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Evolution of nuclear knowledge



Extended nuclear chart





Magic numbers under exotic conditions
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Experimental / knock-out (27Ne)

• Good tool for detecting low-lying bound excited 
states combined with g-spectroscopy
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Experimental / particle transfer (23O)

• Ideal method to map single particle states
e.g., (d,p) to unbound states
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Experimental  / facility concept

• No radioactive target �
inverse reaction with radioactive beam
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RIKEN Accelerator Research Facility
and RI Beam Factory



RIKEN: RIKEN: 
RI Beam FactoryRI Beam Factory



GRAPE CNS

Detection technique



Collaboration record

ATOMKI � RIKEN

– Zs. Fülöp 3y
– Z. Elekes 2y
– Zs. Dombrádi 2m
– G. Kalinka 2m

– Short term missions
– Beamtimes at RIPS
– Detector production

RIKEN � ATOMKI

– Short term missions
– Detector tests at ATOMKI 

cyclotron

Heavy Ion Physics Laboratory

T. Motobayashi, 
A. Saito, Y. Togano



Bound excited states in 27F

Z. Elekes, RIKEN-ATOMKI Coll.: PLB599 (2004) 17.

� USD: no bound excited states
� MCSM: one bound excited state

� results are more consistent with MCSM
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complete spectroscopy is possible

Case 1



Valence neutron decoupling in 16C

Z. Elekes, RIKEN-ATOMKI Coll.: PLB586 (2004) 34.
N. Imai et al.: PRL92 (2004) 062501 and H.J. Ong et al.: PRC73 (2006) 024610.

Next steps:

• Investigate higher excited states
• Search for decoupling in heavier
mass regions

Case 2

‘Pure neutron excitation’ Decomposition of p and n contributions 
to the transition matrix elements



Island of inversion



Island of inversion: 30,31Na,33,34Mg,27,28Ne

Z. Elekes, RIKEN-ATOMKI Coll.: PRC73 (2006) 044314.
Zs. Dombrádi, RIKEN-ATOMKI Coll.: PRL96 (2006) 182501.
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Next step:Search for inversion in other regions

Case 3

c.f. with Coulex and fragmentation



(d,d') and (d,p): 22,23O

Z. Elekes, RIKEN-ATOMKI Coll.: PRC74 (2006) 017306.

Case 4a

No neutron decoupling found !

• Part of systematic search for n-decoupling
• Different sensitivity compared to (p,p')
• CD2 target



(d,d') and (d,p): 22,23O

Z. Elekes, RIKEN-ATOMKI Coll.: PRL98 (2007) 102502

Case 4b

Missing mass method



CsI charged particle array

• 300+ detectors
• 120 MeVA (55mm)
• Compact design 
• Modularity (16*16mm)
• Excellent light collection
• Good for light particle ID

• First tests with 156 crystals:

22O-beam, on air
20MeV � in vacuum

Z. Elekes, RIKEN-ATOMKI Coll.: NPA719 (2003) 316 and EPJA27 (2006) 321.

Case 4c



Proposed experiments at RIBF 

• Physics aim (n-decoupling, shell gap studies, etc.)

• Method (inverse kinematics, Liq.H target)
• Gamma detection (DALI2 NaI-array)

• Analysis (cross section, DWBA/ECIS)

• Beam species/intensity

• Charge state identification
• Particle ID (Zero Degree Spectrometer)

• Beam energy (100+ MeVA)

Known:

New:



Summary

• Exotic nuclear physics needs exotic technique
• A variety of physics programs can be run using RIBF
• (p,p') is a strong candidate for a down-to-earth RIBF experiment
• Never forget N=50: 78Ni, 80Zn (intensity permits)
• ATOMKI contribution to RIPS-RIBF
• The future help of JSPS is essential to maintain the collaboration

RIKEN-ATOMKI collaboration scheme (MoU) is proved 
to be successful and promising for the future



ATOMKI group members:

• Zs. Dombrádi
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• Zs. Fülöp
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• D. Sohler

To be continued…at RIBF  


