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EOS and Symmetry Energy
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Towards the drip lines Nuclear Chart

B\Where is the limit of nuclear stability (location of drip lines)?

B How nuclear structure (shell, collectivity) changes?
B New Phenomena €< Weak binding, Low density)

Neutron halo— dineutron structure,
Neutron skin— EOS of Neutron-rich matter/

E) New Paradigm of Nuclear Structure 82 < mH /

B Origin of Matter in the Universe 4
(Nuclear Astrophysics)
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Project-1

Systematic Study of
Pygmy Dipole Resonance
- Symmetry Energy of EOS
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Coulomb Breakup
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Soft E1 Excitation for Halo Nuclei Pygmy Dipole Resonance for n-Skin
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FIG. 1: (Color online) Calculated photoabsorption cross sec-
tions in Ne and Ca isotopes.
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Pygmy Dipole Resonance
<> Neutron Skin Thickness
< -> Equation of State of Nuclear Matter
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-- new spectrometer in RIBF --

Superconducting Analyzer for MUIti-
particle from RAdio Isotope Beam with

y calorimeter 7Tm of bending power

2

R] Vo pole(2m dia.) Kinematically complete

)
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Installation Completed ! |
Excitation of magnetic field | ©" &%
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Project-2

Dineutron correlation
IN low-dense neutron matter



n-n correlations in halo nulcel
by Coulomb breakup
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nn-correlation (density
dependence)

Mean-field calculation (BCS approx.)
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Dineutron 8[R8 ?
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Nuclear Landscape
(from H to Ca)
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Project-3

Search for neutron-droplet
(or neutron-droplet like structure)
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Summary
Nuclear Structure using Rl Beams

Exotic NuclearStructure
Neutron Skin Pygmy Dipole Resonance

Dengity-dependent

Neutron Ha ' _
NN£correlation(Dineutron)

Neutron Dropl&ts
Nuclear Force
NN, NNN, Isospinependence)

Dynamics Mean Field Calc.

EQS of Asymmetric Nuclear Matter

Neutron r
Bulk Property (Radius, Mass)

Superfluidity
Glitch
Quark/Strangeness Phase
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E...., and neutron-skin thickness

Alex Brown, PRL85, 5296 (2000).
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PDR strength
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Neutron skin thickness
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E, spectrum by BaF,

PRL 102, 092502 (2009).
O. Wieland et al.,
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FIG. 2 (color online).
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The high-energy y-ray spectrum mea-

sured with Balb, detectors and Doppler corrected with the
velocity of the projectile. The lines are the statistical model
calculations for the target (dotted line) and for the beam (dashed
line) nuclel. In the mset the continuous line superimposed to the

measured data 15 the result of a GEANT
y-transition at 11 MeV.
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Dipole-strength distributions in neutron-rich Sn isotopes

Coulomb Breakup
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100

PDR GDR

sum sum

A rule rule
Ecentr fraction Ecentr J fraction

[MeV] [%] [MeV] [MeV] %]

2ag 153 | 4.8 116

1308 10.1 7.0 15.9 4.8 145

(0.7) (3.0 (0.5) (1.8) (29)

128 9.8 4.0 16.1 4.7 125

(0.7) (3.1) (0.8) (2.2) (32)

PDR

located at 10 MeV
exhausts a few % TRK sum rule
in agreement with theory

GDR

no deviation from systematics
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