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•  	  Giant	  Resonances	  	  Study	  	  	  	  	  	  	  	  	  	  
•  Which	  	  and	  Why?	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1.	  GR:	  Giant	  Monopole	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Incompressibility,	  Isospin	  dependence	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

+	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IV	  EOS,	  symmetry	  energy	  
	  	  	  	  	  GQR	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  EffecXve	  mass	  
	  	  	  	  	  Gamow-‐Teller	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Landau	  parameters	  G’0	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	 	 	 	 	 	 	 	 	 	 	 	  	  	  	  	  	  T=0	  pairing,	  △-‐h	  coupling	  
	  	  	  	  IS	  and	  IV	  M1	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Landau	  parameters	  G0	  	  	  G’0	  	  	  	  	  	  	  	  	  	  	  	  
   Spin-Dipole                    tensor correlations, neutron skin 
   GDR                               Polarizability,  symmetry energy term L 
 
2. Low energy collective excitations 
    First 2+                            Super Fluidity(T=1 Pairing), shell structure,                                            
--                                deformation 

	  
•　　Where	  and	  How?	  	  
RIKEN	  SAMURAI	  -‐	  Inverse	  KinemaXcs	  and	  Missing	  Mass	  Techniques	  
RCNP	  with	  (p,p’),(α、α’),(p,n),(3He,t)	  
Texas	  A&M	  	  (α、α’)	  
MAYA,	  Ganil	  (d,d’)	  
MSU	  	  
	   



[ ]                   EE ==ΨΨ= effĤĤ Φ Φ ρ̂
  Φ Slater	  determinant	  	   ⇔ 1-‐body	  density	  matrix	  ρ̂

CalculaXng	  the	  parameters	  from	  
a	   more	   fundamental	   theory
(	  RBHF	  or	  Chiral	  theory	  -‐-‐)	  

Segng	  the	  structure	  by	  means	  
of	  symmetries	  (spin,	   isospin	  -‐-‐)	  
and	  figng	  the	  parameters	  

Allows	   calculaXng	   nuclear	   maier	   and	   finite	   nuclei	   (even	  
complex	  states),	  by	  disentangling	  physical	  parameters.	  	  	  	  	  	  	  	  

HF/HFB	  for	  g.s.,	  RPA/QRPA	  for	  excited	  states.	   	  Possible	  both	  
in	  non-‐relaXvisXc	  and	  in	  covariant	  form.	  

Well-‐known	  basics	  on	  EDF’s	  



Nuclear	  Maier	  	  EOS	  

Incompressibility	  K	  

Isoscalar	  Giant	  Monopole	  Resonances	  

Isoscalar	  Compressional	  Dipole	  Resonances	  
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Self	  consistent	  HF+RPA	  calculaXons	  

Self	  consistent	  RMF+RPA	  	  calculaXons	  
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We can give credit to the idea that the link should be provided 
microscopically through the Energy Functional E[ρ].  

IT PROVIDES AT THE SAME TIME 
K∞ in nuclear matter (analytic) 

 

EISGMR (by means of self-
consistent RPA calculations) 
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The	  nuclear	  incompressibility	  from	  ISGMR	  

J.P.	  Blaizot,	  Phys.	  Rep.	  64	  (1980)	  171	



K=217MeV	  for	  SkM*	  

K=256MeV	  for	  SGI	  

K=355MeV	  for	  SIII	  

Phys.	  Rev.	  C	  56,	  3121	  –	  Published	  1	  December	  1997	
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G.Colo,  N. Van Giai, J. Meyer, K. Bennaceur, P. Bonche, Phys. Rev. C70, 024307 
(2004) 

α =	  1/6	  implies	  K	  around	  230-‐240	  MeV	  	   α =	  1/3	  implies	  K	  around	  250	  MeV	  	  

Constraint	  from	  the	  ISGMR	  in	  208Pb	  :	  	  

EGMR	  constrains	  K∞	  =	  240	  ±	  10	  MeV.	  The	  error	  comes	  from	  the	  choice	  of	  the	  density	  
dependence	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  



	  

Why	  Tin	  is	  so	  sor?	  
	  

Or	  
	  

Why	  Pb	  is	  so	  hard?	  	  

New	  problem	  is	  appeared. 



A	  trial	  to	  solve	  this	  problem	  by	  introducing	  an	  isospin	  dependent	  Incompressibility,	  
they	  can	  get	  beier	  descripXon	  in	  Sn	  isotopes,	  but	  fails	  in	  Pb208.	  	  	  J.	  Piekarewicz,	  
PRC79,	  054311	  (2009)	  



Based	  on	  the	  HFB+QRPA	  calculaXon,	  the	  ISGMR	  energies	  in	  Sn	  
Isotopes	  are	  obtained	  using	  different	  Skyrme	  interacXon,	  but	  	  
There	  is	  No	  saXsfied	  	  conclusion	  according	  to	  those	  calculaXon	  
Because	  the	  calculaXons	  are	  not	  fully	  self-‐consistent,	  such	  as	  	  
The	  two-‐body	  spin-‐orbit	  interacXon	  is	  dropped	  .	  	  	  
J.	  Li	  et.al.,PRC78,064304(2008)	  
	  
Or	  the	  HF+BCS+QRPA(QTBA).	  The	  spin-‐orbit	  interacXon	  is	  dropped.	  V.	  Tselyaev,	  
PRC	  79,	  034309	  (2009)	  
	  
	  
	  T.	  Sil,	  et.al.,	  Phys.	  Rev.	  C73,	  034316	  (2006).	  The	  spin-‐orbit	  residual	  interacXon	  in	  
HF+RPA	  produces	  an	  airacXve	  effect	  on	  the	  ISGMR	  strength,	  the	  energies	  are	  
pushed	  down	  by	  about	  0.6MeV.	  	  
No	  pairing.	  
	  
