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QCD's running coupling. Motivation.

| The QCD Holy Grail: the understanding of
High  hadrons in terms of its elementary excitations;
namely, quarks and gluons!
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QCD's running coupling. Motivation.

| The QCD Holy Grail: the understanding of
High  hadrons in terms of its elementary excitations;
namely, quarks and gluons!
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Emergent phenomena playing a dominant role in the real world
3q-coreMB-cloud ) inated by the IR dynamics of QCD.



Quark's gap equation F’ ;

Let's start by the beginning: 2

« Dynamical chiral symmetry breaking generates the
“‘constituent-quark” masses

* This is the most important mechanism for the mass generation
in our Universe (responsible for around 98 % of the proton
mass)

* The effect is realized through the quark's gap equation and is
clearly achieved through the pure theory's dynamics (nothing
needs to be added to QCD!!)
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Quark's gap equation P’ ’j‘.
S
Beyond Rainbow-Ladder truncation: \Sw <
One-gluon exchange effective kernel + MI quark-gluon vertex
k G(K*) —
J}/\H K| = zg{f}
() = ) L I

§Up)=Zy (iy - p+m™) + X(p),
P A° A° « Ball-Chiu vertex [PRD(22)1980]
2(p) ET#S(G’} 7 I'v(g.p)) - Anomalous Chromomagnetic vertex
4 ek Consistent with both linear and
1 b k transverse STI
_uv
47 \]\C_Z(EMV P ) >[I, = ch +r;ICM

T(k?) = K2 Gir(k?) + Guv(k?) Model parameters:
o, A A =0.234 GeV
8 _ g3 =0.55 Gel>
E2y — = 3o F fu .
g © €10.4.0.6] GeV
.2 062 1 — o=k /1[GeV?]
)= B logfe? — 1+ (1 + k2/A%)?] Fixed by the pion decay constant
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Quark's gap equation
-
Beyond Rainbow-Ladder truncation: - |
One-gluon exchange effective kernel + MI quark-gluon vertex
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Quark's gap equation: RGI interaction

- Universal (process-independent) contribution: | —
originates entirely from the gauge sector K

b0

Fundamental quantities: PT-BFM propagators/vertices — —
satisfy Abelian-like Slavnov-Taylor (ST) identities

How to get them?

use the PT algorithm
Cornwall, Papavassiliou, PRD 40 (1883)
o

W Ef |
T

fm.u:-r — {kz _ kl}ngpu + Qqugnp _ qugau

!

I'p
1{) g™ = kg™ —kyg™ o longltudinal momenta

v trigger elementary Ward identities

Apply the PT to the quark-gluon vertex
one loop result:
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Quark's gap equation: RGI interaction

* Allot pieces to different Green’s functions
construct A and 1,

2 )
{ ¢
= L2 e A - B
—E} Ly It LT
- e T T o ;x'ﬂl'““-a. -~ N -

A1 T vanish on-shell
e Crucial all-order equivalence: PT=BFM

yields Feynman rules for systematic calculation
N 1 i s Absorbs all the RG logs
— b=11C, /48%~ as the photon in QED
271 ba?l 2 4.2 .
7-[1+bg”log "/ * Renormallzes as Z,°

e An additional equivalence holds: antiBRST+BRST=BFM
plethora of symmeitry identities, in particular BQ identities
DB, Quadri, PRD 88 (2013)

A(g?) =1+ C(P)PA(g s G speclal PT-BFM function:
determined by ghost-gluon dynamics

SAJO\’L(‘ e Comblnatlon 1+G appears In all BQls
fundamental non-Abelian quantity

* (G ls related (Landau gauge) to the ghost dressing:
use ghost gap equation to constrain 7+G, L

_ 0 2 e
= Gl(g )guw + Lig") = F—l{qﬂ} 1 +G(q2} _I_L{qz]




