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GRIBOV PROBLEM

m Does Faddeev-Popov quantization fix the problem of gauge copies?
» For Abelian theory and in perturbative non-Abelian theory: YES
» For non-perturbative non-Abelian theory: NO'

m What is the problem in non-perturbative non-Abelian theory?

> GRIBOV COPIES
m Large copies: 9, A, = 0;
A, =UAU" —i/g(0,U)U"; 0, 4], =0
m Infinitesimal copies: 9, A}, = 0 &
OuDiPw’ = 0; Ajf = A% + D¥w’ 9, Al =0

{®) Gribov Copies

» Implications:

m Overcouting configurations
m Faddeev-Popov has zero-modes. So the path
integral is ill defined.

—0uDp’ = —0u(0,6°" — gf**°AL) ()

Gauge Orbit

"Nucl. Phys., B139:1, 1978.



GRIBOV SOLUTION

Gribov Region

Q={A% 0,A% =0, M®(A)=-9,DP(A) > 0}. ()

R
=%



FUNDAMENTAL MoDULAR REGION A (FMR)

Large copies

A, =0
Al =UAUT —i/g(8,U)UT
OuAl, =0




GRIBOV-ZWANZIGER ACTION

S =Sym+ Srp+ Saz

Ser = [ dta (i 0,45+ 0, D (A))

Soz = [ d'a[eira,Ditelr — apeo, (D)

_g(ayazn)fabchlzmcm(Pzn}

a C aoc a —=oc 4
%9 / d*z [f“bCAuth + freAsgle + §<N3 - 1)72} (3)

7 is the Gribov parameter, dynamically fixed by means of its gap equation?

2
(Fo0° A% (b + @) = 2d(N? — 1% (4)

*Nucl.Phys., B326:333-350, 1989.



GRIBOV-ZWANZIGER ACTION BREAKS THIS BRST SYMMETRY SOFTLY

The action (3) breaks the BRST (Becchi-Rouet-Stora-Tyutin) symmetry softly given by the

following BRST transformation

sA;, = —Dﬁbcb, sc = gfabccbcc,
sc® = b*, sb* =0,
ab ab ab
so, = w,, swy, =0,
—ab __ —ab —ab __
sy, = @y, s@y =

Due to the presence of v in Sgz. It is easy to check this doing
5(8) = s(Saz) = =% [ dtzfe [Asule - (D)l + )]

However, the BRST symmetry was restored via a definition in Capri et al., 2017°.

’Phys. Rev., D95, 2017.




GZ FORMALISM DOES NOT MATCH WITH LATTICE SIMULATION

Propagators | Gribov-Zwanziger framework | Lattice results since 2007
Gluons Z(p=0)=0 P(p=0)#0,< o0
Ghosts G(p) ~ L G(p) ~ &

p—0 P p—0 P
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REFINED GRIBOV-ZWANZIGER (RGZ) ACTION

In Landau gauge:
Sr = Sym + Srp + Srcz

2
m a a —=a a
Sraz = SGZJrf2 /d%Au,Au + MQ/d%%b%,b

m (m?, M?) are dynamically determined by their own gap equations*:

or or
o2 =0 o =Y
Non-perturbative RGZ vacuum has been shown to have a lower vacuum energy
compared to the original GZ action.

The GZ action represents an unstable point of the effective potential

With the formation of the condensates properly produces a minimum.

*Phys. Rev., D77:071501, 2008.




LCO-LocAL ComposITE OPERATORS

m How to implement these condensates on the action?
» Via local composite operators (LCO)°.

°Phys. Rev., D10:3235, 1974

°Phys. Rev., D14:2182, 1976; Phys. Rev., D64:085006, 2001; Annals Phys., 212:371-401, 1991; Phys. Rev.,
D54:1614-1625, 1996.
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LCO-LocAL ComposITE OPERATORS

m How to implement these condensates on the action?
» Via local composite operators (LCO)°.

m Problems: New divergences show up and non-renormalizable theory®

m These problems were overcome’

m So, the dimension two condensates (e.g. (AA) and (py)) are introduced via LCO
formalism.

» The LCO O are given by
O = {Audy, 9l i, 0791, Pl el (10)

here, e.g. ¥ = ‘Pﬁc‘ﬂﬁc-
> The operators O of interest are introduced to the Lagrangian via 7O, where 7 is a source.

°Phys. Rev., D10:3235, 1974

°Phys. Rev., D14:2182, 1976; Phys. Rev., D64:085006, 2001; Annals Phys., 212:371-401, 1991; Phys. Rev.,
D54:1614-1625, 1996.

"Phys. Lett., B351:242-248, 1995



CALcuLus ofF RGZ AcTION

The new action is given by
Z:S+SA2+S¢¢+SV3C, (11)

whereby, S is given by (3) and we also have

SAQ = /d T— TAZAZ 5 S@Lp - /ddeQOHQOu ’

Bl = — / d*x (2&2 +aQ? + er) :

7, & and x are called LCO parameters.




THE ACTION

After renormalization process and using suitable Hubbard—Stratonovich transformation, for
example,

1= / (Do) ¢ 7 d'o(o+547+5Q+er)”
The RGZ action can be found®:
m2 4 a pa 2 4 —ab, ab
Sraz = Scz—l-? /d TA A+ M /d TP, Py (13)

Now, the RGZ propagators match with Lattice simulation.

®*Eur.Phys.).C 79 (2019) 9, 731.



THANK You!
QUESTIONS?
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