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48Ca @ 345 MeV/u
170 pnA => 2.8 kW (CW) 1.1×1012pps

Big-RIPS SRC

IRC

RILACRRC

fRC

AVF

Achievements in 2008

238U @ 345 MeV/u
0.4 pnA => 2.5×109pps



Two-step plan to increase uranium (& xenon) beams

0)   Superconducting ECR ion source
=> Construction completed

2)   Build a new injector for RRC
=> SC-ECR + RFQ + DTL
=> independent operation of RILAC & RIBF
=> will be operational in FY2010

1)   Build a new pre-injector for RILAC 
=> SC-ECR on Cockcroft-Walton H. V. Terminal
=> will be operational in Oct. 2009



Classical Bmin

Flat Bmin

Superconducting ECR ion source
•Large plasma volume: 1100 cm3

•Flat Bmin configuration

Construction started in Oct. 2007

Mirror Filed：3.8T/2.2T

T. Nakagawa, ECRIS’08



•Stored Energy：0.8MJ
•NbTi-copper conductor
•Bath-cooled in liquid helium

Successfully excited to the designed field in October 2008.
T. Nakagawa, ECRIS’08



5.6 kV



SC- ECR

HV terminal (100 kV)

Higher injection energy =>
•Higher current is expected.
•Space-charge effect will be reduced.

127 kV

•Started with 18-GHz microwave source
=> 10 times U-beam expected



December 2008

J. Ohnishi



December 2008

J. Ohnishi



April 2009

J. Ohnishi



11 May 2009 : First Beam (H+) from SC-ECRIS 

Y. Higurashi & J. Ohnishi



Last Friday
MEBT line

Beam Test 
=> July 2009

Y. Watanabe

RFQ
Reb.

RILAC

(C-W =>)



Beam intensities of 345 MeV/nucleon beams at RIBF
pnA

*1: 1min    *2: Limited by e04 CS    *3: SC-ECR

48Ca Kr Xe 238U

Achieved
FY2008 170 30 *1 - 0.4

Expected 
FY2009 200 30 *2 10 5 *3



SRC

IRC

RILACRRC

fRC

AVF

Independent operation of 
RIBF and SHE research 

Big-RIPS (RIBF)Big-RIPS (RIBF)

New Injector

GARIS (SHE)



AVF cyclotron

New Injector for RIBF
36.5 MHz, M/q=7
0.68 MeV/u

To RRC



Rebuncher
36.5 MHz

TQ TQ

2DQ
Prebuncher

18.25 MHz

RFQ(4-rod)
36.5 MHz

DTL1-3(QWR)
36.5 MHz

SC-ECR
Upgraded to 28 GHz

New Injector for 
RRC

M/q=7,  0.68MeV/u

H. Fujisawa, NIM A345 (1994) 23

Fabrication will be completed in FY2009.
Operational in FY2010.



Vane

Block Tuner

Post
Block Tuner

(test piece / Al)



Block Tuner
(test piece / Al)



Mechanical design under progress



Summary

Present

U: 0.4 pnA



Summary

Oct. 2008

U: 5 pnA



U: 50 - 100 pnA

Summary

Mar. 2011



Thank you for your attention!







Big-RIPS
SRC

IRC

RILAC

RRC

fRC

AVF

2 Injectors: RILAC & AVF
4 Booster Cyclotrons: RRC, fRC, IRC, SRC

from Hydrogen to Uranium => 345MeV/u
CW-mode acceleration

RILAC-RRC-fRC-IRC-SRC(fixed freq.)：345 MeV/u

RILAC-RRC-IRC-SRC(var. freq.)：Max 400 MeV/u

AVF-RRC-SRC(var. freq.)：Max 440 MeV/u

RIBF Accelerators



Acceleration of 48Ca (Dec. 2008) 

ECRIS

RILAC

RRC

fRC

IRC

SRC

β=0.08
10+ => 16+

35%

β=0.32
16+ => 20+

87%

Ca10+

170 pnA (1.1×1012pps)

@345MeV/u (β=0.68)

=> 2.8 kW (CW)



Acceleration of 238U (Nov. 2008) 

ECRIS

RILAC

RRC

fRC

IRC

SRC

β=0.16
35+ => 71+

18%

β=0.32
71+ => 86+

28%

U35+ 
β=0.0

4

0.40 pnA (2.5×109pps)

@345 MeV/u (β=0.68)



RIBF
Acceleration 

performance

AVF injection for m/q=2 inc. pol. d

SRC

IRC

With fRC (SRC)
350 MeV/u
U88++ (8Tm)

With fRC (IRC)



14 PP
2+1 RF

15 PP
2+1 RF

20 PP
4+1 RF

9 RF

1+1 RF

1 RF

20 PP
2 RF

: Phase probe

Monitoring system of rf and beam stability based on Lock-in Amp.



Monitoring system of rf and beam stability
Example: Rf voltage and phase of SRC-Resonator #2

The rf voltage dropped by 0.1% (oscillation
of FB loop). The beam intensity became half 
at the same time.

The rf phase was stable (<0.1 degree).



Beam phase v.s. Rebuncher voltage

Plastic scintilator for monitoring beam phase width and 
beam energy (TOF) 

: SC



Transmission through the accelerators for Ca beam
(stripping efficiency exculded)

40 % 95 % ~90 % 70~80 %

~65 %

•Transmission through RILAC
•Recovery time of SRC-RF
•Temperature control of RF-signal divider



Transmission through the accelerators for U beam
(stripping efficiency exculded)

40 % ~75 % ~90 % ~90 % ~65 %

57 %

39 %



Charge strippers in RIBF

R ILAC
RR C

1 8 GHZ
ECRIS

F CRFQ

IR C
S RC

Big RIP S

RILA C
R RC

1 8 GHZ
ECRIS

FCRFQ

fR C

IRC
S R C

B ig R IP S

S t r ip p e r

U

Ca/Kr

345 MeV/u

345 MeV/u

35+ --> 71+
300 μg/cm2

71+ -->86+
1.4 mg/cm2

40/20 μg/cm2 1000/200 μg/cm2



• Rotating stripper developments

1st stripper for U acceleration (cont’d)

Large area type (100 mmφ) tested in May
=> Broken shortly



• Rotating stripper developments

1st stripper for U acceleration (cont’d)

Small area type (GARIS type) will be tested
in FY2009.

Foil

Frame



Gas stripper

fRC



φ10 φ8 other orifices : φ6

238U35+

35+?+

Schematic view of the chamber

N2 : 180 ～1000 μg/cm2

(depending on pump speed)



• Arizona Carbon 300 μg/cm2 (standard use) => Lifetime: 12 hours

Before
irradiation

After 
irradiation

AFM image of PCC foil

• Heat treated PCC-foil developed in RIKEN
=> Almost the same quality (uniformity, lifetime) as that of Arizona Carbon

1st stripper after RRC (@11 MeV/u) for U acceleration



1st stripper after RILAC (@~2.7 MeV/u) for Ca, Kr, etc.  

MeV/u pnA Loss(W) W/cm2 Made by Lifetime

48Ca
345 MeV/u

2.7 1700 1.7 ~13 RIKEN >21h

86Kr 2.3 1100 2.4 ~24 RIKEN 4h

86Kr 2.3 1100 2.4 ~24 Arizona 0.16h

136Xe
200 MeV/u

1.9 100 0.3 ~10 RIKEN 4h

136Xe
200 MeV/u

1.9 100 0.3 ~10 Arizona 1.2h

Carbon, 40 μg/cm2

Test for Zn will be carried out soon.
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