Quark's gap equation: RGI interaction

Convert vertices/propagators into PT-BFM ones ] — ??*
new RG invariant combination appears 7 _ A
A
d(k?) = a(p®)A (K% p?) £ 1L
E-D_||||||||||||||||||||||||||
Use symmetry identity [ nsE
to identify the interaction strength 25t ]
Aguilar, DB, Papavassiliou, Rodriguez-Quintero, PRD 80 (2009) I
DB, Chang, Papavasziliou, Robertz, PLB 742 (2015) E'D:'
2y _ 125079 — 150
I(k*) = k*d(k”) Ew:
E{kzjl — &mi}ﬁ{kiﬂi] = 1_|:]:_
[1 + G (k% p2)]? ;
05
1+G and L determined by their own SDEs ool
under simplifying assumptions: L T
. 0.0 05 1.0 15 2.0 25
k-p)? F((k+p)?)
1 G-szf.—i’/lz {—]B k)A(k : 2 [GeV?
+G(p°)=Z, 9" | 12+ e 1(k)A(k) it p)? K2 [GeV?]
- k-p)? F((k +p)’
L(p*)=—¢" /ﬁ [1 —4%] By (k)A(k) kT )2 }- ¢ Maln source of uncertainties:

needs assumptions on ghost vertex behavior

. k- p)’ F((k+p)*)
Pl — 7.3 z[[l_{ p ]B YA (K e Parametrized by 5¢[0,1]
(@) R k2p? 1(R)AK) (k +p)? lower bound (6=0): 1/F=1+G




Quark's gap equation: RGI interaction

Convert vertices/propagators into PT-BFM ones ] — ﬁ}
new HG invariant combination appears R — OA
d(k?) = a(p?)A(k?; p?) . f:i
Use symmetry identity AR

to identify the interaction sirength ’ DSE

Aguilar, DB, Papavassiliou, Rodriguez-Quintsro, PRD 20 (2009)
DB, Chang, Papavasziliou, Robertz, PLB 742 (2015)

T(k?) = K2d(k%)

_ alu)A K )
RERECTE

d(k?)

1+G and L determined by their own SDEs
under simplifying assumptions:

F((k +p)? 00 05 10 15 20 25

k- p)?
14+ G(p*H)=Z. — ¢ /k [2 + %1 Bl(k)&{k}w K [GeV?)
. k-p)* F((k +p)?
L(p*)=—¢" A [1 —4%] By (k)A(k) EE{ _|_+;§i }- ¢ Maln source of uncertainties:

needs assumptions on ghost vertex behavior

. k-p)? F((k+p)?)
Pl — 7.3 2/[1_[ p ]B YA (K e Parametrized by 5¢[0,1]
(¢7) ' g i k2p? 1 (R)A ) (k+p)? lower bound (5=0): 1/F=1+G

Both top-bottom and down-up approaches deliver quark-gluon effective
iInteractions which compare remarkably well with each other!




QCD effective charge

Let us now carefully examine the RGI Interaction:
D. Binosi, J. R-Q, C.D. Roberts, PRD95(2017)114009
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QCD effective charge

Let us now carefully examine the RGI Interaction:
D. Binosi, J. R-Q, C.D. Roberts, PRD95(2017)114009

k2)

I(K?) == K2d (K A

{ M G o

\ » F(k%¢?) s ( A2 / In 2 )
ggi{{z) ( )— Fo+vo)/ Bo
2
L(k*¢?) Aﬂmﬂ o1 30T In — / In -
I “a I

10) I O W = 2 2 — 3
2 ~ 2 _ i W = ¢ LN L(E=)F(k ~ R
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D. Binosi, L. Chang, J. Papavassiliou, C.D. Roberts, PLB 742 (2015)



QCD effective charge

Let us first carefully examine the RGI Interaction:
D. Binosi, J. R-Q, C.D. Roberts, PRD95(2017)114009

o amgn *—’!T(ki’)
I(R7):=Kd¥) = e T Fap

Remarkable QCD feature: saturation of the RG key ingredient d(0)

-~ ¥ 0.97
d(0) = —% N D. Binosi, L. Chang, J. Papavassiliou, C.D. Roberts, PLB 742 (2015)

mg  (mp/2)?

