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Outline

● Introduction to finite energy sum rules (FESR)
● FESR formalism
● Axial channel (vacuum)
● Nucleon channel (vacuum)

● FESR at finite magnetic field 
● Propagators
● condensates
● Axial channel
● Nucleon channel
● Nucleon axial coupling constant

● Summary and outlook
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Introduction to FESR
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Two current correlator 

Fourier transformation

The spectral function

Spectral function

narrow resonance approximation

Hadronic resonances
Resonances 
overlapping

QCD sector

→ Hadronic continuum threshold
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FESR Quark-hadron duality

analytic kernel  

Cauchy’s theorem

Wilson coefficients

Operator Product Expansion (OPE)

Normal-ordered condensates

MS subtraction scale
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Non-normal ordered condensates →needed to correct inconsistencies in the chiral limit  

FESR features

● cuts the OPE series (vacuum with no radiative corrections)

● Hadronic threshold acts as an order parameter (finite T)

● No need to calculate the full form factor (can integrate contour before loop momentum integration 
or Feynman parameters integration)
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Axial – Axial correlator and derivatives

Ward identities

++
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FESR up to 
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nucleon interpolating function(QCD sector) nucleon field (hadronic sector)

Nucleon – nucleon correlator



11/27

QCD sector Hadronic sector

FESR (K=1)



FESR at finite magnetic field
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EM fields can be expanded in the same way as Gluon fields

pions

fermions

for nucleons

Propagators
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External magnetic field

Tensorial structures → combination of 
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Axial-Axial correlator and derivatives

Ward identities

we set 



 1.  Chiral condensate from LQCD or NJL

2.  A.  Pion mass from NJL

     B.  Condition 

     C.  Condition

Inputs
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D’Elia,Meggiolaro, Mesiti,Negro, 
Phys. Rev. D 93, 054017 (2016).

LQCD

Decreasing 
<GG>

Agasian,Shushpanov, 
Phys. Lett. B 472,143 (2000).
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Nucleon-nucleon correlator



Inputs:

nucleon masses (B)
quark masses (B)
<GG> ~ constant
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assuming input
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Nucleon - Axial – nucleon correlator 
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Double FESR
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Obtaining           and        from NN-correlator
Finite B

Lowest order 
approximation
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● Charged pions, nucleon and QCD parameters→reasonable results

● Hadronic threshold rises → B is confinant

● Include new condensates and correlators→ full description

● B-dependent non-normal ordered condensates 

● Temperature and density

Summary and outlook
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Summary and outlook

OBRIGADO!OBRIGADO!
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