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Symmetry Energy of Nuclear EOS

1s important in nuclear physics and nuclear-astrophysics
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Nuclear Equation of State (EOS)

at zero temperature
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EOS for Energy per nucleon

S: symmetry energy at the saturation density
L (slope parameter): density dependence

4
Determination of the symmetry energy parameters L X P o R
especially L is becoming important.
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Nuclear Equation of State (EOS)
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Neutron Skin and Density Dependence of the Symmetry Energy

Density distribution of protons and

P (fm-3) neutrons in a nucleus 208Pb
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Neutron Skin and Density Dependence of the Symmetry Energy

X. Roca-Maza et al., PRL106, 252501 (2011)
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Correlation Between the Dipole Polarizability (op)

and L (and the neutron skin thickness)
P.-G. Reinhard and W. Nazarewicz, PRC 81, 051303(R) (2010).
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Electric Dipole Response of Nuclei

oscillation between
neutrons and protons

i oscillation of neutron
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Electric Dipole (E1) Response of Heavy Nuclei

neutron separation energy
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Probing the EM response of the target nucleus

Real Photon Measurements, NRF or (y,xn)

Y detector Decay Y or n is detected.

Or Xxn)
®/ i @ (or A-x)

Missing Mass Spectroscopy with Virtual Photon

Only the excitation part is probed. Scattered p is detected.

— total strengths independent of the decay channel
detector
P /@ Select g~0 (~0 deg.)
: Coulomb excitation dominates
virtual photon
EM Interaction 1s well known
@ - @ (model independent)



Experimental Method

High-resolution polarized (p,p’) measurement
at zero degrees and forward angles



Spectrometers 1n the 0-deg. experiment setup at RCNP, Osaka
AT et al., NIMAG60S, 326 (2009)
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B(E1): continuum and GDR region
Method 1: Multipole Decomposition
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B(E1): continuum and GDR region
Method 2: Decomposition by Spin Observables

@ Polarization observables at 0° mmmp  spinflip / non-spinflip separation
model-independent
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Comparison between the two methods
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E1 Response of 28Pb and o,
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Constraints
X. Roca-Maza et al. PRC88, 024316 (2013)
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Dip()le Polarlzablhty Of 1ZOSn T. Hashimoto ef al.,
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PDR in 120Sn

AM. Krumbholtz et al., PLB744, 7(2015)
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Dipole Polarizability of 12°Sn and 2®Pb,ed
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1 . T. Hashi L,
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Plans in Near Future

e Measurements on '?Sn, 1?4Sn and on *?Zr, **Zr have been done in
May-June, 2015.

« Data analyses on ?°Zr, **Mo, ¥Ca, and >*Sm

27
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Summary

« Electric dipole response of 2%Pb and '2°Sn have been precisely
measured. Proton inelastic scattering was used as an electro-

magnetic probe (relativistic Coulomb excitation).
Ot 208pyy = 20.1 £ 0.6 fm?

ap120g,) = 8.93 + 0.36 fm?

 Electric dipole polarizability (ap) 1s sensitive to the difference
between the proton and neutron distributions.

* The neutron skin thicknesses and the constraints on the symmetry
energy parameters have been extracted with the help of mean field
calculations.
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