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Baryon number fluctuations in the 2+1 flavor low energy effective theory

Effective action and flow equation

Effective action

The PQM scale-dependant effective action

Γk =

∫
x
[q̄(γµ∂µ − γ0(µ + igA0)))q + hq̄Σ5q

+ tr(∂µΣ · ∂µΣ†) + Ũk(Σ) + Vglue(L, L̄)]
(2.1)

∫
x
≡

∫ 1/T

0
dx0

∫
d3xi

local potential approximation (LPA)

∂tZφ/q = 0, ∂thl/s = 0

Rui Wen 4 / 18



Baryon number fluctuations in the 2+1 flavor low energy effective theory

Effective action and flow equation

Effective action

The PQM scale-dependant effective action

Γk =

∫
x
[q̄(γµ∂µ − γ0(µ + igA0)))q + hq̄Σ5q

+ tr(∂µΣ · ∂µΣ†) + Ũk(Σ) + Vglue(L, L̄)]
(2.1)

Σ means the meson field

Σ = Ta(σa + iπa), a = 0, 1, ...8,
Σ5 = Ta(σa + iγ5πa)

Ta = λa/2 , λa are the Gell-Mann matrices.

Rui Wen 4 / 18



Baryon number fluctuations in the 2+1 flavor low energy effective theory
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Effective action

The PQM scale-dependant effective action

Γk =

∫
x
[q̄(γµ∂µ − γ0(µ + igA0)))q + hq̄Σ5q

+ tr(∂µΣ · ∂µΣ†) + Ũk(Σ) + Vglue(L, L̄)]
(2.1)

Ũk(Σ) = Uk(ρ1, ρ̃2) − ckξ − jLσL − jSσS

Uk(ρ1, ρ̃2) chirally invariant term
SUV(3) × SUA(3) × UV(1) × UA(1)
ξ = det(Σ)+det(Σ†) Kobayashi-Maskawa-’t Hooft(KMT) term
jLσL, jSσS the linear sigma terms
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Effective action and flow equation

Effective action

The PQM scale-dependant effective action

Γk =

∫
x
[q̄(γµ∂µ − γ0(µ + igA0)))q + hq̄Σ5q

+ tr(∂µΣ · ∂µΣ†) + Ũk(Σ) + Vglue(L, L̄)]
(2.1)

The Polyakov loops

L(x) =
1

Nc
〈TrP(x)〉, L̄ =

1
Nc
〈TrP†(x)〉

with P(x) = Pexp
(
ig

∫ β

0
dτA0(x, τ)

)
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Effective action

The PQM scale-dependant effective action

Γk =

∫
x
[q̄(γµ∂µ − γ0(µ + igA0)))q + hq̄Σ5q

+ tr(∂µΣ · ∂µΣ†) + Ũk(Σ) + Vglue(L, L̄)]
(2.1)

Vglue

T4 = −
1
2
a(t)L̄L +

c(t)
2

(L3 + L̄3) + d(t)(L̄L)2

+ b(t) ln(1 − 6L̄L + 4(L3 + L̄3) − 3(L̄L))

reduced temperature t = (T − Tc)/Tc, tYM = αtglue

[arXiv:1307.5958] Pok Man Lo et al.
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Effective action

The PQM scale-dependant effective action

Γk =

∫
x
[q̄(γµ∂µ − γ0(µ + igA0)))q + hq̄Σ5q

+ tr(∂µΣ · ∂µΣ†) + Ũk(Σ) + Vglue(L, L̄)]
(2.1)

The Wetterich equation

∂tΓk = −Tr
(
Gqq̄

k ∂tR
q
k

)
+

1
2

Tr
(
Gφφ

k ∂tR
φ

k

)
t = ln(k/Λ)
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Effective action and flow equation

The flow equation

∂tUk(ρ1, ρ̃2) =
k4

4π2{3l(B)
0 (mπ,k; T) + 4l(B)

0 (mK,k; T))

+ l(B)
0 (mη,k; T) + l(B)

0 (mη′,k; T)) + 3l(B)
0 (ma0,k; T))

+ 4l(B)
0 (mκ,k; T) + l(B)

0 (mf 0,k; T)) + 3l(B)
0 (mσ,k; T))

− 4Nc[2l(F)
0 (ml,k; T , µ) + l(F)

0 (ms,k; T , µ)]}

(2.2)

here

l(B)
0 (m) =

k

3Eφ,k
(1 + 2nB(Eφ,k))

l(F)
0 (m) =

k

3Eq,k
(1 − nF(Eq,k − µ) − nF(Eq,k + µ))

(2.3)
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Result

The meson and quark masses changed with scale k and
temperature T
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Result

The pressure p and the trace anomaly ∆ = ε − 3p
(α = 0.52,Tglue

c = 270MeV)

Tχ = 194MeV
hotQCD [arXiv:1407.6387] Tχ = 154MeV
Wuppertal-Budapest [arXiv:1309.5258] Tχ = 156MeV
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Result

The culumants χB
n =

∂n

∂(µB/T)n

P

T4, n ∈ Z

The kurtosis ratio R42 = χB
4/χ

B
2

hotQCD [arXiv:1708.04897]
Wuppertal-Budapest[arXiv:1305.5161]
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Result

Chiral transition diagram

(identified by
∣∣∣∣∣∂ρ1

∂T

∣∣∣∣∣) 90%
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Result

The pressure and the trace anomaly
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Result

Ratios of baryon number fluctuations
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Summary and outlook

The pressure, trace anomaly and the kurtosis agree
with the lattice results.
The EoS and baryon number fluctuations up to the
four order at finite baryon chemical potential are also
calculated.
In the future, lots of things can be done,for instance,
going beyond the LPA truncation,considering the elec-
tric charge and strangeness chemical potentials,extending
the low energy effective theory to the 2+1 flavor QCD.

Thank you
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Summary and outlook

Backup

The pressure and the trace anomaly mσ
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Summary and outlook

The kurtosis ratio mσ
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Summary and outlook

The pressure and the trace anomaly α
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Summary and outlook

The pressure and the trace anomaly Tglue
c
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Summary and outlook

Uk=Λ = −

∫ ∞

Λ

dk
k5Nc

3π2

( 2
El

(nF(xl,T ,L, L̄) + nF(x̄l,T , L̄,L)

+
1
Es

(nF(xs,T ,L, L̄) + nF(x̄s,T , L̄,L)
)

(4.1)

ml/s,k>Λ = ml/s,k=Λ,

∂Utotal

∂σl
=
∂Utotal

∂σs
=
∂Utotal

∂L
=
∂Utotal

∂L̄
= 0 (4.2)
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Summary and outlook

Result

Initial conditions
the UV cutoff Λ = 1GeV

U(ρ, ρ̃2)Λ = λ10ρ1 +
λ20

2
ρ2

1 + λ01ρ2

hl = hs = 6.5, ck = 4808MeV
jl = (121MeV)3, js = (336MeV)3

λ10 = (654MeV)2, λ20 = 31, λ01 = 11.9
fπ = 92MeV,fK = 115MeV
mπ = 135MeV,mK = 492MeV,
mσ = 510MeV,m2

η + m′2η = 1.22 × 106MeV2

ml = 299MeV,ms = 454MeV
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