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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_

The interest (one of them):

A major activity in Particle Physics is nowadays the search of Higgs boson, whose the
existence might explain the spontaneous symmetry breaking of SU(2)w x U(1)y predicted
by the Standard Model and observed in Nature.

[ATLAS, '12; Lepton-Photon '11]
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ATLAS has excluded at 95% of CL the region 131 < my < 238 GeV (and also the mass
range 251 < mpy < 466 GeV). Hint of a signal around 125 GeV, both for ATLAS and CMS, in

h — ~~ and h — 4l, also for CDF and DO.



A task:
The running of ALPHA_

The interest (one of them):

Estimating as accurately as possible a;*;_, g, x IS an important ingredient to assess the

detectors sensitivity to the Higgs physics. Several sources of uncertainty:

— NNNLO (QCD) and NNLO (EW) corrections
— factorisation scale uncertainties

—ermmoron H — X

— parton distribution functions and é(a;)

[J. Baglio et al, "11]
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A task: .
The running of ALPHA_ “¢

Hadrons

The interest (more):
Extraction of the
coupling from tau
decays

R, =T[r” — v, hadrons] /Tt~ — vre 7]

Rrvia = Ne|Vud|*Sew (14 6p + dnp), dnp = —0.0059(14) [Davier et al, '08]
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Fixed Order Perturbation Theory (FOPT) vs Contour Improved Perturbation Theory (CIPT):
Qg (mT)GIFT == 0344(14) g (mT)FQPT == [}321(15) [A Pich, '1 1]




A task:
I The running of ALPHA_ -

J. Beringer et al. (Particle Data Group), Phys. Rev. DSé, 01C
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Main characters:

The ghost-gluon coupling

The ghost-gluon vertex:

g-k
T%(—q,k;q—k) = = == % > = =igof* (quHi(q,k) + (g — k)Ha(g,k))
k q

fﬁ :Elp



Main characters:

The ghost-gluon coupling

The ghost-gluon vertex:
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The strong coupling:
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The ghost-gluon coupling
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g-k
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Main characters:

The ghost-gluon coupling

The ghost-gluon vertex:

g-k
T%(—q,kiqg—k)= = == % o
k=0 g

fﬁ =21F

The strong coupling:

7 . Z P AN Za (P, A
gre(pH))= lim Z, l(p,g,f'a — ﬂh—}mm 3 (.“:“ )Z3(p )gu(ﬂz)

(W, A7) .

l In Taylor scheme &
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Main characters:

The ghost-gluon coupling

Instanton = Zﬁ:-vxvpz
@psT) &%) = a2 ony 12 x%p®
\ g2
1 4




The weaponry:
Lattice QCD

Discretisation of QCD in a finite volume of Euclidean
space-time.

The lattice spacing a is a non perturbative UV cut-off
of the theory.

a < 0.1fm

Fields: ¢ (z), Uy (z) = "9 4 =+ %),

Y(y)
Inputs: bare coupling go(a) = /6/3, bare quark masses m. {,

L ~2-3fm
Computation of Green functions of the theory from first principles:
(O(U,%,9)) = % [ DU Dy DY O(U, b, p)e ST¥:¥)
Z = [DU Dy 'Dwe—f‘”iL 1)
S, ¢) = STH(U) + ¥ M, (U)Y])
Z = [DUDet[M(U)le 5" (©) = [ DUe Serr (V)

Monte Carlo simulation: {O) ~ >.; O({U}:): we have to build the statistical sample

{U}: in function of the Bultzmann weight e~ “<f, Incorporating the quark loop effects hidden
in Det[M (U)] is particularly expensive in computer time. Crucial in the extraction of a.

conf



The weaponry:
Current simulation set up

In the past years tremendous progresses have been made by the lattice dnmJﬁi to
perform simulations that are closer to the physical point.

