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Looks like a massive propagator

Fit by the following function
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I. L. Bogolubsky et al.
Phys. Lett. B676, 69 (2009)

O. Oliveira and P. J. Silva
PoS QCD-TNT09, 033 (2009)

A. Cucchieri and T. Mendes
PoS LAT2007, 297 (2007)
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lattice QCD

A. Cucchieri and T. Mendes
PoS QCD-TNT09, 026 (2009)

I. L. Bogolubsky et al.
Phys. Lett. B676, 69 (2009)

Ghost dressing function F(q2) saturates (D=F/q2)

Ghost propagator is still IR divergent (i.e., there is no 
ghost mass)
Ghosts seem to play a marginal role in the game 
(as opposed to ghost-dominance)

More on this in the talk of J. Rodriguez-Quintero

q2

q2

F
(q

2
)

F
(q

2
)

Ph. Boucaud et al., Phys. Rev. D74, 034505 (2006)

R. Alkofer, L. von Smekal, C. Fisher, A. Maas,. . . 
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Fit by the following function

F (p2) =
a1 − a2

1 + (p2/p2
1)γ

+ a2
A. Cucchieri and T. Mendes
PoS QCD-TNT09, 026 (2009)

I. L. Bogolubsky et al.
Phys. Lett. B676, 69 (2009)

Ghost dressing function F(q2) saturates (D=F/q2)

Ghost propagator is still IR divergent (i.e., there is no 
ghost mass)
Ghosts seem to play a marginal role in the game 
(as opposed to ghost-dominance)

More on this in the talk of J. Rodriguez-Quintero
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PT-BFM:
new Schwinger-Dyson series

D. B. and J. Papavassiliou, Phys. Rev. D77, 061702(R) (2008)
D.B. and J. Papavassiliou, JHEP 11, 063 (2008)Apply the pinch technique to the Schwinger-Dyson eq

of the gluon propagator

Diagrams made out of new vertices, but 
have inside the conventional propagator
New vertices corresponds to BFM vertices

external gluons have been dynamically 
converted into background gluons

The new Schwinger-Dyson equation has a special structure
Subgroups (one-/two-loop dressed gluon/ghost diagrams) are individually transverse
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new Schwinger-Dyson series

D. B. and J. Papavassiliou, Phys. Rev. D77, 061702(R) (2008)
D.B. and J. Papavassiliou, JHEP 11, 063 (2008)Apply the pinch technique to the Schwinger-Dyson eq

of the gluon propagator

Diagrams made out of new vertices, but 
have inside the conventional propagator
New vertices corresponds to BFM vertices

external gluons have been dynamically 
converted into background gluons

The new Schwinger-Dyson equation has a special structure
Subgroups (one-/two-loop dressed gluon/ghost diagrams) are individually transverse

+Λµν(q) = νµ µ ν

Hσν(k, q) = H(0)
σν +

k, σ

q − k

q
ν

Problem
Not a genuine Schwinger-Dyson 
equation (mixes conventional 
and BFM propagators)

Express the Schwinger-Dyson equation in terms of a Background-
Quantum identity

�∆(q2) = [1 + G(q2)]−2∆(q2)

∆−1(q2)[1 + G(q2)]2Pµν(q) = q2Pµν(q) +
10�

i=1

(di)µν

Λµν(q) = = igµνG(q2) + · · ·
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Final equations
Consider one-loop dressed diagrams only

( )−1 = ( )−1 +

k

q q q k + q

+Λµν(q) = νµ µ ν

Hσν(k, q) = H(0)
σν +

k, σ

q − k

q
ν

+Λµν(q) = νµ µ ν

Hσν(k, q) = H(0)
σν +

k, σ

q − k

q
ν

ghost self-energy equation must be 
included

Treat PT-BFM vertices non-perturbatively
contain the massless poles

Keep normal ghost vertex at tree-level (consistent with 
lattice results in d=4)
One-loop G (tree-level H)

∆−1(q2)Pµν(q) =
q2Pµν(q) + i

�4
i=1(di)µν

[1 + G(q2)]2

iD−1(q2) = q2 + iλ
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H
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contain the massless poles

