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Overview

• QCD Sum
 

Rules

• S→Vγ
 

Coupling
 

Constant

• V →Pγ
 

Coupling
 

Constant



Non-perturbative
 

methods:
• Phenomenological quark models
• Potential models 
• Bag models
• Effective lagrangian

 

methods  
• QCD sum rules
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At small distances:
• Asymptotic freedom
• Quasi-free quark propagation
• QCD perturbation theory

At large distances (≥0.1 fm): 
• Confinement
• Quarks build coherent bound states -

 

hadrons 
• QCD perturbation theory is inapplicable



QCD Sum Rules

The correlation function

I :
 

Identity operator
,I nC CΓ Γ :

 
Wilson coefficients

On

 

:
 

local gauge invariant operators

(Shifman
 

& Vainshtein
 

& Zakharov
 

(SVZ), 1979)

The T-ordered product of currents
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This method is a framework which connects hadronic
 

parameters with QCD parameters.

describes an evolution of a colorless quark-antiquark
 

pair 
emitted and absorbed by external currents

Wilson operator product expansion
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As a result, we have two different representations for the polarization operator. 
One of them is the Wilson expansion and the other one is the general dispersion 
relation. By means of equating these representations, we get the

 

sum rules:
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Finally, the sum rules:



( ) ( ) ( ) ( ){ } 000, 44 yJxJJTeeydxdpp VSxpiypi
ν

γ
μμν

⋅−⋅′=′Π

The Correlation function

S→Vγ
 

Coupling
 

Constant

S→ f0 , a0 ; V → ρ, ω

The interpolating currents in terms of quark fields
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Figure

 

1. Possible diagrams for the three-point correlation function for d≤6 (a) lowest order 
bare-loop diagram, (b) bare loop with a virtual gluon, (c) gluon condansate diagrams, (d) quark 
condensate diagrams, (e) quark condansate diagrams with one external field, (f) diagrams 
obtained by simultanous cutting of two quark lines in the diagrams. Solid lines denote the 
quarks, dashed lines -

 

gluons, wavy line external -

 

currents.



Figure

 

2: The bare loop diagram

The contribution of the bare loop diagram
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In the fixed-point gauge, fermion and potential fields0x Aμ
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Figure 3: The quark condensate diagrams

For the first diagrams in Fig 3(a)
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Figure 4.

 

The quark condansate diagrams with one external field.

For the first diagrams in Fig 4(a)
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And we obtain
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Figure 5.

 

Diagrams obtained by simultanous cutting of two quark lines in the diagrams.
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Physical part of the sum rule

Overlap amplitudes;

The matrix element of the electromagnetic current 

The gauge-invariant structure p p p p gν μ μν′ ′− ⋅
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( )γωρ→0f coupling
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6. The coupling constant            as a function of the Borel
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V →Pγ Coupling
 

Constant

P→ K0, ; V → K0*
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The Correlation function

The interpolating currents in terms of quark fields
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Overlap amplitudes;

The matrix element of the electromagnetic current 
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Figure 12. The coupling constant           as a function of the 
Borel
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Conclusion:

•
 

The
 

coupling
 

Costants
 

S→Vγ
 

and
 

V →Pγ
 

were
 calculated

 
in three

 
point

 
QCD sum rules

• Results: 
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