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Equation of state (EoS)
EoS: pressure function p(ny), p(¢), or p(up)

(ng: baryon density, &: energy density, ug: chemical potential)
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There are many different calculations...



A OCD point of view on the NS EoS

Ab initio and model-independent constraints
from QCD point of view:
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Problem of the pOCD calculation

R A '1 28, logX (A2 Aes) uncertainty: originate from
aS( ) o ﬁOIOg(Az/Az S) ) ﬁ(% lOg(Az/A S) §Ca|e Var|at|0n
A undetermined const. A\ = H, 2/4, 4/4
104y 7 Convergence problem
3 ' ]
£ A=4
S 103;_ o //t\ ]
() : :
= 102! Perturbative
R S QC
g ;Chlral :
ﬂlol?EFT A:2//t I~ = |
o | A=p
o : _
100t & R (
109 101 102

Density ng/ng (ny = 0.16 fm_3)

ChEFT: Tews,Carlson,Gandolfi,Reddy (2018); PQCD: Freedman,McLerran (1978); Baluni (1979);
Drischler,Furnstahl,Melendez,Phillips (2020) Kurkela,Romatschke,VVuorinen,Gorda,Sappi (2009-) 7



Lessons from high temperature QCD

Nice thing about hot QCD: there is Lattice QCD calculation
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Resummation saves the pQCD

Fu imoto, Fukushima: 2011.10891 (2020)
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What we calculate here

Quark contribution to the pressure p:
p(u) = Trlog §~*

=== HDL resummed full propagator
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Result from the HDL resummed OQCD

a(A) =
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Pressure P [MeV/fm?3]

Heuristic argument

Fujimoto, Fukushima: 2011.10891 (2020)
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Result from the HDL resummed QCD

Fujimoto, Fukushima: 2011.10891 (2020)
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Smooth matchmg to the nuclear EoS

_Fujimoto, Fukushlma 2011.10891 (2020)
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Smooth matchmg to the nuclear EoS
_Fujimoto, Fukushlma 2011.10891 (2020)
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QOCD + observational constraint

Annala,Gorda,Kurkela,Nattila,Vuorinen, Nat.Phys.(2020)

~ 570,000 interpolated EoSs are plotted:

Typical range for hadronic EoS
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QOCD + observational constraint
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~ 570,000 interpolated EoSs are plotted:
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OCD + observational constraint

Annala,Gorda,Kurkela,Nattila,Vuorinen, Nat.Phys.(2020)

- E0S Is characterized by several parameters:

, dP(g)
. Speed of sound: ¢, =
de
dlog P
_ Polytropic index: y = (cf. polytrope: P = Ke)
dloge
u
_ Ratio to free Fermi-Dirac pressure: Prp(ig) = 12B2
T

... effective measure for number of d.o.f
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3d-plot of many interpolated EoSs

0.8 -

0.2 +

Annala,Gorda,Kurkela,Nattila,Vuorinen, Nat.Phys.(2020)

1.0 |
B S a P Sa

Clear separation!

Allowed

All 1.4M,,

stars \ " E g

20



Quark core is not “exotic” anymore

Fujimoto, Fukushima: 2011.10891 (2020)
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Summary

Developed QCD-based & model-independent calculations of
the dense matter EoS:

1. Refined pQCD calculation of the EoS:
- Performed the novel calculation in perturbative QCD
- Result implies that the applicability is extended compared
with the preceding calculation; pQCD is not useless

2. Observational constraints and quark core:
- Rapid slope change (likely a crossover) implied by the
calculation
- This may be identified with the emergence of quark core; it is
not exotic anymore
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