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1. Electric dipole responses of atomic nuclei (published works)

Electric dipole polarizability of 208Pb, 120Sn and 48Ca

Constraints on the symmetry energy parameters

2. Gamma coincidence measurements (on-going projects)




Electric Dipole Response of Nuclel
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Polarization 1n Static Electricity

Electrostatic Phenomenon:

Photo from Fundamentals of Physics, Electricity
and Magnetism, Halliday / Resnick / Walker



Polarization 1n Static Electricity

Electrostatic Phenomenon:
Electric Polarization

Charge in the comb
—> 1nduces polarization in a neutral paper

—> The paper i1s attracted by the comb.

—> The next paper is polarized and 1s
attracted.

Photo from Fundamentals of Physics, Electricity
and Magnetism, Halliday / Resnick / Walker



Electric Dipole Polarizability of Atomic Nucleil

Electric Dipole Polarizability (EDP)
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Separating force Restoring force is essentially
) from the electric y originated from the symmetry
potential energy
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Electric dipole polarizability is determined by the balance
between the electric potential and the symmetry energy.
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Nuclear Equation of State (EOS)
at zero temperature
Nuclear EOS neglecting Coulomb
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Electric dipole polarizability (op)
1s sensitive to the symmetry energy parameters

[®)) ~] 0 \O
T

pae
© FSU
> NL3

o DD-ME = .
A Skyrme

oSV
o SAMi
a TF

208Pb

S

307740 =80 80100 120 140
eV)

X.Roca-Maza et al., PRC88,024316(2013)

Correlations observed 1n various
Interaction sets.
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Precise determination of ap gives a
constraint band in the J-L plane.




EDP 1s determined from the photo-absorption cross sections

dielectric material
1n a static electric field



EDP 1s determined from the photo-absorption cross sections

E(w)
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dielectric material
in an oscillating electric field



EDP 1s determined from the photo-absorption cross sections
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Photo-absorption by 208Pb

l —

o ©

l e

E(w)

dielectric material
in an oscillating electric field

Inversely energy-weighted sum-rule
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Probing the E1 Response by Proton Scattering

Missing Mass Spectroscopy by Virtual Photon Excitation

% detector
@ @ proton beam
/ EM Interaction

virtual photon

@ o @ select g~0 (~0 deg.)

* Missing mass spectroscopy:

Total strength 1s measured independently from the decaying channels.

* Multipole decomposition of the strength in the continuum:
Includes the contribution of unresolved small states

e Coulomb excitation: EM Interaction
Absolute determination of the transition strength.



Experimental Methods
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Research Center for Nuclear Physws (RCNP) Osaka University
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@ Coulomb Excitation by Proton Scattering

RCNP
High resolution of 20-30 keV:
dispersion matching.
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B(E1): continuum and GDR region
Method 1: Multipole Decomposition
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Electric Dipole Polarizability: 208Pb, 120Sn

B(E1)1(e*fm?)
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Electric Dipole Polarizability: 208Pb, 120Sn

2CpPb(p.p’) at £,—205 MeV
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Electric Dipole Polarizability

Clear definition

Unambiguous in the integration range
<«—> Pygmy Dipole Strength

Inversely energy weighted sum-rule

More sensitive to the low-energy strengths

Good convergence in the excitation energy
<«—> cnergy-weighted (TRK) sum rule
Sum-rule for all the transitions

= Ground state property

<« casier comparison with theoretical predications



Electric Dipole Polarizability
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Electric Dipole Polarizability

Clear definition

Unambiguous in the integration range
<«—> Pygmy Dipole Strength

Inversely energy weighted sum-rule

More sensitive to the low-energy strengths

Good convergence in the excitation energy
<«—> cnergy-weighted (TRK) sum rule
Sum-rule for all the transitions

= Ground state property

<« casier comparison with theoretical predications



Electric Dipole Polarizability

Clear definition
Unambiguous in the integration range

<«—> Pygmy Dipole Strength

Inversely energy weighted sum-rule

More sensitive to the low-energy strengths

Good convergence in the excitation energy

<«—> cnergy-weighted (TRK) sum rule

Sum-rule for all the transitions
* Measurements in a broad E\ range

= Ground state property 1s required.

