MOdeling
Nuclear
STructure and
REactions

INFN

The symmetry energy from ground and

excited state properties of atomic nuclei

Xavier Roca-Maza
Universita degli Studi di Milano

INFN sezione di Milano

XIth International Symposium on Nuclear
Symmetry Energy - NuSym23

GSI Darmstadt, Germany
18-22 September 2023



Nuclear Equation of State (EoS)
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Energy per nucleon (e) as a function
of the total density p=pn+pp and the
relative difference 6=(pn-pr)/p for
unpolarized uniform matter at T=0
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Nuclear Equation of State (EoS)

Unpolarized, uniform nuclear matter at T=0 assuming isospin symmetry

expand e(p,0) and S(p)
around nuclear saturation

e(p 5) = e(p 0) + Sg(p)(52 It Is customary to also
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EoS from current nuclear models

Micorscopic and phenomenological models constrainted by different
data display similar discrepances on the EoS
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Light orange bands from XEFT
Progress in Particle and Nuclear Physics 120 (2021) 103879 from Drischler C., et al. Phys.
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How one can connect finite nuclear

properties with the symmerty energy:

Example: Neutron skin thickness (Arnp=rn-rp) is a good proxy to L

B. Alex Brown Phys. Rev. Lett. 85, 5296 (2000)

Arnp in @ heavy neutron rich nucleus is related to the neutron pressure
(6=1) around po (L).
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How to measure Arnp? (just two examples)

Parity violating and parity conserving elastic electron scattering

Polarized electron-Nucleus scattering: Isospin symmetry -
— In good approximation, the weak interaction Arch= rch(®*4*Ni)-rcn(3*Fe)= Arnp(**Fe)
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Other Observables?

Dipole polarizability, ) and Arnp

The electric dipole polarizability measures the tendency of the nuclear
charge distribution to be distorted by an external electric field.

From a macroscopic point of view a ~ (electric dipole moment)/(Eexternal)
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Dipole polarizability, J and L

Determination of the J vs L relation from experimental data

according to EDFs
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Assuming Taylor expansion around po:
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one can qualitatively understand the result!!

X. Roca-Maza, M. Brenna, G. Cold, M. Centelles, X. Vifias, B. K. Agrawal, M. Paar, D. Vretenar, and J. Piekarewicz

Phys. Rev. C 88, 024316 — Published 20 August 2013
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a.: linear correlation versus EDFs that

reproduce the data

Selection of EDFs (red C|rcles) compatlble with experlmental data
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How models perform for A: (sensitive to Ar.)

and . (sensitive to ) and Arnp) in 48Ca and 2°8Pbh?
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Fermi or Isobaric Analog

Resonance
- energy weighted sum rule:
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Isobaric Analog State,

ISB and Arnp

Isospin
symmetry

breaking (ISB)
missing effects:

1) Nuclear
strong int.
2) Coulomb
corrections

Dipole polar.
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The larger the Arnp, the larger the ISB contributions to IAS in 2°8Pb

X. Roca-Maza, G. Colo, and H. Sagawa
Phys. Rev. Lett. 120, 202501 — Published 18 May 2018




QCD-Based Charge Symmetry Breaking

arxiv:2305.17481 [pdf, other]
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Spin Dipole Resonance and Arnp

Difficult to measure
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Conclusions

Different ways to investigate properties of the symmetry energy
(p<po) using different observables provide different answers.

Theory:

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

- An effort to better understand the systematics on the dipole polarizability is needed (e.g. along the Sn
isotopic chain).

- An effort to better understand Isospin Symmetry Breaking in nuclei in connection to the experimental
knowledge of the IAS could provide robust insights into the symmerty energy

- Study of charge-exchange resonances that naturally isolate differences between protons and neutrons could
be useful to propose new experiments sensitive to the symmetry energy.

Experiment:

- An effort to improve the accuracy in the parity violating asymmetry in 2°2Pb (and/or measure
other Q values) and confirm the measured values for the beam normal spin asymmetry is needed.

- An effort to measure the dipole polarizability in neutron-rich Sn isotopes (N>74) will help
understanding structure effects as well as provide information on the symmetry energy.

- Measure charge-exchange resonances like Spin-Dipole Resonance? (any medium/heavy
nucleus)
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