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Motivation



QCD Phase Diagram

u dense hadronic matter

HIC in collider experiments

Wonõt cover the whole diagram

Hot and ôratherõ symmetric

NS as a 2nd accessible option

Cold and ôratherõ asymmetric

Problem is more complex than

It looks at first gaze

www.gsi.de

http://www.gsi.de/
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Neutron Stars

u Variety of scenarios regarding inner structure: with or without QM

u Question whether/how QCD phase transition occurs is not settled

u Most honest approach: take both (and more) scenarios into 

account and compare to available data
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Neutron Stars and Strangeness?

Strange Core?        Hyperons?     Strange Stars?



M-R Constraints

(skip cooling, rotation, é)



https://en.wikipedia.org/wiki/Crab_Nebula#/media/File:Crab_Nebula_in_Multiple_Wavelengths.png

SN 1054
Crab Nebula



Courtesy of http://www.ast.cam.ac.uk/~optics/Lucky_Web_site CRABPULSAR

Age 962 yrs Rotation 29.6 /s

Mass ? Radius ?

Luminosity ? B-field ?

SN 1054
Crab Nebula
Crab Pulsar



Compact Star Masses

masses range from 
1.2 to about 2 solar masses

typically measured in 
binary systems from
post Keplerianparameters

Ÿ GR effects!

J.Lattimer, Ann.Rev.Nucl.Part.Sci. 62 (2012) 485-515



Compact Star Masses

masses range from 
1.2 to about 2 solar masses

typically measured in 
binary systems from
post Keplerianparameters

Ÿ GR effects!

u High Massive NS with 2 solar masses ( 1.97 0.04 MSUN )

u (Demorest et al., Nature 467, 1081 -1083 (2010), Fonseca et al., ApJ 832, 167 (2016) )

u Another High Massive NS with 2 solar masses 
(Antoniadis et al.(2013), Science 340, 448)



Compact Star Radii

radii range from 8 to 15 km

typically measured in 
isolated systems from
brightness(variations)

Ÿ strongly model dependent
Ÿ results usually with large

error bars and controversial

Fortin, M., J. L. Zdunik, P. Haensel, and M. Bejger, 2015, Astron. Astrophys. 576, A68.



Compact Star Radii Ƶ
July 13, 2017 : Begin NICER science program

Neutron Star Interior 
Composition Explorer

- installed on ISS
- measures soft X-ray emission

(0.2 ɀ12 keV)
- promises 10% accuracy in Radius

https://www.nasa.gov/nicer

Plenty of new data expected.
NS models can be tested!

https://heasarc.gsfc.nasa.gov/docs/nicer/nicer_about.html



Compact Stars and the 

Equation of State



NS masses and the (QM) Equation of State

ǐNS mass is sensitive 

mainly to the sym. EoS

(In particular true for

heavy NS)

ǐFolcloric:     

QM is soft, hence no

NS with QM core

ǐFact:

QM is softer, but able

to support QM core in NS


