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My first postdoc (December 2024)

Applications of RMFs anchored
in QCD to nuclear structure
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▪ The state of matter at high densities remains a
mystery (quark-gluon plasma, hyperons, color
superconductivity, …)

▪ QCD is perturbative but above ~40nsat !!
▪ No theory, only models apply in the regime of low-

T and large densities.

The status of QCD dense matter

A. Yu. Kotov, 2019
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▪ The state of matter at high densities remains a
mystery (quark-gluon plasma, hyperons, color
superconductivity, …)

▪ QCD is perturbative but above ~40nsat !!
▪ No theory, only models apply in the regime of low-

T and large densities.

The status of QCD dense matter
Adam Mann, 2020

A. Yu. Kotov, 2019

▪ The remnant of massive dead stars
▪ Densest matter in the universe: 6-8

times saturation density !
▪ Excellent laboratory to study dense

matter
▪ Their core remains a mystery
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▪ It is the dream of a nuclear physicist to 
have a universal description from nuclei 
to extreme situations (like inside NSs)

▪ The goal is to take some models that are 
anchored in QCD and adapt to them to 
finite nuclei, and test their performance

▪ Generate models constrained by both 
nuclear structure data and astrophysical 
data

Constraining the models
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Why relativistic models ?

13

At high density, we need a relativistic approach since the sound speed in NS cores is expected to be larger than 10% of 
the light speed, as confirmed by analyses of recent radio as well as X-ray observations from NICER of massive NSs.

Advantages

• Built-in relativistic structure 
(spin, spin-orbit potential…) + 
can go beyond 2nsat

Limitations

• No simple way to decide 
where the model breaks 
down, or to quantify the 
uncertainties.

We thus employ Bayesian 
statistics to explore the relation 

between observables 
uncertainties and the one in the 

model predictions
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Aspects of the Strong Interactions

Motivation for studying dense matter
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The meson exchange models

▪ The nuclear force is short ranged and
strongly attractive at nuclear distance
(0.5 – 3 fm)

▪ It should turn repulsive at inter-
nucleon distances (hard core)

▪ It should have a spin dependency :
tensor and spin-orbit force
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1) Chiral symmetry
▪ At the limit of zero quark masses (u,d), QCD has a chiral symmetry (non-interacting quarks with

opposite parity are indistinguishable and do not couple to each other)

▪ Had the chiral symmetry been realised in nature, we would have observed for each meson, a
partner meson with the SAME mass but opposite parity => the symmetry is broken
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2) Confinement

• It is well established that in QCD,
only colour neutral objects can be
observed

• Nucleons, being made of quarks and
gluons, are polarised by external
fields
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Formalism

Minimizing the HF energies

Astrophysical data
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Lagrangian with input 

parameters (masses, 

coupling constants…)

Chiral potential

Polarised nucleon 

mass

Nuclear matter EoS

Nuclear structure 

properties (binding 

energies, charge radii…)

Hadron 

phenomenology
Lattice 

QCD data
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