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Main characters:

The ghost-gluon coupling
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A task:
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In QCD and the Standard Model
the beta function is indeed




A task: 5
The running of ALPHA ==

4-loops perturbation theory>: p >> Agcp
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A task:
The running of ALPHA_ =

4-loops perturbation theory>: p >> Agcp
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A task:
The running of ALPHA

.. from the lattice!!!
Lattice: é < Pt #

Propagators in Landau gauge
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A task:
The running of ALPHA

.. from the lattice!!!
Ghost and gluon on the lattice

Landau gauge

Fylgl =R [ZZH( ——g{r )Un(x)g T{I+#)>}

Gluon:
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Up(x) = Up(x) _ 1 (Un(x) = Up()
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I A task:
The running of ALPHA

| ... from the lattice!l!

I Ghost and gluon on the lattice

Landau gauge

Fylg] = Re [ZZTI( -—g{r )Up(x)g T(I+PJ)}

ah
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A task:
The running of ALPHA

.. from the latticel!!!

European Twisted Mass Collaboration

Fermions: twisted-mass action
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Gauge fields: tISym action
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A task:
The running of ALPHA

... from the lattice!!!

Nf=2+1+1: charmed sea quark included!!!
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The running of ALPHA

... from the lattice!!!
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A task:

The running of ALPHA
... from the lattice!!!

S. Bethke et al., arXiv:1110.0016
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A task:
The running of ALPHA

S
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A task:
The running of ALPHA

S
... from the lattice!!!
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A task:
then:

OPE power corrections
2
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A task:
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A task:
then:

OPE power corrections
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A task:
then:

OPE power corrections
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A task:
a gluon condensate is

needed!!!
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A task:
... a gluon condensate Is
needed!!!
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A task:
... a gluon condensate Is
needed!!!
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A task:

... a gluon condensate Is
needed!!!
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A lattice regularized QCD l
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A task:

... a gluon condensate Is
needed!!!

——]

— 0 (M. )=0.339(13) — oty (M. )=0.334(14)

S. Bethke et al., arXiv:1110.0016
(tau decays)

A lattice regularized QCD l
action (including a charmed
sea quark) with the physical - :

N;=5 N;=4 Ny=4 "
scale fixed by: Oyrg () = agg (M) (1+Zﬂrau(ﬂ*m [m&}) )
f =130.4(2)MeV .

Eur. Phys. J. G 64:689(2009); “World
average” (decays, scattering...)
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A second task:
How can we describe better the
lower momenta region?
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A second task:

The GPDSE analysis

GPDSE:




A second task:

The GPDSE analysis

GPDSE:

Lattice inputs!!!

(Cfr. JHEP06(2008)012)

The usual approximation
Is to take this to be 1
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the ghost-gluon vertex

The ghost-gluon vertex:
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A second task:
OPE+SVZ analysis of
the ghost-gluon vertex

The ghost-gluon vertex:
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I A second task:
OPE+SVZ analysis of

the ghost-gluon vertex

The ghost-antighost-gluon Green function:
Vite(—q,kig—k) = T9¥(—q,k;q—k) Giby(q— k) F*'(q) F* (k)

I - f dy diz &= V(T () AL @(0)) )
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OPE expansion:
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A second task:
OPE+SVZ analysis of
the ghost-gluon vertex

SVZ sum-rules:
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A second task: ? /‘ \
OPE+SVZ analysis of el e
the ghost-gluon vertex Bt
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A second task: S £
OPE+SVZ analysis of el
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the ghost-gluon vertex

SU(2) Lattice results to compare with:
(PhySReVD7709451O'2008) |__Ghost-gluon vertex, orthogonal momenta with two equal_||

2

Ghust—gluun vertex, one momentum vanishing |

e
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A second task:
OPE+SVZ analysis of

the ghost-gluon vertex

SU(2) Lattice results to compare with:
(Phys.Rev.D77:094510,2008) ~
Hi(g*,k*,0) = Z7' |1 + S(N
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A second task:
OPE+SVZ analysis of
the ghost-gluon vertex

SU(2) Lattice results to compare with:

(Phys.Rev.D77:094510,2008)

Very successful description!!!
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... & the Taylor kinematics
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A second task:
... & the Taylor kinematics

Ncg?(A?)