Define then the RGI invariant function

2y A(K2; p?)
D) = R0y 1ym2
Extract the (process-independent) coupling A
Using the quark gap equation 2(p) = ZE/ 4épl(%@(@?’p5{@fﬁ{qsﬂ
dg \ - o
" d(k2)
kﬁ e » T kﬂ

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 domain
reasonable definitions of the charge

ag, (k%) = agg(k*)[1 + Lldagg(F) + -]
apr (k) = age(k?)[1 + 1.0%9age(k*) + - -]

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

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

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

e Process dependent effective charges
fixed by the leading-order term in the

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

e Bjorken sum rule
defines such a charge
Bjorken, PR 148 (1966); PRD 1 (1970)

1
fu (g} (z,K*) — g7 (x, k?)] = [1

e g, " spln dependent p/n structure functions

extracted from measurements using unpolarized targets

+ g nucleon flavour-singlet axlal charge

e 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

gy [kzjfﬂ—]
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Pl-effective charge from lattice data with Nf=3 flavors at the physical point
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Pl-effective charge from lattice data with Nf=3 flavors at the physical point
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PI effective charge from lattice data with Nf=3 flavors at the physical point
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The IR running of the PI effective
charge with momenta only depends

on:
* The ghost dressing function

e The PT-BFM function L

Its strength depends also on the
saturation point at zero-momentum of
the gluon propagator




PI effective charge from lattice data with Nf=3 flavors at the physical point
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PI effective charge from lattice data with Nf=3 flavors at the physical point
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One application: pion PDF DGLAP evolution

The pion PDF can be computed as the lightfront projection of the hadronic matrix element
of a bilocal operator

r@¢ V=5 [ e (PlF ) |P)

2m z+=0,2; =0
f'-;~H;
= q(x, {y) DB 2 R
= q(x, {n) GPD ’ ™,
1.5} == g(x, {y) Asy ;” S




One application: pion PDF DGLAP evolution

The pion PDF can be computed as the lightfront projection of the hadronic matrix element of
a bilocal operator and, in the overlap representation at low Fock states, can be expressed in
terms of 2-body LFWFs at a given hadronic scale

—
—
—

d’* ixPtz— q dgﬁu
q" (x; CH} 5 <P‘ YT ‘P) s f(fﬂ k))V 7 (2, k)
! zt=0,z, =0
— q(x, ) DB ~ ™
== q(x,{y) GPD e .

1.5 == q(x, {H) ASY If Y




One application: pion PDF DGLAP evolution

The pion PDF can be computed as the lightfront projection of the hadronic matrix element of
a bilocal operator and, in the overlap representation at low Fock states, can be expressed in
terms of 2-body LFWFs at a given hadronic scale

finin =} [ e (T emr]s)

[ Ph g (k)Y -k
_' 1673 u?(j"ﬂ l) u_(‘l'-' J-)

=ty /  LFWF leading to
Y, asymptotic PDAs
/ aslz) = 302°(1 - z)°
a"--“'\ / . |
= q(x, {y) DB Nl N
= q(x, ) GPD /. h
1.5f == q(x, {n) Asy ,f’ \‘
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One application: pion PDF DGLAP evolution

The pion PDF can be computed as the lightfront projection of the hadronic matrix element of
a bilocal operator and, in the overlap representation at low Fock states, can be expressed in
terms of 2-body LFWFs at a given hadronic scale

" (z:Cy) = %/ dz_ei:cP‘*‘::‘ <P’ Eq(—z)“r’Jr%"i’q(Z) ’p>

2
- /d L (. k1) P57 (2. k)

