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The Gribov problem

® The gauge-fixing condition, defined as the unambiguous selection

of one unique element from each “gauge-field orbit” is

nonperturbatively inadequate.

l.e., Landau gauge: 6,A"=0 ;

¢ Gribov suggestion: minimization of

Not enough!!!
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The Gribov problem

® The gauge-fixing condition, defined as the unambiguous selection
of one unique element from each “gauge-field orbit” is
nonperturbatively inadequate.

l.e., Landau gauge: 9,A"=0; Notenough!!!

& Zwanziger horizon condition: explicit modification of the action incorporating
the horizon term:

" /d% h(z) [D. Zwanziger, Nucl.Phys.B321 (1989) 591]
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¢ An equivalent local action can be derived by incorporating auxiliary fields
[D.. Zwanziger, Nucl.Phys.B399(1993)477]
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Gluon dressing function: v Gribov mass: m?
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The Gribov problem

Gribov-Zwanziger approach

® The gauge-fixing condition, defined as the unambiguous selection
of one unique element from each “gauge-field orbit” is
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The Gribov problem

Refined Gribov-Zwanziger approach

® The gauge-fixing condition, defined as the unambiguous selection
of one unique element from each “gauge-field orbit” is
nonperturbatively inadequate.

l.e., Landau gauge: 9,A"=0; Notenough!!

¢ An equivalent local action can be derived by incorporating auxiliary fields
[D. Zwanziger, Nucl.Phys.B399(1993)477]
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Gluon dressing function: v Gribov mass: m’*

D (k?) = 7

k* + ‘ZU\< fD /

¢ The auxiliary fields localizing the horizon term take a non-zero dimension-two
condensates such that

[D. Dudal et al., Phys.Rev.D72(2005)014016]
[D. Dudal et al., Phys.Rev.D77(2008)071501]

k2 + M*?
k-“—l + kﬂmﬂ + /‘;Ilil

| D(K?) =




The Gribov problem

Refined Gribov-Zwanziger approach

® The gauge-fixing condition, defined as the unambiguous selection
of one unique element from each “gauge-field orbit” is
nonperturbatively inadequate.

l.e., Landau gauge: 9,A"=0; Notenough!!

¢ An equivalent local action can be derived by incorporating auxiliary fields
[D. Zwanziger, Nucl.Phys.B399(1993)477]

. o | )
Gluon dressing function: v Gribov mass: m’*

D (k?) = 7

k* + ‘ZU\< fD /

¢ The auxiliary fields localizing the horizon term take a non-zero dimension-two
condensates such that

[D. Dudal et al., Phys.Rev.D72(2005)014016] o N 2 1
[D. Dudal et al., Phys.Rev.D77(2008)071501] TR
< m=M"—u
2 T2
- @{kﬂ) _ k +@/7 where: M2=;)—2<A3A2>7&0
kY + F:Q@ (A2 )
. \ M*#0



The partonic constraints

® An illustrative example: S (k*) = 1/(k* + 12). a free-parton propagator!

¢ 4-d dual in configuration space:

x = Va?
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The partonic constraints
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® Asymptotic freedom implies that the two-points QCD Schwinger functions
must be convex-down, both in momentum space (for k*>k;>Aj,) and in
configuration space (for x’<x,<1/Ag, ). Areal, positive effective mass implies
2 the same for the 1-d Schwinger function in the vicinity of t=0.
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configuration space (for x’<x,<1/Ag, ). A real, positive effective mass implies
the same for the 1-d Schwinger function in the vicinity of t=0.
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¢ 1-d dual in configuration space:  weak constraint: |A=M

® Applied to the RGZ gluon propagatoriﬁ{ﬁcz}
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The partonic constraints

® Asymptotic freedom implies that the two-points QCD Schwinger functions
must be convex-down, both in momentum space (for k*>k;>Ag,) and in
configuration space (for x’<x,<1/Ag, ). A real, positive effective mass implies
the same for the 1-d Schwinger function in the vicinity of t=0.
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Interpreting the lattice data
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® The RGZ scenario:

Gribov mass
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Gribov mass
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2 MP W2
m = W (a manifestation of

Gluon mass more elaborated

\ X mechanisms as
{mz = = Schwinger's one!!!)




The Gribov and the gluon masses

® The RGZ scenario: .
Gribov mass
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D(k*) = (a manifestation of
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X mechanisms as
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® The RGZ + partonic scenario:
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& Weak constraint: M°=)\?, )ﬁz%

@ Strong constraint: A% =’
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® The RGZ scenario: .
Gribov mass
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The Gribov and the gluon masses

® The RGZ scenario: .
Gribov mass
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The Gribov and the gluon masses
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The Gribov and the gluon masses

® The RGZ scenario: .
Gribov mass
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D(k*) = (a manifestation of
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® The RGZ + partonic scenario:

€ Third synthetic and favoured case: | 32 > M2 + my=m,= 0.53GeV




The Gribov and the gluon masses

® The RGZ scenario: .
Gribov mass

}\'4:2 - 2M2
k2 + M2 {mz: Mz )

D(k?) = (a manifestation of
) E* + k2m= + A\ Gluon mass more elaborated
X mechanisms as
mz === Schwinger's one!!!)
M

® The RGZ + partonic scenario:

€ Third synthetic and favoured case: | ).° > w o+ m

=m, = 0.53GeV

Y

Conclusions:

@ Both emergent phenomena, the appearance of a horizon scale and a gluon mass,
play the same role in screening longwavelength gluon modes, thereby dynamically
eliminating the Gribov ambiguities.

