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Lattice two- and three-point Green's function
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The gauge fields are to be nonperturbatively obtained from lattice QCD simulations
and applied then to get the gluon Green's functions



The gluon propagator

A (g) = (AUPAL(-9)) = 6 A(p*)Pu(q),

where P,,(q) = 6,, — q.9,/9*, implies directly that G is totally
transverse: g¢-G=r-G=p-G =0.
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PRD94(2016)014502

J. ]. | I I I I I I I I I I I | I I 1 I

YV=(1621fm) |
96 V=(1761fm) j

et v 44" V=( 8.1fm) |
S § » o 64' v=(118fm) |
E =+ 4 2
8| ’%ﬁ;ﬁ . ?Eqv [lB_me]!
- V= (14.7 fm)" |
: 4 40
4 i !

Dip?) [GeV ']

=9
IIrI|IIII|IIII|'II'I'I'|'IT'I'I'|'I'I'I1'|-'I-

P [GeV]

Quenched lattice gluon propagators for different large volumes!



The gluon propagator

A (g) = (AUPAL(-9)) = 6 A(p*)Pu(q),

where P,,(q) = 6,, — q.9,/9*, implies directly that G is totally
transverse: g¢-G=r-G=p-G =0.
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Quenched lattice gluon propagators for different beta and similar volume!



The gluon propagator

A (g) = (AUPAL(-9)) = 6 A(p*)Pu(q),

where P,,(q) = 6,, — q.9,/9*, implies directly that G is totally
transverse: g¢-G=r-G=p-G =0.
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Quenched lattice gluon propagators for different beta and similar volume!



The gluon propagator
A () = (AUPDAY(-)) = 6 A(p*)Pu(q),

where P,,(q) = 6,, — q.9,/9*, implies directly that G is totally
transverse: g¢-G=r-G=p-G =0.
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The gluon propagator

A (g) = (AUPAL(-9)) = 6 A(p*)Pu(q),

Duarte, Oliveira, Silva

. , PRD94(2016)014502
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ArXiv:1704.02053 (PRD): Essentially, a scale setting problem!!



The gluon propagator

A (g) = (AUPAL(-9)) = 6 A(p*)Pu(q),

where P,,(q) = 6,, — q.9,/9*, implies directly that G is totally
transverse: g¢-G=r-G=p-G =0.

Ayala et al.
PRD86(2012)074512

» Effective gluon mass increases with the number of flavours
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Unquenched lattice gluon propagators!



The gluon propagator

ab 7 AQ b _ 2
A (@) = (AL@AY(-) = 6 A(p")Pu(9), Avala et al
PRD86(2012)074512

where P,,(q) = 6,, — q.9,/9*, implies directly that G is totally
transverse: g¢-G=r-G=p-G =0.

. Effective gluon mass increases with the number of flavours
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Unquenched lattice gluon propagators!



The gluon propagator

ab 7 AQ b _ 2
A (@) = (AL@AY(-) = 6 A(p")Pu(9), Avala et al
PRD86(2012)074512

where P,,(q) = 6,, — q.9,/9*, implies directly that G is totally
transverse: g¢-G=r-G=p-G =0.

» Effective gluon mass increases with the number of flavours

... and decreases with the dynamical quark mass
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Unquenched lattice gluon propagators!



The ghost propagator
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Unquenched lattice ghost propagators!



The vertex and the three-gluon Green's function

G2 (g, 1, p) = (AL(@ALMAS(p)) = f

Symmetric configuration:
g =r’=prandgr=gqp=rp=-¢/2

y
A (g) = (A%QAL(—9)) = 6 A(PY)Pu(q),

{lt:l'ﬁﬁ

ue(@: 7 P) = T (@, 1y PYPar @) Py ()P (p).

where P,,(q) = 6,, — q.4,/9*, implies directly that G is totally
transverse: g¢-G=r-G=p-G =0.

