= 8 101! atoms per second

>15puA of U3+ from ion source

New ECR ion source

High ionization efficiency

New 60GHz ECRIS
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\ VWA
Sx/NiSH
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Next generation (Superconducting magnet

36GHz ECRIS

Required magnetic field strength
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6
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Exceed the critical
at 4.2K

current of NbTi wire

Solution

1) Use of NbTi wire at low temperture (<4.2K)
2) Use of other super-conducting wires (Nb,Sn)
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N

l\IIEAR Next generation (Heat load from X-ray)

v Frequency effect
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E
‘_\.jN |SH | NA Next generation (Limitation of injected RF power)
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/qR Next generation (New type ECRIS)

ARC ECRIS Gas dynamics ECRIS
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