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ELECTROMAGNETIC SHOWERS
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BREMSSTRAHLUNG

‘Fully ionized free nucleus (approximation of infinite mass)
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PAIR PRODUCTION

Fully ionized free nucleus (approximation of infinite mass)
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FUNDAMENTAL PROCESSES
In QUANTUM ELECTRODYNAMICS

COMPTON SCATTERING
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COMPTON scattering cos6 distribution

rest frame

Plot [{dsigcompt[ct, 0.001], dsigcompt[ct, 0.1],
dsigcompt [ct, 1], dsigcompt[ct, 10], dsigcompt [ct, 100]},
{fet, -1, 13}, Plotstyle - coll, Frame - True]
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Thomson cross section
for the electron scattering
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Larmor Formula:
Radiation of an accelerated charged particle
(system where the velocity is small)

dP ¢

= 0% sin? ©
dQ)  4nc?

v
|
W I
o
~;

™




dP o>

¢ sin® ®
d Q 4771:3

Electromagnetic Plane wave
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do  Energy radiated/unit time/unit solid angle
dQ)  Incident energy flux in energy/unit area/unit time

do ( g2 )2 . @ Linearly.Polarized Light
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Unpolarized light
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_Pair Creation (or Annihilation) cos6__ distribution

In54:= Plot [{ddsig[ct, 1.005], ddsig[et, 2], ddsig[ect, 5],
ddsig[ct, 10], ddsig[ct, 100013}, {ct, -1, 13},
Plotstyle - col, PlotRange - {{-1, 1}, {0, 3.5}}]
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Bremsstrahlung
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Pair Creation
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Bremsstrahlung

e+ 4 —e+vy+4

€ 1T Vvirtual —> € T 7

Pair Creation

Y+ Z —e te +Z
Y T Vvirtual & 8



.Method of Virtual Photons

13} B=0 Charged particle at rest

E=gq .
r Particle at Rest

r

The particle moves with a constant veloc-
ity B (Lorentz factor 7y) , passing by an ob-
server placed at the observation point P with
a minimum distance (impact parameter) b.

(Question: What are the electric and mag-

netic field (E(t), B(t)) that the observer at

7

P measures as a function of observer time t7




.Method of Virtual Photons
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.Method of Virtual Photons

B =1 Charged particle at rest

E=gq .
r Particle at Rest
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(primed reference frame, charged particle system)
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Lorentz Transformation of electromagnetic Field
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Lorentz Transformation of electromagnetic Field
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The observer at P, that sees a relativis-
tic particle “zipping by” at relativistic speeed
(B~ 1, v > 1) sees an electromagnetic
field that is undistinguishable from an elec-
tromagnetic plane wave propagating along
the z direction. Ei E? v mutually perpen-
dicular.




Fourier analysis of the electromagnetic wave
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Energy Fluence : Energy/(unit Area)
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Electron/Photon interaction with a nucleus.

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

A “<«  Virtual
- Photons

v —



10

0.1

“001

"0.001

1074

1000}

—

(9 ) 3p/NP

0.1

0.001=



Extends only up to a
maximum impact parameter
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BREMSSTRAHLUNG

‘Fully ionized free nucleus (approximation of infinite mass)
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PAIR PRODUCTION

Fully ionized free nucleus (approximation of infinite mass)
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Total Cross section for Pair Production
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Total Pair Production Cross section
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Total Pair Production Cross section
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(Bohr Radius)
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Total Cross section for Pair Production  (full screening)
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The “SPLITTING FUNCTIONS”
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