
S"ll	
  many	
  ac"vi"es	
  are	
  	
  going	
  on	
  in	
  RIKEN,	
  GSI	
  and	
  other	
  ins"tutes.	


Collabora"on	
  with	
  George	
  Bertsch	
  started	
  1983	
  in	
  MSU	




	
  Pairing	
  correla"ons	
  under	
  Extreme	
  condi"ons	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐-­‐-­‐-­‐-­‐	
  Bertschfest	
  -­‐-­‐-­‐-­‐-­‐	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Sept	
  7-­‐9,2012,	
  SeaOle,	
  USA	
  	


H.	
  Sagawa	
  
University	
  of	
  Aizu/RIKEN,	
  Japan	


1.  Isospin	
  dependent	
  global	
  T=1	
  paring	
  interac"on	
  
2.  Coopera"on	
  of	
  T=0	
  with	
  T=1	
  pairings	
  in	
  Gamow-­‐Teller	
  

transi"ons	
  
3.  Summery	




Odd-­‐Even	
  mass	
  staggering	

!3 =

(")A

2
B(A)-2 #B(A+1)+B(A+2)( ) #





r	


	
  density	


n
p	


V(r)	
 aOrac"ve	


	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Pairing	
  in	
  Finite	
  Nuclei	




Isospin	
  (IS+IV)	
  dependent	
  T=1	
  Pairing	
  Interac"on	


Carlos	
  Bertulani,	
  Texas	
  A&M	
  University	
  at	
  Commerce	
  
Hong	
  Feng	
  Lu,	
  	
  China	
  	
  Agricultural	
  University/UoA	
  
Hiroyuki	
  Sagawa,	
  University	
  of	
  Aizu	
  
Hongliang	
  Lui,	
  Peking	
  University	


J.	
  Margeuron,	
  Orsay	
  
K.	
  Hagino,	
  Tohoku	
  University,	
  Japan	
  
HS,	
  Aizu,Japan	


Systema"c	
  Study	
  including	
  odd	
  nuclei	
  by	
  EV8-­‐odd	


Op"mum	
  parameter	
  sets	
  of	
  IS+IV	
  pairing	


M.	
  Yamagami,	
  U.of	
  Aizu	
  
K.	
  Hagino,	
  HS,	
  J.	
  Margueron	




Isospin	
  dependent	
  Pairing	
  Interac"on	
  

Vpair (1,2) =
1! P!
2
V0g! ",#! z!" #$!(

!r1 %
!r2 )

[ ] [ ] [ ]1 2, , ,z z zg g gτ τ τρ βτ ρ βτ ρ βτ= +

[ ]1
s n

0 0

, 1 f ( ) f ( )
s n

z z s z ng
α α

τ

ρ ρ
ρ βτ βτ η βτ η

ρ ρ
⎛ ⎞ ⎛ ⎞

= − −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

J.Margueron,	
  HS	
  and	
  K.	
  Hagino	
  
PRC76,064316(2007)	
  and	
  PRC77,054309(2008)	


s n n

( ) ( )
f ( ) 1 f ( ),  f ( )

( )
n p

z z z z z

r r
r

ρ ρ
βτ βτ βτ βτ τ

ρ

−
= − = =



No	
  free	
  parameters!	
  

0

s n

 nn scattering length
, ,  , pairing gaps in nuclear and neutron matters n

V
η α η α

→

→

(G. F. Bertsch and H. Esbensen)	
T-­‐matrix	
  theory	
  provides	
  the	
  formulas	


kk
kkk

a

kk
kkkkk

c

c

nn

c

c
c

+
−

−−=

⎥
⎦

⎤
⎢
⎣

⎡

+
−

++−=

ln1           

ln
2

12cot

π

α
α

απ
δ

m/2V 22
0 απ= ( )nncnn aka 2/2 −= πα



HF+BCS	
  with	
  odd	
  par"cle	
  (EV8-­‐odd)	
  

SkP	
  	
  +isospin	
  dependent	
  	
  pairing	
  
SLy4+isospin	
  dependent	
  	
  pairing	


	
  	
  	
  PRC80,	
  027303(2009)	


A	
  systema"c	
  study	
  by	
  op"mum	
  coupling	
  strength	
  V0	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  C.	
  Bertulani,	
  Hongliang	
  Liu	
  and	
  HS,	
  	
  PRC85,	
  014321(2012).	




50 60 70 80
N

0.0

0.5

1.0

1.5

2.0
!

n (M
eV

)

90 100 110 120
N

130 140 150
N

exp
IS
IS+IV
4.66/A0.31

Z=52 Z=78 Z=92

48 52 56 60 64
Z

0.0

0.5

1.0

1.5

2.0

!
p (M

eV
)

64 68 72 76 80 84
Z

72 76 80 84 88
Z

exp
IS
IS+IV
4.31/A0.31

N=76 N=102 N=112

HF+BCS	
  with	
  odd	
  par"cle	
  (EV8-­‐odd)	
  



1

TABLE I:

Data set Low isospin High isospin Difference

Neutrons Z = 52 Exp 1.36 1.08 -0.28

IS 1.52 1.41 -0.11

IS+IV 1.40 1.19 -0.21

Z = 78 Exp 1.13 0.99 -0.14

IS 0.96 1.16 0.20

IS+IV 0.87 0.91 0.04

Z = 92 Exp 0.77 0.56 -0.21

IS 0.90 0.80 -0.10

IS+IV 0.70 0.55 -0.15

Protons N = 76 Exp 1.19 0.93 -0.26

IS 1.13 0.87 -0.26

IS+IV 1.13 0.98 -0.15

N = 102 Exp 0.96 0.63 -0.33

IS 0.79 0.39 -0.40

IS+IV 0.92 0.59 -0.33

Z = 112 Exp 0.87 0.66 -0.21

IS 0.58 0.61 0.03

IS+IV 0.67 0.70 0.03
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IS+IV paring: Summary and Perspectives 
    

•  IS+IV pairing interaction looks promising for the global fitting purpose. 
 
