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Composition of Neutron Star



Ordinary Phase Transition

One-component matter

Maxwell-type PT 

Phase coexistence

conditions:
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Maxwellian-type phase transition causes 

a density jump inside the star 

W.H. Ramsey, MNRAS 110 (1950) 325

M.J. Lighthill, MNRAS 110 (1950) 339
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Z.F. Seidov (1971)



Soviet Astronomy Letters, Vol.14, NO. 2/MAR, P. 157, 1988 

Jupiter Saturn

From “Systems of Jupiter and Saturn” by

Kuskov, Dorofeeva, Kronrod and Makalkin

URSS 2009 (on russian)

Giant Planets and (may be?) 

Brown Dwarfs





Mass-Radius relations for hybrid stars

Heinimann, Hempel, Thielemann, Physical Review D, 94, 10, 2016
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Maximum mass Ms

level lines

Log of mass fraction 

of quark core log(mq/Ms)

level lines



Phase transition from nuclear 

to quark matter: is it a single 

strong event or a series 

of weaker transitions?



Variational Principle
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Mmax(1PT)=1.91 MSun



Mass-Radius relation



Mass-Radius relation



Mass-Radius relation



Mass-Radius relation



Mass-Radius relation



Mass-Radius relation



Mass-Radius relation



Mmax(1PT)=2.0 Msun

but no stable hybrid configurations!



Mmax(1PT)=1.9 Msun



Quark/hybrid stars

Properties of compact stars

SN-hybrid star connection Quark star formation



J.M. Lattimer 
Annual Review of Nuclear and Particle Science, 

vol. 62, issue 1, pp. 485-515 (2012)

Maximum 

neutron star mass



Quark/hybrid stars

Properties of compact stars

SN-hybrid star connection Quark star formation





Quark/hybrid stars

Properties of compact stars

SN-hybrid star connection Quark star formation





Thank you !


