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Electric Dipole Polarizability:

introduction

The electric dipole polarizability

electric dipole momen
measures the tendency of the nuclear o«- o o Ememe
charge distribution to be distorted

Microscopically, it relates ryo— B
' - abs o
with the _photo- - On =522 fﬁdw, - —N@_,’_’"
absorption cross-section
Measured using polarized proton scattering at very
forward angles (dominated by E1 and M1 well separated) l NG\ )
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Electric Dipole Polarizability: theory

Theoretically, the total photo-absorption cross section, can be
written as

0y—avs = 4% Y (E, — Eo)l (v Faipot) ) 1> oremor

> subtract
CM motion

And, thus,
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Considering the G.S. perturbed by an external field AF
( with A - 0). <H>=<Ho+AFu.> can be written as:
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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

surface ) = e(PNM)-e(SNM) -
o A A<T2> 142 5ATnp + \/5 70] — AT Symmetry energy at po
b 12] 2 (r2)1/2(1—1¢) Arnp = <ra2>Y2_<rp?2>v2

Neutron skin thickness

Using microscopic calculations

(Energy Density Functionals «& Hartree-Fock+Random Phase Approximation)
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Parity Violating Asymmetry:

introduction

Elastic electron scattering by nuclei:

— Parity conserving

Exchange of y that essentially couples to protons Qp¢=1; Qn<=0
— Parity violating

Exchange Zo that essentially couples to neutrons QpW=0.07; Qn"“=-0.99

Nature 557,207-211 (2018)

Ultra-relativistic electrons (me—0) aligned (+) or anti-aligned (-) to
the beam line, in approaching the nucleus:
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Parity Violating Asymmetry: experiment

Lead and Calcium
Radius Experiments ot
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- Demanding experiment:

Pol. Source For 10° electrons or more
; only one of them interact

weakly with the nucleus
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Parity Violating Asymmetry: theory
To solve the Dirac equation

[& ) ﬁ + VCnulnmb (F) L VWeak(F)] lIJ:I: — JEq’:l:
The main inputs are the electromagnetic p.. and

weak charge pw distributions
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Parity Violating Asimmetry: theory

The main uncertainties come
from nuclear model errors on
the description of the neutron

distribution (blue error bars) 4——%
< 560 |

- Coulomb distortions are

|mportant (order oZ)
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Are yZo box
corrections

. important?
' not included

Elastic

Information Content of the Parity-Violating Asymmetry in 2%Pb

Paul-Gerhard Reinhard, Xavier Roca-Maza, and Witold Nazarewicz
— Published 29 November 2021

590

580

ppb)

550

PREX-2 upper 1-6 limit

PREX-2

‘P -1
Hadronic uncertainties
less relevant
Parameter Value
(r2) (fm?) 0.726 +0.019
(r2) (fm?) -0.1161 £ 0.0022
I 2.792 847
Hn -1.9130
Q;W) 0.0713 £ 0.0001
oW —0.9888 + 0.0011
Ps —0.24 +0.70
K, —0.017 + 0.004
o™ -117.9+03




Parity Violating Asimmetry:

simple model & correlations

The parity violating asymmetry within the PWBA:
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30% error (for PREx) due
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not blur the main physics
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Parity Violating Asymmetry:

measurements vs. theory

Selecting those Theoretical (EDFs and ab initio) and
models we experimental 1o errors overlap in
consider well 208Pp put not in “4Ca —» No
calibratedto simultaneous description
masses and radii
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Summary: model performance A.. (sensitive to

Ar..) @Nd Qb (sensitive to J and Arnp) In 48Ca and 2°8Pb
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How do A» and aor reconcile with

each other?

Different ways to learn about the neutron
distribution in atomic nuclei using different
observables provide different answers

However, within 1.50 all looks fine, both from phenomenologic Energy
Density Functionals and from Ab Initio

From Theory:
- An effort to better understand the parity violating asymmetry and the
beam normal spin asymmetry in 2°8Pb is needed.

— An effort to better understand the systematics on the dipole
polarizability is needed (e.g. along the Sn isotopic chain; 2°°Bi 7).

From Experiment:
- An effort to improve the accuracy in the parity violating asymmetry in
208ph (and/or measure other Q values) and to confirm the measured values
for the beam normal spin asymmetry is needed

- Systematic measurements of the dipole polarizability along neutron

rich isotopic chains (such as for N>74 Sn isotopes)
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