CLS Ni=2 v ?*20_
ETMC N; =2 olfml|
QCDSF Ne = I
BGR Ne=2 o 0.15F 5o
JLQCD N =2 ; v%v -
TWQCD(plaq) Ny =2 o : - I '“#“ * i
TWQCD(IWE*) Ny = v 0 1.[]-_ _______________________________________ S o PO = SIS o W :
BMW (HEX) Ne=241 + U10f i
BMW (stout) Ne =241 x m‘%, gﬁﬂ*&‘m@c &
PACS-CS Nf = 2—|— 1l w i EIE‘.EI # rﬁ K 1-1:-+"'F x‘
QCDSF Ny =2+1 0.05 | i i TR
JLQCD Ny =2+1 ' s @ s @ @
RBC-UKQCD Ne=2+1 &
MILC Ne=2+1 + | -
EI"’,I%S if = gi | jrr b 100 200 300 400 500 600
f expt @ mps [MeV]




A task:
The running of ALPHA

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

Propagators in Landau gauge

G(p*, A) PuPv
2 2 _ p
2
(F(z}) PO = < F{pz,h)
p
Renormalized in non-perturbative MOM-scheme:
-, 2 2
Gr(@* W) = lim Z7'(W M) GELA) | Gr( ) = Fal(w',w) =1
Fr(p®,p*) = lim Z7'(u?, A)F(p%, A)

A—oo



I A task:
The running of ALPHA

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

Propagators in Landau gauge

GH{.Plv #’1)

FH{.pl!#’E:] T
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A task:
The running of ALPHA

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

Propagators in Landau gauge

2 2 G4 A) PuPv
(G{ j) (P :] — PE E:Ib ﬁlr_u.r— pz
i, b 2
(F(z}) GLE = 4T ;U
p




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:

Au(x+ 0/2) =

Up(x) = Up(x) _ 1 (Un(x) = Up()
2iagy 3 2iagy

ansansne, (67)" (2) = (45 ()4 ()




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

......... v (FO) @y = (7)), M) = -5V B

B = 5 (Vulwnle+ ) = n()U(x) + (e + W)U — U, In())



I A task:
The running of ALPHA

| ... from the lattice!l!

I Set up parameters:

5 Kerit aply | Qlte | Qs (L/a,)3 X T'/a |confs.
1.90(0.1632700{0.0040|0.150{0.1900| 32° x 64 | 50
1.95(0.1612400/0.0035(0.135(0.1700| 32° x 64 50
2.10/0.1563570(0.0020(0.120{0.1385| 48° x 96 | 100

ETMC N;=2+1+1 ensembles: a®=21 ~ 0.06 fm, a®=1'% ~ 0.08 fm, a®=19 ~ 0.09 fm,
m, € [250-325] MeV



A task:
The running of ALPHA

S

... from the lattice!!!

> Nf=2+4+1+1: charmed sea quark included!!!
F'(p©)

before H{4) ::-:trq:lulut._i.c:-n L
EY aftter H{4}) extrapolation ——<—
: a ~ 0.08 fm
2.5 -
o




A task:
The running of ALPHA

... from the lattice!!!

O(4) breaking: H(4) discretization artefacts®

1ded!!!
Orbit labeled by H(4)-invariants: p[27 = Zi,:] pr,n=1,2,3
Momentum on the lattice: p,, = i sinap,, , pp = 1;,:,'—“” n=0,1---,N
- - 1 [4]
a’pt = Zi=1 ﬂzpi = a’p? + c1a*p + ... = a¥p? (1 + r:laszz + - )
Ife = ﬂzp[{ /p* << 1
[4]
Q{ﬂzpi,ﬂzﬂz) =0 (ﬂzpz (] +c .-:11"";[(_—2 + - ) ,ﬂzﬂz)
E = 2.9 a2y, dO 4
= Q(a"p*,a"A°) + 7 e+




A task:
The running of ALPHA

S

... from the lattice!!!

2 _ . .
F(p ) Nf=2+1+1: charmed sea quark included!!!

before H{4} ::-:trq:lulut.ic;-n L
atter H{4) extrapolation ————

e a ~ 0.08 fm

Ife =a’pl /p? << 1 ...

Q{ﬂzﬁi,ﬂzhz)zg(ﬂzpz (1_{_81&2;1[_:34____),”2‘,12) 1,9

_ do
= Q(a*p?, a®A?) + &

[4]
_DHEP_E 4

P a?(B8) p?




A task:
The running of ALPHA

from the lattice!!!

CET(p ) Nf=2+1+1: charmed sea quark included!!!

1.8
b-:l. 95, a nu=8 3335,- L=48" i
b=2.18, a nu=0.0020, L=48" —<—
b=1.95, a nu=8,08835, L=32" —%—

1.8 - b=1,9%, a nu=0,005%, L=32* —&— |

' i
3] ~ 0.06,0.08 fm
1.4 F H‘. q:bl{ a |
1.2
1

0.8 |

0.6 |

0.4

0.2




A task:

The running of ALPHA
. from the lattice!!!

