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QCD Phase Diagram
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Compact Stars
n,=0.16 fm=2



http://www.gsi.de/

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

Hybrid Star . Neutron Star Strange Star

PRSRBEy Outer Crust
SRS 4 - ions
- electron gas

Inner Crust
- heavy ions
- relativistic electron gas
- superfluid neutrons

-

Core

- neutrons, protons
- electrons, muons
- superconducting protons

Inner Core

- (neutrons, protons)

- electrons, muons

- hyperons

- bosonic condensates

- deconfined quark matter

- strange quark matter



Neutron Stars and Strangeness?

Strange Core? Hyperqns? Strange Stars?
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M-R Constraints
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SN 1054
Crab Nebula-

CRAB NEBULA

w

RADIO INFRARED

VISIBLE LIGHT

ULTRAVIOLET

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

X-RAYS

GAMMA RAYS



SN 1054 .
Crab Nebula-
Crab Pulsar

Courtesy of http://www.ast.cam.ac.uk/~optics/Lucky Web site CRABPU LSAR
' Age 962 yrs Rotation 29.6 /s
Mass ? Radius ?
Luminosity ? Bfield ?
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effects!u

Compact Star Masses
1.2 to about 2 solar masses
postKeplerianparameters
J.Lattimer, Ann.Rev.Nucl.Part.Sci 62 (2012) 48%15

masses range from
typically measured in
‘binary systems from

Y GR



Compact Star Masses
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masses range from u High Massive NS with 2 solar masses (1.97 0.04 M)
12 to abOUt 2 SOIar masse§ (Demorest et al., Nature 467, 1081 -1083 (2010), Fonseca et al., ApJ 832, 167 (2016) ) .

typically measured in
binary systems from
postKeplerianparameters

Y GR effects

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



Compact Star Radi

radii range from 8 to 15 km

typically measured in
Isolated systems from
brightness(variations)

Y strongly mo
Yo roersaml ts - usu

error bars and controversiz N HHh;hhnnim
N

Fortin, M., J. LZdunik, P.Haense] and M.Bejger, 2015, AstronAstrophys 576, A68.



Compact Star Radii  Z |
: Begin NICER smence program

Neutron Starinterior
Composition Explorer

- Installed on ISS
- measures soft Xay emission
(0.27 12keV)
- promises 10% accuracy in Radius

https://www.nasa.gov/nicer

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

10 12 14 16
Neutron star radius (km) NE2056

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



Compact Stars and the
Equation of State
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NS masses and the (QM) \Equati»on_ of State

NS mass Is sensitive
mainly to the symEoS
(In particular true for
heavy NS)

Folcloric:

QM is soft, hence no
NS Wit-h QM core
Fact:

QM is sofer, but able

to support QM core in NS



