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Nuclear Matter
EOS

Supernova Explosion

Resonances

Isoscalar Monopole Giant

Resonances

Isoscalar Compressional Dipole

Incompressibility K

How much ?

Self consistent HF+RPA calculations

Self consistent RMF+RPA (TDHF) calculations (04 CZ) @mlmat
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K.m obtained by comparing GMR energies and RPA calculations [Blaizot et al.

NPAS591,435(1995)].
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Nuclear Matter EOS

Isoscalar Monopole Giant Resonances

Isoscalar Compressional Dipole Resonances

Incompressibility K | K~ (220+10) MeV for Skyrme
~ (230+10) MeV for Gogny
~ (260 £10) MeV for RMF

What can we learn about neutron EOS from nuclear physics?

Neutron surface thickness <—| Pressure of neutron EOS

Size ~10fm Neutron star ~10km

size difference ~ 10



Neutron star vs. Alzu
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Mass=1 4 Msun,, Radius=10 km
Spin rate up to 38,000 rpm

Density~10" gfee, Magnetic field~10" Gauss



A NEUTRON STAR: SURFACE and INTERIOR
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J.M. Lattimer and M. Prakash, Sience 304 (2004)
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Parameter sets of SHF and relativistic mean field (RMF) model

Notation for the Skyrme interactions Notation for the RMF parameter sets
1 |SI 2 | SHl 3 |SIV 14 | NL3 15 | NLC

4 | SVI 5 [Skya |[6 |SkM 16 | NLSH 17 | TM1

7 |SkM* |8 |SLy4 |9 | MSKA 18 | TM2 19 | DD-ME1
10 | SkI3 |11 | Skl4 |12 | SkX 20 | DD-MEZ2

13 | SGII
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‘Neutron skin of **°Pb and Pressure
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Model Independent observation of neutron skin

Electron scattering parity violation experiments

Polarized electron beam experiment at Jefferson Lab.

---- Approved but not yet scheduled! ----

Sum Rule of Spin Dipole Excitations
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Results of MDA

e MD analysis of 2°Zr(p,n) at 295
MeV

— Almost L=0 for GTGR region
(no background)

— Fairly large L=0 (GT) strength
up to 50 MeV excitation
e GT quenching problem

— Configuration mixing (2p2h)
plays major role

— Ah-! coupling plays minor role

O = N R D = N R D =N

d*c, . /d0dE (mbsr 'Mev!)

O o= L d O CRUODWAROMD O N & DD DN e D

T.Wakasa et al.,Phys.Rev.C55,
2909(1997)




Results of MDA for 2°Zr(p,n) & (n,p) at 300 MeV
(K.Yako et al.,PLB 615, 193 (2005))

Multipole Decomposition (MD)

Analyses

— (p,n)/(n,p) data have been
analyzed with the
same MD technique

— (p,n) data have been
re-analyzed up to 70 MeV

Results

_ (p’n)
o Almost L=0 for GTGR
region
(No Background)
« Fairly large L=0 (GT)
strength up to 50 MeV
excitation

_ (n’p)

e L=0 strength up to 30MeV
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301 HF4+RPA

SD strength (fm”®/MeV)
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Integrated SD strength (fm®)
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Hartree-Fock results

SlII

SGII SkI3 exp
r(p) 4.257 4.198 4174
r(ch) 4.321 4.263 4.2414.258+/-0.008
r(n) 4.312 4.253 4.28
r(n)—r(p) 0.055 0.055 0.106]0.09+/-0.07
S(=)-S(+) 146.7 144 156.9(147+/-13
Spin-Dipole sum rule value
Sl SGlI SkI3 exp
SO) S 1S0-SM) 11S(-) 8(+) S(-)-S(+)S(-) S(+) S(-)-S(+}S(-) S(+) S(-)-S(+)
38.76 | 22.78|15. 98 38 22 1586 366 191 1748
104.3 | 56.51|47.79 104 56 4777 121 682 5264
141.4 | 55.07 | 86. 33 129 49 79.23] 139 511 8793
284.5 |134.4|150. 1 211 128 142.9] 296 138 198 124 147(13)
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Summary |

1. Nuclear incompressibility K is determined empirically to be
K~230MeV

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 SD strength gives a critical information both on the neutron
EOS and mean field models.

S. Yoshida and HS, Phys. Rev. C69, 024318 (2004), C73,024318(2006).
K. Yako, H. Sakai and HS, Phys. Rev. C74, 051303(2006)
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Summary Il

1. Correlation between spin-dipole excitations and pressure of
neutron EOS is pointed out.

2. Spin-dipole strength are studied by RPA calculations and
compared with (p,n) and (n,p) inelastic scattering data on
90Zr.

3. Calculated results show a strong 1- peak at high excitation
energy, but it is missing in the experimental data of (p,n)
reaction. == (2p-2h correlations ?).

4. Experimental study of spin-dipole strength of Zr and Pb probe
soft neutron matter EOS.

5. Need more works!
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