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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 () = (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.

Duarte, Oliveira, Silva
PRD94(2016)014502

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

s v 44" V=( 8.1fm) f
9 ¥ o 64" V=(11.8fm)’ |
» %k{ o 72" v=(132fm)’ §
i + 80" V=(147fm)" |

- s 88" v=(162fm)"

< 96" V=(176fm) H

IIIIIIIIIIIIIIIIIIIIIIIIIIIII'II!IIIII:II'IIIIIIIIIIIIIII

Quenched lattice gluon propagators for different large volumes!



The gluon propagator
AL (@) = (AL@AY (=) = 5 AP*)P(@),

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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Quenched lattice gluon propagators for different beta and similar volume!



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

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

transverse: g¢-G=r-G=p-G =0.

where P,,(q) = 6,, — q.9,/9*, implies directly that G is totally
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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),

0.

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

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 _ /AQ b —_ 2
A (@) = (AL@AY(-) = 6 A(p")Pu(9), et
PRD86(2012)074512

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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Unquenched lattice gluon propagators!




The gluon propagator

ab _ /AQ b —_ 2
A (@) = (AL@AY(-) = 6 A(p")Pu(9), et
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 ghost propagator
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Unquenched lattice ghost propagators!



The vertex and the three-gluon Green's function

Symmetric configuration:
q2 = r2 = pzaﬂdq-r= qgp=rp= _qszZ.,

A5(g, 1, p) =T$),,(a: 7 P)Pora@ Py (F)Pyr(p).

"li,uv(q! rs P) = (J" - P)ﬂ:(p - q)#(q - r)v/rz-

A (g) = (A%QAL(—9)) = 6 A(PY)Pu(q),

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

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:
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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.

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:

ﬁﬁ(q, F, P) = (A';(Q)Ai(r)ﬂi(m) = fﬂbcgcmv(q, D), F=r=pandgr=gp=rp=—g/2
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‘lg;i(q’ £ P) = rg::ifv’(q! F, p)Pa’a(Q)Pp’p(r)Pwv(p).

A (g) = (A%QAL(—9)) = 6 A(PY)Pu(q),

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)ﬂ:(p - q)#(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

Go(q,r,p) = (Aﬁ(q)ﬂﬁ(r)ﬂi(p)) =[G @1 P) 5. e e
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T*™(r%) = gT7"™(P) AO) A*(F),
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A (g) = (A%QAL(—9)) = 6 A(PY)Pu(q),

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

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:

ﬁﬁ(q, F, P) = (A';(Q)Ai(r)ﬂi(m) = fﬂbcgcmv(q, D), F=r=pandgr=gp=rp=—g/2

Ar(qs 1) = Z' (') Alg), \ () = g L)
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A% (g) = (A%QAL(—9)) = 6 A(PY)Pu(q),
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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...



The vertex and the three-gluon Green's function

Asymmetric configuration:

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

g0, r2:p2=—p-r

Ar(q"s %) = 23 (1) A(g), gm2) o 3 TN Tp"" (1)
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MOM renormalization prescription:
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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,
iIn both symmetric and asymmetric kinematical configurations.



Multi-instanton background

The classical gauge field solution from a multi-instanton ensemble can be cast as the so-
called ratio ansatz [E.V. Shuryak; Nucl.Phys.B302(1988)574]

(
f( ) ~ 2 Z R(:} i 2f(|.}2": l) yi >> p; for all i,
2 3 R,y ot T =y R N €
i=I,A t i
208, () = Fayd ><
1+ i
y,=x—z, S ) o ! f(l}'tl) Yi<<pj,
l aa l ~ Z R(r} v 2 yi >> pj for any i # j,

TIE R(,-) "t Hooft symbols and color rotation matrices i=I,A Yi fQyib '|'
P, instanton radius - L

f(z) i 2ventually obtained by minimization of the

acti Of instantons (classical background).
akonoy, V. Petrov; Nucl.Phys.B45386(1992)236
et al.; Phys.Rev.D70(2004)114503

fpz)
¢, (2) = fpz)+22 ~ 1+ 22 zk 1
f(z:gZ) z>1

The classical gauge field can be effectively accounted for by an independent pseudo-particule
sum ansatz approach in both large- and low-distance regimes.



Multi-instanton background

m ~(m 1 T a,
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Multi-instanton background |
/4 Instanton density
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Multi-instanton background |
/4 Instanton density
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Multi-instanton background |
/4 Instanton density
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 where p = /(p?) and 6p° = ((p — p)*)



Multi-instanton background |
/4 Instanton density

= n(p"I"kp) )

2 4
1+48%2 10 (kzﬁpz, '5_%)
\ p p

where p =

V{(p?) and 8p° = ((p — p)?)

