
Excerpts from Ph231 Particle Physics Phenomenology Notes 
This course was taught ~1983 at Caltech by Geoffrey Fox.  

The full notes and lots of problem sets are available 
 
Part VIII Times Gone By: The S Matrix Era 
See section IVF later in excerpt for Kinematics and Mandelstam variables  
See section VI.H E350 and VI.I E110 and E350 in excerpt for discussion of experiments 
Note even in early 1980’s, I viewed S matrix theory as past! 
 
A: Introduction 

• Why in 1960-1970 did we do S Matrix theory and not QFT 
 
B: Analyticity and Mandelstam variables s t u 

• See part  IVF of notes 
• Analyticity structure for spinless π p scattering 

 
C: Generalized Unitarity  

• Discontinuities and cuts of various types 
• Watson's theorem 

 
D: Analyticity in Quantum Field Theory; Dispersion Relations 

• Crossing  
• Dispersion Relations 
• t=0 dispersion relations for elastic scattering involves total cross section 
• Measure real part by coulomb interference 
• Subtractions 
• Froissart bound 
• Resonances in dispersion relations 
• π+ p fixed t dispersion relations 
• pn → pn fixed s dispersion relations and pion pole 

 
E: Determination of Singularities of Analytic Functions represented in integral 
form 

• Chapter 2 of ELOP 
• Analysis of pinches causing singularities 
• Two cases considered 
• Quark Propagator 
• Box diagram 

 
F: The Mandelstam Representation and his Iteration 

• Potential  theory; representation of amplitude as double integral over double 
spectral function plus poles 

• Relativistic generalization with 3 spectral functions and poles 



• Why you can (in principle) calculate amplitude from unitarity and analyticity in 
potential theory and why it breaks down due to multichannel effects in relativistic 
problem 

 
G. Regge Theory 

• Derivation of basic pole expansion at large z 
• Remarks on potential theory where poles go to -1 and large z limit irrelevant 
• Why more important in QFT as captures effect of crossed reactions 
• Simple examples referencing Fox&Quigg and dominant q-qbar Regge poles 
• Signature and why it is important in QFT and not in potential theory 
• Ladder diagrams and Regge Poles 
• Glueballs and Pomeron 
• Relation of Regge and high p-transverse limits 
• Analysis of Feynman graphs and how they generate poles from ladder graphs 
• Box diagrams and the absorption model generating cuts. Analysis of reliability of 

this 
• Triple Regge Theory 
• See experiment E350 described in Section VI-H, 

 
H Duality, Finite Energy Sum Rules, the Veneziano Model 

• Derivation of FESR from Dispersion relations and Regge theory 
• π+ π0  → π+ π0 to illustrate bootstrap 
• Duality. Resonances include Regge 
• Veneziano model 
• Exchange degeneracy 
• 2-component duality 

 
I Low Transverse Momentum Physics (see Picture Book) 

• See experiment E110 and E260 described in Section VI-I 
• Quasi 2 body 
• Diffraction -- elastic excitation  (beam, target, both), Deck effect, Pomeron Triple 

Regge 
• Multi particle: pion multiplicity, low pT,  multiperipheral, quark cascades, 

independent pion spray, relation to QCD, Mueller 
 
































































































































































































































































