<« casier comparison with theoretical predications
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Electric dipole polarizability (op)
1s sensitive to the symmetry energy parameters
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Precise determination of ap gives a
constraint band in the J-L plane.




Constraints on J-L from the EDP data

X. Roca-Maza et al., PRC92, 064304(2015)
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RCNP 208Pb: AT et al., PRL107, 062502 (2011).
RCNP 120Sn: T. Hashimoto et al., PRC92, 031305(R)(2015).
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Constraints on J-L from the EDP data

X. Roca-Maza et al., PRC92, 064304(2015)
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L (MeV)

Constraints on J and L

120 1T+ Tsang PRC2012
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Electric Dipole Polarizability of 48Ca
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A dedicated new measurement is planned
in 2020 for smaller uncertainty.

RCNP will have one-year shutdown in 2019



Gamma-Decay
of
Electric Dipole Excitations




g CAGRA+GR Campaign Exp. Oct-Dec 2016

1. Structure of the PDR *1 (0,0y) and (p,p’y) on ¢4Ni, 90.94Z, 120.1248n, 206, 205Pb
2. Inelastic v-nucleus response
3. Super-deformed states, high-spin states
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LAS at 61 deg
*1 A. Bracco, F. Crespi, V. Derya, M.N. Harakeh, T. Hashimoto, C. Iwamoto,

P. von Neumann-Cosel, N. Pietralla, D. Savran, A. Tamii, V. Werner, and A. Zilges et al.

CAGRA(Clover Ge Array)

E. Ideguchi and M. Carpenter
Clovers: ANL+Tohoku+IMP ‘O

*1 Collaboration
RCNP, Tohoku, ANL, LBNL, Milano, TU-
Darmstadt, GSI, Koln, KVI, IFJ-PAN,
IMP, ...
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g CAGRA+GR Campaign Exp. Oct-Dec 2016

1. Structure of the PDR *1 (a.,0’y) and (p,p’y) on 64Ni, 90.94Zr, 120.1245n, 206, 208Pp
2. Inelastic v-nucleus response
3. Super-deformed states, high-spin states

*1 A. Bracco, F. Crespi, V. Derya, M.N. Harakeh, T. Hashimoto, C. Iwamoto,
P. von Neumann-Cosel, N. Pietralla, D. Savran, A. Tamii, V. Werner, and A. Zilges et al.

LAS at 61 deg
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*1 Collaboration ;
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g CAGRA+GR Campaign Exp. Oct-Dec 2016

1. Structure of the PDR *1 (0,0y) and (p,p’y) on ¢4Ni, 90.94Z, 120.1248n, 206, 205Pb
2. Inelastic v-nucleus response
3. Super-deformed states, high-spin states
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P. von Neumann-Cosel, N. Pietralla, D. Savran, A. Tamii, V. Werner, and A. Zilges et al.
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Damping Mechanism of the GDR

vo: gamma-decay to the ground state viscosity between the n/p fluids
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Damping Mechanism of the GDR 1n °9Zr

(July 2018 at RCNP)
RCNP/Milano/TU-Darmstadt Collaboration
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S. Nakamura working on the LaBr3 gama—
detector array (Scylla)

A part of the E498 lbofators



Summary
>

e The electric dipole polarizability (EDP) is sensitive to
the symmetry energy parameters of the nuclear EOS at

=
the saturation density. 2

o [ “iFrom o, ™ (**Ni) ]
° % From o,,”%(*’sn) ]

208,

* EDP is a well defined quantity, saturating quickly > rrom ooty
at ~30 MeV in 208Pb. 20740 (Mes'vo) T00 120

e The EDPs have been experimentally determined precisely for 208Pb and 120Sn
(and for N1 at GSI). Constraint bands on the symmetry energy parameters, J and
L, has been extracted.

e The EDP of 48Ca has been extracted. A dedicated experiment
for smaller exp. uncertainty is planned in 2020.

e Gamma-coincidence projects are on going.
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