2m 2+=0,2,=0 1673 :
o /i LFWEF leading to
/ asymptotic PDAs
/| gu(z) = 302%(1 — z)°
70T Sa ’/ . .
— q(x, {) DB ,/ A more]realistic pion
== q(x,{y) GPD / p
1.5} == qinAsy [ Y 2-body]LFWF

[l

/' DCSB-induced hardening \"\\
- >

LY

e
-~

0.5}
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One application: pion PDF DGLAP evolution

The pion PDF can be computed as the lightfront projection of the hadronic matrix element of
a bilocal operator and, in the overlap representation at low Fock states, can be expressed in
terms of 2-body LFWFs at a given hadronic scale
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One application: pion PDF DGLAP evolution

The pion PDF can be computed as the lightfront projection of the hadronic matrix element of
a bilocal operator and, in the overlap representation at low Fock states, can be expressed in
terms of 2-body LFWFs at a given hadronic scale
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One application: pion PDF DGLAP evolution

The pion PDF can be computed as the lightfront projection of the hadronic matrix element of
a bilocal operator and, in the overlap representation at low Fock states, can be expressed in

terms of 2-body LFWFs at a given hadronic scale

_/dng_g.'* (z,k )P = (z,k,)
zt=0,z, =0 B y 1673 uf \r oL u . R i
: /i LFWF leading to

/ asymptotic PDAs
/ |ae(z) = 30 (1 — z)°

27

" (z:Cy) = %/ dz_eixP"‘:‘ <P‘ Eq(—z)“r’Jr%"i’q(Z) ’p>

L .f’--.“h\\ ’ o . . )
= aGI08, P Y Amore]realistic pion
— s LH
mm g (x, ) Asy 2-b0dy LFWF

Direct computation of

Mellin morlnents: oidl .
{mm}gu :/ dmmmgﬂ(m; CH) 0.0 0.2 0.4 Ug 0.8 1.0
0 X g . 2 2
" (z;¢u) = 213.322%(1 — 2)
N, v e

x [1—2.93424/z(1 — z) + 2.2911 z(1 — z)]

Zm m L (K, P) S (k) 1 - Ok, [Lr (K —P)S(ky)]

tr
n-P dk

10



One application: pion PDF DGLAP evolution

The pion PDF can be computed as the lightfront projection of the hadronic matrix element of
a bilocal operator and, in the overlap representation at low Fock states, can be expressed in
terms of 2-body LFWFs at a given hadronic scale

" (z:Cy) = %/ dz_eixP"‘:‘ <P‘ Eq(—z)“r’Jr%"i’q(Z) ’p>
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Direct computation of
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One application: pion PDF DGLAP evolution

The pion PDF can be computed as the lightfront projection of the hadronic matrix element of
a bilocal operator and, in the overlap representation at low Fock states, can be expressed in
terms of 2-body LFWFs at a given hadronic scale
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One application: pion PDF DGLAP evolution

Moments' evolution (1-loop):
d _ oc(t) n

M,(t)

t=In(

1
fdxx"q(x,t)
0

)

SN




One application: pion PDF DGLAP evolution

A master equation for the (1-loop) moments' evolution:

d

dt

gle.0)= S [ Doy 0

X

X

Y

)+...

!

Moments’+ evolution (1-loop):

d

dt

M, (1) =

_alt)
4 °°

Y Mn(t)+...

