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Electric dipole polarizability and 
The neutron skin thickness



Electric Dipole Polarizability: introduction
The electric dipole polarizability measures the 
tendency of the nuclear charge distribution to be 
distorted      
Microscopically, it relates with the 
photo-absorption cross-section

Dominated by the Giant Dipole 
Resonance

Measured using polarized proton scattering at very forward angles (dominated 
by E1 and M1 well separated)

(γ,γ’)
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Electric Dipole Polarizability: theory
Theoretically, the total photo-absorption cross section, can be written as  

And, thus, 

Dipole 
operator 
subtract CM 
motion 

Considering the G.S. perturbed by an external field λF ( with λ → 0):
; The variation in the expectation energy can be written as: ⟨ℋ⟩ = ⟨ℋ0 + λFdipole⟩

Dielectric 
Theorem
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Electric Dipole Polarizability:  
simple model & correlations
Applying the dielectric theorem to the Droplet Model Hamiltonian (first Migdal and latter on Meyer et al. NPA385, 269) 
one can find  

Using microscopic calculations (Energy Density Functionals & Ab initio)

J = e(PNM)–e(SNM) → Symmetry energy at ρ₀

→ Neutron skin thickness Δrnp ≡ ⟨r2
n⟩1/2 − ⟨r2

p⟩1/2
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 αD(exp) = 19.6 ± 0.6 fm3



Electric Dipole Polarizability:  
simple model & correlations

Same as before but including ab-initio, exchanging the axis and using L 
instead of the neutron skin thickness 
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Courtesy: Francesca Bonaiti
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Electric Dipole Polarizability in  and 120Sn 68Ni
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From correlations among 
EDFs and plausible 

 MeV J = 31 ± 2

Only from models 
compatible with data 

 αD(exp) = 8.59 ± 0.37 fm3  αD(exp) = 3.88 ± 0.31 fm3



Electric Dipole Polarizability
 in 48Ca and 208Pb  

Ab initio
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Electric Dipole Polarizability: Sn isotopes

8 Models employed compatible with 
data in 48Ca, 68Ni, 120Sn and 208Pb  



Electric Dipole Polarizability
 in 40Ca and 58Ni  
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Electric Dipole Polarizability in odd-even nuclei  
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Is the polarizability of other isovector modes related to the 
symmetry energy and neutron skin thickness (in a heavy 
nucleus)?

              

                                   
We should expect so from the dielectric theorem. 

1
αL

=
∂2⟨ℋ⟩
∂⟨𝒪L⟩2

λ=0



Example 1: Isovector Quadrupole Polarizability in 208Pb  
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Example 2: Isovector Monopole Polarizability in 208Pb  
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And since we are @ COMEX: IAS and 
Let me remind you other relevant observable 

Δrnp
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Simple model:  

Missing ISB 
contributions!!



Summary

Extraction of the neutron skin from models describing the dipole polarizability or other 
observables is model dependent (in some cases, more than in others)  

Electric dipole polarizability is sensitive to the neutron distribution in atomic nuclei 
and models seem to be compatible with experimental data

From Theory:
→ An effort to better understand the systematics on the dipole polarizability would 
be of interest [see e.g. Sn chain in Bassauer et al. PLB 810, 135804 (2020)].

From Experiment:
→ Systematic measurements of the dipole polarizability along neutron rich isotopic 
chains could help testing models and improve our understanding of this observable. [see 
e.g. Ayangeakaa’s talk on Monday]  
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Bayesian inference Skyrme EDF: can we  accommodate 
 and  without compromising other observables?  αD APV

By P. Klausner
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Keeping ground and excited state properties 
within typical Skyrme-EDF accuracy

Pietro Klausner, Gianluca Colò, Xavier Roca-Maza, and Enrico Vigezzi 
Phys. Rev. C 111 014311 (2025)
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