Why pQCD constrains
the EoS at NS densities?
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What do we know about the neutron star
equation of state, theoretically?



Equation of state, theoretically:

Pressure: p [GeV/fm?3]
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Equation of state, theoretically:
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Equation of state, infrerence:

Pressure: p [GeV/fm3]
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PQCD seems to make the EoS soffen at
high densities



Studies with pQCD see softening of E0S

No softening without QCD
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Studies with pQCD see softening of E0S

Softening with pQCD No softening seen
without pQCD
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Softening may be a sign of a transition to
Quark Matter



Softening interpreted as phase change
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Is the soffening an aftefact of the interpolation?
Or is it a robust prediction of QCD?



I Why does QCD at 40n,constrain the EoS at NS densifies:

How pQCD constrains the equation of state at neutfron star
densities

Komoltsev & AK, PRL128 (2022) 20, 2111.05350



Robust EoS constraints:

General considerations:

I Mechanical stability: !32 "#0
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Robust EoS constraints:

General considerations:

I Mechanical stability: !32 "#0
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What are the most exireme allowed E0Ss:
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pQco /

Setup:
« Stability
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Setup:

« Stability
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Mapping to ¢ — p -plane
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Mapping to ¢ — p -plane
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Constraints for fixed n on € — p -plane
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Does any of this matter?



Constraints Injo = - SeEliels

— Consistent
-~ |n tension
—  Not consistent

Models from CompOSE
database

Komoltsev & AK, PRL128 (2022)



* How QCD affects EoS infrerence

Ab-initio QCD calculations impact the inference of neutron-star
equation of state

Gorda, Komoltsev & AK 2204.11877



PQCD responsible for softening of E0S.:

Pressure: p [GeV/fm?3]
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Summary:

* {%0&#'&H{arries more information than ' (()
 Stability, causality, and consistency
« QCD at %#*+#%offers a robust constraint down to %#,-.#%

» Results support findings of (some) earlier works with QCD

« QCD softens the EoS at high densifies. Quark Mattere



Discussion:

* QCD Complementary tfo astro. No model uncertainites

no transport models, no stellar models, no extrapolation in isospin, E

» Can be used to test hypothesis (BSM, beyond GR)

Lope-Oter, Windisch, Llanes-Estrada, Alford, J. Phys. G (2019)

Conclusion:

Jupyter notebook available on Github: OKomoltsev/QCD-likelihood-function



