
+10 hours 52 min
bright source of light 
detected in NGC4993

“kilonova”

+11 hours 36 min: infrared emission
+15 hours: ultra-violet emission
+ 9 days: X-ray emission

+ 16 days
radio emission detected

gravitational 
waves detected

12:41:04 UTC

+2 seconds
γ –ray burst 

detected



Astrophysics probes
phase of hot and dense 

matter ?

Accurate prediction of observable signal(s)

Relation to microscopic models of strongly-
interacting matter



Working hypothesis:
“Quark matter exists in 
massive neutron stars.”

“1st – order phase transition”

Complementary to heavy-ion collisions
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Pmax = P |r=0 , P |r=R = 0 , ρmax = ρ|r=0 , ρ|r=R = 0
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µ∗ = µ− bρ
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1st binary neutron star merger 
detection: GW170817

Goriely et al.,(2011) ApJ 738, L32
Bauswein & Janka (2010) PRD 82, 084043

Baiotti et al.,(2008) PRD 78, 084033
Freiburghaus et al.,(1999) ApJ 525, L121
Lattimer et al.,(1974) ApJ 192, L145



.  Data PSR 1913+16
--- GR prediction

The Nobel Prize in Physics 1993
Russell A. Hulse, Joseph H. Taylor Jr.

"for the discovery of a new type of pulsar, a discovery 
that has opened up new possibilities for the study of 
gravitation"



ArXiv astro-ph.HE/1809.01116

Quark EOS
Hadronic

1st–order phase transition

1.35× 1.35 M⊙
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�ρ � 0.12 fm−3

� 0.09 fm−3

� 0.03 fm−3

Hadronic EOS
1st–order phase transition



Observations of neutron star radii

Novel road to supernova explosions
of very massive stars � 40− 50 M⊙

Remnants: massive neutron stars

Signature for 1st–order phase transition: v–burst

GW-signal from binary neutron star mergers

∼ 2 M⊙
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