’li,uv(qv rs P) = (J"' - P)a:(p - Q)ﬂ(q - r)v/rz-

In Landau gauge and for particular kinematical configurations, transversality and
Bose symmetry make possible a simple tensorial decomposition of the gluon

Green's function



The vertex and the three-gluon Green's function

G a7, P) = (AUDALNA(P)) = [ Gay(g: 7 D) -

Symmetric configuration:
=r’=p*andqgr=qp=rp=—¢/2
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A (g) = (A%QAL(—9)) = 6 A(PY)Pu(q),
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S (g*) = gTT™(@) A (gD).

A5(g, 1, p) =T, (@, 1y P)Para@Pyr ()P (p).

where P,,(q) = 6,, — q.4,/9*, implies directly that G is totally
transverse: g¢-G=r-G=p-G =0.

A5,,(qs 1, p) = (r = plo(p — @)ulg — 1)/ 7.

In Landau gauge and for particular kinematical configurations, transversality and
Bose symmetry make possible a simple tensorial decomposition of the gluon

Green's function



The vertex and the three-gluon Green's function

Symmetric configuration:

Garn(as 7, P) = (ALDALNAYD) = [ Gay(q: 75 D),

=r’=p*andqgr=qp=rp=—¢/2
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where P,,(q) = 6,, — q.4,/9*, implies directly that G is totally
transverse: g¢-G=r-G=p-G =0.

n Landau gauge and for particular kinematical configurations, transversality and
Bose symmetry make possible a simple tensorial decomposition of the gluon
Green's function



The vertex and the three-gluon Green's function

Asymmetric configuration:

G2 (q,r, p) = (ALPALNAYP)) = [ Gow(a, T, P),
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where P,,(q) = 6,, — q.4,/9*, implies directly that G is totally
transverse: g¢-G=r-G=p-G =0.

n Landau gauge and for particular kinematical configurations, transversality and
Bose symmetry make possible a simple tensorial decomposition of the gluon
Green's function



The vertex and the three-gluon Green's function

G a7, P) = (AUDALNA(P)) = [ Gay(g: 7 D) -

Ar(q*s 1) = Z;' (1) A,
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MOM renormalization prescription:.

\

Ar(g5dD) = Z (D) AGD) = 1/,
TY™g%q%) = Z, (@) TY™() = £2"(g%)/ ¢

Symmetric configuration:
=r’=p*andqgr=qp=rp=—¢/2

TSY™(g2) T (g% p?)

symg .2y _ 3 .

8 @) =0y R [a(ge: TR
'\

\

T™(q*) = g7 (@) M),

A% (g) = (A%QAL(—9)) = 6 A(PY)Pu(q),

W&#v(q: r,p) gﬂpv(‘?a rp)

T9™(q") =

Wapy(q-r r'.- P)Wﬂyv(q! 'r! p) Sym !

g”"(q°)
) ]3/2

¢ Al )

g (W) (g u’) =

After the required projection and the appropriate renormalization, one can define a
QCD coupling from the Green's functions, and relate it to the 1PI vertex form factor,

In both symmetric...




The vertex and the three-gluon Green's function

G (g, 1, p) = (AXUPALNASPD)) = F¥*Goy(q. T, D),

Asymmetric configuration:
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After the required projection and the appropriate renormalization, one can define a
QCD coupling from the Green's functions, and relate it to the 1PI vertex form factor,
in both symmetric and asymmetric kinematical configurations.




The zero-crossing of the three-gluon vertex
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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.




The zero-crossing of the three-gluon vertex g reet 0ecire™"
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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.



The zero-crossing of the three-gluon vertex

g'(q’)
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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.



The zero-crossing of the three-gluon vertex
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The zero-crossing of the three-gluon vertex
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The zero-crossing of the three-gluon vertex
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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.




The zero-crossing of the three-gluon vertex ACAguilaretal; PRD89(2014)05008

DSE-based explanation: In PT-BFM
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The zero-crossing of the three-gluon vertex ACAguilaretal; PRD89(2014)05008

DSE-based explanation: In PT-BFM
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The zero-crossing of the three-gluon vertex ACAguilaretal; PRD89(2014)05008

DSE-based explanation: In PT-BFM
truncation
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The zero-crossing of the three-gluon vertex ACAguilaretal; PRD89(2014)05008

DSE-based explanation: In PT-BFM

truncation
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A logarithmic divergent contribution at vanlshmg momentum pulling down the 1Pl
form factor and generating a zero crossing, can be understood within a DSE
framework.
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The zero-crossing of the three-gluon vertex ACAguilaretal; PRD89(2014)05008
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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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We can thus perform a fit, only over a deep IR domain, of our data to the DSE-grounded

formula and describe the behaviour of the 1PI form factor.