CET(p ) Nf=2+1+1: charmed sea quark included!!!

VI EEIEEE
ik a ~ 0.06,0.08 fm
Sl 8@ = er() + 'y’ + 0()
' .
i @
ok B §




A task:
The running of ALPHA

... from the lattice!!!

Nf=2+1+1: charmed sea quark included!!!

1..5 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
I é - B=1.90, ap,=0.0040 |
- II + PB=1.95, an=0.0055 -
i % = B=2.10, ap,=0.0020 -
1 - —
il -
0.5 —
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 1 2 3 5 6 7



A task:
The running of ALPHA

... from the lattice!!!

Nf=2+1+1: charmed sea quark included!!!

1.5 I I I I | I T I I | I I I I | I I I I | I I I T | I I I I | I I I I
i é - B=1.90, au,=0.0040
n II il PN
i T T T T T T T T T T T | T T T T
1—
. L + B=1.90, ap,=0.0040 .
Ol . P=1.95,ap=0.0055
éﬁ i . B=2.10, an =0.0020
| o~
S
05— é_‘
| | | | | | 1 | | | | |
0 1 2
3 7




A task:

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

S. Bethke et al., arXiv:1110.0016

am(MT):O.334<14> I — T T 1 T T T [ T T T T [ T T T
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B I oo os SeOnEs
» . o - e
1— i
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A e — B=2.10, ay,=0.0020 .
NS 280 — 3 792 — 454"1"_{ 4-loops pert T
hT 0.35— —
- % g |
0.5 s | ]
i 0.3/ ]
el dar i ZE (ar)e-}z/: :
rlar) = = —4r i = B ]
dn p? " \d4r o2s-
3 4 5 6
p (GeV)
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A task:
The running of ALPHA

S
... from the lattice!!!

GAHaRRER —

1.5 T T T T | T T T T T T T T T T T T T T T T | T T T T | T T T T
i é «  B=1.90, ap,=0.0040
L II il PN
i T T T T T T T T T | T T T T
s .
o - B:l.gﬂ, a}.l.l=0.m40 —
& i . B=1.95,ap=0.0055 -
- B=2.10, ap=0.0020 .
é_‘ i ) — d-loops pert 7
i 035 T - -
I & e ]
0.5 = |
B 03—
dar ~ far\itl I
Brlag) = —— = —4n )} _Bi| — I
d1n 2 ; 4 L
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A task:
The running of ALPHA

S
... from the lattice!!!

L L 1T 1T LI B L L | T T | L ‘ LI B ‘ T 17T
1 o PB=195,aB=0.0055 )
i T e PB=1.95, aB;=0.0035 ) T 17 T T T T T
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L — OPE Wilson coef. B - ﬁ=1.9ﬂ, a}l,1=ﬂ-0ﬂ4ﬂ
N - - N1 A& e WSS
5 ]
(=% 4
3
a ! s
Z
2 o1 —
3] - T T T T T T
o ! —
- =il m E
- [ ]
0.05 _ { {} ¥ .
Lk | Lol 11 ‘ - ‘ | - | | - | L. | L1 1 L1 1 | || -
0.2 ; 0.3 035 04 045 0S5 055 06 065 07
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a.5 e | -
LV 3
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a 1 2 L
025 —
1

p=1.90, an,=0.0040
f=1.95, ap,=0.0055
f=2.10, ap,=0.0020
4-loops pert




A task:
then:

OPE power corrections
2
FDYPP) = EDB + Wt Ly, W P
4(NZ — 1)
2
@2 () = @)L P + 2, 4f~g——}1} (R :&_Q%_ﬂ, + Mm@ﬁ&m

3 gRlA”) 3 gr(4?)
3 P bk - 2 2 R, 2o ok 2 A R,
Frlg, n") = Frpenlq , p7) (1 qz ﬁ) , Grlg™,1”) = Ggpenl(q >, p7) (1 qz —4(1'41 T}
g c



A task:
... then:

OPE power corrections
A2Dabe 2y pl2)yabe 2 . S
(F) (") = (Fpa) (0°) +w 4—{N%_1)+....
a a b (A%
@V = el @) + 9l oy +-

