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How pQCD constrains EoS at low densities:

« Why does QCD at 40n, constrain the EoS at NS densities:

How pQCD constrains the equation of state at neutfron star
densities

Komoltsev & AK, PRL128 (2022) 20, 2111.05350



Robust EoS constraints:

General considerations:
« Mechanical stability: ¢,? > 0

« Causality: c’ <1
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PQCD /

Setup:
« Stability
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Setup:
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Constraints for fixed n on € — p -plane
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Summary I:

* {n, p, ¢} carries more information than p(e)
 Stability, causality and consistency
« QCD at n= 40 n, offers a robust constraint down to n= 2.5 n,



How pQCD constrains at low densities:

« How QCD affects EoS infrerence

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

Gorda, Komoltsev & AK 2204.11877



Implementing pQCD to EoS inference:

10% E
« Standard EoS Inference setup ; excluded by ) _pQﬁg
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Effect of QCD:

QCD input complement NS observations
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Effect of QC
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Summary I:

* {n, p, ¢} carries more information than p(e)
 Stability, causality, and consistency
« QCD at n =40 n, offers a robust constraint down to n= 2.5 n,

Summary |l:
« Results support findings of earlier works with QCD
« QCD offers complementary info af NS densities.

« QCD softens the EoS at high densifies. Quark Mattere



DIscussion:

« Complementary systematics. No model uncertainites

* The propagation of pQCD fo NS densities the most
conservative possible, but can include assumptions
How long of a density range can be ¢s2=1? How large phase transition is in the cards?



Discussion:

« Complementary systematics. No model uncertainites
no fransport models, no stellar models, no extrapolation in isospin, no GR ...

* The propagation of pQCD fo NS densities the most
conservative possible, but can include assumptions
How long of a density range can be ¢2=1?7 How large phase transition is in the cards?

Conclusion:

Jupyter notebook available on Github: OKomoltsev/QCD-likelihood-function
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Comparison with recent work

Baryon number density [Nga¢]
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PT at n;ovt0.2 ng of An = 30 n;,
followed by c21 until pQCD at 40 n;

Somasundaram, Tews, Margueron (2204.14038)
perform conservative analysis with QCD input:

« Results broadly consistent with us

« Different:
« No Bayesian tfreatment of input
« Apply QCD input at n = npoy instead
of n = 10n

 For QCD not to constrain:
 Extreme value of X =1-1.3
* Very extreme behavior immediately
after nTOV

c.f. Fujimoto + 2205.03882 for signatures of such PTs



Density-chemical potential posterior

Astro with QCD

Astro only
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Setup:

P(data | EoS Lo-
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+ flat prior for masses of stars



Setup:

P(QCD | EoS)
1. Scale variation introduces uncertainty:
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Setup:

P(EoS | data) = Z\ES
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Posterior:

Posterior likelihood
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Mass-radius with QCD
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Probability for black-hole formation

Prediction of QC
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Neutron star EoS:
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Neutron star EoS:
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Neutron star EoS: @L@%
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Neutron star EoS: »i"—.
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Neutron star EoS:
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EoS tells us about the phases of matter
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EoS tells us about the phases of matter
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Effect of QCD:
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