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Phases of strong-interaction matter
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Phases of strong-interaction matter
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Making things more difficult ...
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Astrophysical applications: equation of state (EOS)
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Astrophysical applications require the EOS as input over
a wide range of densities (beyond 2-3 saturation
density), proton fractions, and also temperatures ...




Dense QCD matter: effective degrees of freedom
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¢ Many competing
interaction channels

¢ Diquark condensation,
Color superconductor

[Alford, Rajagopal, Wilczek '98; Rapp et al. '98;
Schaéfer, Wilczek '99; Berges, Rajagopal ’99;
Son ’'99; Pisarski, Rischke ’00; ...;

Reviews, e.g.: Buballa '04; Alford, Rajagopal,
Schéfer, Schmitt ’08]
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To avoid disappointments before the weekend ...
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To avoid disappointments before the weekend ...
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What we do:
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Renormalization group (RG)

[Functional RG (FRG): Wetterich ’92]
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input parameter: strong coupling g(A)
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What we do:

Renormalization group (

RG)

[Functional RG (FRG): Wetterich '92]

ALIJ\f

“resolution
scale”

k~Q

100

Y Q[Gev]

Q)

IR

I

[For other recent applications from the fQCD collaboration, see, e.g.,

5 = /x {ingFg,, +¢(ia+gsz§1)¢}

input parameter: strong coupling g(A)
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(Four-quark interactions
are generated)
gs gs
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(Four-quark couplings
Ao ) become relevant
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[e.g., chiral
symmetry
breaking]

“Transition”
in the effective
degrees of freedom

spontaneous
symmetry breaking
(indicated by
“resonant” four-quark
channels)

Fu, Pawlowski, Rennecke ’19; Braun, Fu, Pawlowski, Rennecke, Rosenbltih, Yin ’20]



What we do: Renormalization group (RG)

[JB, Leonhardt, Pospiech '19]
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[e.g., diquark condensation]




—quation of state of dense matter

[Leonhardt, Pospiech, Schallmo, JB, Drischler, Hebeler, Schwenk ’19]
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e(Consistent with at high densities
eConsistent with studies based on chiral EFT

e|nclusion of diquark condensation appears crucial to
connect the low- and high-density regime




From the equation of state to astrophysics?



Constraints on the EOS of dense matter
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Constraints on the EOS of dense matter
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o[RG results can be used to constrain new density
functionals together with constraints coming from
neutron-star observations & chiral EFT [Huth, Wellenhofer, Schwenk "20]

eConsistent with constraints from heavy-ion collision
experiments



Speed of sound of symmetric nuclear matter

[Leonhardt, Pospiech, Schallmo, JB, Drischler, Hebeler, Schwenk ’19]
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eConsistent with studies based on chiral EFT

eEmergence of a peak/maximum is tightly connected to
the formation of diquark gap




Cautious comparison to astrophysical constraints

[Leonhardt, Pospiech, Schallmo, JB, Drischler, Hebeler, Schwenk ’19]
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eConstraints from neutron-star observations combined
with theoretical results at low and high densities suggest
a global maximum of the speed of sound

[Bedaque, Steiner ’15; Tews et al. ’18; Greif et al. ’18; Raaijmaakers ’19; Annala et al. ’19; Huth, Wellenhofer, Schwenk ’20]

oMild “overshooting” of the speed of sound supports the
existence of quark cores in heavy neutron stars iannaiaetal. ‘e
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Conclusions & outlook

eCombination of studies based on chiral EFT at low
densities and RG studies at intermediate/high
densities yields a consistent description of the EOS
of dense matter over a wide range of densities

eConsistent with constraints from heavy-ion collisions
and neutron-star observations
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