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Color superconductivity

Cooper instability: Fermi-surface is unstable in presence of attractive interaction

Difference with standard superconductivity?

Quark field indices

• Dirac index

• Flavor index (up, down, strange)

• Color index (red, green, blue)

→ different pairings are possible (2SC, CFL, CSL,
. . . )
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Effective model for color superconductivity

SNJL = +

SQMD = + σ, π +
∆

+ +

Renormalization Conditions
Usually in vacuum T = µ = 0:

• Curvature mass: Γ
(2)
ππ(p0 = 0, p⃗ = 0) = ∂2

πΩ = m2
π Ω: effective potential

Problem: no experimental data available for diquarks

Goal: compute diquark effective potential from first principle QCD
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The functional renormalization group

Main idea: successively integrate out fluctuations in the spirit of Wilson’s RG.

Zk[J ] =
∫

DΦe−S[Φ]−∆Sk[Φ]−
∫

JΦ

with ∆Sk[Φ] =

∫
p
Φ(p)Rk(p)Φ(−p) p

Rk

k

k2

Formulated on the effective action: Γk

kΛ

Γk=Λ = SQCD

0

Γk=0 ≡ Γ

integrate from k = Λ to k = 0 with

∂tΓk[Φ] =
1
2STr

[(
Γ
(2)
k [Φ] + Rk

)−1
∂tRk

]
=

1
2
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General strategy for QCD

kΛ

Γk=Λ = SQCD

0

Γk=0 ≡ Γ

quark-gluon sector

dynamical hadronisation

σ, π, . . .

n
meson sector

∆, . . .

n
m

diquark sector

ω, ρ, . . .

n
m

vector sector
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More details

Gauge sector:
Zero-momentum expansion around the gauge fixed classical tensor structure, including
running gluon mass

Dynamical Hadronisation

• QCD flow generates four-quark interactions

• Hubbard-Stratanovich transformation: four-quark interaction can be mapped to
boson exchange

• Perform the Hubbard-Stratanovich transformation at each k-step → continuously
generates the low-energy model

scalar-pseudoscalar

→ σ, π

color superconducting

→ ∆
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Masses & successive decoupling

k𝜒SB

k [GeV]
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decoupling

(mass > k)

mgap mq
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Connection to low-energy models
IR set of correlations for vanishing momenta → can be fitted by a low-energy model:

QCD
(all momenta vanishing)

⟨πq̄q⟩ ∼ 5.3
⟨∆q̄q̄⟩ ∼ 4.3

⟨σσ⟩ ∼ (382 MeV)2

⟨∆∆⟩ ∼ (1392 MeV)2

⟨σσ∆∆⟩ ∼ 7.5
. . .

−→
−→
−→
−→
−→
−→

Low-energy model

⟨πq̄q⟩
⟨∆q̄q̄⟩
⟨σσ⟩
⟨∆∆⟩
⟨σσ∆∆⟩

. . .

Quark-meson-diquark model (Nf = 2)

SQMD = + σ, π +
∆

+ +

with renormalized mean-field approximation [Hosein Gholami, Lennart Kurth, UM, Michael Buballa, Bernd-Jochen

Schaefer; 2505.22542]
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Results for low-energy model
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↑
mq: quark mass
∆gap: color superconducting gap



Results for low-energy model

nB/n0

1 2 3 4 5 6 7 8 9 10

c s2

0.275

0.300

0.325

cs
2 = 1/3

100 101 102 103
0.25

0.30

0.35

• c2
s < 3 for astrophysically relevant densities
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↘

speed of sound
c2

s = ∂p
∂ϵ

← nB: baryon density
n0: nuclear saturation density



Summary & Outlook

Astrophysics applications
Add ω and ρ vector meson to renormalized model and QCD flow
−→ astrophysical prediction with no external parameters

• Lack of first principle constrain on color superconducting models
• Simple QCD truncation → constrain diquark effective potential
• First application to low-energy model → c2

s < 1/3 for astrophysically
relevant densities?

Thank you!
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Gluon propagator
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Flow of the strong coupling avatars

k [GeV]
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Scaling solution

p [GeV]
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Effective 4q interactions
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Invariance on initial conditions
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gΔq ̄q ̄ = 10 = g𝜙q ̄q,Λ = 10



Quark-meson-diquark model action

S[q̄, q,ϕ,∆,∆∗] =

∫ β

0
dx4

∫
d3x

{
q̄
[
Zq

(
/∂ − µγ4

)
+ gϕ (σ + iγ5π⃗ · τ⃗)

]
q

+
1
2g∆

(
∆aq̄γ5τ2iϵaCq̄⊤ −∆∗

aq⊤Cγ5τ2iϵaq
)

+
Zϕ

2 (∂µϕ)(∂µϕ) + Z∆(∂µ + 2µδµ4)∆
∗
a(∂µ − 2µδµ4)∆a

+ U(ϕ2, |∆|2)− cσ
}

with

U(ϕ2, |∆|2) = 1
2m2

ϕϕ
2 +

1
4λϕϕ

4

+ m2
∆|∆|2 + λ∆|∆|4 + 1

2λmixϕ
2|∆|2

and
ϕ2 = σ2 + π⃗2
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