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Lattice Quantum Chromodynamics

HotQCD, 2014
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Quark Matter in Neutron Stars?

Solid Constraints Annala et al 2020
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* Low density: yYEFT (n < 1.1n;) Tewsetal, 2013
* High density pQCD (n 2 40720) Gorda et al, 2018

O
EEERT

Interpolation methods
* Polytropes, CSS, Linear Speed of Sound

eg. Annala et al, 2018, 2020; Alford et al 2013, 2017, Li et al 2021
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Methodology: Piecewise-linear speed of sound

Annala et al 2020
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General Structure of Speed of Sound
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Local maximum at €., = O.56J_r8:(1)é GeV/fm’ with ¢ = 0.82 + 0.08
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HotQCD, 2014
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Percolation theory vs speed of sound

see e.g. Satz, 1998; Castorina et al, 2009; Fukushima, 2020
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Percolation theory: n. = 1.22/V,, oL« MoV

_ +0.09 £ —3
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Avg. proton radius: R, = 0.80 £ 0.05 tm

Wang et al 2022

Pb-Pb collisions at \/E = 2.76 TeV

Andronic et al 2018
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Speed of Sound as Trace Anomaly

Fujimoto et al 2022
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Measure of conformality
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c¢” and A in Heavy Neutron Stars
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Conformality:
cc=1/3and A =0
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Matter almost conformal in the cores of maximally massive NSs



Changeover to nearly-conformal regime

e c? . .
y=—c; =————3S 175 d.=+/ A+ (eA)” 50.2
p 1/3 — A

Annala et al 2020 Annala et al 2023

n n
oS

~
noe N
II n

 68% CI ¢y
95% CI 0374

Baryon number density n |[nga] Baryon number density 7 [ngat]

12/22



Curvature of the energy per particle
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Model by Fujimoto et al 2022
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Changeover consistent other measures
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Average Speed of Sound in NSs
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Implications of vanishing trace anomaly

Aroy = — 0.01 £0.03 ~ 0

Ansatz 1: AV =0 < (¢?)roy = 1/3

2

+ ¢? must exceed 1/3

+ ¢ features maximum
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Implications of vanishing trace anomaly

Aroy = — 0.01 £0.03 ~ 0

Ansatz 1: AV =0 < (¢?)roy = 1/3
Ansatz2: A > 0 < (c¢?) < 1/3

2

+ ¢? must exceed 1/3

® 2 1
c; features maximum at € < €1y
» consequences for NS phenomenology

e [GeV /fm?]
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Implications of vanishing trace anomaly 2
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Conditions for (Un)stable Hybrid Stars sciovion

-~ At transition
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Phase Diagram of Hybrid Stars
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Phase Diagram of Hybrid Stars

M(R) classified based on stability (Alford et al 2013) Hadronic EOS + CSS: e(p > p) = ¢y +a~' (p — p,)
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Summary

Maximum of ¢ consistent with percolation threshold

Matter seems to be conformal in the cores of massive NSs

Curvature of ¢/n can quantify restoration of conformal symmetry

Thank You
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Equation of State
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0.0

Net-baryon number susceptibility
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