Mn(t)z;fdxx"q(x,t)

)

t=In(

SN

1
J dxP(x)=y;
0




One application: pion PDF DGLAP evolution

M”(t):‘:[ dex"q(x,t)

A master equation for the (1-loop) moments' evolution: ,

c
d — a(t) | dy X len(g)
dﬂ(“)— e f yq(y,t)P(y)+...
! i
Moments’+ evolution (1-loop): > {g(x):yo
d aft)
_Mn<l):——y0Mn(t)—I—... ol 142 3
dt 47 Plx)= 3 (1—x)++§6<x_1)
\
__i | 9) B n+1l
Y R0 ‘%)




One application: pion PDF DGLAP evolution

1
Mn(t)zf dxx"q(x,t)
A master equation for the (1-loop) moments' evolution: 0

d (X(t) 1 dy X t=ln(§—j)
EQ(X,Z‘)I— 4 .)l: y q(y,t)P(;)-y 0
} 1
Moments’+ evolution (1-loop): > { dxP(x) =y,
d at)
_Mn(l):——yoMn(t)—I—... o 142 3
dt 41 P(x):g (1—x)++§6<x_1)
d (1)
Lalt)=—"Ipy+.. a2 "
dt 4 1t 0 yo——§ 3 I(n+2>(n+3)_4; 7)
¥ 4n
alt) = 4
() ZBO(t_tA)
A=In A
t <z§)
1



One application: pion PDF DGLAP evolution

1
Mn(t)zf dxx"q(x,t)
A master equation for the (1-loop) moments' evolution: 0

2 (x,t) = —a(t)j 9 (y,1)P(Z)+ t:ln%)
a’th’ . 4r g yqy’ y' o
4 ]

Moments'+ evolution (1-loop): > »([ dx P(x) =y,
d alt)
_Mn<t):——yOMn<t)+ 3 1+Zz 3
dt 47 P(x):g (l—x)++§6(x_1)
d — az(t) n+l
at = 4 S yg:_g : I(n—|—2)2(n—|—3)_4;%)
OL(I) _ 47 n

Azﬁo(t_t/\) (t) B,

(A o




One application: pion PDF DGLAP evolution

Which value of Lambda?

41 41

a(t) = — - — +...

[30<t_t/\) C
Boln®)
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One application: pion PDF DGLAP evolution

Which value of Lambda? It depends on the scheme... Indeed, at the one-loop level, its
value defines by itself the scheme!!!

oc(t)zﬁ(;i[t = .
T () )=o) 1@a() ..
(AL _dx( 1 1) 40
A B lal) a) T T R
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One application: pion PDF DGLAP evolution

Which value of Lambda? It depends on the scheme... Indeed, at the one-loop level, its
value defines by itself the scheme!!!

a(t) = ; (;ft = 422 +...
A
: oln(-5) a(t)=a(t)[1+c alt)+..
A2 4| 1 1 4tce
In(2;) = - +... =
n(Kz) Bo Oc(t) G(t) Bo
J Ot(t) The evolution.will thus depeqd on
EM”(t> — _Hngn(t)‘F--- El;luenic;?i(e)rr:\e via the perturbative
d a’(t)
a’ta(t)_ 47 o

|
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One application: pion PDF DGLAP evolution

Which value of Lambda? It depends on the scheme... Indeed, at the one-loop level, its
value defines by itself the scheme!!l

41 41

a(t) = — - -
Bo(f _tA) Cz
oln(-5) a(t)=a(t)[1+c al(t)+..|
1n(A_2)_4T[ 1 B 1 n :4T[C
A’ Bo Oc(t) o (t) Bo
_ The evolution will thus depend on
iM (t) — _MYSM (t)-l— the scheme via the perturbative
dr " 4 1t n truncation and the usual prejudice
9 is that truncation errors are
d_\_ G (t) optimally small in MS scheme.
dtoc(t)— 2 Byt ..
TC
AP = (210+14) Mev, (9.24b)
PDG2018: @
[PRD98(2018)030001] —  Azrs = (292+16) MeV, (9.24c)
ﬁ% = (332 £ 17) MeV, (9.24d)
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One application: pion PDF DGLAP evolution

Then, one can evolve the pion PDF, e.g. the one obtained by direct computation of Mellin
moments, by using DGLAP evolution from one unknown hadronic scale up to the relevant
one for the E615 experiment:

1
myT dr ™ a” : =
=™, fu rz"q" (x;Cx) ) <gﬁ($; Qﬂ): 213.322%(1 — 2)?

