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FRG (2)

• (Exact) Wetterich equation

∂kΓk =
1

2
STr

[

(

Γ
(2)
k + Rk

)−1

∂kRk

]

• Regulator Rk ensures correct integration limits

Γk
k→Λ
−−−→ S Γk

k→0
−−−→ Γ

• In practice, truncations are needed

→ Derivative expansion for a scalar field
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d4x

[

Uk(φ
2) +

1

2
Zk(φ

2)
(

∂µφ
)2
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Yk(φ

2)
(
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)2

+ . . .

]
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Quark-meson model in LPA



Quark-meson model in LPA

• The quark-meson model is a low-energy effective model for

two-flavour QCD

• Ansatz for the effective average action

Γk =

∫

d4x

(

ψ̄
(

/∂ − µγ0 + hΣ5

)

ψ +
1

2

(

∂µφ
)2

+ Uk(φ
2)− cσ

)

Σ5 = (σ + iγ5~π~τ ), φ = (σ, ~π)
T
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Why go beyond LPA?

• “Wrong” shape of the

first-order transition line

[R.-A. Tripolt et al., Phys. Rev. D 97, 034022 (2018)]

• Pion curvature and pole

masses show a large

discrepancy in the vacuum

mπ,curv ≈ 138 MeV

mπ,pole ≈ 100 MeV
[J. Wambach et al., PoS CPOD2017, 077 (2018)]
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Quark-meson model in LPA′



Quark-Meson Model in LPA′

• Ansatz for the effective average action

Γk =

∫

d4x

(

ψ̄
(

/∂ − µγ0 + hΣ5

)

ψ +
1

2
Zk

(

∂µφ
)2

+
1

2
Yk

(

φ∂µφ
)2

+ Uk(φ
2)− cσ

)

• Effective wave-function renormalisations

Zσ = Zk + σ2Yk

Zπ = Zk

• Zψ is neglected (usually found to be close to 1)
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Zψ in comparison to Zσ and Zπ

• Vacuum study of the quark-meson model

[F. Divotgey et al., Phys.Rev. D99 no.5, 054023 (2019)]

→ Zψ stays small in comparison to Zσ and Zπ
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Including a finite temperature

• Compactification of the time direction, Matsubara frequencies

∫

d
4
x −→

∫ 1/T

0

dτ

∫

d
3
x

∫

d4p

(2π)4
−→ T

∑

n∈Z

∫

d3p

(2π)3

ωn = 2πT · n (bosons)

νn = 2πT ·

(

n +
1

2

)

(fermions)

• Ansatz for the effective average action

Γk =

∫ 1/T

0

dτ

∫

d
3
x

(

ψ̄
(

/∂ − µγ0 + hΣ5

)

ψ +
1

2
Zk,‖

(

∂0φ
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+
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2
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(

∂iφ
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+
1

2
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+
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2
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)

7



Expectation (Yk = 0)

• Vacuum

Zφ ≡ Zk

• Finite temperature

Zφ,‖
T>0

6= Zφ,⊥ Zφ,‖
T→0
= Zφ,⊥

• A 3-dimensional regulator induces an artificial splitting

→ Is a 3-dimensional regulator suited?
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Results (Yk = 0, 3d Litim regulator)

T → 0 MeV, µ = 0 MeV
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Specifying the problem

• Possible reasons for the large splitting in the vacuum

• 3-dimensional regulator

• Error(s) in this calculation

• . . . ?

• Contributions to the flow equations in the limit T → 0

(∂kZφ,⊥)B
(

∂kZφ,‖
)

B

T→0
≈ 1

(∂kZφ,⊥)F
(

∂kZφ,‖
)

F

T→0
−−−→ 1 −

M2
ψ

k2

→ Is there an error in the derivation?
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Possible solution

• Including Zψ,‖ and Zψ,⊥

→
(

∂kZφ,‖
)

F
and (∂kZφ,⊥)F

get modified by

Zψ,‖, Zψ,⊥, ηψ ≡ −k∂k ln Zψ,⊥

→ ∂kZφ,⊥ and ∂kZψ,⊥ are mutually coupled

→
∂kZφ,⊥

∂kZφ,‖

T→0
≈ 1 becomes possible
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Outlook



Outlook

Γk =

∫ 1/T

0

dτ

∫

x

[

ψ̄
(

Zψ,‖γ0(∂0 + µ) + Zψ,⊥γi∂i + hkΣ5

)

ψ

+
1
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(

∂0φ
)2
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1

2
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(

∂iφ
)2

+
1

2
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(

φ∂0φ
)2

+
1

2
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(

φ∂iφ
)2

+
1

2
Xk,‖φ

2
(

∂0φ
)2

+
1

2
Xk,⊥φ

2
(

∂iφ
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2)− cσ

]

• Effective wave-function renormalisations

Zσ,‖ = Zk,‖ + σ2
(

Xk,‖ + Yk,‖

)

Zσ,⊥ = Zk,⊥ + σ2
(

Xk,⊥ + Yk,⊥

)

Zπ,‖ = Zk,‖ + σ2Xk,‖ Zπ,⊥ = Zk,⊥ + σ2Xk,⊥
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