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I. Abstract
In this work, we investigate the phase diagram of the (2+1)-dimensional Gross-Neveu-
Yukawa (GNY) model under strong magnetic fields at finite temperature and density. Large
magnetic fields result in magnetic catalysis, a dimensional reduction of the system and en-
hancement of the chiral symmetry breaking. Using the functional renormalization group
(FRG) in a hydrodynamic approach allows us to solve for the full effective potential at con-
stant flavor numbers.

II. Model
The Lagrangian of the Gross-Neveu-Yukawa model is:

L = ψ̄
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In a magnetic field, charged particles are quan-
tized into Landau Levels, with every Landau
Level having a degeneracy of two except the
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Furthermore, for large field values the momentum can be replaced by Landau Levels and the
system exhibits dimensional reduction:

p⃗ 2 → 2qBl ,

∫ d2p
(2π)2

→|qB|
4π

∞∑
l=0

αl ,

where αl is the degeneracy of the respective Landau Level.
The idea of the Functional Renormalization Group is to start in the Ultraviolet with the
classical action S [Φ] and successively integrate out momentum shells, thereby flowing to the
full quantum effective action Γ[Φ] in the Infrared. To incorporate this idea we are using the
Wetterich equation:

∂tΓ̄t[Φ] =
1

2
STr

[
∂tRt

Γ̄
(2)
t [Φ] + Rt

]
,

where Γ̄t is the scale dependent effective average action and Rt a regulator term.
Using the Local Potential Approximation, we get a flow equation for the effective potential:

∂tU(t, σ) =

σ

− 2

ψ

,

where only the fermion loop is affected by the magnetic field, because the σ-field does not
carry a charge. This gives us a PDE, which we can solve by casting it into a conservative form
and using methods from numerical hydrodynamics.

III. (Inverse-) Magnetic Catalysis

The magnetic field enhances the chiral condensate (Magnetic Catalysis) and even induces
condensation. For small or zero magnetic field the Phase transition at small temperature is of
second order but becomes first order for increased field values.
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At finite chemical potential, inverse magnetic catalysis becomes increasingly common. In
the broken phase, the condensate grows with the magnetic field even while the region of the
broken phase gets smaller.
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IV. Phase Diagrams

Looking at the phase diagrams we see mostly magnetic catalysis. Only at finite chemical
potential the system exhibits inverse magnetic catalysis. At finite µ and small |qB|, if one
increases the magnetic field the system undergoes multiple first order transitions into the sym-
metry broken regime followed by second order transitions restoring the symmetry.
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In the case of vanishing magnetic field, the critical point lies on the T = 0 axis. If we increase
the magnetic field, the critical point moves upwards and the first order phase transition line
becomes larger.
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V. Outlook
• Extend calculations to the Quark-Meson(-Diquark) model to investigate the impact of pions
and color superconductivity.

• Perform a stability analysis to investigate possible Inhomogenous phases.
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