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I. QCD vacuum in strong magnetic fields
from lattlce QCD
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I1. Eular-Heisenberg Lagrangian

for QCD+QED

We derive the Eular-Heisenberg Lagrangian for QCD + QED:
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where £34" and £57'" are the YM part and quark part, respectively
and expliciet forms are given as
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Zero temperature part Finite temperature part
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II. Zero temperature part

Here, we concentrate on the pure chromomangnetic fields
with U(l)em magnetic fields. In this case, we can perform the
proper time integral analytically, and the effective potential at
zero temperature reads
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A Anisotropy of the QCD vacuum
in magnetic field
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The chromomagnetic field prefers to be
00022, ol - = = parallel (anti-parallel) to the external B-

B, 5/ field, which is consistent with lattice QCD.
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A Gluonic magnetic catalysis

. . 2
in chromomagnetic condensate at p=1GeV
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» The chromomagnetic condensate increases with an increasing B-field.

» This result supports the recent observed gluonic magnetic catalysis at zero
temperature in lattice QCD.

III. finite temperature part (preliminary)

We restrict ourselves to color SU(2) case for simplicity. The
Polyakov loop is defined as

P(Z) = (L(%)) = (—trTexp {19/ drAo(T, x)})

In the Polyakov gauge, 9,4, = 0, 49 = a2
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A Weiss potential of SU(2) QCD

with vanishing fields
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Center symmetry

Quark loop explicitly breaks
the center symmetry.

A Explicite center symmetry breaking

in electric and magnetic fields
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» The magnetic field enhances the explicite breaking of the center symmetry.

» On the other hand, the electric field suppresses the explicite symmetry
breaking,

IV. Summary and outlook

e We analyze the QCD vacuum with strong electromagnetic
fields at zero and finite temperatures in one-loop level.

e Non-perturbative analysis with FRG is ongoing:
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