The asymptotic behavior at both the large- and low-momentum limits appears to be
driven by , the result relying on a very general ground,
irrespective of the details of the profile and its breaking of the scale independence.
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where 5 = /(p?) and §p° = ((p — p)?)

The asymptotic behavior at both the large- and low-momentum limits appears to be
driven by , the result relying on a very general ground,
irrespective of the details of the profile and its breaking of the scale independence.

This is consistent with the low-momentum behavior obtained from the lattice gluon
correlation functions!!!
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The large-momentum limit in
the field of a multi-instanton
solution appears here hidden
by the quantum UV
fluctuations!!!
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where 5 = /(p?) and §p° = ((p — p)?)

The asymptotic behavior at both the large- and low-momentum limits appears to be
, the result relying on a very general ground,
irrespective of the details of the profile and its breaking of the scale independence.

driven by

This is consistent with the low-momentum behavior obtained from the lattice gluon
correlation functions!!!




The Wilson flow smoothing procedure

The Wilson flow B (¢, x) of an SU(N) gauge field is defined by [M. Luescher;
JHEP02(2010)071]

c’?t]_?u — DVGW
where ¢ = 4¢” t is the so-called flow time and

G, =0,B,—0,B,+|B,,B,
D, = au+ [Bw ' }

with the initi

The Wilson flow has been proven to be an useful tool to deprive the lattice gauge fields
from their short-distance (UV) quantum fluctuations.




The Wilson flow smoothing procedure

The Wilson flow B (¢, x) of an SU(N) gauge field is defined by [M. Luescher;
JHEP02(2010)071]
0,B,=D,G,,

where ¢ = 4¢” t is the so-called flow time and

Table 1
Estimates for the densities, obtained as explained
in the text, for the different flow times, also ex-
. } pressed in physical units. For this to be done, ac-
w>’ cording to [27], we have defined /8ty = 0.3 fm,
whence ty = a?ty = 0.0113 fm? and t = rinfﬂ- At
T =4, in the unquenched case, the characteristic
diffusion length is so small that quantum fluctua-
tions have not been properly removed yet.

G, =0,B,—0,B,+|B,,B,
D,=0,+|B

u u

with the In

T t/tg n (fm™*
Quenched 4 6.84
8 13.7
15 25.6
2 Unquenched 4 2.34
e 8 470

47”)2 15 8.84

The Wilson flow has been proven to be an useful tool to deprive the lattice gauge fields
from their short-distance (UV) quantum fluctuations.



The Wilson flow smoothing procedure
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Table 1

Estimates for the densities, obtained as explained
in the text, for the different flow times, also ex-
pressed in physical units. For this to be done, ac-
cording to [27], we have defined /8ty = 0.3 fm,
whence ty = a?ty = 0.0113 fm? and t = rinfﬂ- At
T =4, in the unquenched case, the characteristic
diffusion length is so small that quantum fluctua-
tions have not been properly removed yet.

T t/tg n (fm™*

Quenched 4 6.84 3.5(1)
_2 L 1 | 1 L 1 1 i 1 1 1 1 | 1 1 | 1 1 1 1 L [ ] | 1 1 1 L L Ll | | 1 L B 13? 1?5(4]
04 0.2 0 0.2 15 256 0.98(5)
Log[k /1 GeV]
Unquenched 4 2.34

8 4,70
15 8.84
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The Wilson flow has been proven to be an useful tool to deprive the lattice gauge fields

from their short-distance (UV) quantum fluctuations.



The Wilson flow smoothing procedure
B=4.20
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in the text, for the different flow times, also ex-
pressed in physical units. For this to be done, ac-
cording to [27], we have defined /8ty = 0.3 fm,
whence ty = a?ty = 0.0113 fm? and t = rinfﬂ- At
T =4, in the unquenched case, the characteristic
diffusion length is so small that quantum fluctua-
tions have not been properly removed yet.
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8 470

998)014505] 13 8.84

The Wilson flow has been proven to be an useful tool to deprive the lattice gauge fields
from their short-distance (UV) quantum fluctuations.

The main features observed in the gluon correlations obtained with lattice flown gauge
fields can be well described within the multi-instanton approach framework.



The Wilson flow
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8 p?
”C’(W)

2

8p 252 8P
1+4SF+@(R sp ,F

Estimates for the densities, obtained as explained
in the text, for the different flow times, also ex-
pressed in physical units. For this to be done, ac-
cording to [27], we have defined /8ty = 0.3 fm,
whence ty = a?ty = 0.0113 fm? and t = rinfﬂ- At

T =4, in the unquenched case, the characteristic
diffusion length is so small that quantum fluctua-
tions have not been properly removed yet.

