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Background

SU(2) pure-gluon Lagrangian density with background field reads:
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devide the field into two parts:
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• ⟨L⟩=const.?



SU(2) case

massive gauge field
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charge η = +− 0,
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gauge transformation

massive gauge field

L =
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LDW gauge, as a background field generalization of the Landau gauge, has a core
gauge condition given by

D̄µa
a
µ = 0 (12)

if a local SU(N) transformation is applied to the background field as

ĀU
µ = UĀµU

−1 +
i

g
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−1

at the same time, the transformation φ → UφU−1 is imposed on the fluctuation field,
ghost fields, and Nakanishi-Lautrup field φ = (a, c, c̄,h), then the action SĀ satisfies
the symmetry

SĀ[φ] = SĀU [UφU−1]



The one-loop background field potential
can be written as

V (1)(T , r) = 3

2
Fm(T , r)− 1
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The massive gluon contribution can be
ignored.rmin = 0

V
(1)
T≪m(T , r) ≈ −1

2
F0(T , r). (15)

The massive gluon contribution is
exponentially suppressed, massless modes
dominate,with the minimum located at
r = π.

图: from M. Quandt.1603.08058v1,r = πx



SU(3) case
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Polyakov loop

• SU(2) (solid line): the Polyakov
loop increases continuously from a
value ”close to zero” at low
temperatures to a non-zero value .

• SU(3) (dashed line): Polyakov loop
exhibits a ”jump” from a value ”close
to zero” at low temperatures directly
to a non-zero value of approximately
0.6..
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pressure

s = ∂P
∂T



Conclusion

Tc (MeV) one loop two loop lattice FRG/DSE
SU(2) 238 284 295 230 (300)
SU(3) 185 254 270 275

• The one-loop calculation can capture the main features of the deconfinement
phase transition.

• The two-loop calculation gives better results in three ways: the critical
temperature matches lattice QCD data more closely, it removes an unphysical
problem with the Polyakov loop, and it corrects the issue of negative entropy.

• This approach is easy to use in calculations and can be systematically improved to
higher orders.
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