2 2 2 2 <
FR{"? s } = Fﬁ,pﬂ:‘[(q N j (1 T q_z 4(1'\!"1 1
&




A task:
then:

OPE power corrections

; " y (A%}
I.'LEJ ab oy 2 - FEEJ abr 2y 5 oAb N — akb i e :
( Yo la) ( peﬂ:l (g”) W 4{1""% — 1) o y W e S -
R 5 U i &ﬂ%ﬂb mﬁ&gﬁ,
@ONh @) = Gl @) + 9l gy + e Y = e
: 3 gR{A%), 2 , , g ER'::
S . 97 R, p A ¥ )R Y
F : = F , [ e SR e : = G i S O i
I eadine 1 i 4, 2 pert , 2 g [ aF"(u?) 1= /8o &(ag) (A7) R.q3
ading logarithm ™: ag(p®) AF"(u") [ 1+ o P 2 AWE—1)

103 —H."-."i._- g

figd Bo=1— 15335, =
Yo /Bo 132— 8N aa— 8N Ph. Boucaud et al, PRD79(2009)014508




A task:
then:

OPE power corrections

F ] 7 {AE}

I.'LEJ ab oy 2 - FEEJ abs 2y Vuir . G — akb i e :

(F) (e ) (Fpen)™ (47) + w AR — 1) s pe il B Lt

Dyt (g?) = Zhyot o Y . —&ﬂ%w, mmm,
(G ) [ i EG[JEL‘[:I;_.LJ;( ::I 5 1"L'r;_.r,z.-' 4[”% . 1} i W;_r,u — + 2 X

, 3 gR(AY) . 2 , : 3 gR(A%)g .2

S . 97 R, A ¥ 8 R,
F : — F : | b DS L SR : = G i B i L

rlg s p") R.pert(d s 17) ( + T ) rla”, 1) Ropert(d s 17) ( + 2 4(VE — 1)

. — 3 B2 ) 1 B0 G W
Leading logarithm *: ar(p?) = o8(p*) |14+ % (—{,.E,sz) AZ—1) %
@r Uy '
I L W Chetyrkin & Maier, arXiv:0911.0594

132 - H“-.j.-

J.A. Gracey, PLB552(2003)101 At the three-loop level !!!



A task:
a gluon condensate is

needed!!!

II\\I\\I\\II\II\II\\I\\Ill\lll\\ll‘\ll\‘ll\\
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L T o PB=195 ap=0.0035 . T T T T [ T T T T [ T T T
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i — OPE Wilson coef. : - ﬁ:l_gﬂ, aj.],lzﬁ.m
N N1 A& e WSS
5
(=9}
3
A 1
Z
B o1
(o] T T T T T T T T T T | T T T T
o,
+  B=1.90, ap,=0.0040 .
. B=1.95, apn =0.0055 .
«  B=2.10, ap,=0.0020 .
0,05 4-loops pert 7
0.2 —

: : ) 2 '-}"Ell:!f'r'lﬁll
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- f r 0 o)\ “pertr oy
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A task:
... a gluon condensate Is
needed!!!

1.5 I I I I | I T I I I I I I I I I I I I I T | I I I I | I I I I

I % ~  B=1.90, ap,=0.0040
L I i i PR LR A ¥ S
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OPE T
—  4d-loops pert

OPE prediction
with <A’>




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

1.5 I I I I | I T I T

-

-~ B=1.90, ap,=0.0040
.+ PB=1.95, an=0.0055 .
s B=2.10, au,=0.0020 i

OPE
— 4-loops pert

OPE prediction
with <A?>




A task:
... a gluon condensate Is

needed!!!

Il | 1 1 T I I 1 1 T ] T

04 i — Ay =316 MeV |
B | — Ay =324MeV |
[ 3 == Exp.om’) |
i } i I I I T | I I I I | I I I I
035 S -
S 11| = B=1.90, ap,=0.0040
0 - 7 + =1.95, ap =0.0055 T
s | | B ah
S ml 1| = B=2.10,ap=0.0020 -
. { |— OFE 1
- 4 |— 4-loops pert




A task:

... a gluon condensate Is
needed!!!

> oty (M ) =0.339(13)

A lattice regularized QCD 1
action (including a

charmed sea quark) with No=5 N =1 Noed n
the physical scale fixed O (Ms) = agg (M) (1 +) e ( yre [m&})
by:  f =130.4(2)Mev .

s (M ,,)=0.1200(14)




A task:

... a gluon condensate Is
needed!!!

