


Phase Diagram of QCD 

● The different QCD matter phases are still unknown

● Lattice QCD simulations cannot be performed at finite chemical potential

● Neutron stars can help us in understanding the low T and dense region



Several hypothesis for neutron star matter

● However, as the QCD solution is still unknown, there are several 
possible scenarios for NS matter



From the EOS to the mass-radius relation

● We need a microscopic model of nuclear matter: P(n) and E(n)

● Neutron star matter is cold matter (T=0) in beta equilibrium

● Solve Tolman–Oppenheimer–Volkoff equation: M(R) sequence 



Observational constraints: neutron stars M/R

Any reliable nuclear model must satisfy these constraints



GW constraints: BNS inspiral (GW170817) 

PRL 119, 161101 (2017), PRL 121, 161101 (2018)

Λ (tidal deformability) quantifies how deformed is the NS 
when subject to an external tidal field. 

Allows to restrict the set of EOS of NS matter



High density constraints: perturbative QCD

● Perturbative QCD at zero temperature
● Good convergente at around 

Kurkela ApJ 789, 2014

 Kurkela et. al. PRD81 2010



Nuclear matter properties

● Nuclear matter  properties are  usually characterized by 
[Morgin Fortin]



Constraints on the symmetry energy

● systematic of nuclear masses

● nuclear structure information

● nuclear resonances

● dipole polarizability of nuclei

● heavy-ion collisions

● theoretical calculations

● properties of neutron stars

M. Oertel, et. al., Rev. Mod. Phys. 89, 015007



Uncertainties on nuclear parameters 

J. Margueron, et. al. Phys.Rev.C 97 (2018) 2, 025805



Nuclear models vs. NS observations

M. Fortin, et.al., Phys.Rev.C 94 (2016) 3, 035804Tuhin Malik, et. al., Phys.Rev.C 98 (2018) 3, 035804



Different scenarios for NS matter 

● Hybrid stars: first-order phase transition from hadronic to quark matter

M. Ferreira, et. al., PRD101, 123030 & PRD102, 083030 & PRD103, 123020



EOS parametrization and inference

● Parametrize the EOS: Gaussian processes 

Prior: P(EOS)

● Bayesian inference:

P(EOS|data) = P(data|EOS)P(EOS)/P(data)

● The data corresponds to astrophysical 
observations and theoretical calculations

The future observations will help to constrain 
the EOS of NS

Can we determine the nuclear matter 
properties from the NS EOS? 

Tyler Gorda, et. al., arXiv:2204.11877v1



Generating the dataset 

● Supervised problem: y(x)

○ X: energy density of beta-equilibrium matter 

○ Y: Properties of nuclear matter
○

[Tovar et. al., Phys.Rev.D 104 (2021) 12, 123036]



Deep Neural Network 

● We want a good interpolating model

● Loss Function (mse)

● Adam optimizer: lr =0.001

● Validation/training split of 0.2



Performance on the test set
●  



Applying the DNN to set of nuclear models

● Set of 33 EOS built from a relativistic mean field approach and non-relativistic 
Skyrme interactions

M. Fortin, et. al., Phys.Rev.C 94 (2016) 3, 035804



Results: DNN residuals 

● Prediction errors: 

● Increasing the number of         points would increase the              accuracy



Results: DNN residuals 



Results: DNN residuals 



Conclusions

● DNN model maps the NS EOS to the nuclear matter 
properties 

● Fast model to extract the nuclear model parameters from 
neutron star EOS

● Low order parameters show good accuracy (with real 
nuclear models)

● Future work: Increase the accuracy my mapping the 
isoscalar/isovector parts separately.





Uncertainties on nuclear parameters 
J. Margueron, et. al. Phys.Rev.C 97 (2018) 2, 025805


