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Motivation for Production of Highly Charged lons

e intense highly charged ions are used in many accelerator applications

» dc beams for RIA/ISF, RIKEN RIB, etc.

* pulsed beams for injection in synchrotrons such as RHIC, LHC, FAIR, hadron therapy

 higher M/Q from an ion source makes the accelerator more compact and less costly

* there is generally atradeoff between intensity and charge state from an ion source

« Stand alone operation

[ lon SOUFCG] — [ Accelerator ] —

O8% 5keV/u
» Coupled operation

[ lon source ]ﬁ[ Accel.1% stage ]

08200 MeV/u

stripping

[ Accel. 2 stage ]—»

O3*5keV/u O3*16 MeV/u 08200 MeV/u




Key Parametersof an ECRIS

« Magnetic field confiqur ation:

Binj » 4Becrp Bext < Birag » 2 Becr

Brin » 0.8 Becr

Hexapoles

| u log B 15
N R— « Microwave frequency:

Resonancs
Zone

W= QBgcr/Mm =W

| p w2 M -t
« Extraction voltage:
I u U 3/2

ext

1on extraction » Plasma chamber geometry (length, diameter)
and wall material

Minimum-B field Confinement « Extraction system (gap, voltage, plasma
electrode position)

* Biased disc (voltage, position)
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* The beam intensity is strongly dependent on
the position of the bias disc

» Desirable to have an adjustable length of the
plasma chamber to be ableto change the
matching conditions between the plasma and
the microwaves



INFN SERSE at INFN-LNS Catania, Italy

Test of scaling laws at 14 — 18 — 28 GHz
Xenon 27+

First 28 GHz operation (2000)

500 7

Designed for 18 GHz

B =145T

Results of 28 GHz tests

e | ~f2, verified at 14, 18 and 28 GHz

« Pe 3kW ) B dc T
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Super conducting M agnets
State of the art cryostat
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Beam Transport

Challenges

& Superconducting M agnet
& 28 GHz microwave heating
& X-raysfrom the Plasma
& lon Beam Transport

28 GHz microwave
plasma heating



Superconducting ECR lon Sources at
NSCL/MSU I.

IST STAGE
YOKE / CRYOSTAT

N RADIATION SHIELD
VA |—He BOBBIN

H — HEXAPOLE COILS
Hi+— SoLENOID coiLs

2ND STAGE
RADIAL PORT
RADIAL SUPPORT

EXTRACTION ELECTRODES

» v First Vertical SC ECR
SC-ECR (1993) Designed for 6.4 and 14.5 GHz

Thefirst dynamically _ .
tunable SC ECRI'S using High B-mode demonstration at 6.4 GHz
the High-B mode Sextupole field too low for 14.5 GHz

Designed by T. Antaya _
(now at MIT) (Quenching)



SuSl — Superconducting Sourcefor lons
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Superconducting ECR lon Sources at
NSCL/MSU IlI.

e maximum magnetic fields:

Oriqginal Design:
-26T,15T axial field
-1.5T radial field

Tested (February 2006):
-3.6T,22T axial field
-2 T radial field

o plasma chamber diameter:
101.6 mm (aluminum)

e super conducting wire;
- 2x1 mm NbTi
- Cu/SC ratio 1.7

* operating frequency:

Phasel: 18 + 14.5 GHz
Phasell: 24-28 GHz

e maximum extraction voltage:
60 kV (ion sourceat +30 kV,

beamline at —30 kV)

e tunable plasma chamber

length

e tunable biasdisc position
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& The Flexible Axial Magnetic Field Concept
NSCL 59 . . :

e therdative distance
between the resonant zone

and plasma electrode can
be varied

e the distance between the

two magnetic maxima can
bevaried

 the “depth” of the
magnetic minimum can
be varied

* the position of the

magnetic profile can be
shifted



The assembly of the SuSI magnet The SuSI magnet cryostat before the

liquid nitrogen thermal shield. super insulation is applied to the front
and back end of the liquid nitrogen

thermal shield.



e Magnet tested in a
vertical test dewar Febr.
2006.

e Cryostat was finished in
Sept. 2006.

e Vacuum vessdl
installation was completed
In Dec. 2006.

The SuSlI magnet yoke with the injection
and extraction hardware and plasma

chamber with electrical isolation ready
for tests.

SuSl installation and commissioning started in January 2007
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SuSl Injection and Extraction

Movable injection hardware
with two microwave waveguides

Accel-decel 3-element
electrode system




Based on the LBL VENUS analyzing
magnet design (M. Leitner)

Midplane magnetic
field contours

! vacuum chamber is

electrically isolated from
therest of the magnet
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M agnetic field maps of the individual solenoid
Lines — calculated values with AMPERE

Dots —measured values

Each coil was mapped at 100 and 300 Amp
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Magnetic field maps of all solenoids
Lines — calculated values with AMPERE
Dots —measured values
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SuSl First plasma ignited
on March 29, 2007

15 kV
150 W, 18 GHz
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Jﬁﬂ SEEEses: SuSl First charge state
1 distribution obtained on
AR A June 8, 2007
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650 W 18 GHz + 300 W 14.5 GHz
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NSCL Peoplelnvolved in the SuSl Design

lon Source Physicists: Mechanical Engineers:
Dallas Cole Ben Arend
Guillaume M achicoane Patrick Glennon
Peter Zavodszky Jim Moskalik

- Jack Ottarson
Accelerator Physicists:

Fdix Marti Electronic and RF Engineers:
Peter Miller Kelly Davidson
Xiaoyu Wu Bill Nurnber ger
SC Magnet Technology: John Vincent
Jon DeKamp
Al Zeller
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