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MONTECARLO  CALCULATIONS

ANALYTIC  CALCULATIONS

PHYSICAL  UNDERSTANDING



Vertices  :
 theoretically understood
(and  scaling) 

Radiation Length
(Energy independent)

ELECTROMAGNETIC  SHOWERS

Pair
Production

Brems-
strahlung



BREMSSTRAHLUNG 

Fully ionized free   nucleus  (approximation of infnite mass)  

High Energy Limit  (Full screening)



PAIR   PRODUCTION

Fully ionized free   nucleus  (approximation of infnite mass)  

High Energy Limit  (Full screening)



FUNDAMENTAL PROCESSES
In QUANTUM ELECTRODYNAMICS

COMPTON SCATTERING

ELECTRON-POSITRON ANNIHILATION

ELECTRON-POSITRON  CREATION



COMPTON scattering  cosθrest frame distribution



Total  COMPTON scattering  cross section





Electron “Classical Radius”



Bohr Radius

(dimension of the hydrogen atom)



Thomson cross section
for the electron scattering 



Larmor Formula: 
Radiation of  an accelerated charged particle
(system where  the velocity is small)



Electromagnetic  Plane  wave 

Electric feld

Acceleration



Linearly  Polarized  Light
(angle with respect
 to the polarization vector)

Unpolarized light

(angle with respect
 To  photon  direction





Pair Creation (or Annihilation)  cosθcm distribution



Compton



Bremsstrahlung

Pair Creation



Bremsstrahlung

Pair Creation



Charged particle at  rest
Particle at Rest



Particle of charge q
Velocity v 

E(t)
B(t)
At point P 



Charged particle at  rest
Particle at Rest

(primed  reference  frame,  charged particle system)



Lorentz  Transformation of electromagnetic  Field



Lorentz  Transformation of electromagnetic  Field

0









Fourier analysis of the electromagnetic  wave 









Electron/Photon  interaction with  a nucleus.

Can be seen as an interaction  with a virtual 
photon  of energy 

Virtual 
Photons

b





Extends  only up to a
maximum impact parameter 



m

Considering the “Target Rest Frame



BREMSSTRAHLUNG 

Fully ionized free   nucleus  (approximation of infnite mass)  

High Energy Limit  (Full screening)



PAIR   PRODUCTION

Fully ionized free   nucleus  (approximation of infnite mass)  

High Energy Limit  (Full screening)



Total Cross section for Pair Production (full screening)



Total Pair  Production Cross section



Total Pair  Production Cross section







Estimate of  bmax  and bmin 

Quantum mechanical 
Efect 
(uncertainty principle)









Total Cross section for Pair Production (full screening)

Bremsstrahlung





Radiation
Length



The “SPLITTING   FUNCTIONS”
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