
 Chiral symmetry breaking - the phenomenon    
shaping our World   

 New soft pion theorems in hard processes– how 
ChSB works for quark-gluon clusters 

 Data: present & future 



Nambu, Nobel Prize 2008 

To solve this and other puzzles one has to understand mechanisms of ChSB in QCD. 
As important as understanding of confinement!  



Chiral symmetry is broken spontaneously that is why: 

 Protons and neutrons exist and are massive 

 Nuclei exist 

 Pions are light 

 ... We are here and can discuss strong interactions   

Spontaneous breakdown of chiral symmetry really shapes our world! 



Main idea of soft pion theorems is in the following equation: 





Sensational result of the BaBar collaboration on 
 [Phys.Rev.D80:052002,2009] 

Surprising is not that the high Q^2 
data points are above the asymptotic 
value, but that the Q^2 dependence 
is governed by a large mass parameter 
of order several GeV!   

That phenomenon can be explained 
if the pion WF is flat [A. Radyushkin ´09, MVP´09] 

The flat pion WF implies that the pion 
(Goldstone boson!) contains  
considerable point like q qbar 
component! 

Presence of such component is natural 
for the instanton mechanism of ChSB  
[V. Petrov et al. ´99]. It is also neccessary in  
V.N. Gribov theory of confinement, that  
Intimately related to ChSB. 



It can be that for the first time we see Goldstone nature of the pion 
in a hard process! 

One can study the mechanisms of ChSB in number of hard processes! 

Chiral perturbation theory for quark-gluon clusters – emerging field. 



These ideas created a new direction: 
ChPT. Note however that the fundamental d.o.f. Of QCD are not involved! 







hard interactions 
=>pQCD 



LC WF of πN system 





















Q2~Λ3/mπ 



Opportunities for future 



• Direct mesurement of 5+ quark component of nucleon WF  

• Measuring different mesons we probe different components of nucleon WF 

• If here is a pion, eta (gluon rich)  chiral dynamics and anomaly for 5 quark cluster 
  This is a „second half“ of Nambu soft pion theorem for production of pions near  
   threshold  

• Possibility to  study of chiral symmetry restoration  at high energies 

Frankfurt, Strikman, MVP `98 

Lansberg, Pire, Szymanowski `07 

Soft relative to the proton 



Hard interaction – controlled by pQCD 

•  Possibility to figure out the mechanisms of hard scattering  
  (e.g. the role of higher twists, or hard versus  Landshof ) comparing processes  
   with and w/o soft pion 

•  Producing mesons made of sea quarks (+soft pion) chiral dynamics for gluons 

•  Production of strange mesons SU(3) chiral dynamics for strange quark clusters 



CONCLUSIONS 

New theoretical method is developed which paves the way 
to study spontaneous breakdown of chiral symmetry at the  
level of fundamental d.o.f. in QCD 

There is wide class of hard (chiral ) processes which can be studied 
in future   which allow : 
                 -to study mechanisms of ChSB in QCD in detail 
                 -to study in details various components of nucleon   WF 
                 -to learn about mechanisms of hard hadronic processes                       
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