- HNCPtr/ ?L'fg] T (kn, P) S(ky) 1 - Ok, [Cr(kn, —P)S(k)] x [1—2.93421/z(1 — ) + 2.2911 z(1 — )]
. el n
C,—C,=52GeV
Optimal best-fitting o
parameters: I = q(x, {y) DB g RN
— qfx,é’H;EPD s
— . L X, S s
AQCD_O°234 GeV ;08 "o Zo1sDrell-van N ’;’
q(x,{2) GPD
C,=0.349GeV .
~ 0.6}
2
o
>
0.4 -
0.2}
0.0t , , , , ;-
0.0 0.2 0.4 0.6 0.8 1.0
X
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One application: pion PDF DGLAP evolution

Then, one can evolve the pion PDF, e.g. the one obtained by direct computation of Mellin
moments, by using DGLAP evolution from one unknown hadronic scale up to the relevant

one for the E615 experiment:

1
(™)E = f dz 2™ ¢ (2 Cir)

N, k

= eie [ [ 52) 0 (g P) (k) -
Optimal best-fitting 1ol
parameters: '

AQCD:0‘234 GeV N 0.8}

C,=0.349GeV .
~ 0.6}
2
x
0.4}
0.2}
Go (@i (@) (=27
Ref. [33]0.24(2) 0.09(3)  0.053(15)
Ref. [34]| 0.27(1) 0.13(1) 0.074(10) 0.0t
Ref. [35]|0.21(1) 0.16(3)
average | 0.24(2) 0.13(4) 0.064(18)
Herein |0.24(2) 0.098(10) 0.049(07)

o <§;;($§Eﬂ) = 213.322%(1 — z)?
X [1-2.9342/z(1 — 7) + 2.2011 2(1 — )]

Ok, [Tr(kn, —P)S(k,)]

Cy —>§2 5.2GeV

q(x, {H) Asy 4

——hﬁ

q(x, {n) DB ’ A
q(x, {y) GPD ¢

E615 Drell—Yan 7N /7
q(x,2) GPD !

o =

Comparison with the three first moments obtained from IQCD

0.2 0.4 0.6 0.8
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One application: pion PDF DGLAP evolution

Then, one can evolve the pion PDF, e.g. the one obtained by direct computation of Mellin
moments, by using DGLAP evolution from one unknown hadronic scale up to the relevant
one for the E615 experiment:

1
(™)E = f dz 2™ ¢ (2 Cir)

Optimal best-fitting ol R
parameters: = q(x, {) DB e “

AQCD20234 Gev , 0.8¢ -: %glﬁggjr:ﬁs—y‘(an aN :;
£, =0349GeV .
Apep=0.234GeV;
C,=0374GeV . o4

[
" kn] Fﬂ(kﬁ’ P) S(kﬁ} n ak*? [F’F(k?}: _P}S(kn}] - 77777;( 11— 2‘9342\/m +229115(1— )]

n-P
C,—C,=2GeV —(,=5.2GeV

th/
n'Prdk

= q(x, {y) GPD ’

== q(x,42) GPD -4
= g(x,2) GPDL

0.6}

X q(x)

0.2}
2 ()7 (z*)7 (z°)T
Ref. [33]] 0.24(2) 0.09(3)  0.053(15) :
Ref. [34]|0.27(1) 0.13(1)  0.074(10) 0.0L! : : . . o Y
Ref. [35] | 0.21(1) 0.16(3) 0.0 0.2 0.4 0.6 0.8 1.0
average | 0.24(2) 0.13(4)  0.064(18 "

Matching the three first moments obtained from IQCD i3



One application: pion PDF DGLAP evolution

Which value of Lambda? It depends on the scheme... Indeed, at the one-loop level, its
value defines by itself the scheme!!!