T t/tg n (fm™*
Quenched 4 6.84 3.5(1)
8 13.7 1.75(4)
15 25.6 0.98(5)
Unquenched 4 2.34

8 4.70 é.s{:a]
884  3.0(2)

The Wilson flow has been proven to be an useful tool to deprive the lattice gauge fields

from their short-distance (UV) quantum fluctuations.
The main features observed in the gluon correlations obtained with lattice flown gauge
fields can be well described within the multi-instanton approach framework.




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

Zero-crossing
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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

Zero-crossing?
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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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After leg amputation, the 1PI form factor for the tree-level tensor shows clearly the zero-crossing. Tth
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trend is the same for both Wilson and tISym actions and symmetric and asymmetric configurations.




The zero-crossing of the three-gluon vertex A.C Aguilar etal.; PRD89(2014)05008

DSE-based explanation:
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The zero-crossing of the three-gluon vertex 5 =g e o rpes2017)114503

DSE-based explanation:

_8Ca 5 o [ FED)
Hc(tf]l— 6‘}2F{i}]‘£mﬁ

W] 2 2
F?E‘FH}(PE%#E] ~  Fgp(0;4?) (a+bln% + ¢ | He Fr(0; p?) m% +)...

A logarithmic divergent contribution at vanishing momentum, pulling down the 1Pl

form factor and generating a zero crossing, can be understood with a DSE
analysis.




The zero-crossing of the three-gluon vertex ACAgullaretal. PRD89(2014)05008
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We can thus perform a fit, only over a deep IR domain, of our data to the DSE-based 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-based 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-based 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-based 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-based formula
and describe the behaviour of the 1PI form factor.



The three-gluon running coupling:

ETMC Nf=2+1+1

1.2 T

B=2.10L=48 =
g=AS =55 ——

A t=314 MeV

the UV domain gives direct access to
the strong running coupling in a particular scheme that can be properly translated
to MS. combining different Green's functions, a reliable prediction can be
obtained!!!



Quark's gap equation

Use Rainbow-Ladder truncation:
One-gluon exchange effective kernel + Tree-level quark-gluon vertex
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Quark's gap equation

Use Rainbow-Ladder truncation:
One-gluon exchange effective kernel + Tree-level quark-gluon vertex
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Quark's gap equation

Use Rainbow-Ladder truncation:
One-gluon exchange effective kernel + Tree-level quark-gluon vertex
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Quark's gap equation

Use Rainbow-Ladder truncation:
One-gluon exchange effective kernel + Tree-level quark-gluon vertex
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Quark's gap equation

Use Rainbow-Ladder truncation:

One-gluon exchange effective kernel + Tree-level quark-gluon vertex
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Quark's gap equation

Beyond Rainbow-Ladder truncation:
One-gluon exchange effective kernel + Eed{el guark-gluon vertex
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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

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 _

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

SO

_ r | I'p Lo = (k2 — k1)%g"" + 29" g™ — 29" g™
ke ™ b ef 1% ({f 1’) Pﬁw = k{g™ — k39" o longltudinal momenta
v " trigger elementary Ward identities

Apply the PT to the quark-gluon veriex
one loop result:

5



Quark's gap equation: RGI interaction

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

A1 T - vanish on-shell

Crucial all-order equivalence: PT=BFM

yields Feynman rules for systematic calculation
N 1 i « Absorbs all the RG logs
~ — b= 11C, /48w~ as the photon in QED
2[1 + bg? log ¢%/ 4 :
[l +bg"log ¢ /7] * Renormallzes as Z,~

An additional equivalence holds: antiBRST+BRST=BFM
plethora of symmetry identities, in particular BQ identities
D. Binosi, Quandri, PRD88(2013)

A(g?) = 1+ C()PA(d) * G speclal PT-BFM functlon:
determined by ghost-gluon dynamics

SI\/O\/T? « Comblnatlon 1+G appears In all BQls
Aplg) = - vy + p ' fundamental non-Abelian quantity
L £ * EARY £

* Gls related (Landau gauge) to the ghost dressing:
use ghost gap equation to constrain 1+G, L

_ ! 2 Fu e
~ Sl o + U F(q) =1+ G(@") +L(d")



