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The phases of strongly interacting matter

e The theory (QCD) is solvable at low

=
E - » 9 I.. 4
densities on a lattice (LQCD). = RHIC-BES ' 42"’ Quark-Gluon ¥,
. E Critical ' - Pl,asma W A P
e The matter phases are still unknown e are e, 0
Q.
for n > nO §
e Neutron stars are unique laboratories : e
i ) uclotron-
tO understand QCD matter at IOW f 7 . 5uarkyo‘nic phase £
temperatures and high densities - ) \S.IS\-1°°
no S S ].077/0 < ' N Ne s£ars Sgrl%rusct:grer-

paryon density n/ no
No=0.16 fm—3

Compact Stars
Nuclear matter around us has
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Composition of a neutron star
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e The nuclear matter properties -
(equation of state) remain unknown for  ,, o

p > po ~ 2.51 X 1014g/cm3

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

Observed massive NS M/M, 30r wieoso
—— SAX J1748.9-2021
e 2.13+ 0.04 (PSR J1810+41714) [Romani et al. (2021)] 2.5F — EX01745-248 MPAT
—— KS 1731-260
e 2.08 + 0.07 (PSR J0740+6620) [Fonseca et al. (2021)] 2ol e
e 201+ 0.04 (PSR JO348-0432) [Antoniadis et al. (2013)] ;
W 1.5F
e 1.908 +0.016 (PSR J1614-223) [Demorest et al. (2010)] a2
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A valid equation of state of nuclear matter must predict all these neutron stars properties.



Possible scenario: Hybrid stars

e First-order transition from hadronic to quark matter
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Main conclusion: The existence of hybrid stars is
compatible with all present observational constraints
when higher order vector interactions are present.

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