The zero-crossing of the three-gluon vertex ACAguilaretal; PRD89(2014)05008
Ph. Boucaud et al.; PRD95(2017)114503

2 | = asymmetric

2

5 i g 2. 2 i 2 o i 2 WL D 9
G(B)) TP 1) =€n@mﬁ +ah(u?) + () Pl + ofp) — :
/ e B B : )
\E i B U
/ < il B R ﬁ-*r@r
) i E [ T Ty S S . 3
. oy = i il
: o U e e e R e e e e
i 2 2 i T -
gr(W)cFR(0,u”) = ;
of -1 B=5.6-6.2 (Wilson old) -
Consistent with = T » =42, L=32 (t15ym) ]
direct large-volume bﬂ-z:— . B=§-:~Ei:m?}:’_ﬂﬂ g0
lattice evaluations of z . B:' ' hilenmngs| o
he gluon and ghost - ¢ Bk E=ti{iiSym) 2
the g . g Sl B=5.8, L=48 (Wilson new)| -
two-point Green - B=5.6, L=52 (Wilson new)| -
functions. - L . | | . . . 3

—
—_
—_—

q [GeV]

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.



Convert vertices/propagators into PT-BFM ones ] —

new RG invariant combination appears 7 _ A
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RGI interaction kernel

Let us now carefully examine the RGI Interaction:
D. Binosi, J. R-Q, C.D. Roberts, PRD95(2017)114009
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Let us now carefully examine the RGI Interaction:
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A divergent ghost-loop contribution to the gluon vacuum
polarization in its DSE

A.C. Aguilar et al,. PRD89(2014)05008
A.K. Cyrol et al. PRD94(2016)054005
Ph. Boucaud et al,. PRD95(2017)114503



QCD effective charge

_ _ _ cf. C. Roberts' talk!!!
Let us first carefully examine the RGI Interaction:
D. Binosi, J. R-Q, C.D. Roberts, PRD95(2017)114009
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QCD effective charge

k [GeV]

*Parameter free
completely determined from 2-points sector

*No Landau pole
physical coupling showing an IR fixed point

«Smoothly connects IR and UV domains
no explicit matching procedure

*Essentially non-perturbative result
continuum/Iattice results plus setting of single
mass scale (from the gluon)

*Ghost gluon dynamics critical
enhancement at intermediate momenta

D. Binosi, C. Mezrag, J. Papavassiliou, J.R-Q, C.D. Roberts, arXiv:1612.04835



QCD effective charge:

comparison
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* Equlvalence In the perturbative domaln
reasonable definitions of the charge
g, (K?) = vl ags(k*)[1 + L. 14%[;‘5} +---]
apr (k) = age(k?)[1 + 1.09ag(k) + - -]

+ Equlvalence In the non-perturbative domain
highly non-trivial (ghost-gluon interactions)

* Agreement with light-front holography
model for ag,
Deur, Brodsky, de Teramond, PPNFP 80 (2018)

e Process dependent effective chargés

fixed by the leading-order term in the

expansion of a given observable
Grunberg, PRD 28 (1884)

Bjorken sum rule
defines such a charge
Bjorken, PR 14a (126&); PRD 1 (1970)

1
fn z [0 (z,K°) — o} (z,k%)] = [1 arg, (k*) /7]

e g, " spln dependent p/n structure functions
extracted from measurements using unpolarized targets

+ g nucleon flavour-singlet axlal charge

Many merits

* Exlstence of data
for a wide momentum range

* Tight sum rules constralnts on the Integral
at IR and UV extremes

* |sospin non-singlet
suppress contributions from hard-to-compute
processes

D. Binosi, C. Mezrag, J. Papavassiliou, J.R-Q, C.D. Roberts, arXiv:1612.04835
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