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Nuclear equation of state
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L: Large uncertainty
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|IAS: Isobaric analog state

HIC: Heavy lon Collision

PDR: Pygmy dipole resonance
FRDM: Finite Range Droplet Model
n-star: neutron star observation
cEFT: Chiral Effective Field Theory
QMC: Quantum Monte-Carlo

DP: Dipole polarizability

A. Tamii et al., EPJA 50, 28 (2014)



L and neutron skin
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E1 response of neutron-rich nuclei

B(E1) strength

Pygmy:. Ex~10 MeV
~5% of TRK sum Giant: Ex~80A-1/3 MeV
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« Giant dipole resonance (GDR): All stable nuclei
« Restoring force: symmetry energy

- Pygmy dipole resonance (PDR): Neutron-rich nuclei

e 208Pb, 132Sn, 68Ni etc...

« Oscillation of neutron skin? = symmetry energy?
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Previous research: 208Pb

P. G. Reinhard and W. Nazarewicz, PRC 81, 051303
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Coulomb excitation of 208Pb

Normal kinematics
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B(E1)1(e2fm?)

Dipole response of 208Pb

A. Tamii et al., PRL 107, 062502
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Dipole response of 208Pb
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Symmetry energy and PDR

PDR of unstable 68Ni and 132Sn by Coulomb excitation
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Symmetry energy and PDR

relativistic EDF calculation
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Experimental efforts for PDR
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D. Savran et al., Prog. Part. Nucl. Phys. 70, 210 (2013).

""""""""""""""" T i T i T i T :

Z Z=4O : ® RISING ® %3\ o Y¢,
---------------------- . @ LAND { ® Psn ©°%Ca
: * NRF - Cont . Bt g u

: 6 | A NRF-HIgS 1 = 132:2 ° m;rr

""""""" © NRF - Levels m 13g o 2g,
[ O OSLO m 1 o lbg,

€ |aom ks o,

N 7 4 1 ko oo

o a

3 139Zr 138Xb

m | 1 *™ra  ©°™pa

o llﬁsrl o MOCC

117 142

2 F > 8 4 B9 “‘Sn © "Nd
o 118Srl o lMSm

i ! o 11‘;‘gn A 1‘¥8Ba

{ ol a liiSn a X7y

of o o b 4 7

1 M 1 M 1 M 1 M 1 M a Pb

0 50 100 150 200

A



Experimental efforts for PDR

N=82

D. Savran et al., Prog. Part. Nucl. Phys. 70, 210 (2013).
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PDR strengths of Ca isotopes
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E1 response of 52Ca and symmetry energy

« RPA calculation by Inakura-san
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Experimental procedure

B~0.6

virtual photon absorption
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RIBF @ RIKEN

e-RI scattering with SCRIT
(construction)
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Experimental setup
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CATANA

« CAesium iodide array for y-ray Transitions in
Atomic Nuclei at high isospin AsymmetryDH&

« crystal: Csl(Na), 20 crystals per ring

« High detection efficiency: ~60% for 1 MeV gamma




Supporting frame

A

Designed by N. Chiga (RIKEN)



gamma decay from PDR

B~0.6
virtual photon absorption




gamma decay from PDR
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Isovector/lsoscaler property of PDR

« Core + neutron: both isovector and isoscaler

J. Endres et al., PRL 105 212503
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PDR gamma experiments@RIKEN

« Series of experiments at RIKEN RIBF in 2014
e 132Sn(x,0’y): T. Aumann
« 70Ni(y,Y’): O. Wieland
. 20,22,240(xx,&’y), (Y,Y’): H. Baba Jit
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Summary for E1 response

« E1 response of n-rich nuclei = Symmetry energy
« Dipole polarizability, PDR

« Experiment for 48,50,52Ca E1 response
e in spring 2016 @ RIBF

« gamma branch of PDR: measured at RIBF

e 132Sn, 70Ni, 20,22,240
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Production of Unbound 26O states: Y. Kondo et al.
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Tetra-Neutron by S. Shimoura

Missing-mass measurement by DCX
e Exothermic reaction ‘He(®He,’Be)4n at 200 AMeV.

+ Exothermic reaction
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For Direct measurement of multi-neutrons: @

R&D of Multi-neutron tracker
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Summary

E1 response of n-rich nuclei & Symmetry energy
« Dipole polarizability, PDR

Experiment for 48,50,52Ca E1 response

e in spring 2016 @ RIBF

gamma branch of PDR: measured at RIBF

e 132Sn, 70Ni, 20,22,240

Unbound Oxgen isotopes -> 3N force

tetra neutron -> pure neutron matter