——]

v Oy (M ) =0.339(13) <«— 0ty (M ) =0.334(14)

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

A lattice reqgularized QCD
action (including a
charmed sea quark) with N ok N ez N i
the physical scale fixed o (ms) = ol (ms) | 14 ) eno ( s [m&})
by:  f =130.4(2)Mev .

Eur. Phys. J. G 64:689(2009); “World
average” (decays, scattering...)

——]

Oyzs (M ,,)=0.1200 (14 ) <— Otyrs (M ,,)=0.1186 (11)




A task:
... a gluon condensate Is

needed!!!
| T | T | | T T | T | T |
Ne=241+41 ° ETMC '12
Ne=2+41 ° PACS-CS 11
Ne=24+1 HPQCD 10
DIS MSTW 08
|
WA 10
i
WA''"12
1

0.12 0.122

as(mz)

0.116 0.118

WA: PDG world average
WA'’: world average replacing N = 2 + 1 lattice results by Ny =2+ 1+ 1




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

0.4 i — A, =316MeV |

P ] — Ay =320V |
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A second task:
How can we describe better the
lower momenta region?

1.5 T T T T | T T T T T T T T T T T T T T T T | T T T T | T T T T
I -~ B=1.90, ap,=0.0040 |
i II . B=1.95, au,=0.0055 T
i = B=2.10, ap,=0.0020 i
i % OPE |
— 4-loops pert
1 -
&
0.5
| | | | | | 1 | | | | | | | | | | | | | | | | 1 | | | | | | | | | |

] 1 2 3 4 5 (3] T
p (GeV)



I A second task:
I The GPDSE analysis

GPDSE:

I F(ig) =1 + f d‘quF”E(q,k)F (%)




I A second task:
I The GPDSE analysis

GPDSE:

1
I ry = 1 ()

The usual approximation
Is to take this to be 1

Lattice inputs!!!

(Cfr. JHEP06(2008)012)
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I A second task:
OPE+SVZ analysis of

the ghost-gluon vertex

%qk
T (—q,k;q—k) = = = > = = igof* (quHi(q,k) + (g — k)uHa (g, k))
q

k
FR =211_"
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I A second task:
OPE+SVZ analysis of

the ghost-gluon vertex

The ghost-gluon vertex:

g-k
I T (—gq,k;q—k)= — = % > - =igf™(q
k q

FR =211_"

Ghost Prop. DSE:
F(k?)
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I A second task:
OPE+SVZ analysis of

the ghost-gluon vertex

The ghost-gluon vertex:

g-k
I T (—gq,k;q—k)= — = % > - =igf™(q
k q

FR =211_"

Ghost Prop. DSE:
F(k?)




I A second task:
OPE+SVZ analysis of

the ghost-gluon vertex

The ghost-gluon vertex:

g-k
I fibc{—q,k; g — kj = e = % -»— — — fg[]fﬂbc I[ {Q" T k)uHE{‘?-.vkjj
k q

FR =211_"

1
Ghost Prop. DSE: — 1 da K H 2
rey = 1 () oK "

go(A?)

2 22 2 2
— A
47t A—oo 41t ZE(PJ }ﬂ )ZS (J'_L : )




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)) )




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

The ghost-antighost-gluon Green function:

_@—q,k;q} Ffﬁ’c’[_q,k‘,q — k) G’fﬂ;{q — k) fraa’ (q) ch{k}
- f (

dty diz eila—k)= giky T (c“{*y]f’ib (mjﬁ(n)) )

i,
7

/ 7
Y L

Y
— N (AP

,\L
2
S

] ii ‘ ;/’.- ' 2
N “’6‘\"’“
© B\ N2 P’ 2’ ¢
W\\\): )\ =

d
M
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X
PR
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OPE expansion:

Vabe(—g kig—k) = (d)”™ (q,k)

(d2)55" (g, )Y, : A% (0)A%(0):) + -+

SVZ sum-rules:

w

b Faaf ipt
f-!-bc - [dﬂ)iaﬁy (9,k) 0% g

= o7l 4oyl 4 o7 4 478l 4 714 4 9718




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

SVZ sum-rules:

b
wibc - [dﬁ)i;;y (9, k) 0°" g

= o7l p ol 4 orldl 4 4yl 4 714 4 oDl




A second task:

