28GHz SC-ECRIS at RIBF

T. Nakagawa (RIKEN)

1.Introduction
RIKEN RIBF (requirements)

2.Structure of the ion source
Sc-colls, cryostat, plasma chamber, etc

3.Results of test experiments
ECR surface size, magnetic field gradient effect
Effect of the magnetic field distribution (B, region)
U beam production

4. Preparation for 28GHz operation

5. Schedule for improvement
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2.Chamber size
large chamber mm) longer confinement time mmm) higher charge state
3.Microwave frequency
higher frequencymms higher beam intensity
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Magnetic field configuration | B,

0.7 N / Field gradient
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Position (mm)

ECR zone size

New RIKEN SC-ECRIS

The zone size and field gradient can be
changed independently

Lager zone size and gentler field gradient

Possibility to increase the beam intensity

Cyclotron2010, 6-10 Sept. Lanzhou, China



A Key parameter for designing of Sc-ECRIS
R

Magnetic field B,y ~4T Bg ~2T B,~2T (High B mode)(plasma confinement)
B, <1T (~0.8B.,) (field gradient)
ECR zone size as large as possible

Chamber size Diameter ~15cm  (comparison between RIKEN 18 GHz
and VENUS, SCRAL)
Length ~50cm  (Confinement time)

Microwave 28GHz
Power ~10kW ( 1kW/L)(Power density)

*Geometrical effect
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,' NiSHINA Magnetic field strength

C ENTER

SL1 SL2SL3SL4 SL5 SL6

Sextupole 4
- . Flat Bmin
3 f “ //// .
- Classical B
mN 2 ”, P X\A
- B, 7 A\
- ff . -"‘,'r’ \\ -
. A “
y ™,
VR - i . o N .
-1060 0 100
Position (cm)
1500 ; [ : T
By ~38T By <L.OT B, ~2.3T -
5 g I
2 1000+ .
4 S
7\\ o :
~ 3 & 500F 7
- 5 : 1
s B~21T 5 |
@ 5 _ — =X I
| / \l_/ 02 06 — os |
g \ Bmin(T)
0 N
-100 -50 0 50 100

7 (cm)

Cyclotron2010, 6-10 Sept. Lanzhou, China



Main parameters of SC-Colls

N E
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Table 1. Parameters of the supeconducting coils
SL 1 SL2 SL 3 SL 4 SL5 SL 6 Sextupole
Inner radius (mm) 170 175 175 175 175 170 102
Outer radius (mm} 250 220 220 220 220 250 142
Length (mm) 135 75 35 35 75 100 1073
Conductor size (mm) | 0.82x 1.15 | 0.82 x [.15 gl.09 gl.09 082x1.15| 0.82x1.15 | 0.82x 1.15
Cu/NDbTi ratio 1.3 1.3 6.5 6.5 1.3 1.3 1.3
No. turns 9124 2778 1305 1305 2778 6830 1216
Current (A) 162 182 109 109 155 132 271
Bmax (T) 7.2 5.2 3.1 3.0 4.8 54 7.4 (6.5)
Ic (A) 203 298 229 233 278 223 349
lop/lc 0.80 0.61 0.47 0.47 0.56 0.59 0.78
Inductance (H) 34.0 4.0 1.0 1.0 4.0 20.0 6.9
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A Superconducting coils
R

Iron pole
[
1
Solenoid coils ! hexapole magnet
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~ wave guide {18GHz)
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E N
I A Support for hexapole magnet
T R

Hexapole Force ~1100kNm max
magnet

Titanium spacer Stainless steel disk
(30 mm thick)
Iron pole
—
Stainless steal wjre
%190 D
i LHe vessd
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N
A Circuit diagram for solenoid coil
R

