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Present status

• The electric dipole polarizability αD is an isospin sensitive observable that
provides some information about the Symmetry energy and its density
content.

• The electric dipole polarizability has been recenly measured in 208Pb
A.Tamii et al. Phys.Rev.Lett. 107, 065502 (2011). A value
αD = 20.1± 0.6 fm3 has been reported.

• In 68Ni D. Rossi et al. Phys.Rev.Lett. 111, 242503 (2013). A value
αD = 3.40± 0.23 fm3 has been reported.

• In 120Sn T. Hashimoto et al. arXiv 1503.08321 (2015). A value
αD = 8.93± 0.36 fm3 has been reported.

• Theoretical studies about the electric dipole polarizability and its impact
on symmetry energy and related quantities can be found in eg
P.-G. Reinhard and W. Nazarewicz, Phys. Rev. C81 051303 (2010).
J. Piekarewicz et al. Phys. Rev. C85 041302 (2012).
X. Roca-Maza et al. Phys. Rev. C88 024316 (2013).



Theoretical framework (I)

• RPA calculations with the dipole operator

D =
Z

A

N∑
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rnY1M(r̂n)− N
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allows to compute the electric dipole strength R(ω;E1), which in
turn determine the dipole polarizability

αD =
8πe2

9

∫ ∞
0

ω−1R(ω;E1) dω =
8πe2

9
m−1(E1)

• The dielectric theorem implies that
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1
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where |λ〉 are the constrained wavefunctions of H+ λD



Theoretical framework (II)
• Solving the constrained calculation within the Droplet Model (DM) (J.

Meyer, P. Quentin and B. Jenning NPA385, 269 (1985)) it is found

αDM
D =

πe2
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• In the same model the neutron skin reads
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• From these two expressions one can relate the electric dipole polarizability
and the neutron skin thickness in a nearly analytical way

αDM
D ≈ πe

2
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• This result suggests possible correlations between αD and ∆rnp or

between αDJ and ∆rnp



208Pb

10−2 × αDJ = 3.01± 0.32 + (19.22± 0.73)∆rnp

αD(measured) = 20.1± 0.6fm3 αD(corrected) = 19.6± 0.6fm3



68Ni

αDJ = 28± 14 + (567± 32)∆rnp

αD(measured) = 3.40± 0.23fm3 αD(corrected) = 3.88± 0.31fm3



120Sn

αDJ = 116± 34 + (1231± 88)∆rnp

αD(measured) = 8.93± 0.36fm3 αD(corrected) = 8.59± 0.37fm3



Theory versus experiment

• 1p-1h RPA has been proven to be succesful in describing Ex in
many giant resonances.

• Experimental data of αD analyzed via RPA need to include the full
dipole response with low and high-energy contributions.

• If experimental data are only known in a given energy range, one
may extrapolate them to high and low energies regions in order to
compare with theoretical RPA calcultions. The low energy part is
more important than the high energy region

• Data in the high energy range shall be taken carefully due to the
quasi-deuteron contributions not accounted in RPA, which produce
small but sizeable corrections to αD

• The experimental resonance width is not reproduced by the 1p-1h
RPA calculations. The correction to that on the theoretical electric
dipole polarizability can be estimated as ∆αD . −αD

Γ2
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68Ni and 120Sn

αD(68Ni) = 0.063± 0.048 + (0.20± 0.01)αD(208Pb)

αD(120Sn) = 0.22± 0.45 + (2.21± 0.14)αD(208Pb)



Results

• Neutron skin thickness

208Pb 0.187 - 0.125a 0.159 ± 0.028b fm
120Sn 0.158 - 0.108a 0.122 ± 0.033b fm
68Ni 0.193 - 0.146a 0.163 ± 0.034b fm

• Symmetry energy J and slope L at saturation

J = 35− 28a L = 66− 10a MeV

• Comments
a) From models that reproduce simultaneously the experimental
polarizability in 208Pb, 120Sn and 68Ni.

b) From the αDJ −∆rnp correlation with J = 31± 2 MeV



48Ca and 90Zr

αD(48Ca) = 0.36± 0.06 + (0.098± 0.013)αD(208Pb)

αD(90Zr) = 1.07± 0.10 + (0.23± 0.02)αD(208Pb)

With the selected models

αD(48Ca) = 2.28± 0.13fm3 αD(90Zr) = 5.69± 0.21fm3



Parity-violating electron scattering (I)
• See C.J. Horowitz et al, Phys. Rev. C63, 025501 (2001);

Shufang Ban et al, J.of Phys. G39,015104 (2012).

• ALR is the parity-violating asymmetry

• ALR ≡
dσ+

dΩ
− dσ−

dΩ
dσ+

dΩ
+

dσ−
dΩ

• V±(r) = VCoulomb(r)± Vweak(r)

• Vweak(r) = GF
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]
• PREX experiment E ∼ 1.05 GeV and θ ∼ 5◦



Parity-violating electron scattering (II)

with E=1.06 GeV and θ = 5◦



Dipole polarizability + parity-violating electron scattering

L = −146± (1)theor + [6.11± (0.18)expt ± (0.26)theor ]× J

with J = 31± 2 MeV L = 43± 16 MeV



Conclusions

• We use insights from the Droplet Model to understand correlations
between the electric polarizability, the neutron skin thickness and
the properties of symmetry energy at saturation.

• The product αDJ is as far a better correlated with the neutron skin
thickness than αD alone.

• It is found that the electric polarizabilities in two neutron-rich nuclei
are also correlated between them.

• Using the mean-field models that simultaneously reproduce the
experimental electric polarizability in 208Pb, 120Sn and 68Ni, one can
estimate the neutron skin thickness in these nuclei as well as the
symmetry energy and its slope at saturation.

• The estimates of the symmetry energy extracted from electric
polarizability measurements are in agreement with the commonly
accepted range of this quantity. The estimated slope points towards
a rather soft symmetry energy.

• Apv is strongly correlated not only with ∆rnp but also with αDJ.