LY

- & \ « =N ==
OPE+SVZ analysis of TR %ggy/ e
S Vi jf,},\’” |~

the ghost-gluon vertex pact

SVZ sum-rules:

ahe

w® _ . aiﬂ#ﬁlﬁ ﬁa“b“ G
orll 4 o7l 4+ 272 L4113 4 114 4 o718




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

SVZ sum-rules:

/
,wabc - abop’ 1’ ﬁﬂf
) o =TT L
C_ ol 4 o7l + 274




A second task: S £
OPE+SVZ analysis of el

,
bl €
b 8\
)
Vv

C—
My,
e /n
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< Y % G,
- Sy
PR . ITes
A
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the ghost-gluon vertex

SVZ sum-rules:

b or
wi&c — ; aﬂ-:,l_w ﬁﬂ .
o1l 4 o1l 4 21124

r
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analysis o TRl AT

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

=

G*(q,q.72)
6“"(q,0.42)

Three kinematical

configurations: [ c@h@ [

* g-k=0 1M A CAD & ohoa "ﬁwﬁ A CAC £ AW
- ?=k?; ang(qg-k,q)=pi/2 iy _

* 9°=k? ang(g-k,q)=pi/3

Eh 1 2 3 4 5 qﬂ' 1 2 3 4 5
q [GeV] q [GeV]
|| Ghost-gluon vertex, crthogonal momenta |

Ghost-gluon vertex, all momenta equal

G (q,q:13) [ ]
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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
N2

ﬁkzqgmsﬁ_'_ 2 q* — +/k?g? cos 6
| g%(g? + k? — 24/q°k? cos 0) + mig

k% — \/k2g2 cosd )]

2 . TR
k(g% + k? — 24/q%k? cos ) + miy




A second task:
OPE+SVZ analysis of

the ghost-gluon vertex

— i\ : N
?j;ﬁ N M & (@\“‘/ &‘#ﬁ\,
- NN% it 1a. S
3 N 7 %\ﬁw Y,
7 f\ _‘:@ Z—%

5

03
? *r\/" ’ %(
e
YD LW s
= ~ = A ‘) ,)

T & \\

SU(2) Lattice results to compare with:
(Phys.Rev.D77:094510,2008)

Hi(¢*,k%,0) = Z]! {1 + 8N
4 cl

q* — +/k?g? cos 6 o

q?k? cos )  miy

sz}‘g e 9
g%(g* + k?* — 2

2\ /k2q2 cos ]

\ /

Infrared mass scale to “regulate’
the spurious infinities from the

OPE expansion




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!!!

Hi(¢%,k%,0) = Z[!

q* — +/k?g? cos 6

N

g%(g% + k? — 24/q%k? cos 8)

» ( ,
k%g2 cosd :|

4
Mg

— (o k)2 1<2—p2 0=n/2
09 — (g ’=k=p’; 0=n/3
- 2 2N,

(g-k) =0; k =p

' 1 I 1 | 1 I I I | I | 1
0 1 2 3 4 5 6 7

42 ' ,
k2(g? +Xﬁ g°k? cos ) H{'miy

the spurious infinities from the
OPE expansion

Infrared mass scale to “regulate’
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... & the Taylor kinematics

o =_ Ncg*(A%)
H(¢*,k,0) = Z; {1 Tz -1

(«..Ma:zr;r"2 cos 5 q* — +/k?g? cos 6

AL L
GO 1 ] : - TR,
k2g? + mig g?(g? + k? — 2+/q%k? cos 0) + mig

k% — \/k2g? cos @ )]

2 . TR
k2(q? + k? — 24/ ¢?k? cos ) + miy

2742 2
~_ L gA) g )
— Hi(g,0) = Z;' [1+Ne-
l[q J ! ( F‘i[ir —].) q4-|-mf}ﬂ

C




A second task:

... & the Taylor kinematics

»—f_ "/ \. ﬁ\/‘. ‘
7~ \g :{f’ '@\4, st
_ R/ (P €S 0
WA i AN
[ —

Hi(g%k%,0) = Z{! {1 +

2.2
(_W”

2 !
kg + mpg

Ncg?(A?)
8(NE —1)

q* — +/k?g? cos 6

g?(g? + k? — 2+/q%k? cos 0) + mig

k% — \/k2g? cos @ )]

2 . TR
k2(q? + k? — 24/ ¢?k? cos ) + miy

N o el T o
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== u S = \ \ "_ £ (\ p

S22

CG=d

2042 2
~ o go(A%) q
Hi(g.0) = Z7P [14+N |
1(90) L (+ 54[3@—1) q4+m§3)

«Cfr. D. Dudal's talk !



