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Nuclear Physics Astrophysics

}

Statistical error

1-1 correspondence
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Quark-quark one-gluon exchange has an attractive channel
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QCD-like theories
Two color QCD at finite baryon density (Itou+, 2022-2024)

Three color QCD at finite isospin density (Brandt+2022, Abbott+, 2023-2025)
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Current status of weak coup. calc. and needed for future
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iy 25C 2\ Mg 3
p(A)]a = —mzﬂqﬁpp(l + 0(9)) AR = (by + big + Olg ) e ( - )
known unknown 9
Cold Quark Matter (Kurkela-Romatschke-Vuorinen, 2009)
For completeness — and to better describe real world finite density quark matter in

beta equilibrium — we will include in our EoS a contribution modeling the effects of color
superconductivity (CSC). This is accomplished by adding to the pressure a term accounting
for the condensation energy of Cooper pairs in the Color-Flavor-Locked (CFL) phase (see

e.g. Refs. [22, 59, 60)),
A’
32

where the baryon chemical potential is pg = pt,+pq+ps and the gap parameter A approaches
at asymptotically high densities the form [61]

Pese =

(70)

b _3n2/\/Bras

with b a constant. In this work, A itself will for simplicity be assumed to be a constant,
C DRI EDL O VLR WAL D A ?

11/17



BN RZADELRZHEEL THAD

Xy TENMBELTEALTRNFERT Vv ILZEHE

P(A) == min |T(App, Au)|

pPp>~—aa

Thermodynamic potential with gap parameter
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Current status of weak coup. calc. and needed for future
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Current status of weak coup. calc. and nq . Replace gluon self energy by HDL self energy
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Current status of weak coup. calc. and n4 - Drop antiquark-antiquark gap

- Consider one-loop approximatio
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Current status of weak coup. calc. and needed for future

Approximations

- Consider one-loop approximation
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SM, Fukushima, PRD 111 (2025) 9, 094006 (arXiv:2411.03781)
Analytical gap v.s. Numerical gap
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How affect the speed of sound

Two-flavor
Color superconductor
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