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Evolution of beam intensities at RIBF 
Okuno,  Fukunishi,  Kamigaito,    PTEP.  03C002  (2012).	
Year	




Secondary Beam Intensity with primary 48Ca beams	


!! Previous (RIPS) !achieved (BigRIPS 2009)! !gain!

22C!　 !6 mcps ! !10 cps ! ! ! ! !1,700 è 3,600 (2012)!
30Ne !0.2 cps ! !300 cps! ! ! ! !1,500!
31Ne !20 c/4days !10 cps ! ! ! ! !1.7x105!

32Ne ! ! ! !5 cps !!
42Si!　 ! ! ! !15 cps!
44S ! ! ! ! !4x104 cps!

!!

Aoi	


Intensity increase at RIKEN RIBF  --- old (1990-) v.s. new (2007-) facility	
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Four BigRIPS in-beam γ experiments* approved in the 1st PAC☆ in Mar. 2007!
! ! ! ! ! ! ! !☆13 proposals (out of 16):  approved!

!
!They are all for (very) neutron-rich nuclei.!

!
!Questions are on “up and down” of shell closure.!

!
!	


Proposal 
Number Title Spokesperson exp.	


NP0702- 
RIBF-020 

Search for new isotopes and measurement of production cross section at 
BigRIPS/ZeroDegree Toshiyuki  Kubo 

NP0702- 
RIBF-004 Search for two-proton radioactivity of 59Ge, 63Se, and 67Kr Bertram Blank 

NP0702- 
RIBF-005 Mass Measurements of rp-Process Nuclei Near the Proton Drip Line Michael A. Famiano 

NP0702- 
RIBF-008 Measurements of reaction cross sections for nuclei far from stability Takashi Ohtsubo 

NP0702- 
RIBF-009 Decay spectroscopy in the vicinity of 100Sn Marek Lewitowicz 

NP0702- 
RIBF-010 Decay study for 75-78Co, 77-80Ni, 80-82Cu, and 82-83Zn near the N=50 shell closure Shunji Nishimura 

NP0702- 
RIBF-011 

Super-segmented beta-detector “CAITEN”: Feasibility study for decay rate 
measurement　　（Detector R&D） Shunji Nishimura 

NP0702- 
RIBF-014 Proton elastic scattering of unstable nuclei Harutaka Sakaguchi 

NP0702- 
RIBF-017 

Studies of Exotic Nuclei using (p,2p) Proton Knockout Reactions and 
Construction of a Broad-Range Magnetic Spectrometer Toshio Kobayashi 

NP0702- 
RIBF-018 

Production of spin-aligned radioactive-isotope beams via the two-step 
fragmentation reaction Hideki Ueno 

NP0702- 
RIBF-023 

Three nucleon force study via dp elastic scattering system at 190 and 250 MeV/
A Kimiko Sekiguchi 

NP0702- 
RIBF-024 

Probing r-process nuclei and search for shell quenching 
by using highly neutron-rich medium-mass beam:A SHARP experiment Wei-ping Liu 

NP0702- 
RIBF-025 Role of neutron excitations in the 2+

1 states of heavy tin and tellurium nuclei Zsolt Dombrádi 

NP0702- 
RIBF-026 β-decay study of the neutron-rich Rb, Sr, Y and Zr isotopes on r-process path � Toshiyuki 

Sumikama 
NP0702- 
RIBF-027 Precision Spectroscopy of Pionic Atoms in (d,3He) Nuclear Reactions Kenta Itahashi 

NP0702- 
RIBF-028 Magicity in 42Si and 54Ca Satoshi Takeuchi 2010 (42Si) 

2012 (54Ca)	

NP0702- 
RIBF-030 In-beam gamma spectroscopy of the doubly magic nucleus 78Ni and its vicinity Ken-ichiro Yoneda 2011	


NP0702- 
RIBF-031 Structure study of neutron-rich nuclei beyond 132Sn Nori Aoi 2011	


NP0702- 
RIBF-032 Exploring the "Island of Inversion" Heiko Scheit 2008	


48Ca	


48Ca	


•  Direct reaction study using fast RI beams with the help of γ-ray measurements!
　　　　　                                                                             c.f. “γ-tagging” (MSU)!
     γ-ray spectroscopy associated with fast RI beam induced direct reactions 	
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Questions  regarding  shell  closure	

•  Keys!

–  Island of inversion!
–  N~28,34,50!
–  ~100Sn!
–  r-process path!

Sep.  2013	
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Measuring γ rays in coincidence with products 
of direct reactions à !
!
Collectivity: !B(E2)!
Shell gap:! !Ex / B(E2)!
Shape: ! !R(4+/2+)!
Level structure: !Ex / Jπ	
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Four BigRIPS in-beam γ experiments* approved in the 1st PAC☆ in Mar. 2007!
! ! ! ! ! ! ! !☆13 proposals (out of 16):  approved!