Quark's gap equation: RGI interaction

Convert vertices/propagators into PT-BFM ones ] —

new RG invariant combination appears 7 -
d(k?) = a(p?)A (K% p?) |
30
Use symmetry identity [ osE
to identify the interaction strength 25t ]
A.C Aguilar, D. Binosi, J. Papavassiliou, J. R-Q, PRD90(2009) 20 I
D. Binosi, L. Chang, J. Papavassiliou, C.D. Roberts, PLb742(2015) a
- 2 i
T = K2k : (?) . O 15f
: 9 :I 2 9 I_L(‘?Q}F{qg} orie) - E’ [
d(k?) = a(p?)A k% p?) 4 sof
1+ G(k% p?))? ;
0.5F
1+G and L determined by their own SDEs DD;
under simplifying assumptions:
p }‘ g p 0.0 05 1.0 15 20 25
(k- p)? F((k+p)?) K [GeV?]
1—|—G-)2:Zf.—2/[2—|——8ﬁ;&k :
2 9 ~ (E-p)? A F((E+p)?) ¢ Maln source of uncertaintles:
L(pT)=-9 [ [1 1 k2p? ] By (k)A(K) (k+p)? needs assumptions on ghost vertex behavior

F{{ﬁ; —|—p)2] * Parametrized by 8<[0,1]
{ﬁ; —I—p}g lower bound (8=0): 1//=1+G

- )2
PR = 234 [1— &y ]Bl{ﬂc}a{m



Top-down vs. Bottom-up approaches
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Top-down vs. Bottom-up approaches
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QCD effective charge

Let us now carefully examine the RG Interaction:

; D. Binosi, J. R-Q, C.D. Roberts, PRD95(2017)114009
(k%)

I(K?) := K2d(k?) = 1 — L(k?)F(k2)]?




QCD effective charge

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

1(k?) == k2d(k?) = aCa

A running strong coupling in a particular scheme (Taylor), well-known

o, (k) = lim ¢*(a)k*A(K?; a) F*(K*Ppffrturbation

a=>0




QCD effective charge

Let us now carefully

1(k?) == k2d(k?) =

examine the RG 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 RG 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 RG Interaction:
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QCD effective charge

Let us now carefully examine the RG Interaction:
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QCD effective charge

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

Let us now carefully examine the RG 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 RG 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 RG 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 RG Interaction:
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QCD effective charge

Let us now carefully examine the RG 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 RG Interaction:
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QCD effective charge

Let us now carefully examine the RG Interaction:
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QCD effective charge

Let us first carefully examine the RG Interaction:
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Remarkable QCD feature: saturation of the RG key ingredient d(0)

-~ g 0.97

o3 D. Binosi, L. Chang, J. Papavassiliou, C.D. Roberts, PLB 742 (2015)
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QCD effective charge

Let us first carefully examine the RGI Interaction:
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QCD effective charge

Let us first carefully examine the RGI Interaction:
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I(k?) == k2d(k?)

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

Let us first carefully examine the RGI Interaction:

( 2 D. Binosi, J. R-Q, C.D. Roberts, PRD95(2017)114009
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Remarkable QCD feature: saturation of the RG key ingredient d(0)
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Define then the RGI invariant function

A(k?; p?)
A(0; p2)ymg

D(k?) =

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



QCD effective charge

Let us first carefully examine the RGI Interaction:
D. Binosi, J. R-Q, C.D. Roberts, PRD95(2017)114009
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Remarkable QCD feature: saturation of the RG key ingredient d(0)
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Define then the RGI invariant function

A(k?; p?)

D(k?) =
() A(0; p2)ymg

Extract the (process-independent) coupling
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dq
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QCD effective charge

Let us first carefully examine the RGI Interaction:
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Remarkable QCD feature: saturation of the RG key ingredient d(0)
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Let us first carefully examine the RGI Interaction:
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Let us first carefully examine the RGI Interaction:
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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:

fixed by the leading-order term in the

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

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



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
|| @ lat k) - ap (oK) = 211~ 0y, (%)

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

+ g nucleon flavour-singlet axlal charge

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



QCD effective charge: comparison

e Process dependent effective chargés
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
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

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

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



QCD effective charge: comparison
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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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* Equilvalence In the perturbatlve domaln
reasonable definitions of the charge

g, (k?) = og=(E?)[1 + Lldag(k?) + ---]

M5 |
apr (k) = age(k?)[1 + 1.0%9age(k*) + - -]

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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apr (k) = age(k?)[1 + 1.0%9age(k*) + - -]

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

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
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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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CERN SMC
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* Equlvalence
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e Process dependent effective chargés
fixed by the leading-order term in the

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

* Exlstence of data

¢ Equlvalence In the non-perturbative domain for a wide momentum range

highly non-trivial (ghost-gluon interactions) * Tight sum rules constralnts on the Integral
at IR and UV extremes

* Agreement with light-front holography * Isospin non-singlet
suppress confributions from hard-to-compute
model for o,

Deur, Brodaky, de Teramond, PPNP 80 (2016) processes
D. Binosi, C. Mezrag, J. Papavassiliou, J.R-Q, C.D. Roberts, arXiv:1612.04835
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