	  
	  
	  



The	  strength	  funcXon	  of	  QRPA	  is	  obtained	  by	  
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And	  various	  energies	  are	  defined	  as	  

Residual interaction ：full Skyrme force, two-body spin-orbit, two-body Coulomb, 
and also the pairing in particle-particle channel 



	  equals	  to	  1,	  0.5,0	  corresponding	  to	  surface,	  mixed,	  and	  volume	  	  
Pairing.	  
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Results	  for	  Sn	  isotopes	  
Exp	  at	  RCNP	  

MeVSKP
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•  We have studied the ISGMR in Cd, Sn and Pb isotopes based on the 
fully self-consistent HF+BCS plus QRPA calculations. The SLy5, 
SKM*, and SKP and different pairing interactions are used in our 
calculations.  

•  We found that the pairing plays a role in producing the ISGMR 
properties. 

•  The SLy5 interaction (K∞=230MeV) together with the effect of pairing 
can give better description on ISGMR  in  Pb isotopes, but it has some 
discrepancies  between experiments   in Cd and Sn isotopes.  

•   SKM* (K∞=217MeV) can produce the experimental data in Cd and Sn 
isotopes, but is not satisfactory to describe Pb isotopes. 

•  SKP(K∞=202MeV)  fails for all isotopes because the incompressibility is 
too low. 

•  K∞=(225 +/- 10)MeV is consistent with Pb, Sn and Cd data. 

Summary	  for	  Incompressibility	  	  



Results	  for	  Pb	  isotopes	  

The	  so-‐called	  mutually-‐enhanced-‐magicity	  effect,	  which	  is	  proposed	  by	  Lunney	  and	  
Zeldes.	  	  

E.	  Khan,	  Phys.	  Rev.	  C80,	  057302	  (2009). 
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What	  can	  we	  learn	  about	  neutron	  EOS	  from	  Giant	  
resonances	  and	  mass	  formulas?	  





Isospin	  dependence	  of	  GMR	
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K (500 50)MeVτ = − ±





Correlation among nuclear matter properties 

1. Nuclear	  incompressibility	  K	  is	  determined	  empirically	  with	  the	  ISGMR	  in	  208Pb	  	  to	  be	  	  

	  　　K~230MeV(Skyrme,Gogny),	  	  	  K~250MeV(RMF).	  

2.	  Combining	  ISGMR	  data	  of	  Sn	  and	  Cd	  isotopes(RCNP)	  	  

3.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  is	  extracted	  from	  isotope	  dependence	  of	  ISGMR.	  

4.　This	  value	  provides	  further	  the	  isovector	  properXes	  	  	  	  	  	  	  	  	  	  	  

	  	  	  	  	  	  J=(32+/-‐1)MeV,	  L=(60+/-‐5)MeV,	  Ksym=	  -‐(100+/-‐40)MeV	  

	  	  	  	  	  	  by	  using	  the	  mean	  field	  correlaXons	  

5.	  How	  much	  we	  can	  trust	  to	  extract	  Ktau	  	  by	  a	  single	  set	  od	  data	  	  	  Ni	  isotopes	  (Maya/
Ganil/Orsay)	  	  	  (E.	  Khan)	  

	  	  	  	  	  	  	  

K (500 50)MeVτ = − ±

K=(240	  +/-‐10	  +/-‐	  10)MeV	

K=(225	  +/-‐10)MeV	



Mass	  model	  and	  EoS	
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J=32.5+/-‐0.5MeV	  	  	  	  L=70+/-‐15MeV	  	  	  	  	  	  
(L=54+/-‐15MeV:zero	  point	  fluctuaXon)	
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210 < K < 270

Kinfinity=240+/-‐30MeV	  	  (	  94	  Skyrme	  interacXons	  and	  7RMF	  Lagrangians)	

J=32.5+/-‐0.5MeV	  	  	  	  L=70+/-‐15MeV	  	  (L=54+/-‐15MeV)	



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Summary	  
	  
1. Micro-‐macroscopic	  model	  (FRDM)	  is	  further	  improved	  

taking	  into	  account	  the	  opXmizaXon	  of	  symmetry	  
energy	  coefficients	  J	  and	  L:	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  J=32.5	  +/-‐0.5	  MeV	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  L=70	  	  	  	  +/-‐15	  	  MeV	  (55+/-‐15	  MeV)	  
2.	  	  The	  importance	  of	  hyperon	  effect	  on	  EoS	  	  is	  pointed	  	  	  	  	  	  	  	  
out	  to	  obtain	  	  the	  	  mass	  and	  radius	  of	  neutron	  stars	  in	  
RMF	  and	  RMHF	  models　which	  can	  be	  compaXble	  with	  
recent	  measurements	  of	  neutron	  stars	  (2012).	  
	  
	