!
!They are all for (very) neutron-rich nuclei.!

!
!Questions are on “up and down” of shell closure.!

!
!All the experiments were performed by 2012 (5 years!).	
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In-­‐‑beam  γ-­‐‑ray  spectroscopy  performed  at  RIBF	
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• 2008 	
DayOne	

	
32Ne,  31,33Na 	
H.  Scheit,  P.  Doornenbal	

	
 	
 	
 	
PRL  103:032501,  2009./PRC  81:041305,  2010.  	


• 2009 	
Test  with  U  (0.3-­‐‑0.6  pnA)	

~132Sn 	
 	
H.  Wang,  N.  Aoi	


• 2010 	
48Ca  campaign	

38,40,42Si	
 	
S.  Takeuchi,  M.Matsushita      PRL  109  (2012)  182501.	

A>36Mg 	
 	
P.  Doornenbal,  H.  Scheit 	
submi^ed	

F  isotopes 	
P.  Doornenbal 	
 	
	

~Al,  P 	
 	
D.  Steppenbeck 	
 	
	

33Mg 	
 	
D.  Bazin  	

	
40Mg  test   	
P.  Fallon	


	

• 2011 	
U  beam  campaign	


	
78Ni 	
 	
K.  Yoneda,  D.  Steppenbeck	

	
~132Sn 	
 	
H.  Wang,  N.  Aoi	


• 2012 	
124Xe  and  70Zn  beam  campaign	

	
10xSn 	
 	
A.  Obertelli,  P.  Doornenbal	

	
54Ca 	
 	
D.  Steppenbeck,  S.  Takeuchi	
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• 2008 	
DayOne	

	
32Ne,  31,33Na 	
H.  Scheit,  P.  Doornenbal	

	
 	
 	
 	
PRL  103:032501,  2009./PRC  81:041305,  2010.  	


• 2009 	
Test  with  U  (0.3-­‐‑0.6  pnA)	

~132Sn 	
 	
H.  Wang,  N.  Aoi	


• 2010 	
48Ca  campaign	

38,40,42Si	
 	
S.  Takeuchi,  M.Matsushita      PRL  109  (2012)  182501.	

A>36Mg 	
 	
P.  Doornenbal,  H.  Scheit 	
submi^ed  (32Mg:  K.  Li  CPL)	

F  isotopes 	
P.  Doornenbal 	
　　  in  preparation	

~Al,  P 	
 	
D.  Steppenbeck 	
 	
	

33Mg 	
 	
D.  Bazin                                                	

	
40Mg  test   	
P.  Fallon                                                in  preparation  (H.  H.  Crawford)	


	

• 2011 	
U  beam  campaign	


	
78Ni 	
 	
K.  Yoneda,  D.  Steppenbeck	

	
~132Sn 	
 	
H.  Wang,  N.  Aoi	


• 2012 	
124Xe  and  70Zn  beam  campaign	

	
10xSn 	
 	
A.  Obertelli,  P.  Doornenbal	

	
54Ca 	
 	
D.  Steppenbeck,  S.  Takeuchi	




γ-­‐‑ray  spectroscopy  setup  @  BigRIPS/ZDS	
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PID  of  beam  particles	
 PID  of  sca^ered  particles	


Determine  reaction  channel  and  correct  Doppler  shift  effects.	


Observables: 	
	

velocity  	

γ-emission  angle	

γ-­‐‑ray  energy	




γ-­‐‑ray  spectroscopy  setup  @  BigRIPS/ZDS	
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PID  of  beam  particles	
 PID  of  sca^ered  particles	


Determine  reaction  channel  and  correct  Doppler  shift  effects.	


Observables: 	
	

velocity  	

γ-emission  angle	

γ-­‐‑ray  energy	


DALI2 performance  !
! ! !Eγ=1 MeV, β=0.6 (10% uncertainty)	
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32Ne	




Sep.  2013	
Darmstadt	




Nuclear chart around the island of inversion.  

Motobayashi T , and Sakurai H Prog. Theor. Exp. Phys. 
2012;2012:03C001 

© The Author(s) 2012. Published by Oxford University Press on behalf of the Physical Society of 
Japan. 

ç Ex, B(E2), µ, Q, …	




BigRIPS	
 ZeroDegree  
Spectrometer	


44S 42S
i 

D(A/Q) /(A/Q): 0.3% (1s) 

Eγ(2+à0+) = 742(14) keV� 44S à 42Si + γ	


Well-developed deformation of 42Si        Takeuchi et al. (2012) !
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γ-γ	
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Ex(4+)/Ex(2+) = 2.93!
!à well-developed deformation	




Sep. 2013	

 Darmstadt	



4+ candidates are observed.�
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R4/2 ~ rigid rotor�
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Next challenges?�


