Interaction of radiation with matter

2- Interaction of photons with matter

o Photoelectric effect
o Compton Scattering
o Pair production

oPhoton absorption cross-section



Interaccao dos fotdes com a materia

Os fotdes interagem com a matéria, produzindo particulas carregadas, através dos
seguintes processos: Efeito fotoeléctrico, Dispersao de Compton, Produgio de pares,

Interacgdo fotonuclear.

Efeito fotoeléctrico

Fotao & absorvido por
um atomo ejectando um
electrio.

Dispersao de Compton

Fotao choca com um
electrdo quase livre do
atomo, ejectando-o.

Producao de pares

Fotao converte-se num
par electrio-positriao;

Interaccao fotonuclear: Fotio é absorvido por um nucleo atémico, dissociando-o.



Photoelectric Effect

v 4+ atom — e + atom

Photon is absorbed by an atom, ejecting an electron with energy T,

T — E’Y — Eb E, - photon energy

E,, - electron binding energy

Cross-section :
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Compton scattering
Yy+e —7y+e

Photon scatters off an atomic electron with small binding energy (essentially free)
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Pair production

*
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Creation of an electron/positron pair in the field of an atom.

Threshold energy : Ey > ZmeC2 (=1.022 MeV)
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Photon absorption in matter

Total cross-section for interacting with an atom:

tot _
057" = Ope + Z oc + Opair

Interaction probability per unit length of traversed
matter (linear attenuation coefficient) :

P =Py = e % U?t
Photon beam attenuation:
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Photon absorption in matter (cont.)

Example:
Compute the ammount of Pb shielding (p =11.34 g-cm=3) required to
absorb 99% of the photons emmited by a 13’Cs source (Ey =0.662 MeV).
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Photon absorption in matter (cont.)

 Example:

Compute the ammount of Pb shielding (p =11.34 g-cm=3) required to

absorb 99% of the photons emmited by a 13’Cs source (Ey =0.662 MeV).
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Electromagnetic showers

Particle multiplication

continues while E . > Eijical




Electromagnetic showers

Particle multiplication

continues while

2
Epart > Ec s E, >2mC

37 x10x 10 cms3
Lead Glass scintillator



Electromagnetic showers

Particle multiplication

continues while

2
Epart > Ec s E, >2mC

80 GeV e

37 x10x 10 cms3
Lead Glass scintillator




Extensive air showers

1 EeV (10° GeV ) proton shower.


Pictures/proton_1EeV.mov

Extensive air showers

200GeV gamma ray
shower, starting 5km
high.
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