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   Giant resonances  
  Neutron rich  nuclei   
  Neutron drip line 
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Neutron star internal structure 
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Structure Equations  

 Equation of State (EOS) for Asymmetric  nuclear matter  

...)0(

03

0
)0()(

...
32

1
)0,()0,(

...)()0,(),(

2

0

0
0

2































 

















LJJ

KEE

IJEIE

MeV220K

MeV16)0,(

fm16.0

0

3
0





 





E

?MeV120-20)(L

MeV32)(

0

0







J

26-Mar-14 
RIKEN Nishina Center for Acceletor based Science 

6 



Knowledge  of J(ρ0) and L(ρ0) is indispensable !! 
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Proton fraction at β equilibrium xβ 
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Neutron star properties 
 

  Core-crust transition properties 
  Cooling 
  Composition 
  Mass-radius relation ship 

 



Status of L  
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Definitions 
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Nuclear energy density functional  

 
1. Non-Relativistic mean field model 

 
2. Relativistic mean field model   

 
3. Density dependant meson exchange model   
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Non-Relativistic mean field model : Skyrme type 
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Relativistic mean field model   
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Density dependant meson exchange model   DDME   
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Density dependence of symmetry energy 

J  can not be measured directly !!  



Supra saturation densities Supernovae, 

 Nucleosynthesis, Rel. HIC, Neutron Stars 

Isospin Transfer Properties, 

 Multi-fragmentation 

Nuclear Structure: 

Neutron-skin, Giant resonance 26-Mar-14 
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ρ = ρ0 

 structure and  
low energy  
excitations of  
asymmetric 
nuclei, 
 skin thickness,  
Isovector giant 
resonances 

Probes for the nuclear symmetry energy 



 Neutron skin thickness 

 Giant dipole resonance 
i)Pigmy dipole resonance 
ii)Dipole polarizability 

 Giant quadrupole resonance 

 Nuclear binding energies 
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Covariance  Analysis 

 Consider a model described by coupling constants: 
(P1,P2,....,PN) 

At the optimum parameter set P0  
2
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reasonable domain 
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|cAB|= 1 : Fully correlated 

cAB= 0 : Uncorrelated  or Statistically 
independent  
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Neutron skin thickness 
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M. Centelles et.al PRL 102,122502 (2009) 

L= 75±25MeV 
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fm33.0 16.0
18.0


skinR

First  PREX data PRL 108, 112502 (2012) 

PREX II  DATA    awaited!! 



A. Carbon et.al  
PRC 81,041301 (2010) 

 Pigmy Dipole Resonance (PDR) 

PDR 
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A. Carbon et.al  
PRC 81,041301 (2010) 

Pigmy Dipole Resonance (PDR) 
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L=64.8 ± 15.7 MeV 

Skyrmee 

RMF 



High resolution (p,p’) 
measurement of D. 

 Tamii et. al PRL 107 (2011) 
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MeV1441

fm0.156  R 0.025
0.021-skin



 

L

Reinhard et.al, PRC 81, 051303 (R) 2010 

L and Rskin from Diapole polarizability 
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Rskin= 0.168 ±0.022 fm 
L= 47 ±12 MeV 

Piekarewicz , B.K. Agrawal, et.al  PRC (R)  2012 

L and Rskin from Diapole polarizability 
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neutron skin (fm)                                                     neutron skin (fm) 

208Pb 

Using αD = 20.1 ±0.6 fm3 †    in 208Pb and J= 31± 2 MeV††  

Neutron skin  = 0.165 ± 0.043 fm 
                     L= 43  ± 26 MeV 

Agrawal, et. al PRC 88, 024316 (2013) 
† . A. Tamii  et. al, PRL 107, 062502 (2011) ††   Lattimer et. al, Annu.Rev. Nucl.Part.Sci., 62,485(2012)  
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SAMi-m 

SAMi-j 

L and Rskin from Giant Quadrupole Resonances 
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Rskin = 0.14 ± 0.03 fm 
L      = 37 ± 18  MeV 

Xavi , Marco, Agrawal et.al PRC 87, 034301 (2013) 
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modelsfieldmean(r)
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Agrawal ,De and Samaddar PRL  109,2012 

Rskin= 0.188  ± 0.014 fm 
L      = 64  ±5 MeV 
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Rskin= 0.190  ± 0.016 fm 
L     = 56  ±12 MeV 

B. K. Agrawal, et. al  PRC 87, 
 051306 (R)  (2013) 
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Jian Liu, et. Al  Phys. Rev. C 88, 024324 (2013) 
 

L   = 66  ±7 MeV 
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Our results 

L = 47± 9 MeV R
skin

 = 0.17± 0.02 fm 
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Large no of the nuclear energy density functional  are 
employed to understand the density dependence of the 
nuclear symmetry energy around the saturation density. 
 
Neutron-skin in 208Pb nucleus and the symmetry energy 
slope parameter L(ρ0) are extracted using experimental 
data on giant resonances and the nuclear masses. 

 
 Our results: Rskin = 0.17 ± 0.02 fm      L(ρ0) = 47± 9MeV 

 
 

More accurate data for the dipole polarizability and the 
neutron-skin thickness in 208Pb needed to constraint in a 
narrow window the value of the symmetry energy slope 
parameter.  
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