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MOTIVATION ONE-LOOP EFFECTIVE ACTION

Gauge Theories: Fundamental QFTs for the description of particles. e LEiffective action at one-loop around small fluctuations

e By construction entail invariance under local gauge transformations [ 1
affected by the symmetry group G. [ = ZFWFW — In (App) + 9 In (det M).

¢ Non-Abelian gauge theories, e.g. Yang-Mills, QCD,... For the ghost sector

Inclus101.1 of dynamically generated mass regulator parameters in pure Arp[0, A] = det ( D2 _ méh)°
Yang-Mills theory.

e Supported by lattice simulations for G = SU(2) & SU(3). For the gluon sector
. a — a — £aoc yacC ab
e Regulate the IR divergences of the theory. Mwlj[ A: €] = m? %I; _ 9gfab Fe, — ( Dz) 5y (6)

¢ Pheno models with such mass deformations, e.g. Curci-Ferrari, pro-

vide quite accurate results. v-independent effective action to one-loop order.

Insertion of mass regulator parameters through their respective sec-
tors.

¢ Study of Euclidean quantum pure Yang-Mills theory
RESULT: RUNNING COUPLING
1

L= ZF i F s (1) Dim. Reg in MS scheme Sharp UV proper-time cutoff A

by including gluon & ghost mass regulator parameters in a symmetry )
respecting manner. 22N: g (7)

3 (4m)’

e Investigate the eftect of these mass regulator parameters in the be-
havior of our model on the level of the one-loop effective action. e Results agree with each other for A — oo.

¢ Agreement with universal YM one-loop beta function.

SETTING UP THE MODEL
e Background field method A% = A% + a%.

o Choice of common mass scale m? = m3, = k?,

— k? surpasses the UV scale = Decoupling of modes in (8)
— Manifest background gauge invariance.

¢ Choose a Fourier weight during gauge fixing [1]

RESULT: STUDY OF EFFECTIVE ACTION
Syt = | v*F[A, dl,
5 / ’ 4, e k? > grBg, finite gluonic

contribution region
with v®: external (Nakanishi-Lautrup) scalar field, 5

and F[A, a|: gauge fixing condition. | _ k? < grBr, diverges due
| to unstable modes contribu-

¢ Insert mass regulators as part of the nonlinear gauge fixing condition Gon

Fa, A] v ab | - o Origin of unstable modes =

22 i gluon sector. [2]

Systematic way of dealing
with unstable modes within

Effective action for con- domain of validity'!

e Model preserves background gauge and BRST invariance. stant magnetic fields.
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RESULT: STUDY OF THE EFFECTIVE ACTION

¢ For self dual backgrounds, study the effective action
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e For small couplings the classical contribution dominates =
quadratic increase.

¢ Further increase of the coupling = existence of nontrivial mini-
mum.

¢ Zero modes spoil large field behavior (w —fZ 1In é—%)

e Instability can be regulated by IR suppressing regulator.
e (Qualitative agreement with FRG result. |3, 4]

e For gr > gqrit =~ 5, continuous increase of minimum by increasing
the coupling, see right plot.

Indication of gluon condensate!

CONCLUSIONS

¢ Regulator mass parameters can be inserted in pure Yang-Mills
theory as part of the gauge fixing condition and provide an action
that respects the symmetries of the theory.

e The one-loop eftective action does not give rise to new divergences.

e Study of the form of the one-loop effective action indicates the exis-
tence of a non-trivial minimum!

¢ Disclaimer: Validity of perturbation theory and higher loop contri-
bution.
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