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Heavy-ion accelerator that provides  
   high intensity radioactive isotope (RI) beams 
   at 60−70% of the light speed. 

Nuclei in a wide isospin chain are delivered.

RI Beam Factory at RIKEN

Nuclear chart



Accelerators and In-flight Separator at RIBF
Beam Intensity of SRC as a function of year

SRC: 
Superconducting Ring Cyclotron 
World’s First and Strongest 
K2600MeV

BigRIPS: 
Superconducting RI beam Separator 
In-flight separator   
World’s Largest Acceptance 
High magnetic rigidity 9 Tm



In-flight Separator at RIBF

New facility (2006-)

BigRIPS: 
Superconducting RI beam Separator 
In-flight separator   
World’s Largest Acceptance 
High magnetic rigidity 9 Tm

RI beams 
at ~250 MeV/u



●  RI beam produced (704) 
      for 278 experiments 
■  Production yields 
      measured (> 1500) 
New isotopes (173) 
　■  238U in-flight fission 	 (147) 
　■  124Xe P.F. 	 	 	 (10) 
　■  78Kr P.F.	 	 	 (4) 
　■  70Zn P.F.     	 	 (11) 
　■  48Ca P.F.    		              (1)

RI beams produced at BigRIPS (May 2007 – Dec. 2024)
➢ We have produced a total of 704 RI beams 

and delivered to 278 experiments. 
➢ by using: 
     - In-flight fission of 238U 
     - Projectile fragmentation of  
         14N, 18O, 48Ca, 70Zn, 78Kr & 124Xe 

➢ Production yields for over 
     a thousand of RI beams 
➢ A number of new isotopes  
     and new isomers 
➢ Reached ~ 0.5 fb

As of Dec. 2024, BigRIPS Team
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Production of new isotopes: measure of the discovery potential

0

50

100

150

200

250

1910
1920

1930
1940

1950
1960

1970
1980

1990
2000

2010
2020

Nu
m

be
r o

f n
uc

lid
es

 

Decade

RIKEN Nishina Center (Japan)

University of Cambridge (UK)

Lawrence Berkeley National Laboratory (USA)

Joint Institute for Nuclear Research (Russia)

GSI Helmholtzzentrum für Schwerionenforschung (Germany)

# of new isotopes discovered at RIBF 
     as of May 2025:   183



Setting 2Setting 1

Production of new isotopes: measure of the discovery potential

U beam at 345 MeV/u 
      ~ 60 pnA

118,119
57 La

119,120
58 Ce

123,124
60 Nd

122,123
59 Pr

122
60 Nd

125,126,127
61 Pm

128
61 Sm

# of new isotopes discovered at RIBF 
     as of Nov 2025:   196



Physics with nuclei far from the stability line
Where is the limit of nuclear stability? 

How does nuclear shell structure evolve  
     in the region far from the β stability line? 

How are nuclei stabilized near and  
     beyond the drip-line? 

How stiff is the neutron matter? 

How and where are elements  
    heavier than iron formed? 

?



Discovery of Nihonium (Z=113)

2004/7/23      2004/4/2         2012/8/12      

Selected Achievements at RIBF

Evolution of nuclear magicity 
far from the stability line

0

50

100

150

200

250

1910
1920

1930
1940

1950
1960

1970
1980

1990
2000

2010
2020

Nu
m

be
r o

f n
uc

lid
es

 

Decade

RIKEN Nishina Center (Japan)

University of Cambridge (UK)

Lawrence Berkeley National Laboratory (USA)

Joint Institute for Nuclear Research (Russia)

GSI Helmholtzzentrum für Schwerionenforschung (Germany)

Discoveries of   
~ 200 new isotopes

Discoveries of  28O

Nature Physics (2023).
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Data crucial for understanding  
the origin of heavy elements

Nature (2023).

Partial restoration of chiral symmetry 
observed in pionic atoms

Lifetime 
PRL (2015) etc.

Nature (2019)

N=34, 
Nature  
(2013)

Pxn, PRL (2022)

Mass 
PRL (2023) etc.



Large-Size International Collaborations
EURICA (2011-2016):  
EUroball-RIKEN Cluster Array

MINOS & SEASTAR (2014-2017): 
thick liq. H2 +TPC+NaI 
for in-beam gamma  
spectroscopy

SpiRIT TPC (2015-):  
heavy-ion collision program for EOS

BRIKEN(2017-2021): 
He-3 detector array for  
beta-delayed neutron

HiCARI (2019-2020):  
Tracking Ge detectors 
for in-beam gamma 
spectroscopy

SAMURAI (2012-):  
neutron detectors + CsI+… 
for neutron correlation

IDATEN (2021-): 
84 LaBr3 (Ce) + 2 Cover Ge detectors 
to measure lifetime of excited states

MoUs with 
48 institutions and universities in 20 countries

TOPTIER project (2024−) 
between Korea and Japan



High-resolution Cluster Array at RIBF (HiCARI) project 

Composite HPGe array based on
• 8 Miniball triple-cluster from CERN/Univ. Köln
• 1 GRETINA Quad cluster from RCNP
• 1 GRETINA P3 clsuter from LBNL
• 4 Clover clusters from IMP

DALI2
N. Paul+ PRL 2017

HiCARI113Tc(p,2p)112Mo



Exotic nuclear shape near neutron-rich 110Zr

N. Paul et al.,  
PRL 118, 032501 (2017) 

T. Togashi et al., PRL 117, 172502 (2016) 

N. Paul et al., PRL 118, 032501 (2017) 

• 110Zr with Z = 40 and N = 70 
         (harmonic oscillator magic numbers )

• The previous experimental work 
suggested “no magic character”  when 
analyzed with BMF and MCSM.

