
What can we learn from the nuclear ground state densities?

ECT* Trento Workshop 
"Nuclear Physics at the edge of stability”

July 4, 2022 Trento Italy

H. Sagawa,    RIKEN/University of Aizu

1. Introduction
2. Ground state correlations in the ground state densities
3. Trajectory in 2D-plot of IS vs IV density in 48Ca and 208Pb

and Symmetry energy
3.   IV density in 40Ca and Isospin Symmetry Breaking Interactions
4.   Summary and Future Perspectives

Physical Review C 102, 064307 (2020)

Physics Letters B829 137072 (April, 2022)
arXiv:2112.06169



Experiments:
Elastic electron scattering: charge density => proton density
Proton and neutron elastic scattering: neutron density
Parity violation electron scattering: weak density =>neutron density

Theory:
Hartree-Fock (Hartree) model: Skyrme, RMF
HF-BCS, HF-Bogolyubov models
Beyond mean field models:
Partcle-vibration model
HF+ground state correlations
Ab initio model: shell model, coupled cluster model, self-consistent Greenʼs function 

Nuclear ground state density
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Polarized proton elastic experiments for neutron density distributions
By Zenihiro et al..   RCNP experiments -> RIBF for exotic nuclei

Charge density=electron scatterings

Neutron density=>Relativistic Impulse 
approximation for proton elastic scatterings



proton

neutron

J. Zenihiro et al., preprint (2020)



J. Zenihiro et al., polarized proton elastic experiments

protons
protons

neutrons neutrons

The shaded are is the experimental 
statistical and  systematic errors.
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Proton elastic scattering
J. Zenihiro et al.,

neutrons

protons

Protons: electron scatterings

Modified neutron density

Empirical occupation probabilities of 40Ca
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Self-consistent HF+RPA phonon 
ground state correlations
F. Minato et al,, to be published (2022)



40Ca is a good core?
Ground state correlations (GSC)

HF+GSC,   F. Minato et al., to be published (2022)
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208Pb
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J

L, Ksym

𝐾!
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208Pb



EDF incompressibility and symmetry energy J, L, K
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protons

Larger J gives large neutron skin.



2D plot of IS and IV densities
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S. Yoshida et al., Phys. Rev. C102, 064307/pp. 1-12 (2020)
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Symmetry energy coefficients at low 
density 0.1 fm-3
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Constraints on J and L

17

Tsang  PRC2012

QMC: Quantum Monte-Carlo Calc.
Gandolfi, EPJA50, 10(2014).

HIC: Heavy Ion Collision Analysis
Tsang PRL2009

IAS: Isobaric Analog State Energy
Danielewicz&Lee NPA2009

PDR: Pygmy Dipole Resonance in
132Sn, 68Ni, Carbone PRC2010

FRDM: Finite Range Droplet Model
Moeller PRL2012

n-star: Quiescent Low-Mass X-ray 
Binaries,  Stainer PRL2012

χEFT: Chiral Effective Field Theory,
Tews PRL2013

J(FRDM)=32.5/-0.5

SAMi-J
DDME-J

PREXII
L only

Symmetry energy coefficients at low 
density 0.1 fm-3



Isospin Breaking interactions

Charge symmetry breaking (CSB) interaction
𝑉'' ≠ 𝑉((

Charge Independence breaking (CIB) interaction
𝑉'( ≠ (𝑉'' + 𝑉(()/2

Origin: explicit chiral symmetry breaking
𝑚) ≠ 𝑚*

Nucleon and Pion mass difference

Skyrme type ISB interactions

Energy density functionals

Nolen-Schiffer anomaly,
IAS, 
mass differences in isobar and isotriplet nuclei

Coulomb interaction

CIB

Observables



Explicit chiral symmetry breaking effect!

Vnn Vpp

Vnp Vnn Vpp
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Particle-Vibration coupling model
(PVC) to IV GMR
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No CIB dependence

A strong CSB dependence

SAMi: no ISB
SAMi-ISB:
s0= -26.3 MeV fm3
u0=+25.8 MeV fm3

HS et al.,
Physics Letters B829 137072 (April, 2022)



Bohr-Mottelson Model

𝜀+~0.2 %
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Summary of Part 1

Symmetry energy coefficients at low 
density 0.1 fm-3



Summary of Second part

IV density ó Symmetry energy      No!
ó CIB interaction          No!
ó CSB interaction        Yes!

80Zr and 100Sn will show more enhanced Isospin 
breaking effect in the IV density

Future perspectives

Thank you very much for your participation!
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