Hi(¢*,k*,0) = Z;' {1 T avz-)
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\What about the Taylor's theorem?

Tk, (—a,0;q) = —gf*q,




A second task:
... & the Taylor kinematics

OPE+SVZ for the asymmetric vertex:
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A second task:
... & the Taylor kinematics

OPE+SVZ for the asymmetric vertex:

2
ab . _ rab . ~abe (A7)
F(-geq-¢) = Toau(-a69—¢) + 7,° W T
pabe gjm

(According to PRD64(2001)114003)
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A second task

... & the Taylor kinematics

OPE+SVZ for the asymmetric vertex:

(According to PRD64(2001)114003)

2
ab . _ rab . ~abe (A7)
F(-geq-¢) = Toau(-a69—¢) + 7,° W T
pabe gjm
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I%(—q,0;9) = —gf* q, ( HY"(q,0) + Hé}e”(q,ﬂ))
Longitudinal and
transverse corrections : e
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A second task:

I The GPDSE analysis
I with a gluon condensate

GPDSE:

1
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I A second task:

The GPDSE analysis
with a gluon condensate

GPDSE: )
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A second task:

The GPDSE analysis

with a gluon condensate

GPDSE:

F(k2)

= 1 + ar(u?) /‘#q K (k,q)H{""*(q,k)F(q%)

o (p)

l....! ! !

0.5

+ (=190, an,=0.0040
+  B=1.95, an =0.0055
=2.10, ap,=0.0020
DSE; H =1

OPE

4-loops pert

DSE; OPEH|

g’ (A4°)=3.8(1.0)GeV"’

m,=14GelV




Epilogue:

*We concluded that an OPE contribution including a non-vanishing
dimension-two gluon condensate is needed to describe the
(experimental) running of alpha in T-scheme.

*The same OPE approach is applied to compute non-perturbative
corrections to the ghost-gluon vertex and this inspired a simple
model describing its momentum behaviour in pretty good
agreement with LQCD.

*We proved that, also in the OPE approach, longitudinal and
transverse contributions cancel each other and the Taylor theorem
still works (as it should be)

*\We show that a quantitative description of the lattice Taylor
coupling is possible from the GPDSE with lattice gluon inputs, only
when a full ghost-gluon vertex is included.



Epilogue:

*We concluded that an OPE contribution including a non-vanishing
dimension-two gluon condensate is needed to describe the
(experimental) running of alpha in T-scheme.

*The same OP
perturbatlv “spired

still works

*We preliminary show on of the lattice
Taylor coupling is p055|ble from the GPDSE with lattice gluon
inputs, only when a full ghost-gluon vertex is included.



	Página 1
	Página 2
	Página 3
	Página 4
	Página 5
	Página 6
	Página 7
	Página 8
	Página 9
	Página 10
	Página 11
	Página 12
	Página 13
	Página 14
	Página 15
	Página 16
	Página 17
	Página 18
	Página 19
	Página 20
	Página 21
	Página 22
	Página 23
	Página 24
	Página 25
	Página 26
	Página 27
	Página 28
	Página 29
	Página 30
	Página 31
	Página 32
	Página 33
	Página 34
	Página 35
	Página 36
	Página 37
	Página 38
	Página 39
	Página 40
	Página 41
	Página 42
	Página 43
	Página 44
	Página 45
	Página 46
	Página 47
	Página 48
	Página 49
	Página 50
	Página 51
	Página 52
	Página 53
	Página 54
	Página 55
	Página 56
	Página 57
	Página 58
	Página 59
	Página 60
	Página 61
	Página 62
	Página 63
	Página 64