• Interpretations of BMF and MCSM are
    very different.
       BMF: triaxial deformation
       MCSM: prolate deformation

• 110Zr is revisited with high-resolution
     γ-arrays for the lifetime measurement.

prolate

triaxial



Triaxial deformation in Zr and Mo
112Mo Doppler-corrected 𝛾-ray energy 
spectrum from 113Mo(9Be, X𝛾)

Triaxial deformation in 108,110Zr and 110,112Mo (N = 68, 70) is  
suggested by HiCARI data in line with theoretical predictions  
　　(HFB-SCCM with Gogny interaction). 

B. Moon et al., PLB 858, 139047 (2024) 
B. Moon et al., PLB 870, 139904 (2025)
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Nucleon removal reactions at 200 – 250 AMeV 
Energy and lifetime are simultaneously obtained  
　　　by doppler correction & line shape analysis method.



Toward establishment of Element # Zero : Tetraneutron

Kisamori, Shimoura et al., PRL 116 (2016) 
    4He(8He,8Be)4n @SHARAQ

M. Duer et al., Nature 606 (2022)
8He(p,pα)4n @ θCM=180deg

Big debates on its nature:  
        Resonance or not? 
        Mechanism to stabilize it. Correlations among neutrons? 
        Initial state (the way it is produced) effect 



?

“Virtual state” 

Not bound  
but very close to.

Unknown origin

Courtesy of  
K. Miki



3n experiments at RIBF

• 3n production by 3H(t,3He)3n reaction 
– Realized by  

newly developed tritium target

t 50Mpps  
(from BigRIPS)

3He 
(to SHARAQ)

Ti-3H SHARAQ
Tritium target 1.6 TBqK. Miki et al., Phys. Rev. Lett. 133, 012501 (2024)

K. Miki et al., Nucl Instrum. Meth. A 1056 (2023) 168583

Courtesy of  
K. Miki



No peak !! 
3n is more unstable.

“Virtual state” 

Not bound  
but very close to.

Unknown origin

K. Miki et al.,  
PRL 133, 012501 (2024)

First indication of  
the odd-even effect  
in multi-neutron systems.

High-statistics 8He(p,pα)4n and 
6,8He(p,3p)4,6n planned in 2026. 
   Collaboration with IBS 
   under the TOPTIER project



The FIRST e-RI scattering at SCRIT

Courtesy of K. Tsukada

137Cs(e,e)

Challenges toward  
132Sn(e,e) is ongoing.



π-atom spectroscopy and chiral symmetry
T. Nishi, K. Itahashi et al.,  
Nature Physics 19, 788 (2023).
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Pionic 1s, 2p observed in (d,3He) reactions

Chiral condensate at ρe is deduced to be 
77±2% at nuclear density ~0.10 fm-3 

by using the pion as a probe

d
_

u

π−

121Sn

Chiral condensate  
at high ρ is deduced

Dispersion matching 
of the beam-line and  
BigRIPS



RIBF Upgrade Project

Science of heavy element RI 
will be opened by fast RI beams

RIBF 2007 - 2022

238U

Light to medium-heavy 
elements

Heavy element RI＝ 
Strongly correlated system of 

nuclear & Coulomb forces
Emergence of 

structure
Emergence of 

dynamics
RI beam studies

Evolution of matter Nuclear energies
Nucleosynthesis 

Neutron star structure
RI medicine applications

New energy cycle

Nuclear force

Many-body correlations

deployment

Z

N

Stable
RI  known
RI  unknown
RIBF

Courtesy of Daisuke Suzuki

Towards higher intensity 
Towards heavier elements

RIBF Upgrade



RIBF Facility Upgrade Project
Major facility upgrade of RIBF to increase U beam intensity to 2,000 pnA (×20)

Present

• Store up to 7 charge states in one ring.
• Economical solution compared to replacing fRC.
• Luminosity obtained by the upgrade is more than 2-3 

times higher than in other existing facilities.

×10
×20

2,000 pnA

100 pnA

5%

50%
Charge Stripper Ring (CSR) 

×2

U35+

U64+

Stripper
Energy recovery cavity

U59-66+

Courtesy of H.Imao



Stripper
U35+

U64+

U59-66+

Energy 
recovery 
cavity

Q-magnet  
stations

Bending magnets 
for isometric orbits Recycle 7 charges 

• Acceleration cavity for energy recovery  
• Isometric orbits using bending magnets  
• Q-magnet station for beam shaping

Charge Stripper Ring (CSR)

Stripper position

Dispersion 

x

y

z

Beam envelopes

44.64 m

Stable beam oscillations for 8 charges H. Imao, JINST, 15, P12036 (2020)

© 2024 RIKEN, M. Nishida

Courtesy of H.Imao



Summary and Future Perspectives

RIBF is one of the world leading facilities in low energy nuclear physics. 

RIBF is maximizing discovery potentials and research opportunities  
in low-energy nuclear physics. 
     Limit of nuclear stability, shell evolution, nuclei beyond the drip-line, 
     neutron-matter EoS, origin of elements. . . . 

The RIBF upgrade plan is at the top priority of RIKEN Nishina Center  
to further strengthen the RIBF facility  


