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Overview 

Light-Front Wave Functions (LFWFs) of the Pion 
• AdS/QCD correspondence 
• “Valence” and Effective LFWF from AdS/QCD 

Fitting Procedure 
• Fixing the model free parameters from available data of PDF 

and FF  
• Implications on the strong coupling behavior 

Pion transverse structure in 3D momentum space  
• Unpolarized Transverse Momentum Dependent parton 

distribution (TMD) of the pion from the model 
• Broadening of  

Conclusions
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LFWF from AdS/QCD correspondence

Fock state expansion of a hadronic state with momentum P and spin

 LFWFs Overlap representation formulae

Parton distribution function

Electromagnetic Form Factor

Transverse Momentum Dependent Distribution
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LFWF from AdS/QCD correspondence

String theory in a 5-dimensional  
Anti-de Sitter space

Conformal field theory on the  
4-dimensional boundary of the AdS

[Brodsky, de Téramond et al., 2004-2015]

[J.M. Maldacena,Int.J.Theor.Phys. 38 (1999) 1113-1133]



Applicability to QCD?→ Massless quarks and non running coupling 
Confinement →Soft wall model (harmonic confining potential                       )   
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LFWF from AdS/QCD correspondence
Inclusion of the quark masses→ completion of the invariant mass operator 

[Brodsky, de Téramond et al., 2004-2015]
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Model I: “Valence”

Regardless the origin of this LFWF as being the  
wave function of the valence Fock state of the pion,  

we will be treating it as the full pion LFWF.  

[Brodsky, de Téramond et al., 2004-2015]
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LFWF from AdS/QCD correspondence
Inclusion of the quark masses→ completion of the invariant mass operator 

Model I: “Valence”

Model II: Effective

Regardless the origin of this LFWF as being the  
wave function of the valence Fock state of the pion,  

we will be treating it as the full pion LFWF.  

Goal: Fixing the free parameters of the model (                 ) 

[Brodsky, de Téramond et al., 2004-2015]
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S. R. Amendolia et al.,Nucl. Phys.B277168 (1986)
P. Braueln et al., Z. Phys. C 3,101 (1979)
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Strong couplings in AdS/QCD

[Brodsky, de Téramond, Deur, Phys. Rev. D 81, 096010 (2010)] 
[Erlich,Katz, Son, Stephanov, Phys.Lett. B 582, 211 (2005)] 
[Brodsky, Lu, Phys.Rev. D51,3652 (1995)] 
[Brodsky et al. Phys.Rev. D 58 , 116006 (1998)]
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Transverse structure of the pion 
Valence model comparison                                              constituent quark masses scenario 

Effective model comparison                                                      zero quark masses scenario 
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Transverse structure after QCD evolution



“Valence” model evolved to Q=1 GeV, constituent quark masses scenario 
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• Study of two functional forms of pion LFWFs from LF Holographic models 
with minimal modifications; 

• Analysis of hadronic observables built from these LFWFs; 
• Qualitative predictions on the pion TMD; 
• Possibility to obtain a qualitatively reasonably matching between the non 

perturbative and the perturbative regimes of strong interactions;
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• Possibility to study other hadronic observables; 
• Modifications in the LFWF expressions in order to study the Boer-Mulders 

TMD of the pion; 
• …

Thank you for your attention!
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Expressions for PDF, Form Factor and TMD

Model I: “Valence”

Model II: Effective
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Strong couplings in AdS/QCD - Cont’d

[Deur, Burkert, Chen, Korsch, Phys. Lett. B 650 (4) (2007)] 
[Brodsky, de Téramond, Deur, Phys. Rev. D 81, 096010 (2010)] 

[Deur, Brodsky, de Téramond, arXiv:1409.5488 [hep-ph], 2014] 
[Deur, Brodsky, de Téramond 1509.03112v1 [hep-ph], Sep 2015] 


