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Features of QC2D

pseudoreality of SU(2)c gauge group generators: t∗a = tTa = −t2tat2

antiunitarity of Dirac operator: D∗ = −t2Cγ5Dγ5Ct2
extended �avour symmetry:

SU(Nf )L × SU(Nf )R × U(1)B → SU(2Nf )

LQC2D = ψ†LiσµDµψL + ψ†R iσ
†
µDµψR = Ψ†iσµDµΨ

Ψ =

(
ψL
ψ̃R

)
=


uL
dL
ũR

d̃R

 , ψ̃R = σ2t2ψ
∗
R

allows us to rotate ψL → ψ̃R , similarly 〈ψ̄ψ〉 → 〈ψψ〉
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Features of QC2D
Symmetry Breaking Pattern Nf = 2 [Kogut et al '99]

SU(4)

?

µ

SU(2)L × SU(2)R × U(1)B

?

〈ψψ〉 6= 0

SU(2)L × SU(2)R

-mψ → 〈ψ̄ψ〉 6= 0 Sp(4) - no SSB for µ = 0

?

µ

SU(2)V × U(1)B-

?

〈ψψ〉 6= 0

SU(2)V-
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Features of QC2D
Symmetry Breaking Pattern Nf = 2 [Kogut et al '99]

SU(4) -mψ → 〈ψ̄ψ〉 6= 0 Sp(4)

?

µ Symmetry between 〈ψ̄ψ〉
and 〈ψψ〉 is broken

SU(2)V × U(1)B

?

SSB 〈ψψ〉 6= 0

SU(2)V
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Functional RG
Exact RG Flow Equation

∂kΓk [Φ] =
1

2
STr

1

Γ
(2)
k [Φ] + Rk

∂kRk [Wetterich '91]

Γk interpolates between mircoscopic action S and full quantum
e�ective action Γ

Γk=Λ = Sbare

Γk=0 ≡ Γ

[Gies ’06]
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Functional RG
Exact RG Flow Equation

integrate out �uctuations, Φ =
(
ϕ,ψ, ψ̄,A, c, c̄

)

∂kΓk[Φ] =
1
2

+ 1
2

− + 1
2
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Functional RG
Exact RG Flow Equation

integrate out �uctuations, Φ =
(
ϕ,ψ, ψ̄

)

∂kΓk[Φ] =
1
2

+ 1
2

− + 1
2

T=μ=0 

1 GeV

[Diehl et al ’10]
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Functional RG
E�ective Potential

SU(4) ' SO(6)→ O(6)-order parameter potential + explicit breaking
terms

Uk = Vk(~π2 + σ2 + ∆2
1 + ∆2

2)− cσ − µ2|∆|2

Global minimum determines the condensates 〈σ〉, 〈|∆|〉:
Normal phase: m2 − µ2 > 0 , 〈σ〉 = c

m2 , 〈|∆|〉 = 0
Super�uid phase: m2 − µ2 < 0 , 〈σ〉 = c

µ2
, 〈|∆|〉 6= 0

Flow

∂tUk =
1
2

−
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Functional RG
Improving the truncation

Fluctuations of the propagators → wave function renormalizations
Z∆,k , Zφ,k , Zψ,k

∂t =−1 +

∂t =−1 +

Running Yukawa coupling, mQuark = hk〈ψ̄ψ〉 = hk〈σ〉
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Results
The QC2D Phase Diagram
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Results (preliminary)
µ Dependence
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Results (preliminary)
Temperature Dependence
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Results
Precondensation
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Results (preliminary)
The QC2D Phase Diagram

[Randeria, Nature Physics 6 (2010)]
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Results
Chiral Limit c = 0, mπ = 0
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Results
Wave Function Renormalization
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Results
Mass Spectrum
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Summary/Outlook

Summary

phase diagram of 2-colour 2-�avour QCD, baryonic degrees of freedom,
FRG treatment in yields a pre-condensation phase
impact of running hk and Z∆,k , Zφ,k , Zψ,k

Outlook

LPA beyond φ4

con�nement/decon�nement phase transition
baryons in 3-colour QCD
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Backup Slides
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Backup Slides
Symmetry Breaking Pattern Nf = 2 [Kogut et al '99]

Symmetry group Generators Pseudo-/Goldstones

SU(4) 15 -

〈ψψ〉 = 〈∆1〉 ↓

Sp(4) 10 5 G (~π, σ, ∆2)

µ ↓

SU(2)L × SU(2)R 6 4 PG (~π, σ), 1 G (∆2)

mψ ↓

SU(2)V 3 3 PPG (~π), 1 PG (σ), 1G (∆2)
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µ ↓

SU(2)L × SU(2)R 6 4 PG (~π, σ), 1 G (∆2)

mψ ↓

SU(2)V 3 3 PPG (~π), 1 PG (σ), 1G (∆2)
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Backup Slides
Hadronization

NJL model

⇒
λψ

g g

gg

=⇒ λψ

[
(ψ̄ψ)2 − (ψ̄γ5~τψ)2 −

∣∣ψT εψ∣∣2]

Hubbard-Stratonovich transformation

λψ(ψ̄ψ)2 = hσψ̄ψ +
1

2
m2σ2 with λψ = − h2

2m2

and EoM(σ) → σ = ψ̄ψ
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Backup Slides
Hadronization

NJL model

⇒
λψ

g g

gg

=⇒ λψ

[
(ψ̄ψ)2 − (ψ̄γ5~τψ)2 −

∣∣ψT εψ∣∣2]

Hubbard-Stratonovich transformation

λψ(ψ̄ψ)2 = hσψ̄ψ +
1

2
m2σ2 with λψ = − h2

2m2

and EoM(σ) → 〈σ〉 = 〈ψ̄ψ〉 6= 0 → massterm mq = h〈σ〉
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Backup Slides
Hadronization

Large four-fermion coupling limit

λψ→∞
=⇒...

Large hadron mass limit

m→∞
=⇒

Dynamical degrees of freedom

Quarks ψ, Gluons A =⇒ ψ, mesons φ ∼ ψ̄ψ, baryons ∆ ∼ ψψ, A
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