@ Together, they set a confinement scale of the order of 1 GeV.

® We can thus sensibly conjecture that both emergent phenomena are equivalent!!!



Plece two: the zero-crossing of the
three-gluon vertex
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The zero-crossing of the three-gluon vertex

2

g'(q’)
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Let's then focus (again) on the symmetric case: the form factor appears to change its sign at very deep IR
momenta and show then a zero-crossing. This appears to happen below ~0.2 GeV.

6



The zero-crossing of the three-gluon vertex

Zero-crossing

o
M. Tissier, N. Wschebor, PRD84(2011)0450 ¢
A.C Aguilar et al.; PRD89(2014)05008 %
A. Blum et al.; PRD89(2014)061703 #
G. Eichmann et al.; PRD89(2014)105014

A K. Cyrol et al.; arXiv:1605.01856[hp3p
A. Cucchieri, A. Maas, T. Mendes;

PRD74(2006)014503:-PRID77(2008Y094510Q
T AN A RE( I I o 7T N

o [=5.6-6.2 (Wilson old)
B=4.2, L=32 (ISym)

s [=3.8, L=48 (11Svm)

+  [=5.6, L=4% (Wilson new)

«  [=3.9, L=64 (11Svm)
f=5.8, L=4& (Wilson new)
B=5.6, L=52 (Wilson new)

i( 2
if 2\ i 2.2\ _ g(q)
g (W)Ty flg"iu’) = ——=———
& Aglg? 1))
[=sym, asym.
ﬁlIl'_—
sym( 2 m 400 -
g""(q’)=q NG 2 w0
asym( 2) _ q3 TaSle(qz AE‘:_"' D_—
A(O)A ()" T
-EuIII':—
800 |-
S1on0 -
-llllll}:—
sym Wo (G, 1, P) Goun g, 1, P) =
T™q") = o : ,
Wapv(% r, P)W:rpv(‘?s t, p) sym
asym

0.1

q [GeV]

Let's then focus (again) on the symmetric case: the form factor appears to change its sign at very deep IR
momenta and show then a zero-crossing. This appears to happen below ~0.2 GeV.

6



The zero-crossing of the three-gluon vertex

Zero-crossing?

oy
M. Tissier, N. Wschebor, PRD84(2011)045(} ;
A.C Aguilar et al.; PRD89(2014)05008 , "¢
A. Blum et al.; PRD89(2014)061703  # 1 4
G. Eichmann et al.; PRD89(2014)1050.1%
A.K. Cyrol et al.; arXiv:1605.01856[ hép=pt?
A. Cucchieri, A. Maas, T. Mendes;

i( 2
i i _ g q
g (W) flg" u') = — (2 >2 7
@ AR(g )]
[=sym, asym.
mm:—
7" (¢°) 400 -
sym( 2 = 3 — L _
g""(q’) q[A% S mzf
¢"(¢) = ¢ —= il J&E“ 200
AOTA(TE e
-mn:—
800 -
1000 |-
1200
Tsym(qi) — Waou(q,1, p) gﬂ:,uv(ffa r,p)
Wﬂﬂ?h?* ¥y P)Wwpv(‘I: r,p) sym ’
asym

f=5.6-6.2 (Wilson old) m
s [=4.2, L=32 (1Sym) _
s [§=3.8, L=48 (11Svm)

« [§=5.6, L=48 (Wilson new)
o [§=3.9, L=64 (11Svm) —
f=5.8, L=48 (Wilson new)
f=5.6, L=52 (Wilson new)

0.1

q[GeV]

Let's consider now the asymmetric case: the results are much noisier (surely because of the zero-
momentum gluon field in the correlation function), although there appear to be strong indications for the

happening of the zero-crossing.
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After leg amputation, the 1PI form factor for the tree-level tensor shows clearly the zero-crossing. The
trend is the same for both Wilson and tISym actions and symmetric and asymmetric configurations.
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We can thus perform a fit, only over a deep IR domain, of our data to a DSE-grounded formula
and describe the behaviour of the 1PI form factor.
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The low-momenta asymptotic 1Pl form factor obtained from DSE within the PT-BFM is fully
consistent with lattice data for both symmetric and asymmetric kinematic configurations.
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Conclusions

 Lattice contemporary results for the three-gluon Green's
functions provide, as a main feature, a zero-crossing at very low-
momenta...

e ... that can be understood as being driven by a negative
logarithmic singularity for the 3-gluon 1-PI vertex.
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Conclusions

 Lattice contemporary results for the three-gluon Green's
functions provide, as a main feature, a zero-crossing at very low-
momenta...

e ... that can be understood as being driven by a negative
logarithmic singularity for the 3-gluon 1-PI vertex.

Thank you!!!
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