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Collaborators: P. M. Lo, K. Redlich, C. Sasaki

Institute of Theoretical Physics, University of Wroclaw

Criticality in QCD and the Hadron Resonance Gas,
29-31.07.2020

arXiv:2004.04138



2/18

Pure gauge: deconfinement → 1st
order

I Spontaneous Z3 symmetry
breaking

I Order parameter → Polyakov
loop

QCD:

I Z3 symmetry → explicitly
broken

I Deconfinement → crossover

I Polyakov loop → approximate
order parameter

This talk:

I Explicit Z3 symmetry breaking and strong magnetic field

I Effective model

I Heavy quarks → Chiral symmetry irrelevant
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Deconfinement & fluctuations → Polyakov loop potential1

UPG

T 4
= −1

2
a(T )LL̄ + b(T ) lnMH (L, L̄) +

1

2
c(T )(L3 + L̄3) + d(T )(LL̄)2
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Ratio of susceptibilities → Useful probe of deconfinement1

RT =
χT

χL

I Sensitive to explicit center symmetry breaking strength2
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Dynamical quarks −→ Explicit center symmetry breaking

I Heavy quarks → linear breaking, Uq = −hLL
1

I 1-loop (B = 0, m/T � 1): h(T ,m) = 6
π2

(
m
T

)2
K2 (m/T )
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External magnetic field → Landau quantization

2

∫
d3p

(2π)3
→ |qB|

2π

∑
σ=±1

∞∑
k=0

∞∫
−∞

dpz

2π

E 2
k,σ = m2 + p2z + (2k + 1− σ)|qf B| ,

External breaking field for eB 6= 0

hB (m,T , qB) =
3|qB|
π2T 3

∑
σ=±1

∞∑
k=0

Mk,σK1 (Mk,σ/T ) ,

where

Mk,σ =
√
m2 + (2k + 1− σ)|qB|.
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Linear potential vs. full 1-loop potential

UFull
Q = −T

∑∫ [
ln(1 + 3Le−βE + 3L̄e−2βE + e−3βE ) + c .c

]
≈ U0 − hLL

Works well even for m = 0!
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Static quark free energy and entropy

Fq = −T ln(L) Sq = −∂Fq

∂T
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Light quarks → Chiral symmetry relevant!

I Magnetic catalysis

I Inverse magnetic catalysis

Tension between LQCD and naive PNJL models

I PNJL: TD(B) increases

I LQCD: TD(B) decreases

Can be understood by considering

h[M(T ,B),T ,B]

for PNJL and LQCD
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(2012).
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Conclusions

We studied impact of the strong magnetic field on deconfinement in the
heavy quark approximation

I Magnetic field enhances the center symmetry breaking

I Polyakov loop and its fluctuations are sensitive to eB

I Deconfinement temperature decreases and first-order region shrinks
with the magnetic field

Light-quark QCD

I Chiral dynamics important → magnetic catalysis, inverse catalysis
I Tension between LQCD and models

I Non-trivial interplay between chiral dynamics and deconfinement
I Can be explored in our framework
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We employ the following parametrization for MQ :

MQ = m0 − 2G 〈ψ̄ψ〉0F(T ,B)

with

I m0 = 5 MeV

I 〈ψ̄ψ〉0 = −2× (211 MeV )3

I GΛ2 = 2.435, Λ = 515.07 MeV

I F(T ,B) – quark mass profile

F(T ,B) = 〈ψ̄ψ〉(T ,B)/〈ψ̄ψ〉0
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F(T ,B) → Quark mass profile

F(T ,B) = F0(B)/F1(T ,B)

F0(B) = 1 +
1

2

∑
f =u,d

a1(
√

1 + a2(qf B)2 − 1

F1(T ,B) =
α(B) + e2(T/Tχ(B))6

1 + α(B)

with
a1 = 0.257, a2 = 115.5

α(B) = 2.47 + 4(eB)2

Tχ(B) = 0.159− 0.0326(eB)2

1 + 0.4(eB)6
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