
th
e U K flavour 

association   
Tools  

for  

 Spectroscopy 

Michael Pennington 

Durham, September 2017 



Window on confinement 

p, n, p,  … 

K, D, B, … 

L, y, c, … 

X, Y, Z, … 



Resonances in  QCD 

q ( i     D  - m   ) q          -     G   G  q = 
QC
D 

q=u,d,s, 
     c,b,t 

1 
4 



Resonances in  QCD 

Hadrons: effective degrees of freedom 

 

Hadrons: effective degrees of freedo 

 

Hadrons: effective degrees of freedom 

  

 

q ( i     D  - m   ) q          -     G   G  q = 
QC
D 

q=u,d,s, 
     c,b,t 

1 
4 



Resonances in  QCD 

Hadrons: effective degrees of freedom 

 

Hadrons: effective degrees of freedom 

                 how do these depend on flavour, b,c,s,d,u 

 

Hadrons: effective degrees of freedom 

  

 

q ( i     D  - m   ) q          -     G   G  q = 
QC
D 

q=u,d,s, 
     c,b,t 

1 
4 



Resonances in  QCD 

Hadrons: effective degrees of freedom 

 

Hadrons: effective degrees of freedom 

                 how do these depend on flavour, b,c,s,d,u 

 

Hadrons: effective degrees of freedom 

  

Hadron interactions: universality 

 

q ( i     D  - m   ) q          -     G   G  q = 
QC
D 

q=u,d,s, 
     c,b,t 

1 
4 



Hadron States 

phasecross-section

phasecross-section

E E 



Hadron States 

Breit-Wigner 

M2 – s - iMG 

1 

s = E2 

phasecross-section

phasecross-section

E E 



Hadron States 

s

xx 

Breit-Wigner 

M2 – s - iMG 

1 

s = E2 

phasecross-section

phasecross-section

E E 



Im E 

Re E 

E 

resonance pole 

analyticity & complex energy plane 
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Dynamically generated states 
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Photoproduction:  

      High energy model for η′ beam asymmetry photoproduction: γp→η(′)p 

      High energy model for η photoproduction: γp→ηp 

      High energy model for π0 photoproduction: γp→π0p 

      High energy model for J/ψ photoproduction: γp→J/ψp 

  

Hadroproduction:  

      Pion-nucleon scattering:  πN→πN   amplitude   

      Finite energy sum rules πN→πN       FESR page  

      Kaon-nucleon scattering: K¯N→K¯N     

 

Light meson Decay:  

        meson into three pions: η→3π 

       vector meson into three pions: ω,ϕ→3π  
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multi-particle scattering on the lattice and continuum 

methods of S-matrix theory 

     poles, triangle singularities, threshold cusps, … 
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what are the relevant degrees of freedom? 

how are hadrons really connected to QCD? 