a(t) = ; (;Z = 422 +...
A
: oln(-5) a(t)=a(t)[1+c alt)+..
A2 4| 1 1 4tce
In(=5) = — +...= 5
n(Kz) Bo Oc(t) G(t) Bo
J OL(t) The evolution.will thus depeqd on
EMnU) — _Hngn(t)_l_ El;luenic;?i(e)rr:\e via the perturbative
d a’(t)
dta(t) . 4n o

The use of A=0.234GeV can be thus interpreted as the choice of particular scheme,
differing from MS.

|
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One application: pion PDF DGLAP evolution

Which value of Lambda? It depends on the scheme... Indeed, at the one-loop level, its
value defines by itself the scheme!!!

a(t) = ; (;nt = 422 +...
A
: oln(-5) a(t)=a(t)[1+c alt)+..
A2 4| 1 1 4tce
In(=5) = — +...= 5
n(Kz) Bo Oc(t) G(t) Bo
J a (t) The evolution.will thus depeqd on
EM”U) — _Hngn(t) H\uenic;?i(e)rr:\e via the perturbative

The use of A=0.234GeV can be thus interpreted as the choice of particular scheme,
differing from MS. Beyond this, the scheme can be defined in such a way that one-
loop DGLAP is exact at all orders (Grunberg's effective charge).

|
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One application: pion PDF DGLAP evolution

4m 4m
alt) = +Coexp(t ) Sk
m, ex m,
Boln 02 Py A BO
A A’
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One application: pion PDF DGLAP evolution

6l - A Hall A/CLAS |
41 41 T g > JLab CLAS (2008)-
Oc(t) = S = S [ | v JLab CLAS (2014)]
0.8l | <4 DESY HERMES
8. In m,+Toexpl(t) B, In Motk | v CERN COMPASS
0 2 0 A2 I ' < CERN SMC ]
£ 0.6} |
= — =0. GeV| = | |
OL(O) aPl(O) m,=0.300 3 |4 CERN OPAL
0411 > SLAC E142/E143
| €« SLAC E154/E155
0.9l & JLab RSS
““H B Fermilab
| o Ed:]{‘m (BU) ”
D D - (B{)} X
0 0.050.1 1 10
k [GeV] kK’
t=ln(?)
0
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One application: pion PDF DGLAP evolution

1.(:-‘

Hall A/CLAS

A A
41 4t R ,. B JLab CLAS (2008)-
alt) = —— = _ BLy v JLab CLAS (2014).
{4 | <« DESY HERMES |
B, In m,+Coexplt ) B, In Mgk it ™ | v CERN COMPASS
0 2 o A2 [ < CERN SMC '
= 06}
(0) = a(0) - m,=0.300GeV = S— |
041 5 SLAC E142/E143
- 4 SLAC E154/E155
& JLab RSS
d M (t) a'(t) nM (t) 0.2] B F‘n:mil:lh
T, — T T [ = ap, (BU
dt’ " 47 20" 0.0f = e (BO) *++ B \
0 0.050.1 1 10
Numerical integration with the effective k [GeV] i
charge t=In(—)
Go
1
n t
Mn(t)=fdxx q(x,t)
M, (t)= M, (t,)exp| -2 [ dzalz o
n+l
) . 4 2 1
0 Yo=—75 |2 - -
3 (n+2)(n+3) o i
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One application: pion PDF DGLAP evolution

Lol | % A Hall A/CLAS -
47t 41t g P T > JLab CLAS (2008)
alt)= — = o v JLab CLAS (2014)]
[ \({ | <« DESY HERMES |
B,In ma+§oexp(t) B,In itk - ™| v CERN COMPASS
0 2 o A2 [ 4 CERN SMC '
0.6
a(0) = ap(0) - m,=0.300GeV = - A CERN OPAL
041 5 SLAC E142/E143
- 4 SLAC E154/E155
[ A JLab RSS
d M a(t) nM 0.2] > F"(“:llll]]’ll
—M,(t)=———yM, (1) By
dt 4 T 0.0k "= (BO) " Oy
0 0.050.1 1 10
Numerical integration with the effective k [GeV] i
charge t=In(—)
S
1
not
Mn(t)zfdxx q(x,t)
M, (t)= M, (t,)exp| -2 [ dzalz o
n+l
T 4 2 1
o Yo =731 -2
3 (n+2)(n+3) o i

