
Light-cone distributions from the Bethe 
Salpeter Eq. in Minkowski-space

Tobias Frederico
Instituto Tecnológico de Aeronáutica

São José dos Campos – Brazil
tobias@ita.br

TRANSVERSITY 2017, Frascati, 11-15 December,2017

Collaborators

W. de Paula (ITA), G. Salmè (INFN/Roma I), M. Viviani (INFN/Pisa)



2

Motivation
Physical space-time = Minkowski space 

Develop  methods in continuous nonperturbative QCD 

within a given dynamical simple framework

Solve the Bethe-Salpeter bound state equation

Observables: spectrum, SL/TL  momentum region

Relation BSA to LF Fock-space expansion of the hadron wf  
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Problems to be addressed

Observables associated with the hadron structure 
in Minkowski Space obtainable from BSA

 parton distributions (pdfs) 

 generalized parton distributions 
                                                   
 transverse momentum distributions (TMDs) 

 Fragmentation functions

SL and TL form factors ….
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TMDs  &  PDFs 
FSI gluon exchange: T-odd

Bethe-Salpeter
 Amplitude @ x+=0 

q+ = q0+q3 q- = q0-q3

q2 = q+q- - q2
T

q- →infty  
 DIS  

TF & Miller PRD 50 (1994)210
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Yes!

Light-Front WF (LFWF)
basic ingredient in PDFs, GPDs and TMDs 
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“Parametric representation for any Feynman diagram for 
interacting bosons, with a denominator carrying the overall 
analytical behavior in Minkowski space” (Nakanishi 1962)

 Kusaka and Williams, PRD 51 (1995) 7026;
Light-front projection: integration in k-

 Carbonell&Karmanov EPJA27(2006)1;EPJA27(2006)11;

 TF, Salme, Viviani PRD89(2014) 016010,…

Equivalent to Generalized Stietjes transform 
Carbonell, TF, Karmanov PLB769 (2017) 418

 

Bethe-Salpeter amplitude

BSE in Minkowski space with NIR for   bosons 

Nakanishi Integral Representation (NIR)
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Ladder exchange
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Gutierrez,  Gigante, TF, Salmè,Viviani, Tomio PLB759 (2016) 131
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Light-front valence wave function L+XL
Gigante, Nogueira, Ydrefors, Gutierrez, Karmanov, TF, PRD95(2017)056012.

Large momentum behavior 
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Vertex Form-Factor 

Ladder approximation (L): suppression of XL for Nc=3                       
[A. Nogueira, CR Ji, Ydrefors, TF, PLB(2017) 1710.04398 [hep-th]] 

Carbonell and Karmanov EPJA 46 (2010) 387;
 
 de Paula, TF,Salmè, Viviani PRD 94 (2016) 071901;

 Vector

BSE for qqbar: pion
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BS amplitude

NIR for fermion-antifermion: 0-  (pion) 

Light-front projection: integration over k- (LF singularities)
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de Paula, TF,Salmè, Viviani PRD 94 (2016) 071901;
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Massless vector exchange:  high-momentum tails

Power one is expected for the pion valence amplitude: 

X Ji et al, PRL 90 (2003) 241601. 

de Paula, TF,Salmè, Viviani PRD 94 (2016) 071901;
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 PION MODEL
        W. de Paula, TF, Pimentel, Salmè, Viviani, EPJC 77 (2017) 764

  Gluon effective mass ~ 500 MeV – Landau Gauge LQCD
[Oliveira, Bicudo, JPG 38 (2011) 045003;  
Duarte, Oliveira, Silva,  Phys. Rev. D 94 (2016) 01450240]

 Mquark = 250 MeV 
 [Parappilly, et al, PR D73 (2006) 054504]

  Λ/m =3 & 8
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Valence distribution functions  

Valence probability:

 W. de Paula, TF, Salmè, Viviani, in preparation
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Valence probability

Lot of room for the higher LF Fock components of the wave function to manifest!
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Valence distribution functions: longitudinal and transverse

Mquark 200 MeV

Mgluon 30 MeV

 Λ/m =2

Mquark 200 MeV

Mgluon 300 MeV

 Λ/m =2
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Beyond the valence ….

 Population of lower x, due to the gluon radiation! 

 Evolution?

Sales, TF, Carlson,Sauer, PRC 63, 064003 (2001)

Marinho, TF, Pace,Salme,Sauer,  PRD 77, 116010 (2008)



21

Beyond the valence ….

ERBL – DGLAP regions

Fragmentation function
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• A method for solving the fermionic BSE: singularities
LF framework to investigate the fermionic bound state system

• Our numerical results confirm the robustness of the Nakanishi 
Integral Representation for solving the BSE. 

• More realism: self-energies, vertex corrections, Landau gauge,   
ingredients from LQCD….

•  Confinement? 

• Beyond the pion, kaon, D, B, rho…, and the nucleon

•  Form-Factors, PDFs, TMDs, Fragmentation Functions...

Conclusions and Perspectives



23
Collaborators
J. H. Alvarenga Nogueira (PhD/ITA/Roma I)
W. de Paula (ITA)
J. Carbonell (IPN/Orsay)
J.P.B.C. de Melo (UNICSUL)
V. Gherardi (Msc/Roma I) 
V. Gigante
C. Gutierrez
E. Ydrefors (PD/ITA)
V. Karmanov (Lebedev/Moscow)
G. Salmè (INFN/Roma I)
 L. Tomio (ITA/IFT)
M. Viviani (INFN/Pisa)
Rafael Pimentel (Austin/USA)

THANK YOU!


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

