
DISPERSIVE REPRESENTATION OF THE pp VFF 

Pablo Roig (IF-UNAM) 

Work done in collaboration with Daniel Gómez Dumm (La Plata, Argentina) 

CINVESTAV, 12/11/13 & IF/ICN-UNAM 13/11/13 

Belle ‘08 



CONTENTS 

• Introduction 

 

• Theoretical setting 

 

• The vector form factor of p-p0 and fits to data 

 

• Conclusions 

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



INTRODUCTION 

Pablo Roig (IF-UNAM) 

e 

m 

t 

Interact 
with 

g, W, Z 

ne 

nm 

nt Le
p

to
n

s 

Q
u

ar
ks

 u 

c 

t 

d 

s 

b 

Interact 
with 

g, W, Z, g 

M
es

o
n

s p 

D 

B 

K 

J/Y 

U 

h 

r a1 K* 

… 

B
ar

yo
n

s 
p n D 

S L  

… 

H H 

Dispersive representation of p-p0 VFF 



INTRODUCTION 

Pablo Roig (IF-UNAM) 

e 

m 

t 

Interact 
with 

g, W, Z 

ne 

nm 

nt Le
p

to
n

s 

Q
u

ar
ks

 u 

c 

t 

d 

s 

b 

Interact 
with 

g, W, Z, g 

M
es

o
n

s p 

D 

B 

K 

J/Y 

U 

h 

r a1 K* 

… 

B
ar

yo
n

s 
p n D 

S L  

… 

H H 

Dispersive representation of p-p0 VFF 

CLEAN DIRTY 



INTRODUCTION 

Pablo Roig (IF-UNAM) 

e 

m 

t 

Interact 
with 

g, W, Z 

ne 

nm 

nt Le
p

to
n

s 

Q
u

ar
ks

 u 

c 

t 

d 

s 

b 

Interact 
with 

g, W, Z, g 

M
es

o
n

s p 

D 

B 

K 

J/Y 

U 

h 

r a1 K* 

… 

B
ar

yo
n

s 
p n D 

S L  

… 

H H 

Dispersive representation of p-p0 VFF 

CLEAN DIRTY 



INTRODUCTION 

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

• BR(t-→p-p0nt) > BR(t- → m-nmnt), BR(t- → e-nent), …              BR(t-→p-p0nt)~25 .5%  
 
 
 
 
 
 
 



INTRODUCTION 

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

• BR(t-→p-p0nt) > BR(t- → m-nmnt), BR(t- → e-nent), …              BR(t-→p-p0nt)~25 .5%  
 

• It provides an ideal tool to study the properties of the r(770) resonance and its excitations. 
 
 
 
 
 
 



INTRODUCTION 

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

• BR(t-→p-p0nt) > BR(t- → m-nmnt), BR(t- → e-nent), …              BR(t-→p-p0nt)~25 .5%  
 

• It provides an ideal tool to study the properties of the r(770) resonance and its excitations. 
 

• The only relevant (V)FF is essential for understanding hadronization of low-E QCD (c regime). 
 
 
 
 
 



INTRODUCTION 

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

• BR(t-→p-p0nt) > BR(t- → m-nmnt), BR(t- → e-nent), …              BR(t-→p-p0nt)~25 .5%  
 

• It provides an ideal tool to study the properties of the r(770) resonance and its excitations. 
 

• The only relevant (V)FF is essential for understanding hadronization of low-E QCD (c regime). 
 

• It allows to obtain an alternative evaluation of the dominant contribution to the hadronic am. 
 
 
 
 



INTRODUCTION 

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

• BR(t-→p-p0nt) > BR(t- → m-nmnt), BR(t- → e-nent), …              BR(t-→p-p0nt)~25 .5%  
 

• It provides an ideal tool to study the properties of the r(770) resonance and its excitations. 
 

• The only relevant (V)FF is essential for understanding hadronization of low-E QCD (c regime). 
 

• It allows to obtain an alternative evaluation of the dominant contribution to the hadronic am. 
 

• It contributes to the running of aQED, which is extremely important for EWPO. 
 
 
 



INTRODUCTION 

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

• BR(t-→p-p0nt) > BR(t- → m-nmnt), BR(t- → e-nent), …              BR(t-→p-p0nt)~25 .5%  
 

• It provides an ideal tool to study the properties of the r(770) resonance and its excitations. 
 

• The only relevant (V)FF is essential for understanding hadronization of low-E QCD (c regime). 
 

• It allows to obtain an alternative evaluation of the dominant contribution to the hadronic am. 
 

• It contributes to the running of aQED, which is extremely important for EWPO. 
 

• Together with t-→p-p-p+nt , it will allow for more precise tests of JP of H at LHC. 
 
 

Gómez Dumm, Roig, Pich and Portolés ’10 



INTRODUCTION 

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

• BR(t-→p-p0nt) > BR(t- → m-nmnt), BR(t- → e-nent), …              BR(t-→p-p0nt)~25 .5%  
 

• It provides an ideal tool to study the properties of the r(770) resonance and its excitations. 
 

• The only relevant (V)FF is essential for understanding hadronization of low-E QCD (c regime). 
 

