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1. Introduction

2. Mean field models: SHF and RMF

3. EOS and incompressibility, IS giant resonances

4. Pressure of neutron matter, neutron skin thickness 
and symmetry energy coefficient

5. Summary
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Nuclear Matter  
EOS

Incompressibility K

Isoscalar Monopole Giant 
Resonances

Isoscalar Compressional Dipole 
Resonances

{
How much ?

Self consistent HF+RPA calculations

Self consistent RMF+RPA (TDHF) calculations
,( , ) experimtentαα



K=217MeV for SkM*

K=256MeV for SGI

K=355MeV for SIII



Uchida et al.,(RCNP,Japan) RPA response (Hamamoto et al.,2001)



What can we learn about neutron EOS from nuclear physics?

Nuclear Matter  EOS

Incompressibility K

Isoscalar Monopole Giant Resonances

Isoscalar Compressional Dipole Resonances

Neutron surface thickness Pressure of neutron EOS

Size  ~10fm Neutron star ~10km

{

size difference ~ 1810

K  (220 10) MeV for Skyrme
    (210 10) MeV for Gogny
    (260 10) MeV for RMF

≈ ±
≈ ±
≈ ±



http://www.astro.umd.edu/~miller/nstar.html

Nucleus

R=10fm



www.lsw.uni-heidelberg.de/~mcamenzi/NS_Mass.html



Mean Field Model (Skyrme HF model)



Energy density functional of Skyrme interaction



Lagrangian of RMF







BCS model with surface pairing

Skyrme HF and RMF both are equally successful to 
describe ground state properties of many nuclei in the 
mass table.



Pressure and Incompressibility
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  for nuclear matter

for neutron matter

Hamiltonian density of RMF



Symmetry Energy coefficient

SHF model



RMF



Isovector properties of energy density functional
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Neutron skin thickness

Charge  radius  (5.503  0.002)fmcr = ±

Neutron radius 

GDR :

(p,p’) :

 (0.19  0.09 ) fmnpδ = ±

 (0.17  0.20) fmnpδ = ±
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Neutron skin of  208Pb and Pressure 

GDR

(p,p’)
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Polarized electron scattering (Jafferson laboratory)

*γ 0  boson interscts with neutronsZ

e↑ e↑ e↑ e↑

More precise (p,p’) experiments (RCNP)

Future experiments



Summary

1. Nuclear incompressibility K is converging empirically K~220MeV

2. A clear correlation between neutron skin thickness and neutron 

matter EOS

3. Neutron skin thickness is large in neutron-rich unstable nuclei, but

the correlation is weak.

4. There is also a clear correlation between the neutron skin 
thickness and the symmetry energy coefficient.

5. The pressure of RMF is higher than that of SHF in general.

6. The empirical neutron skin thickness gives a critical information 
both on the neutron EOS and mean field models.

S.  Yoshida and HS, Phys. Rev. C69, 024318 (2004)



There is a clear linear correlation between 
the pressure P of neutron matter and the 
neutron skin thickness of 208Pb in SHF at 
each x neighborhood of x = 1.0.( / )n nmρ ρ=

npP(x)= A(x) +B(x)δ

? Assumption
A(x) and B(x) are quadratic functions at x = 1.0.

quad
2

1 2 3
2

1 2 3np(a x +a x (b x +b x+b )P(x) +a )( ) +P x δ→ =

npδ



Summary
? The value of neutron skin thickness of 208 Pb 

plays a very important role in the determination 
of not only nuclear matter properties but also 
EOS of neutron matter. 

By the method of least squares, coefficients of quadratic functions are obtained.
Furthermore by assumption that Pquad(x) and the pressure PSHF(x) of neutron matter 
by Skyrme Hartree Fock model satisfy the three conditions, the EOS of neutron 
matter is represented by a simple equation which is independent on the 
incompressibility analytically. (   nm = 0.16 fm-3, E0 = 16 MeV )

? In the assumption that the pressure of neutron 
matter is given by the quadratic function of x at
neighborhood of x=1.0, the Skyrme Hartree Fock 
model seems to suggest that the value of neutron 
skin thickness of 208Pb is 0.156 fm.

ρ

ρ


