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The phases of strongly interacting matter 

● The theory (QCD) is solvable at low 
densities on a lattice (LQCD).

● The matter phases are still unknown 
for 

● Neutron stars are unique laboratories 
to understand QCD matter at low 
temperatures and high densities

Nuclear matter around us has 



Composition of a neutron star 

● The nuclear matter properties 
(equation of state) remain unknown for

● The composition in the NS core is still 
an open question. 

● The likelihood of each possible 
scenario is determined by facing its 
predictions with NS observations.



GW170817: a binary neutron star merger

GW170817 and gamma ray burst GRB170817A
LIGO/Virgo Collaboration - PRX9 011001 (2019) 

The tidal deformability measures how much a NS is deformed by tidal forces generated by 
the other NS in the binary - gives information about the NS structure. 



Additional observational constraints

A valid equation of state of nuclear matter must predict all these neutron stars properties.



Possible scenario: Hybrid stars 
● First-order transition from hadronic to quark matter

Main conclusion: The existence of hybrid stars is 
compatible with all present observational constraints 
when higher order vector interactions are present.

● Smaller mass-radius uncertainties will reduce the 
uncertainty on the NS composition
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