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N-partons LCWF for the hadron H

Let's consider the two-body pion LCWF:

BS wave function

Antecedents:

GPD overlap approach: The pion light front wave function



  

BS wave function

Keeping so contact with the previous 
“covariant” approach” based on DSE 
and BSE.

Antecedents:

GPD overlap approach: The pion light front wave function



  

Helicity-0 two-body pion LCWF:

GPD in the overlap approach:

ζ⩽x⩽1In DGLAP kinematics:

Helicity-1 component

In the pion 2-body case
x+ζ
1+ζx−ζ

1−ζ
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Helicity-0 two-body pion LCWF:

GPD in the overlap approach:
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x+ξ
1+ξ

x−ξ
1−ξ

Encoding the 
correlations of 
kinematical variables
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Helicity-0 two-body pion LCWF:

GPD in the overlap approach:

0⩽x⩽1

Encoding the 
correlations of 
kinematical variables

1

Forward limit

H (x ,0,0) = q(x ) = 30 x2(1−x )2

0

Compares numerically 
very well with the results 
obtained from the Triangle 
diagram!!! 

PDF:

Antecedents:

GPD overlap approach:

Consistent descriptions 
from both 
approaches!!!
(tested with a simple 
model) 



  

Pion (kaon maybe) realistic picture:

The spectral density           can be 
modelled... 
...Or taken with BSE solutions as 
an input!  

ρK (z)



  

Pion realistic picture:

Asymptotic case:

Phenomelogical model: b0
π=0.1,b0

π=0.73 ;



  

Pion realistic picture:

Phenomenological model



  

Pion realistic picture:

One should focus on the forward limit: PDF (benchmark) case
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the scheme because of the 
perturbative truncation and the 
usual prejudice is that truncation 
errors are optimally small in MS 
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PDG2018:
[PRD98(2018)030001]
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GeV

ΛMS=0.234 ;ζ0=0.374 [GeV
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The evolution will thus depend on 
the scheme because of the 
perturbative truncation and the 
usual prejudice is that truncation 
errors are optimally small in MS 
scheme.

The use of                   GeV can be interpreted as the choice of new scheme, 
differing from MS. And it can be furthermore defined in such a way that one-loop 
DGLAP is exact (Grunberg's effective charge). 

ΛMS=0.234

α(t )= 4 π

β0 ln(ma
2+ζ0

2 exp(t )

Λ2 )
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Pion realistic picture: Coupling and effective charge 

α(0) = αPI (0)
ζ0=ζH=ma=0.300 GeV
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Pion realistic picture:

ζ0=ζH=0.3 →ζ2=5.2GeVGeV

No free parameter to be fitted. All the scales (and the 
evolution between them) appear fixed. And the agreement 
with the Aicher et al. reanalysis of E615 data is perfect!!!
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Numerical integration with the effective charge for the master 
equation. No need for a reconstruction with evolved Mellin moments!

No free parameter to be fitted. All the scales (and the 
evolution between them) appear fixed. 

d
dt
q (x , t )=−

α(t )
4 π ∫

x

1
dy
y
q ( y ,t )P( x

y
)

∫
0

1

dx P(x) = γ0
n

P(x) = 8
3 ( 1+ z2

(1−x)+
+ 3

2
δ(x−1))



Pion realistic picture:

ζ0=ζH=0.3 →ζ2=5.2GeVGeV

x



  

Pion (more) realistic picture:

Asymptotic case:

Phenomelogical model:
Realistic case: 

b0
π=0.1,w0

π=0.73 ;
b0

π=0.275,b0
π=1.23 ;



  

Phenomenological model

Realistic case
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Pion (more) realistic picture:

ζ0=ζH=0.3 →ζ2=1.0GeVGeV



About PDA and LFWF evolution

Standard PDA evolution:
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Testing the factorization ansatz:
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How ERBL and DGLAP evolutions make contact:

About PDA and LFWF evolution



How ERBL and DGLAP evolutions make contact:

Sea-quark and gluon content incorporated to 
the parton distribution by DGLAP are obviously 
not present in the valence-quark PDF from 
LFWFs!!!  

About PDA and LFWF evolution



About gravitational Form Factors

A word about GPD polinomiality first: 
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Conclusions
Khépani's previous conclusions & ...  

A good choice for the scheme of the coupling or, 
furthermore, the definition of a particular effective 
charge, makes possible a successful  DGLAP 
evolution of the PDF's results, from an 
unambigous hadronic scale, to the scale of 
available experimental data. This effective charge 
is intimately connected to the PI one.   

The comparison of the valence-quark PDF 
directly obtained from LFWFs at any non-
hadronic scale and the evolved one might 
result insightful. 

Gravitational form factors can be obtained from 
the overlap GPD, only after some modelling in the 
case of          . θ1(t )
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