Keep normal ghost vertex at tree-level (consistent with 
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Very flexible framework

Can add/remove group of diagrams gauge invariantly

Gauge invariance preserved at each step (transverse 
projectors can be traced out)
Different options for truncation (always retaining exact 
gauge invariance)

Modest price to pay: additional equation for G(q2) 
(but this function is very worth the effort)
PT-BFM and conventional vertices can be treated 
independently
Allow the gauge invariant study of ghost 
contributions

PT-BFM:
new Schwinger-Dyson series
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[4d SU(3)] gluon and ghost propagator solutions
✓ (almost) Parameter-free calculation
✓ Massive (decoupling) solutions found
✓ Qualitative agreement with lattice simulations

✓ IR finite gluon propagator
✓ IR finite ghost dressing function

Better agreement could be achieved
✴ Mainly going beyond tree-level approximations

✴ normal ghost vertex (D)
✴ H auxiliary function (G)

A. C. Aguilar, D. B. and J. Papavassiliou, Phys. Rev. D78, 02510 (2008)
SU(3) lattice data: I. L. Bogolubsky et al. Phys. Lett. B676, 69 (2009) 

Three unknowns: G, Δ and D (or F)

Solution of the 4d system

IR finiteness condition

lim
q2→0

∆−1(q2) = ∆−1
lat (0)

application II
gluon and ghost propagators (d=4)
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gluon and ghost propagators (d=3)
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[3d SU(2)] gluon and ghost propagator solutions
✓ One-loop (plus tree-level mass) gives good results
✓ Massive (decoupling) solution again present
✓ Qualitative agreement with lattice simulations

✓ IR finite gluon propagator
✓ IR finite ghost dressing function

We can do better
✴ Solve the full system as in the 4d case

✴ expected to be easier than in 4d (integrals are 
convergent)

A. C. Aguilar, D. B. and J. Papavassiliou, arXiv:1004.2011 [hep-th] (2010)
SU(2) lattice data: A. Cucchieri and T. Mendes, PoS QCD-TNT09, 026 (2009)

One-loop approximations for Δ with a tree-
level (hard mass)

Full ghost equation for D (or F)

Solution of the 3d system

q2

q2

q2

∆
(q

2
)

More on ghost/gluon propagators  in  
Dudal’s and Wschebor’s talk
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G (and L) from the lattice
Correct physics encoded in the (truncated) new SDEs

Use available lattice data to study the behavior of the auxiliary functions G and L, and the QCD effective charge

A. C. Aguilar, D. B. and J. Papavassiliou, JHEP 011, 066 (2009)

Dynamical equations

G(q2) =
λ

3

�

k

�
2 +

(k · q)2

k2q2

�
∆(k)D(k + q)

L(q2) =
λ

3

�

k

�
1− 4

(k · q)2

k2q2

�
∆(k)D(k + q)

BRST symmetry gives (in the Landau gauge)

F−1(q2) = 1 + G(q2) + L(q2)

the ghost dynamics is fully constrained

Under very general conditions 
on the gluon and ghost 
propagators

L(0) = 0

In the deep IR limit

F−1(0) = 1 + G(0) =⇒G(0) = −1 F (0)→∞then if =⇒ ghost dominance

However
Lattice shows a finite F
Theoretical arguments suggest G(0) � −2

3
K-I. Kondo, Phys. Lett. B678, 322 (2009)
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G (and L) from the lattice
Correct physics encoded in the (truncated) new SDEs
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L(0) = 0
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However
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Theoretical arguments suggest G(0) � −2

3
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The condition                             looks like the Kugo-Ojima confinement criterionG(0) = −1 u = −1pippo

pippo

�
d4x e−iq·(x−y)�T

�
(Dµc)m

x (Dµc̄)n
y

�
� = −qµqν

q2
δmn + Pµν(q)δmnu(q2)

Indeed one can show that

G(q2) ≡ u(q2)

G reveals a great deal
about the QCD IR sector
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G (and L) from the lattice
Solve the equation for G and L using the lattice data as input

