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Masses ~ 1.4 — 2.0 Mg
Radii ~ 10 km
T~ KeV ~ 107 K




Neutron stars

* Discovery of massive NSs
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Neutron stars

Discovery of massive NSs
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N e u t rO n Sta rS Prompt collapse to black hole

e Discovery of massive NSs

*******
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* Multi-messenger
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Elementary particle matter
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What do we know about EoS, theoretically?
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What do we know about EoS, theoretically?
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/ What do we know about EoS, theoretically? \
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/Studies with pQCD see softening of EoS

No softening without QCD

—_
)
=

—_
-
w

Pressure [MeV fm™]

N

softening with pQCD

—_
-}
—

€kink

WRY
7z 7

oL 7 ) T ) L
10} 2 103 102

Energy density [MeV fm™]

Annala, Gorda, Kurkela, Natttild, Vuorinen Nature Physics 16 (2020) 9
Somasundaram, Tews, Margueron 2112.08157
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* Why does QCD at 40n, constrain the EoS at NS densities
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e Stability
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Constraints for fixed n on € — p -plane
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Constraints in

EoSs from CompOSE database
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pQCD likelihood function

* |nference setup where QCD can be

turned on/off

* Easily implmemented to any other

extrapolation setup
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Inferred EoS:
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QCD Pulsars

Effect of QCD
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QCD responsible for the softening
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Renormalization scale dependence

Pressure Number density

X = 3A/(2u) X = 3M/(2u)
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/Studies with pQCD see softening of EoS
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Properties of the EoS reflect the phase structure
of the matter.

The cores of most massive NSs consistent
with deconfined, nearly conformal Quark Matter.
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Quark Matter in the cores of neutron stars
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Quark Matter in the cores of neutron stars
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Conclusion

QCD at high densities offers significant and nontrivial information
about the EoS at NS densities

* We find that strongly interacting matter exhibits deconfined
behavior in massive neutron stars

 We provide a Python script to impose pQCD constraints at
any density

 pQCD predicts that (most) binary merger producs are BHs
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Supplemental material
Can the softening be observationally verified?
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Different binary merger products:

Prompt collapse to black hole
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Effect of QCD:
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Comparison with recent work
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The impact of the QCD input on the EoS

1.0

0.8 1

Pulsars+A+QCD
7 Pulsars+A+BH
Prior

Maximal
- .
central densities

- .

PDF

Pulsars+A+QCD
Pulsars+A+BH
---- Pulsars+A

o — — —,

-
_________
———————
e N e
n .
------
LA




The softening is a robust prediction
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