•  Extension to include ((N-Z)/A)2  term  + Two-body Coulomb.   
              (M. Yamagami et al.,)   (M. Yamagami and H. Nakada) 
 
•　   is determined robustly to be ~0.75,       and       needs more data to fix 
precisely. 
 
• Coulomb two-body effect can be mimiced by       . 
 
• Better EDF with pairing correlations: Can pairing correlation properties be  
   isolated from the full  functional 
 

!0 !1 !2

!1
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T=1	
  S=0	
  pairing	
  and	
  T=0	
  S=1	
  pairing	
  interac"ons	
  	


T=1	
  pairing	
  (n-­‐n,	
  p-­‐p	
  pairing	
  correla"ons)	
  
	
  
●	
  	
  mass	
  (odd-­‐even	
  staggering)  
●	
  	
  energy	
  spectra	
  (gap	
  between	
  the	
  first	
  excited	
  state	
  and	
  the	
  ground	
  
	
  	
  	
  	
  	
  state	
  in	
  even-­‐even	
  nuclei	
  
●	
  	
  moment	
  of	
  iner"a	
  
●	
  n-­‐n	
  or	
  p-­‐p	
  Pair	
  transfer	
  reac"ons	
  	
  
●	
  	
  fission	
  barrier	
  (large	
  amplitude	
  collec"ve	
  mo"on) 	
  

T=0	
  pairing	
  (p-­‐n	
  pairing	
  with	
  S=1)	
  
	
  
●	
  N=Z	
  	
  Wigner	
  energy	
  (s"ll	
  contraver"al)	
  
●	
  Energy	
  	
  spectra	
  in	
  nuclei	
  with	
  N=Z	
  (T=0	
  and	
  J=Jmax)	
  
●	
  n-­‐p	
  pair	
  transfer	
  reac"on	
  
●	
  Super-­‐allowed	
  Gamow-­‐Teller	
  transi"on	
  between	
  SU(4)	
  supermul"ples	
  
	
  	
  	
  (	
  C.L.	
  Bai	
  et	
  al.)	
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  pairing	
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As	
  a	
  possble	
  manifesta"on	
  of	
  T=0	
  S=1	
  pairing	
  
correla"ons	
  	
  in	
  nuclei	
  N=Z.	


If	
  there	
  is	
  no	
  spin-­‐orbit	
  splieng,	
  	
  
T=0	
  S=1	
  pairs	
  may	
  condensate	
  as	
  much	
  as	
  T=1	
  S=0	
  pairs	
  
in	
  the	
  grouns	
  state	
  in	
  nuclei	
  N~Z.	
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  Supermul"plet	
  :	
  Wigner	
  SU(4)	
  	
  symmetry	
  
	
  (T=1,	
  S=0)	
  à(T=0,	
  S=1)	
  	
  	
  GT	
  transi"on	
  is	
  allowed	
  and	
  enhanced	
  .	
  

HFB+QRPA	
  with	
  T=1	
  and	
  T=0	
  pairing	
  
	
  	
  	
  	
  T=1	
  pairing	
  in	
  	
  HFB	
  	
  
	
  	
  	
  	
  T=0	
  pairing	
  in	
  QRPA	
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Summary	


1.  Role	
  of	
  T=0	
  pairing	
  is	
  studied	
  in	
  Gamow-­‐Teller	
  transi"ons	
  of	
  N=Z	
  nuclei	
  
	
  	
  	
  	
  	
  	
  	
  in	
  coopera"on	
  with	
  T=1	
  pairing.	
  
2.	
  	
  	
  It	
  is	
  pointed	
  out	
  two	
  peak	
  structure	
  will	
  appear	
  due	
  to	
  the	
  strong	
  T=0	
  
	
  	
  	
  	
  	
  	
  pairing	
  correla"ons	
  in	
  the	
  final	
  states.	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Implementa"on	
  of	
  Supermul"plets	
  of	
  T=1,S=0	
  and	
  T=0	
  and	
  S=1	
  pair	
  	
  
	
  
3.	
  	
  	
  Future	
  perspec"ve:	
  	
  
	
  	
  	
  	
  	
  T=	
  0	
  pairing	
  in	
  the	
  ground	
  state	
  è	
  no	
  solid	
  condensa"on	
  but	
  quenching	
  
	
  	
  	
  	
  	
  of	
  GT	
  strength	
  in	
  N=Z	
  nuclei?	
  
	
  	
  	
  	
  	
  New	
  experiments	
  in	
  N=Z	
  nuclei,	
  	
  48Cr,	
  	
  was	
  approved	
  by	
  PAC	
  in	
  RIKEN	
  	
  
	
  	
  	
  	
  	
  June,	
  2012.	
  Further	
  experiment	
  in	
  64Ge.	


a.	
  Further	
  study	
  of	
  Par"cle-­‐vibra"on	
  coupling:	
  Yifei	
  Niu,	
  
Gianluca	
  Colo	
  
b.	
  In	
  comparison	
  with	
  Shell	
  model	
  calcula"ons:	
  Toshio	
  
Suzuki,	
  Michio	
  Honma	
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