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Introduction
Heavy ion collisions
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• Temperatures 


• Magnetic fields 


• Baryon densities 


• Nontrivial interplay between strong 
interactions and 

T ∼ 1012 K ∼ mπ

eB ∼ 1014T ∼ m2
π

μB ∼ mπ

T, eB, μB
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Phase diagram in the  planeT − B

4

Lattice QCD

[D’Elia et al., 2021]

: Inverse magnetic catalysis, CEP?eB
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Phase diagram in the  spaceT − B − μ

5

deconfining 
transition

chiral 
transition

𝜇 = 0

deconfining 
transition

chiral 
transition

𝜇 = 250 MeV

deconfining 
transition

chiral 
transition

𝜇 = 500 MeVB BB

[AK et al., 2019]

Lattice QCD

[D’Elia et al., 2021]

: Inverse magnetic catalysis (IMC), CEP?eB
: Analytical continuation from , CEP ?μ μI

: small values: mild interplay of  and , IMCeB + μ eB μB

Analytical continuation



Phase diagram in the  spaceT − B − μ

5

deconfining 
transition

chiral 
transition

𝜇 = 0

deconfining 
transition

chiral 
transition

𝜇 = 250 MeV

deconfining 
transition

chiral 
transition

𝜇 = 500 MeVB BB

[AK et al., 2019]

M
ag

ne
tic

 Fi
eld

Superconductor
 Phases

Baryon Chemical Potential

Quark-Gluon
Plasma

Te
m

p
er

a
tu

re

[P.Costa et al., 2018]

Lattice QCD PNJL

[D’Elia et al., 2021]

: Inverse magnetic catalysis (IMC), CEP?eB
: Analytical continuation from , CEP ?μ μI

: small values: mild interplay of  and , IMCeB + μ eB μB

Analytical continuation



QCD Thermodynamics 
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V
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eB ≠ 0 p∥ = − f p⊥ = − f−eB ⋅ M
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•

μu = μd = μ, μs = 0

μB = 3μ, μQ = 0, μS = μ = μB/3

Pressure 


: 

: , 


p

eB = 0 p = − f
eB ≠ 0 p∥ = − f p⊥ = − f−eB ⋅ M



Equation of State: general method
Expansion in : setupμ
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[J. Guenther et al., 2016]
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f0 − f ≡ f0(μ = 0,B, T) − f(μ, B, T)
c2 ≡ c2(B, T)
c4 ≡ c4(B, T)
c6 ≡ c6(B, T)



Equation of State: general method
Expansion in : setupμ

• 


• 


•                 due to sign problem

μu = μd = μ, μs = 0

μB = 3μ, μQ = 0, μS = μ = μB/3

θ = iμ/T
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EoS in Magnetic Field
Lattice Setup

• 2-stout smeared staggered fermions, , 


• Standard way to introduce  and  in the lattice QCD


• 


• Aspect ratio 


• Data are still preliminary

Nf = 2 + 1 mπ = 135 MeV

eB μ

Nt = 8,10,12 → ∞

Ns/Nt = 4
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Density  vs nI μI
eB = 0.6 GeV2
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[1]: [M. D’Elia et al., 2016]
[2]: [H.-T. Ding et al., 2021] mπ ≈ 220 MeV
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[J. Guenther et al., 2016]

[1]: [M. D’Elia et al., 2016]
[2]: [H.-T. Ding et al., 2021] mπ ≈ 220 MeV
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Magnetic field significantly enhances fluctuations!

Dimensional reduction n ∼ μ3 → μ × eB

[J. Guenther et al., 2016]

[1]: [M. D’Elia et al., 2016]
[2]: [H.-T. Ding et al., 2021] mπ ≈ 220 MeV
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• Lattice QCD at nonzero ,  and : phase diagram and Equation of State


• Large effect of  on Equation of State


• Fluctuations significantly grow with 


• Dimensional reduction

T μ eB

eB

eB

Conclusions
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