
理研RIBFと汎元素低速
RI-beam施設(SLOWRI)

理研　　和田道治

～物性研究への利用のすすめ～



SAMURAI
Zero-Degree Mass Ring

SHARAQ

SCRIT(Universal SLOW RI-beam facility)

New Facility

Existing Facility

RIBF Accelerator BuildingRIBF Accelerator Building

RIBF Experiment BuildingRIBF Experiment Building

fRCfRC
（（Fixed frequency ring cyclotronFixed frequency ring cyclotron））

SRCSRC
（（Superconducting ring cyclotronSuperconducting ring cyclotron））

IRCIRC
（（Intermediate ring cyclotronIntermediate ring cyclotron））

BigRIPSBigRIPS
(Projectile Fragment Separator)(Projectile Fragment Separator)

SLOWRI

RIPS

prototype SLOWRI

RIBF  - RI Beam Factory -

20 years old facility

>$500M
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SLOWRI facility

Ion Trap

Collinear Laser Exp.
MR-TOF-MS

Decay studies

RF Io
n gu

ide g
as c

ell

Degrader

from BigRIPS HEBT(DQQ)

ISOL

1. Wide Range of Nuclides
       No Chemical Processes in Production & Separation

2. High Purity
       No Isobar No Isotone Contamination

3. Small Emittance
4. Variable Beam Energy 
       1-50 keV Slow Beam,  <1eV Trapped RI, 1MeV/u (future option)

5. Human Accesibility during On-line Exp.

Super ISOLDE

SLOWRI = Phase 2

prototype facility is at 
present RIPS
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BigRIPS
D5

6 Def

nQD

B3 exp room
9m x 11m
H 2m

B2 exp room
8.5m x 14m
H 8m

gas cell

isol-Dv

isol-Dh

B1 exp room
10m x 30m
H 2.5m (option)

(cyclotron ion guide)

lift

Laser Hut
3m x 5m
(clean)

DAQ  Hut
3m x 5m
(calm)

Decay Studies
(tape transport)
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MR-TOF-MS

combined trap
for HFS

Buncher

Buncher

Buncher

Quad-Q
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shield shutter

spiral 
staircase

SLOWRI

Branch from BigRIPS at D5
New n.c. DQQ to gas cell

HEBT

Gas Cell
1 m long, 40 cm φ, 100 Torr
Dual layered cell for cooling
Full covered RF carpet

ISOL

Experimental 
Rooms
B3 exp room (bottom)
   main experimental setups
B2 exp room (gas cell floor)
  tall devices
B1 exp room (top)
  post accelerator (future option)

overview

Vertical & Horiz. Mass Sepa.
Simultaneous Operation
 (Sharing, Monitoring)



200 mmφ

RF Ion GuideTM

nozzle  0.7mmΦ
He 100Torr x 2m

～2MeV/u
(0~10MeV/u)

€ 

EDC < 10 V / cm

€ 

v = µEDC

Static Field:
  transports ions

€ 

µ: mobility 
~ 150 cm2 /Vs

finally stick to
the cathode

M.Wada et al, NIM B204 (2003) 570.
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Edc

Eeff

~RF gradient Field:
          Ion Barrier

€ 

E eff in gas
max =

mµ 2Vrf
2

er0
3

€ 

2r0 ≈ electrode distance

€ 

F = − e2

4m
1

(Ω2 +1/ τ v
2 )
∇E rf

2 (r)

€ 

(E(r,t) = E rf (r)cos(Ωt),  τ v : relax time)

RF-Carpet
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Cylinder DC-Electrodes
in Gas CellRF Carpet 

Central part is made of RF 
ring-electrodes with 0.28mm 
interval. An exit of 0.7 mmφ is 
located at the center. 

SPIG
RF six-pole ion beam guide 
made of ６-0.8 mmφ Mo 
rods transports ions to 
high vaccum. 

SPIG & Nozzle

Photo Gallery
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13MHz 150V

22MHz 200V

OPIG rf octopole beam 
guide made of CFRP



Va
c

Vdc

AC-DC Dependence of Yield

alpha decay

Overall Efficiency:  ~5% max
(Ion guide Efficiency:  ~33% max)
Yield of 8Li:           24 kcps max

Yield and efficiency of slow Li-8 ions

~100 A MeV  8Li ions from RIPS
 8Li:  delayed alpha decay
          reliable measurements
          very light ion

M. Wada et al, NIM B204(2003)570
M. Wada, NIM A532(2004) 40
A. Takamine et al, RSI 76(2005) 103503
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Estimated Yield
of Slow RI-Beams

U 10 pnA
Xe 0.5 pu!A
Kr 0.5 pu!A

with
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Assuming present performance
Including T1/2 and Space charge effect

107 cps

1 cps

Yslowri = Ybigrips*εtrans*εstop*Veff

Veff :Effective Volume =
1.0 (T1/2 > 0.4 s)
∝ T1/2 / 0.4{
1.0 ( Edeposit < 4.3 MeV*104 /s)
∝ Edeposit-0.5{

Edeposit ≈ 1.2A MeV/ion  (>Na)

Lifetime 
effect：

Space-charge 
effect：
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Beam sharing by RF BEAM-SPLITTER + Lambertson magnet

Lambertson Magnet
    Pole Gap
 : 40 mm
    Radius

 : 2500 mm
    Bending angle
 : 20°
    Path Length
 : 870 mm
    Magnetic field
 : 1.7 T

V

BigRIPS RIPS

f ~ 9 MHz

courtesy by 
H.Ueno

IRC

to 
SRC

to RIPS



Schedule

2006 2007 2008

Be Spectroscopy 
@RIPS

on-line Mass Meas.
@RIPS

RIBF 1st beam

SLOWRI ConstructionSLOWRI Design

SLOWRI Experiments

Cyclotron Ionguide
Development

depend on the budget profile

International PAC for RIBF
LoI, Proposals are welcome
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