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Dielectric theorem:
Inverse Energy Weighted Sum Rule m₋₁ (polarizability) 
Ground state |0> perturbed by an external field λF (λ → 0) 
so that perturbation theory holds → The expectation value of 
the Hamiltonian <H> and of the operator <F> can be written: 
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Dipole polarizability, J and Δrₙₚ:=rₙ-rₚ
The dipole polarizability measures the tendency of the nuclear charge 
distribution to be distorted.
From a macroscopic point of view α ~ (electric dipole moment)/(Eexternal)

Electric dipole polarizability in 208Pb: Insights from the droplet 
model - X. Roca-Maza, M. Brenna, G. Colò, M. Centelles, X. Viñas, 
B. K. Agrawal, N. Paar, D. Vretenar, and J. Piekarewicz
Phys. Rev. C 88, 024316 (2013)

→ For guidance, using the dielectric 
theorem, the polarizability can be 
calculated assuming                                   
the Droplet model:                                  
          

²⁰⁸Pb
Polarizability increases with the mass 
(for the dipole A⁵/³, for the quadrupole A⁷/³ 
and so on … ) and it sets a relation 
between the EoS parameters J and L

Meyer et al. NPA385 (1982) 269-284
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Neutron skin thickness (Δrₙₚ:=rₙ-rₚ)
and neutron pressure

For a fixed (N-Z)/A, one must expect that the larger 
the pressure felt by nucleons, the larger the skin 

Neutron Skin of 208Pb, Nuclear Symmetry Energy, and the Parity Radius Experiment
X. Roca-Maza, M. Centelles, X. Viñas, and M. Warda Phys. Rev. Lett. 106, 252501 (2011)

→ From the Droplet 
Model: 

²⁰⁸Pb
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Dipole polarizability: 
How good it is the Droplet Model for αD?

Droplet model + LDA 
[asymᴰᴹ(A) ≈ S(ρA)]

Assuming: 

Fit to experimental data provides 
J~34 MeV and L~58 MeV. 
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Dipole polarizability, J and L

²⁰⁸Pb

Determination of the J vs L relation from experimental data 
according to EDFs

Assuming Taylor expansion around ρ₀:

one can qualitatively understand the result!!
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Dipole polarizability, J and L
Alternatively: Selection of EDFs (red circles) compatible with 
experimental data

Selection compatible EDFs 
and correlation analysis 
(previous slides) provides 
comparable estimates for the 
neutron skin thickness. 

From selected modelsFrom αD J vs Δrₙₚ
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Dipole polarizability: 
do we understand it?

Sn
Trend with N?
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From proton scattering at 
forward angles

Paul-Gerhard Reinhard, Xavier Roca-
Maza, and Witold Nazarewicz
arXiv:2206.03134 (2022)
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Dipole polarizability: systematics with A
do we understand it?

²⁰⁸Pb
²⁰⁹Bi

Adding 
one more 
nucleon?

From quasimonochromatic 
laser Compton-scattering 
γ-ray beams

→ Overall, EDFs agree with experimental 
systematics
→ Macroscopic law (Migdal) A⁵/³ 
reasonable for A>90

All together: A⁵/³ trend
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Energy weighted sum rule and αD:
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A. Tamii et al., 
PRL 107, 062502 (2011)
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energy 
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Energy weighted sum rule:
Is the dipole operator suitable to excite a skin mode?

The m₁: 

The dipole operator 

Skyrme EDF 

Main contribution (~99%) does 
not depend on the neutron to 
proton density differences!!
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Low-energy isovector dipole response: RPA 

Dipole strength in 
the pygmy region a 
vortical toroidal 
mode?  
Toroidal mode          
can occur also           
in N=Z nuclei

Pygmy state: not 
coherent and not 
involve all neutrons in 
excess 
→ Main ph transitions outermost 
neutrons (~14) and outermost 
protons (~12) in opposition of phase. 
→ Other relevant ph neutron 
transitions in opposite phase with 
respect to the main neutron ph 
transition.
→ All neutrons in excess (44) 
contibute to the neutron skin 

Same RPA state 
manifests 
differently with 
different probes 
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Non-energy weighted sum rule
work in progress

Model dependence of m₀ 

How to relate m₀ with ground state observables? Can be used 
for a better understanding of the isovector dipole response? 
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Non-energy weighted sum rule
work in progress

Suggested model dependence of m₀ (?) 
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Conclusions

→ The inverse energy weighted sum rule or 
polarizability inform us about the isovector properties 
in EDFs
→ The energy weighted sum rule does not provide 
clear information on the isovector properties of the 
Skyrme EDFs. Same for other models? 
→ The non-energy weighted sum rule depends on 
the neutron to proton CM difference. Can we gain 
information on the isovector channel from this sum rule?
→ … and from the last two: what about the centroid 
energy (m₁/m₀)?



17
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Experimental techniques: PYGMY

OSLOLANDNFR-LEV

Less model dependence

Completeness summed strength 
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Summary from Progress in Particle and 
Nuclear Physics 101 (2018) 96–176
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Summary 
with qualitative indication of accuracy needed to describe experiment 
(note that absolute values might be subject to systematics)

→ ρ₀ ∈ [0.154,0.159] fm⁻³ → relative accuracy 2%          
     → needed to describe experiment (Rch) ≤0.1% 
→ e₀ ∈ [15.6,16.2] MeV→ relative accuracy 4%
     → needed to describe experiment (B) ≤0.0001% 
→ K₀ ∈ [200,260] MeV→ relative accuracy 25%
     → needed to describe experiment (Eₓᴳᴹᴿ) ≤7% 
→ J ∈ [30,35] MeV → relative accuracy 15%
     → needed to describe experiment (α) ≤15% 
→ L ∈ [20,120] MeV → relative accuracy 150%
     → needed to describe experiment (α) ≤50%
→ ...
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