Photon

-- It presents dual behavior (particle-wave)

-- Interacts though the electromagnetic force (parity and total
angular and linear momenta are conserved)

-- It does not have rest mass
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Main interaction processes

-- Photoelectric effects

-- Coherent or Rayleigh scattering
-- Incoherent or Compton scattering
-- Pair production
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Pair production if the nucleus field

-- The presence of the nucleus allows for linear momentum

conservation

-- It occurs if E;,>2m,c?=1.022 MeV.

-- It is relatively frequent at high very energies (>50 MeV)

-- An electron-positron pair is produced. The photon does not
survive after the interaction
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Pair production at the nucleus field. Simple diagram.

Pair production

Monte Carlo in Radiation Transport. Prof. Mario A. Bernal, IFGW



Pair production at the nucleus field. Feynman diagram and
asymptotic cross section
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Pair production in a atomic electron field (triplet production)

-- The atomic electron allows for the linear momentum
conservation.

-- Two electrons, one of them is the atomic electron and one
positron are emitted.

-- The photon does not survive after the interaction

-- It is 1/Z less probable than the analog nuclear process
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Particle shower generated by five 1 GeV electrons. Electron
and positron tracks are. represented by Irnes Photon tracks
are not shown I R Py

"~ Apair formation
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Incoherent or Compton interaction

- A photon interacts with a free electron at rest (Klein-Nishina
model). A fraction of the photon energy is transferred to the
electron.

- In nature, electrons are bound to atoms. If the energy
transfer is high enough, the electron is removed from the
atom and the latter is ionized

- The photon is emitted with an energy lower than its initial
energy (incoherence)
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Incoherent or Compton interaction with a free electron
at rest (Klein-Nishina model)

Compton scattering
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Incoherent or Compton e E. K

Interaction with a free electror
at rest (Klein-Nishina model)
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Incoherent or Compton interaction with bound electrons atém
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Photo-electric effect

- The photon is completely
absorbed by the atom

- An electron is emitted

- The target atom is left

ilonized

-Unlike the Compton process, Fluorescencx
-The photo-electric interaction
IS more likely in inner atomic
shells.

Photoelectric absorption
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Photo-electric effect e E N'E, ¢
Feynman diagram and
Cross section
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Coherent or Rayleigh

scattering

Rayleigh scattering
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Coherent or Rayleigh scattering

un(E,,0) = £(1 4 cos? 0)[F(q. 2
0= (E, /he)sin(©/2

F(q,Z) is the elastic atomic form factor. It is just the Fourier
transform of the electron density around the atom
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Coherent or Rayleigh scattering

F(q,Z) is the elastic atomic
form factor. It is just the
Fourier

transform of the electron
density around the atom

f (electrons)

20

15

—
[=]

0 0.1 0.2 0.3 0.4 0.5 0.6

Sin(@A (1/A)

Monte Carlo in Radiation Transport.

Prof. Mario A. Bernal, IFGW



Cross sections in Carbon
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Cross sections for 0

hydrogen, water and
lead.
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Place initial photon’s parameters on stack

Pick up energy, position, direction, geometry of

Y

Is stack

A4

current particle from top of stack

Y

empty?

| Is photon enérgy < cutoff? |
N

Sample distance to next interaction
Transport photon taking geometry into account

Y

Terminate
history

| Has photon left the volume of interest? |
N
Sample the interaction channel:
- photoelectric
- Compton
- pair production
- Rayleigh

Sample energies and directions of resultant particles
and store paramters on stack for future processing
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