A second task:
... & the Taylor kinematics

Ncg?(A?)

Hi(¢*k*,0) = Z; {1 T avz-)

(ﬁﬁzzqgmsﬁ_'_ 5 q* — +/k?g? cos 6

GG 4 ] ; P —
k2g? + mig g?(g? + k? — 2+/q%k? cos 0) + mig

2 . TR
k2(g% + k% — 21/q%k? cos 0) + mi,

k% — \/k2g? cos @ )]

G - 2y
| Hi(g,0) = Z;' (1+Ng oA e )

4NZE-1) ¢* +mip

«Cfr. D. Dudal's talk !!!
\What about the Taylor's theorem?

Tk, (—a,0;q) = —gf*q,




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)

reke, (—4,0;q) = —gf*q,




A second task:
. & the Taylor kinematics

OPE+SVZ for the asymmetric vertex:

2
o : — [ab ~abe (A7)
F#C(_Q1E1q_5) = et ( q,€ 1q_5) + Uﬁcm + .

e = 9l )

(According to PRD64(2001)114003)

ert - ) A2
Hige) = H™(0) + Nog? (3@ et

ple=9-0® () i
2lg—e)t 4NZ-1)° =

reke, (—4,0;q) = —gf*q,




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)

(g—¢)-q¢ (4?)

Hilge) = H%(ge) + No gzq2{q—5)2 ANG-1)7 |
. —_2). q)2 A2
Hy(g.€) = Hy™(g,€) — No g’ {E;(qiff 4(;%21). L.
L T9(—q,0;q) = —gf® qp(errt(q,U) - Hé}e”(q,ﬂ))
b be
[Pareu(—2:0,9) = —gf*q,




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

_ pert 2 (q B E) g (Az)
HI(QHE) - Hl ((LE) + NCQ q2{q_5)2 4(NC2}_1) )
¢ , ((g—¢)-q* (A%
_ pert .
Hy(g,e) = Hy (g,¢) Nc g (g —¢)* 4(N§,—1) ' M =
I%(—q,0;9) = —gf* q, ( HY"(q,0) + Hé}e”(q,ﬂ))
Longitudinal and
transverse corrections : e
: abe ; s (L
kill each other!!! > Fbare,#(_q:' 0; q) = —gf qu




I A final (preliminary) remark:
I The GPDSE analysis

GPDSE:

L @@y

Lattice inputs!!! 202 comd ¢ — /K2q? cos 6

2
g?(g? + k? — 2+/q%k? cos #) @

B2 _ \/kgq"“’ cos @
(Cfr. JHEP06(2008)012) i sz-f(qﬂ+k2—2x/q%'*cmﬁ*}@] |




I A final (preliminary) remark:
The GPDSE analysis

GPDSE: 1 |
I o Lt ar(u°) f d*q K (k,q)H™*(q,k)F(q°)

= ! IIIIIII| ! IIIIIII|

* [Latt
3.5 |
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I A final (preliminary) remark:
The GPDSE analysis

GPDSE: q
I o Lt ar(u°) f d*q K (k,q)H™*(q,k)F(q°)

= ! IIIIIII| ! IIIIIII|

* Latt
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I A final (preliminary) remark:
The GPDSE analysis

GPDSE:
1
Foy = 1 el f d*q K (k,q)H;™"*(g, k) F ()
® Latt ]
35 — ¢’<A’=55GeV’ [IR1]| —
@g rou nde@; - — g2<Az>=0 GeV, S
3 — ¢’<A®>=65GeV’ [IR2]| _

25

F(q)

2_

—_——
-

1,5 /

1 L —]
1 1 11 1 1 11 I 1 | 11 1 1 11 I 1 | 11 1 1 11 I --I-——I
0,01 0,1 1 10
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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+SVZ 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 preliminary show that a quantitative description of the lattice
ghost dressing function is possible from the GPDSE with lattice
gluon inputs, only when OPE contributions for the ghost-gluon
vertex are included.
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