• It allows to obtain an alternative evaluation of the dominant contribution to the hadronic am. 
 

• It contributes to the running of aQED, which is extremely important for EWPO. 
 

• Together with t-→p-p-p+nt , it will allow for more precise tests of JP of H at LHC. 
 

• For this, it becomes essential to use improved hadronic currents in the MC Gen TAUOLA. 
 Shekhovtsova, Przedzinski, Nugent , Roig and Was  ’12, ‘13 

Gómez Dumm, Roig, Pich and Portolés ’10 



INTRODUCTION 

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

• BR(t-→p-p0nt) > BR(t- → m-nmnt), BR(t- → e-nent), …              BR(t-→p-p0nt)~25 .5%  
 

• It provides an ideal tool to study the properties of the r(770) resonance and its excitations. 
 

• The only relevant (V)FF is essential for understanding hadronization of low-E QCD (c regime). 
 

• It allows to obtain an alternative evaluation of the dominant contribution to the hadronic am. 
 

• It contributes to the running of aQED, which is extremely important for EWPO. 
 

• Together with t-→p-p-p+nt , it will allow for more precise tests of JP of H at LHC. 
 

• For this, it becomes essential to use improved hadronic currents in the MC Gen TAUOLA. 
 

• Better TAUOLA, better estimation of bkgs for NP searches (LFV t decays). 

Gómez Dumm, Roig, Pich and Portolés ’10 

Shekhovtsova, Przedzinski, Nugent , Roig and Was  ’12, ‘13 



INTRODUCTION 

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

• BR(t-→p-p0nt) > BR(t- → m-nmnt), BR(t- → e-nent), …              BR(t-→p-p0nt)~25 .5%  
 

• It provides an ideal tool to study the properties of the r(770) resonance and its excitations. 
 

• The only relevant (V)FF is essential for understanding hadronization of low-E QCD (c regime). 
 

• It allows to obtain an alternative evaluation of the dominant contribution to the hadronic am. 
 

• It contributes to the running of aQED, which is extremely important for EWPO. 
 

• Together with t-→p-p-p+nt , it will allow for more precise tests of JP of H at LHC. 
 

• For this, it becomes essential to use improved hadronic currents in the MC Gen TAUOLA. 
 

• Better TAUOLA, better estimation of bkgs for NP searches (LFV t decays). 

Davier, Hocker, Zhang ‘05; Pich, ‘13 

Gómez Dumm, Roig, Pich and Portolés ’10 

Shekhovtsova, Przedzinski, Nugent , Roig and Was  ’12, ‘13 



INTRODUCTION 

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



INTRODUCTION 

Tm=<Hadrons|(V-A)m eiSQCD|0>=Si(Lorentz Structure)i Fi(Q
2,sj) 

It does not contribute for p-p0 even including LO isospin corrections Cirigliano, Ecker, Neufeld ‘01 

 

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



INTRODUCTION 

Tm=<Hadrons|(V-A)m eiSQCD|0>=Si(Lorentz Structure)i Fi(Q
2,sj) 

It does not contribute for p-p0 even including LO isospin corrections Cirigliano, Ecker, Neufeld ‘01 

 

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

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



INTRODUCTION 

Tm=<Hadrons|(V-A)m eiSQCD|0>=Si(Lorentz Structure)i Fi(Q
2,sj) 

It does not contribute for p-p0 even including LO isospin corrections Cirigliano, Ecker, Neufeld ‘01 

 

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 

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



INTRODUCTION 

Tm=<Hadrons|(V-A)m eiSQCD|0>=Si(Lorentz Structure)i Fi(Q
2,sj) 

It does not contribute for p-p0 even including LO isospin corrections Cirigliano, Ecker, Neufeld ‘01 

 

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 

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

QCD not 
applicable for 
quark loops at 
low E!! 



INTRODUCTION 

Tm=<Hadrons|(V-A)m eiSQCD|0>=Si(Lorentz Structure)i Fi(Q
2,sj) 

It does not contribute for p-p0 even including LO isospin corrections Cirigliano, Ecker, Neufeld ‘01 

 

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 

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

QCD not 
applicable for 
quark loops at 
low E!! 





INTRODUCTION 

Tm=<Hadrons|(V-A)m eiSQCD|0>=Si(Lorentz Structure)i Fi(Q
2,sj) 

It does not contribute for p-p0 even including LO isospin corrections Cirigliano, Ecker, Neufeld ‘01 

 

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 

BaBar 1205.2228 hep-ex 

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





INTRODUCTION 

Tm=<Hadrons|(V-A)m eiSQCD|0>=Si(Lorentz Structure)i Fi(Q
2,sj) 

It does not contribute for p-p0 even including LO isospin corrections Cirigliano, Ecker, Neufeld ‘01 

 

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) 
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Only light quarks (u, d, s). In the massless limit 
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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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•1 GeV  E 2 GeV  Include r’ through Schwinger-Dyson-like resummation. 

Guerrero, Pich  ’97 

Tower of resonances based on dual QCD 
Sanz-Cillero, Pich  ’03 

Domínguez ’01, Bruch,  Khodjamiriam, Kuhn ‘05 
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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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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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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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•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
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