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Hadron Phenomenology  
from First-Principle QCD Studies 



¥  Main framework for computing properties of  the pion and other mesons 
is provided by the Bethe-Salpeter equation 
 

¥ Describes the formation of  bound states (mesons) using as ingredient the 
fundamental Green’s functions of  QCD  

 

 
¥  It should be combined with the Schwinger-Dyson equation describing the 

full quark and gluon propagator and  the complete quark-gluon vertex 

Bethe-Salpeter equation 
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Four quark kernel interaction 
¥  The key ingredient is the four quark kernel interaction 
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Rainbow-ladder approximation 

¥  The four quark kernel  is approximated by the  dressed gluon 
exchange with bare quark-gluon vertices 
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¥  The quark propagator should be obtained                             
using  the same approximation 
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¥  Phenomenological Ansatz for the gluon propagator 
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ü   The rainbow ladder is accurate for describing ground state 
properties such as  masses and decay constants of  the vector and 
pseudo-scalar mesons composed  by light quarks. 

 

       Not so good for scalar, axial-vector, excited states or exotics. 
Neither for mesons composed by light-heavy mesons such: D mesons 
and B mesons.  
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Dressing up the quark-gluon vertex 
¥  Improving the   structure of  quark-gluon vertex 

 

¥  The Ball-Chiu (Abelian) vertex satisfies the Ward identity 
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¥   Same gluon interaction,          , but with a different set of  parameters   
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¥  Phenomenological Ansatz for the gluon propagator 
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¥  Universal (process-independent) contribution à originates entirely 
from the gauge sector 

 
 
 
  

 

¥                 field theoretic equivalent to   
 
¥ The new quark-gluon vertex,     ,satisfies Abelian-like Wis.   
 

¥ How to get them?  Use the PT algorithm 
 J. M.  Cornwall, JP, PRD 40 (1989) 

D. Binosi, JP,  Phys. Rept. 479 (2009)  

First principle approach 
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PT algorithm 
1.   Separate the tree gluon vertex in two pieces  

 
 
 
2.  The longitudinal momenta trigger elementary Ward identities 
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3.   Rearrangement of  the quark gluon vertex 
 
 
 
 
 
 
4.  New effective propagator  

 
 

5.  New Abelian like-vertex  
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ü  The  perturbative behavior of  the 
new propagator captures the RG logs 
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Generalization to all-orders     

¥ A compact all order form for             is given by 

 

¥               is the         component of  the two–point function                  
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RG invariant  
interaction strength   

¥ Due to the fact that the Green’s function obey simple QED-like Wis  

where, the renormalization constants  

 

 

¥  We have the  renormalization-group invariant (RGI) combination     
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Nonperturbative gluon propagator Δ(q2) 
¥  SDE and lattice simulation agree that the gluon propagator (in the Landau 

gauge) saturates  in the deep IR 

I.L.Bogolubsky,  et al , PoS LAT2007, 290 (2007) 
A.C. Aguilar, D. Binosi and JP , Phys.Rev. D78 (2008) 025010 
A. C. Aguilar, D. Binosi, JP, PRD 89 (2014) 
 
 

¥  The gluon propagator can be 
parametrized  (Euclidean space) by  

 
¥  Saturation  is explained through  

gluon mass generation 
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Nonperturbative 1+G 
¥   Satisfies its own SDE 
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The μ-dependent ingredients 
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Forming the μ-independent product 
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Bottom up            Top down 
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¥  Two QCD-derived central ingredients for hadron  phenomenology 
implemeted  through the BSE.  

¥  Study the precise incorporation of  these ingredients into the gap 
equation 

 

¥ Estimate the effects of  what we are neglecting (not everything is “on-
shell”).  

¥  Determine the form factors of  the quark-gluon vertex.     

 

 

Conclusions 
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    Backup  slides 



Effective charge 
�   At large momenta one may extract a dimensionless quantity 

�  However in the IR the gluon acquires a mass 

�  Then the effective charge can be defined as 

�  Yields an IR finite  effective charge     
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q2
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↵(q2) = [q2 +m2(q2)bd(q2)



¥  Varying                               but keeping fixed the product     
      produces practically the same phenomenology            
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