m —.m
—{ —.m

HTc current lead

N

\ —_— ———— ———— ———— —_— r————
Salerraid 1 ' Salencid 2 ' Soleroid 3 Solenaid 4 Solencid 5 Solenaid &
Pawer supply Pawar supply Powarsupgly Pawersupgly Powersunply Powersupgly
HTc current lead HTc current lead [J 1Te current lead |: 11Te current lead HTc current lead |::| HTe current Tead HTc current lead
1 - [ ] L 3 i L
Solenoid 1 Solencid 2 Solcnoid 3 Solenoid 4 Solenoid 5 Solenoid 6
coil coil coil coil coil coil
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To minimize the heat inversion, 9 HTc current lead (7 for solenoid, 2for
Hexapole) is used
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A Cryostat |
E R
Lig. He vessel (4.2K) \ Vacunm vessel
——{ It
A ' \ / CG310SC(SUMITOMO)(GM-JT refrig.)
\\ \\ Cooling capacity
\ | 4.2W/5.0W @4.2K (50/60HZz)
] I ] il Electric power consump. 5.1/6.1kW(50/60HZz)
~|sLifsL2 SLB‘ SLASLS|SL6 % THe Electric power AC200V 3 phase
KAl L SR | Weight ~220kgr
—— Dimension 700Wx520Dx1095H
Il b
N [ [ [ | \
/
High temp. radiation shicld(70K) M refrigi (W)
Low temp. ion shield(20K) -
Helium Low. tgmp. H1gh te.mp.
/ Item 1 radiation radiation
_ vesse shield shield
GM refrig. 35W(45K), 6.3W(10K) Design temp. 42K 20 K 70K
Radiation 0.005 5.5 40
- Conduction
GM. Refrig. 50W(43K), 1.0W(4.2K) Support 0.005 0.3 4
Port 0.06 1.5 20
Current lead 0.07 10 64
Total heat load 0.14 17.3 128
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A Excitation test
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A Plasma chamber
R

Beam extraction system P =
Beam extraction system S ——

N

Movable biased disc
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AR Beam extraction system
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Plasma el ectrode
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Extraction electrode (decel) Plasma chamber

SC Hexapole cail
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ﬂF\{ Picture (SC-ECRIS)

GM-JT refrigerator

extraction side

“ Solenoid coil

Iron yoke
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Magnetic field distribution
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Field gradient, ECR zone size (1)
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Field gradient effect
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RF power dependence (beam intensity, heat |oad)
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ECR zone size effect
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Field gradient limit ? (1)
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Field gradient limit ? (11)
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Field gradient limit ? (111)
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18GHz waveguides

Chamber (RF Injection side)
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I A Sputtering method (U production)
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Beam intensity (enA)

Beam intensity (epA)
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Emittance
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10

10°

10°

10"

Microwave Frequency effect

X-ray energy spectra
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Microwave Frequency effect

Fokker-planck equation electron

Collision term HF term Sourceterm v

af e / / / uo
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Taking the phase velocity v ,=w/k, we obtain

-

Strength of electric field | | Magnetic field gradient Vi~ vt ="ty e,
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A. Girard et al, J. Computational Phys. ‘
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Microwave Frequency effect
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Cryostat(2011) for 28GHz

Li e ves (E2K), Voot el 2009. Oct.
_'H_'”_'H&h"h'b " \ ) CG310SC(SUMITOMO)(GM-JT refrig.)
\\ \\ Cooling capacity
| | 4.2W/5.0W @4.2K (50/60Hz)
i Electric power consump. 5.1/6.1kW(50/60Hz)
e Electric power AC200V 3 phase
' Weight ~220kgr
Dimension 700Wx520Dx1095H
\
[ | \
2011. March.
ion shie CG310SC(SUMITOMO)(GM-JT refrig.)
| =
GM refrig. 35W(45K), 6.3W(10K) Cooling capacity
| 4.2\W/5.0W@4.2K (50/60Hz)
GM. Refrig. 50W(43K), 1.0W(4.2K) Electric power consump. 5.1/6.1kW(50/60Hz)
Electric power AC200V 3 phase
. Weight ~220kgr
2011. April Dimension 700Wx520Dx1095H

Total cooling power ~10W
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New injector (2011 March~ )

New Injector for SC-ECR
RRC Upgraded to 28 GHz
M/g=7, 0.68MeV/u

TQ | | Rebuncher
— .| 36.5MHz T~
e @

Prebuncher
18.25 MHz

DTL1-3(QWR) RFQ(4-rod)
36.5 MHz 36.5 MHz

Fabrication will be completed in FY2009.

Operational in FY2010. v &
H. Fujisawa,

o '\,
NIM A345 (1994) 23

| New Injector RRC fRC IRC SRC 10
(RILAC2) &

- SC-
RS e
18GHz
ECRIS :
- 5 gt s — Fix. freq. mode
. ;Bno.sler t Fix. freq
RFQ RILAC i - ‘.-GARIS ..... » Var. freq. mode
U: 50 - 100 pnA
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AR Schedule

Move to new ion source room

s
Fill Lig-
He (o) )
Chamber setting “ Test with 18GHz
\ . S
Gyrotron test Test experiment with 28GHz
=
Xe beam injection to the accelerator
&)
U beam production
 —
v Add GM-JT (10W@4K)
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