If one identifies: m ,=C,, , all the scales (and the evolution between them)
appear thus fixed, apart from A ., (fixed by the scheme).
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One application: pion PDF DGLAP evolution

Then, one can evolve the pion PDF, e.g. the one obtained by direct computation of Mellin
moments, by using DGLAP evolution from one unknown hadronic scale up to the relevant
one for the E615 experiment:

Apep=0.234 GeV; Ly=m,— =52 GeV

1.0} TN

[ - Q[X.-{H) DB 4 A

I — q‘[xr {H) GPD ’
== q(X, {y) Asy 4
0.8 e EB&15 Drell-Yan zN f
[ == g(x,{2) GPD /

0.6}

X q(x)

0.4]

0.2}

0.0 0.2 0.4 0.6 0.8 1.0

If one identifies: m ,=C,, , all the scales (and the evolution between them)
appear thus fixed, apart from Aycp (fixed by the scheme). And the
agreement with E615 data is perfect!!!
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One application: pion PDF DGLAP evolution

Then, one can evolve the pion PDF, e.g. the one obtained by direct computation of Mellin

moments, by using DGLAP evolution from one unknown hadronic scale up to the relevant
one for the E615 experiment:

The same is optglne_d from the AQCD_O'234 GeV, @H_ma—> Cz 5.2 GeV
overlap of realistic pion 2-body _ _ _ _ _ _
LFWFs g 0'4f . } + e E615Drell-YanaN ]
e == g(x, ) GPD (Mom.) |

' == (X, ) GPD (Dir.) |

0.3 == g(x,{>) GPD (Comb.) {

and after integration of the

DGLAP master equation o4l

%Q(’”):_O%)id%q(y,t)P(%)h.

0.0} | . . . . ]
0.0 0.2 0.4 0.6 0.8 1.0

b ¢

If one identifies: m ,=C,, , all the scales (and the evolution between them)

appear thus fixed, apart from Aycp (fixed by the scheme). And the
agreement with E615 data is perfect!!!
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Conclusions

X q(x)

« One can define a parameter-free
effective charge (completely determined
from 2-points gauge sector), with no
Landau pole (physical coupling showing
an IR fixed point) and smoothly
connecting IR and UV domains (no
explicit matching procedure)

It is shown to be in good agreement with
the Bjorken-rule effective charge and with
the coupling from the light-front
holographic model.

Ayep=0.234GeV; T,=m,~CT,=52GeV

1.0t f”_.“"\\
== q(x,{y) DB s b
= q(x, {n) GPD /
= "-T(X- ‘;’H] Asy 3’
0.8f e E615Drell-Yan aN ’

q(x.{2) GPD

S

0.0 0.2 0.4 0.6 0.8 1.0

clk

Hall A/CLAS |
JLab CLAS (2008)-
JLab CLAS (2014)]

o
I:xl.
LG Aad gD

DESY HERMES |
_ CERN COMPASS 1
[ CERN SMC
0.6}

" & CERN OPAL
04[ 5 SLAC E142/E143
4 SLAC E154/E155
FY

[ & JLab RSS :
0.2] P Fermilab
[ = &, (BU) "
0.0F *=* &g (BO) *** Omn g
0 0.050.1 1 10
k [GeV]

The PI effective charge is shown to be
equivalent, within the IR domain, to the
one which can be defined to get an
“exact” (at all order in perturbations)
DGLAP evolution for the pion PDF.
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