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Meson Production on the Nucleon 

• Reaction dynamics: coupled multi-channel problem 

• Lagrangian approach 

• Dynamical description of resonances and background 

• Meson production on nuclei: π, Κ, ω, φ, ρ…2π…  2 
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The Giessen Model 
 

Coupled Channels Approach to Meson 
Production on the Nucleon 
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  Partial wave (LSJ) T-matrix elements for a  b reaction: 
 
 
 
 
 
 
  Choice of Reaction channels: 

 
 
 
 
 
 
  Definition of Transition Potentials: 

channel coupling 

Background  potentials  N* resonances “Z-diagrams” 

Coupled-Channels Approach to Meson Production 
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Diagrammatics 

genuine 2π 
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Vab= 

Solution in K-Matrix Approximation: 

Partial Wave T-Matrix: 
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Resulting Multi-Channel T-Matrix 
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m

T V V G Tγπ γπ γ π
γ≠

= + ∑
Photo-Production Channel in LO 
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Applications to Data 
w ≤ 2GeV – Results in PDG  

• γNπN 
• γNωN 
• γNηN 
• γNKY 
• γNπ0π0N 

Our Goals 
• Identify resonances 
• Partial wave analysis 
• Predictive power 
• Phenomenological field theory for  

• photo-production on the nucleon  
• meson-nucleon interactions 

• πNπN 
• πNωN 
• πNηN 
• πNKY 
• πNπ0π0N 



Kaon Production on the Nucleon 
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Xu Cao et al., Phys. Rev. C 88, 055204 (2013); arXiv:1303.2604  



GiM CC-results (green), Born terms (dashed) and CLAS data  
12 Xu Cao et al., Phys. Rev. C 88, 055204 (2013); arXiv:1303.2604  



GiM CC-results (green), Born-terms (dashed) and CLAS data 
13 Xu Cao et al., Phys. Rev. C 88, 055204 (2013); arXiv:1303.2604  



Comparison of Elastic Partial Wave πN T-matrix:   
GiM (lines) vs. GWU/SAID (symbols) 

(Xu Cao, H.L., PRC 88 (2013); arXiv:1303.2604) 
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GiM Resonance Level Scheme 
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N* or N+σ↔Nππ 



Multi-Meson Production on the 
Nucleon 
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17 

2-pion Production 
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2-pion Production and Nucleon Resonances 
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Building Blocks of 2-pion Photo-Production 
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Meson-Meson 
Interactions 

Baryon-Meson 
Interactions 

GiM Lagrangian for  
2-pion Dynamics 
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The 2-pion Exit Channels 

2-pion (3-body) Unitarity: 
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2-pion Spectra at fixed neutron scattering angle (cosθ) 

(Crystal Ball Data, BNL/AGS)   
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2-pion Angular distributions at fixed c.m. energy 
(Crystal Ball Data, BNL/AGS) 



πN2πN partial wave cross sections for I = 3/2 
GiM (line) vs. Manley- and GWU-Analysis (symbols)) 
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25 
2-Pion Mass distributions at fixed c.m. energy 
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2-pion Production and Resonance Parameters 



Summary 

…with essential contributions by:   

Xu Cao, Vitaliy Shklyar, and Radhey Shyam  

• Coupled channels approach to meson production on the 
nucleon 

• Strangeness production on the nucleon 

• [η-Photoproduction  → Phys. Rev. C 87:015201 (2013) ] 

• 2-pion photoproduction: isobar description 

• Outlook: Charmonium production in annihilation reactions 

Supported by: GSI, DFG, SFB/TR 16, HIC for FAIR, LOEWE  
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Outlook: 
Charm Production in Annihilation 

Reactions 
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ψ‘‘(3770) Production in e+e-  DD Annihilation 
(Data: BES Collaboration) 

Derived Parameters: 

29 
Xu Cao, H.L., PRD (2015) 
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ψ‘‘(3770) Production in pp  DD Annihilation 

R. Shyam, H.L., PRD (2015), submitted R. Shyam, H. L., Phys. Rev. D 90, 014017 (2014). 



Backups 
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Multipole Decomposition for γNπN:   
GiM (lines) vs. GWU/SAID (symbols) 
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Eta Photo-Production 
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V. Shklyar, H.L. et al., Phys. Rev. C 87:015201 (2013) 34 
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…evidence for a new state? 
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Interference: a toy model: 
• Background amplitude Mb(√s) 
• Resonant amplitude Mr(√s)~M0eiφ/(s-mr

2-i√sΓ(√s)) 
• σcoh.  ~| Mb(√s) +Mr(√s)|2  
• σincoh.~| Mb(√s)|2 +|Mr(√s)|2 
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„Isobar“ 
Approach to  

π0 π0 N  
production 

2
2

N
N N N

N

π
π σ π

π π

+
+ → + → +
 + ∆ → +
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Three-Body Kinematics 
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2-pion Total Cross Sections 



40 

*

*

*

         

( )
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N N
N N
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π
σ π π
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γ π π π
π π π

π π π

π π

 +
 + → + +
 + → + +
+ → + → + +
 + ∆ → + +
 + → + +


+ → + +

…and many other channels, constrained only by energy! 

Extending the Model Space to Multi-Meson 
Production 
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