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This VFF is very relevant to understand the hadronization of QCD currents at low energies (chiral 
dynamics) but 

It is also a crucial ingredient in the evaluation of the hadronic contribution (LO) to the 
anomalous magnetic moment of the muon, and thus, a very stringent probe of New Physics 

From the high-E perspective the p-p0  and p-p- p+ channels are essential to follow the spin in the 
Higgs(-like) di-tau channels at LHC  (New hadronic currents in TAUOLA Shekhovtsova, PR et. al. ’12, ‘13) 

Pablo Roig (IF-UNAM) Dispersive representation of p-p0 VFF 



THEORETICAL SETTING 

Controlled Problem 

Hadronization in 2mp <E< Mt
 

Pablo Roig (IF-UNAM) Dispersive representation of p-p0 VFF 



THEORETICAL SETTING 

Controlled Problem 

Hadronization in 2mp <E< Mt
 

At very low energies, cPT is the EFT of QCD 

Only light quarks (u, d, s). In the massless limit 

Spontaneous Symmetry Breaking 

Approximately massless pGbs 

Small masses (m<Mr,Ma1
) by explicit Symmetry Breaking 

Gasser, 
Leutwyler ‘85 

Pablo Roig (IF-UNAM) Dispersive representation of p-p0 VFF 



THEORETICAL SETTING 

Controlled Problem 

Hadronization in 2mp <E< Mt
 

At very low energies, cPT is the EFT of QCD 

Only light quarks (u, d, s). In the massless limit 

Spontaneous Symmetry Breaking 

Approximately massless pGbs 

Small masses (m<Mr,Ma1
) by explicit Symmetry Breaking 

EFT: (p2,m2)/L2 

Gasser, 
Leutwyler ‘85 

Pablo Roig (IF-UNAM) Dispersive representation of p-p0 VFF 



THEORETICAL SETTING 

Controlled Problem 

Hadronization in 2mp <E< Mt
 

At very low energies, cPT is the EFT of QCD  EFT: (p2,m2)/L2 

At larger energies the expansion breaks down and new dofs are needed 

1/Nc ‘t Hooft ‘74 r, K*,a1,a0,… 

Ecker et. al. ‘89 RcT 

Simple description at LO Preserves cPT results at low energies 
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• Finally, QCD high-energy behaviour  imposed to the Green functions or form factors. 

Gasser, Leutwyler, ‘84, ‘85 

Colangelo, Finkemeier, Urech ‘96 

‘t Hooft ‘74, Witten ‘79 

Ecker, Gasser, Pich, De Rafael ’89    Ecker, Gasser, Leutwyler, Pich, De Rafael ‘89 

Gómez-Dumm, Pich, Portolés ‘00 

Ruiz-Femenía, Pich, Portolés ’03 Cirigliano, Ecker,Eidemüller, Pich, Portolés ’04 

Cirigliano, Ecker, Eidemüller, Kaiser, Pich, Portolés ’05, ‘06 

Portolés ’10 

Bijnens, Colangelo, Ecker ‘99 

THEORETICAL SETTING 
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Kampf, Novotny ’11 
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•1 GeV  E 2 GeV  Include r’ through Schwinger-Dyson-like resummation. 
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Antisymmetric tensor formalism 
for spin-one resonances 

Ecker et al. ’89 To avoid double counting 

O(p4) cPT 
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Antisymmetric tensor formalism 
for spin-one resonances 

Ecker et al. ’89 To avoid double counting 

O(p4) cPT 
Obtained by integrating 
resonances out 

Obtained via the 
resonances width 
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F(s) 0, for s    


 

Short-distance constraints 
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ChPT+VMD 
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VFF OF p-p0 AND FITS TO DATA 
Match cPT results to VMD using an Omnés solution for dispersion relation 

Idea: Follow the approach of Boito, Escribano, Jamin ’08 preserving analiticity and 
unitarity exactly using a dispersive representation of the VFF while retaining (some 
of) these nice properties 

• cPT up to O(p4) and leading O(p6) 
contributions 
• Right fall-off at high energies 

• SU(2) 
• Analiticity and unitarity constraints (NNLO) 

Starting point Guerrero, Pich  ’97 

Guerrero ’98 

Pich, Portolés ’02 Also using  a dispersive representation: 

Hanhart ’12 
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Possible improvement: Above the onset of inelasticities (s>4mK
2) the elastic approximation shall 

be replaced by a coupled channel (p-p0, p-h, p-h’) formalism. 



VFF OF p-p0 AND FITS TO DATA 

Pablo Roig (IF-UNAM) Dispersive representation of p-p0 VFF 

Possible improvement: Above the onset of inelasticities (s>4mK
2) the elastic approximation shall 

be replaced by a coupled channel (p-p0, p-h, p-h’) formalism. 

See Hanhart ’12; Celis, Cirigliano, Passemar ’13 for other approaches 
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The complex variable s in the dispersive VFF is not in the same Riemann sheet where the pole is. 
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• We have determined precisely the pole position and visible mass of the r(770) in 
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•We have evaluated several LECs improving the precision of previous determinations. 
 
•Our framework is also able to provide good fits to the low-energy s(e+e- →p+p-). 
Once the issue of SU(2) breaking will be completely understood this will allow us to 
evaluate am

pp  both from e+e-  and t decays consistently. 
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