Solutions’ features

No evidence for ghost dominance

In 4d L is subdominant for all momenta

Indeed one finds                             . . .G(0) � −2
3

. . . but G is µ dependent: G(0) = G(0;µ2)

q2 q2
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G (and L) from the lattice

Solve the equation for G and L

Solutions’ features

No evidence for ghost dominance

In 4d L is subdominant for all momenta

Indeed one finds                             . . .G(0) � −2
3

. . . but G is µ dependent:

Can compare with direct lattice measurement of u in 
terms of Monte Carlo averages

G(0) = G(0;µ2)

0

0.2

0.4

0.6

0.8

0.01 0.1 1 10 100

−
u
(q

2
)

q2 [GeV2]

µ = 4 GeV

u(p2, µ2), β = 6.0
5.8
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A. Sternbeck, arXiv:hep-lat 0609016 (2006)
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effective charge
A. C. Aguilar, D. B., J. Papavassiliou and J. Rodriguez-Quintero, Phys. Rev. D80, 085018 (2009)

A. C. Aguilar, D. B. and J. Papavassiliou, arXiv:1004.1105 [hep-ph] (2010)
�∆(q2) gThe quantities            and    renormalize as  

�∆(q2;µ2) = Z−1
bA

�∆0(q2)

g(µ2) = Z−1
g (µ2)g0

Zg = Z−1/2
bA

g2 �∆(q2) = g2(µ2)�∆(q2;µ2)
renormalization group 
invariant combination
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effective charge
A. C. Aguilar, D. B., J. Papavassiliou and J. Rodriguez-Quintero, Phys. Rev. D80, 085018 (2009)

A. C. Aguilar, D. B. and J. Papavassiliou, arXiv:1004.1105 [hep-ph] (2010)
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Zg = Z−1/2
bA

g2 �∆(q2) = g2(µ2)�∆(q2;µ2)
renormalization group 
invariant combination

Use the quantum-background identity

�d(q2) = g2(µ2)�∆(q2;µ2) =
g2(µ2)∆(q2;µ2)
[1 + G(q2;µ2)]2

1 + G(q2;µ2) = 1 +
9
4

CAg2

48π2
log

q2

µ2

∆−1(q2;µ2) = q2

�
1 +

13
2

CAg2

48π2
log

q2

µ2

�one-loop

enforces the β function 
coefficient in front of the 
UV log

�∆−1(q2;µ2) = q2

�
1 + b g2 log

q2

µ2

�

b =
11CA

48π2
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effective charge
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application IV
effective charge

The two effective charges coincide in the UV and in the IR

�r(q2) = �d(q2)[1 + G(q2;µ2)]2F 2(q2;µ2)

α(q2) =
�
1 +

L(q2)
1 + G(q2)

�
αgh(q2)

In the UV both charges reproduce asymptotic freedom

In the deep IR :

The two charges will only differ in the intermediate 
momentum region

L(0) = 0 =⇒ α(0) ≡ αgh(0)
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and outlook

Lattice data in  d=3,4  shows clean evidence for

IR saturation of the gluon propagator and the ghost dressing function

IR saturation points towards dynamical gluon mass generation

Understanding this behavior in the continuum 
formulation of QCD is bound to teach us a great 
deal about QCD non-perturbative dynamics

Schwinger’s mechanism @ work in d=3,4?

A dynamically generated gluon mass
✓ Keeps the theory confined
✓ Opens up a conformal window
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outlook
Gluon and ghost propagators

Get better agreement with lattice data

What happens in 2d? 

Finite temperature

PT-BFM beyond T=0

Study the deconfinement/χ restoration temperatures and crossover

AdS/QCD

Can we gather information about (quenched) QCD Green’s functions? 

Identify high energy (small x) observables sensible to the IR dynamics

Lattice

Detailed study of G in 4d, 3d (and 2d?)

Calculate in gauges other than Landau 

Implement the background field method R. F. Dashen and D. J. Gross, Phys. Rev. D23, 2340 (1981)

A. Cucchieri, T. Mendes and E. M. S. Santos , Phys. Rev. Lett. 103, 141602 (2009)
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