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Introduction



Light cone formalism
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The amplitude is divided into two parts: Hadronization

Twist-2       2-distribution  amplitudes
Twist-3       4-distribution  amplitudes 
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Light cone formalism can be considered as an alternative to NRQCD



Advantages 

1. Light cone formalism resums relativistic corrections, 
if DA is known

2. DA resums leading logarithmic radiative correction 
to the amplitude )( ~ QLogsα
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DA is key ingredient of light cone formalism.



Definitions of leading twist DADefinitions of leading twist DA

even- are  ),(),,(),,(  DAs ξµξφµξφµξφ TLP



Evolution of DAEvolution of DA
DA can be parameterized through the coefficients of conformal expansion an :

Alternative parameterization through the moments: 



DA of DA of nonrelativisticnonrelativistic systemsystem
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The study of 
charmonium distribution amplitudes



Different approaches to the study of DADifferent approaches to the study of DA

1.  Functional approach
- Bethe-Salpeter equation

2.    Operator approach
- NRQCD
- QCD sum rules



Potential modelsPotential models

Brodsky-Huang-Lepage procedure:

Solve Schrodinger equation
Get wave function in momentum space:
Make the substitution in the wave function:

Integrate over transverse momentum:
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The moments within Potential ModelsThe moments within Potential Models
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The larger the moment, the 
larger the contribution of 
relativistic motion

Only few moment can be 
calculated

Higher moments contain information about relativistic motion in quarkonium



Property of DAProperty of DA
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The moments within NRQCDThe moments within NRQCD
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The moments within NRQCDThe moments within NRQCD

The values of <vn> were calculated in paper
G. Bodwin, Phys.Rev.D74:014014,206

nγ>=< nv

 γThe constant      can be expressed through the <v2>

42.065.0v   states 2SFor 
08.025.0v   states 1SFor 
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The model for DA within NRQCDThe model for DA within NRQCD

>=<
+

>=< 22 v     ,
1

                                   

VELOCITY  RELATIVE  IN  IONAPPROXIMAT  ORDERLEADING     

γγξ
n

n
n

|)|-( 1)( ξγθ
γ

ξφ =

 γAt leading order approximation      is the only parameter



The model for DA within QCD sum rulesThe model for DA within QCD sum rules

Advantage:
The results are free from the uncertainty due to the relativistic corrections
Disadvantage:
The results are sensitive to the uncertainties in QCD sum rules parameters: 

0
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QCD sum rules is the most accurate approach



The results of the calculationThe results of the calculation
The results for 1S states

The results for 2S states



The models of DAsThe models of DAs
1S states
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The properties of 
distribution amplitudes



Relativistic tailRelativistic tail
cm~µ
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This suppression can be achieved if 
there is fine tuning of an



The violation of NRQCD scaling rulesThe violation of NRQCD scaling rules

At larger scales the fine tuning of
the  coefficients an is broken 

and
NRQCD scaling rules are violated

NRQCD velocity scaling rules are violated in hard processes



Improvement of the model for DAImprovement of the model for DA
The evolution of the second moment
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The accuracy of the model for DA becomes better at larger scales



Models for 2S statesModels for 2S states
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At leading order approximation of NRQCD 
the relative momentum of quark-antiquark pair is zero 



Double charmonium production 
at B-factories



The study of the processThe study of the process cJee ηΨ→−+ /
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Experimental results

Leading order NRQCD predictions
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How it is possible to get agreement 
between the theory and the experiment?



Relativistic and Relativistic and radiativeradiative correctionscorrections
NRQCD formalism

D75 Rev. Phys.  al.,et   He      7.1K
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Light cone formalism

Relativistic corrections
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Leading logarithmic radiative corrections
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The amplitude was derived in paper Bondar, Chernyak, Phys.Lett. B612



The other processesThe other processes

Preliminary results

The uncertainties in light cone predictions are due to the uncertainties in DAs
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