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OUTLINE

 Old RIKEN Accelerator Facility (1989-2007)

 Production of RI beams: RIPS, CRIB

 Examples of experimental setups and new fundamental results 

 New RIBF Facility (2007-…)

 Fragment separator BigRIPS

 Spectrometers and Setups: ZeroDegree, SAMURAI, SHARAQ, 

EURICA+WASABI

 Discovery of new isotopes, new data on exotic nuclei

 New setups: OEDO, RI Ring, SCRIT

 Summary
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Radioactive Isotope Beams World-Wide (middle 2018) 

by K. Knie, GSI
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RIKEN (RIKagaku KENkyusho = Institute of Physical and Chemical Research)

founded in 1917 as the first private scientific foundation in Japan 

with the financial support by the imperial Household, the Government and private organization

1st Cyclotron in Japan

2nd Cyclotron in the world
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Beam particle E/A (MeV) Current (pnA) Injector
14N 135 500 AVF

18O 100 1000 (500) AVF

22Ne 100 360 AVF
40Ar 95 / 63 80 / 800 AVF / RILAC

48Ca 63 250 RILAC

136Xe 11 250 RILAC2

238U 11 500 RILAC2

Some important RRC beams:
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K70-MeV

Cyclotron

K540-MeV

Cyclotron

up to 135 A MeV 

Isao Tanihata

Yasushige Yano

Toshiyuki Kubo

Old RIKEN Accelerator Research Facility (1986-2007)  

+ 2 new cyclotrons, 1 liner injector



RIPS

Basic characteristics of RIPS

In the ‘90s world record RIBs intensities of exotic nuclei:

!!

!!

T.Kubo et al., NIM B 70, (1992) 309
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A. A. Korsheninnikov et al. 
Phys. Lett. B 316, 38 (1993)

E*
8He ≈ 3.6 MeV
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Observation of 10He
A. A. Korsheninnikov et al. Phys. Lett. B 326, 31 (1994) 
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26 years ago…
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Spectroscopy of 11Li by proton scattering

11Li,

 14Ben

p

B11,9,8Li,

 14,12Be

SSDs

SSDs

target
CH2/C MWPCs

plastic scintillators

dipole magnet

drift chamber

hodoscope

neutron walls

Two experiments:
11Li + p  75 A MeV
11Li + p  68 A MeV

A. A. Korsheninnikov et al. 
Phys. Rev. C 53, R537 (1996) 
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A. A. Korsheninnikov et al. 
Phys. Rev. Lett. 78, 2317 (1997)

Observation of dipole nature of 1.3 MeV state of 11Li

Triple state Snn=1 of valence 
neutrons in 11Li*

Conclusion:
Valence neutrons in 11Lig.s. 

should have significant component 
of p1/2 state ! (not pure s-orbital)
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Switch to the transfer reactions with exotic beams…

“RIKEN Telescope”
DSSSD (250 um) + 6 SSSD (750 um) + 1 SSSD veto

192 channels
( produced by Micron Ltd.)

p(8He,d)7He,  p(6He,pp)5H,  p(8He,pp)7H, d(8He,3He)7H
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A. A. Korsheninnikov. et al. Phys. Rev. Lett. 82, 3581 (1999)

p(8He,d)7He
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7He excited state 3.3 MeV with unusual structure

ICNFP2019, Workshop on Physics on Exotic Nuclei, Crete, Greece, August 22-23, 2019



First RIKEN experiment to search for 7H

p(8He,pp)7H

A. A. Korsheninnikov et al. 
Phys. Rev. Lett. 90, 082501 (2003)
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Second experiment 

E.Yu.Nikolskii et al., Phys. Rev. C 81, 064606 (2010)

42 A MeV 8He  140 000 pps

Evidence for the existence of superheavy 7H state near t+4n threshold ! 
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Modes of acceleration
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New RIBF Facility (since 2007)



3

BigRIPS separator & ZeroDegree spectrometer
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Slide by H.Sakurai
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A/Q RMS resolution =  9.2 × 10-4

Identification the new isotopes:
123,124,125,126 Rh

238U (345 AMeV) + 9Be

A/Q difference between 
123Rh45+ and 120Rh44+ = 5.6 × 10-3

(6.1σA/Q)
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In-flight fission 238U (345 AMeV) + 9Be

45 new isotopes for 4 days measurements !
T. Ohnishi et al, J. Phys. Soc. Jpn., 

Vol. 79, No. 7, July, 2010, 073201
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SAMURAI:  7 Tm bending power

E* = 1.3 MeV

Spectroscopy of unbound 26O Kondo et al, PRL 116 (2016)

Takechi et al, Phys. Lett. B707 (2012)

RIBF / RIPS 31Ne Intensity = 2 x 105 !!!
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Slide by H.Sakurai
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(24O + p) experiment with unique intensity  of 24O beam (260 AMeV) of 2 000 s-1
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G. Lorusso et al. PRL 114 (2015)

ICNFP2019, Workshop on Physics on Exotic Nuclei, Crete, Greece, August 22-23, 2019

EURICA + WASABI setups

Data have direct implications for r-process calculations for abundances

of elements in A ~110 and A ~ 130 peaks



Shape Evolution in Neutron-Rich Krypton Isotopes Beyond N = 60:

First Spectroscopy of 98,100Kr

Oblate Prolate

99,101Rb(p,2p) reactions at 220 MeV/nucleon

F. Flavigny et al, PRL 118 (2017)
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78Ni revealed as a doubly magic stronghold against nuclear deformation

R. Taniuchi et al., Nature 569 (2019)

ICNFP2019, Workshop on Physics on Exotic Nuclei, Crete, Greece, August 22-23, 2019



Beam spot of 13.5mm FWHM at the achromatic 

focus FE11 with transmission of 54%.

S.Michimasa et al., Prog. Theor. Exp. Phys. 2019, 043D01
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RF deflector



SLOWRI 



SCRIT project

Electron Storage Ring

Microtron
RI-separator

window-frame spectrometer 
for electron scattering

luminosity
monitor



SUMMARY

 In 1989-2007 at “old” RIKEN accelerator facility (AVF, RILAC+RRC) with primary beams up to 135 

AMeV a number of secondary beams (6,8He,9,11Li, 7,10,12,14Be, …) with world record intensities were 

produced at RIPS and CRIB separators.

 Unique RIB’s parameters of this facility made it possible to perform world class experiments for 

studying structure of exotic nuclei, such as 7H, 8He,11Li,12-14Be etc.

 From 2007 a new Radioactive Ion Beam Factory (RIBF) at RIKEN have been constructed. Three new 

cyclotrons, including world-largest superconducting  cyclotron SRC provide primary beams from 

proton to uranium up to 400 AMeV energy.

 New BigRIPS fragment separator provides unique intensities of secondary beams. Spectrometers 

and setups ZeroDegree, SAMURAI, SHARAQ, EURICA, SLOWRI opened incredible possibilities 

for physicists including discovering new elements and isotopes, studying  properties of nuclei lying 

near and above lines of stability.

 New setups at RIBF like OEDO, RI Ring, SCRIT are very promising tools to study low-energy 

reactions, to perform mass measurements of rare nuclei and obtain their charge form factors.

Hope DERICA project will be big step in future soaking up best features of RIKEN 

facilities !!



Thank you for your attention!
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8 300 tons
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