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Interaction of Gamma- and 
X ray in MatterX-ray in Matter

Five Interactions

C t ff tC t ff t•• Compton effectCompton effect

•• Photoelectric effectPhotoelectric effect

•• Pair productionPair production

•• Rayleigh (coherent) scatteringRayleigh (coherent) scattering

••Photonuclear interactionsPhotonuclear interactions
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These equations are results of applying conservation ofThese equations are results of applying conservation of

d h C i id h C i i

Kinematics

energy and momentum to the Compton interactionenergy and momentum to the Compton interaction
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Interaction cross sectionInteraction cross section
Thomson ScatteringThomson Scattering classical electron radius

Valid only for nonValid only for non--relativistic approximationrelativistic approximation

KleinKlein--Nishina cross sectionsNishina cross sections for photon scattering at anglefor photon scattering at angle ϕϕ

hν=hν’

KleinKlein Nishina cross sections Nishina cross sections for photon scattering at angle for photon scattering at angle ϕϕ

Use of Dirac’s relativistic theory of the electronUse of Dirac’s relativistic theory of the electron
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Avogrado’s number Avogrado’s number 

Number of grams per mole of materialNumber of grams per mole of material

Energy transfer cross sectionEnergy transfer cross section
Total KTotal K--N cross section, multiplied by a unit thickness of 1 e/cmN cross section, multiplied by a unit thickness of 1 e/cm22

may be thought as the fraction of the incident energy fluence, may be thought as the fraction of the incident energy fluence, 

carried by a beam of many monoenergetic photonscarried by a beam of many monoenergetic photons

What is the overall fraction of hWhat is the overall fraction of hνν that is given to the electrons,that is given to the electrons,

averaged over all scattering angles? This energy contributes to averaged over all scattering angles? This energy contributes to 

the kerma and therefore to dose.the kerma and therefore to dose. hν -hν’
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Differential KDifferential K--N cross section N cross section for electron scattering for electron scattering 
at angle at angle θθ, per unit solid angle per electron, per unit solid angle per electron
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Energy distribution of electrons, averaged over all Energy distribution of electrons, averaged over all 
scattering angles scattering angles 

Compton Effect
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Compton Effect
hν(KeV) = 12.4/ λ(Å)

λ′ λ + Δλλ′ = λ + Δλ

Δλ = 0.0243(1 – cos φ)

φ
•

• •

•

•
•••••••
•

φ

Ek

Compton Effect

φ = 80°
•

• •

•

•
•••••••
• Ek

What is hν′ ?

What is Ek ?
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Compton Effect

φ = 80°

hν = 12.4/ λ(Å)

•

• •

•

•
•••••••
• Ek

λ = 12.4/210 = .059Å

Δλ = 0.0243(1 - cos 80°) = 0.020Å

Compton Effect

φ = 80°

λ′ = λ + Δλ = .059Å + 0.020Å = .079Å

Ek

•

• •

•

•
•••••••
•

λ  λ  Δλ  .059Å   0.020Å  .079Å

hν′(KeV) = 12.4/ λ′ (Å)

12.4/.079 = 160 KeV 
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Compton Effect

φ = 80°

E h h ′

φ  80
•

• •

•

•
•••••••
• Ek

Ek = hν - hν′

Ek = 210 KeV - 160 KeV

Ek = 50 KeV 

Compton Effect
cos 90º = 0

λ′ ≈ Δλ = 0 0243λ ≈ Δλ  0.0243

hν’ = 12.4/ .0243 = 511 KeV

φ = 90º
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• •

•

•
•••••••
•

φ

Ek
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Compton Effect
cos 180º = -1

λ′ ≈ Δλ = 0 0243 ·2λ ≈ Δλ  0.0243 2

hν’ = 12.4/ .0486 = 255 KeV

φ = 180º

•

• •

•

•
•••••••
•

φ

Ek

Photoelectric Effect

•
••

•

•
••••••Photon disappearsPhoton disappears

XX--ray photon interacts with an ray photon interacts with an 
atom and ejects one of orbital atom and ejects one of orbital 
electrons.electrons.

•
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Photoelectric Effect

•
••
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•
••••••

TT = h= hνν -- EEBB-- TTaa

•
PhotoelectronPhotoelectron

Photoelectric Effect

Ch t i ti XCh t i ti X

•
••
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Characteristic XCharacteristic X--raysrays

•

•

•
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Photoelectric EffectPhotoelectric Effect

Auger electrons are emitted as a competing process for characteristic xAuger electrons are emitted as a competing process for characteristic x--raysrays

Photoelectrons
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Interaction cross sectionInteraction cross section

Th i l f l f h t l t i tiTh i l f l f h t l t i tiThere are no simple formulas for photoelectric cross sections,There are no simple formulas for photoelectric cross sections,

this is because of complications due to the binding energy of this is because of complications due to the binding energy of 

the electron. Tables are based on experimental results andthe electron. Tables are based on experimental results and

supplemented by theoretically assisted interpolations for supplemented by theoretically assisted interpolations for 

other energies and absorbing mediaother energies and absorbing mediaother energies and absorbing media.other energies and absorbing media.

4n = 4 at 0.1 MeV−> 4.6 at 3 MeV

3m = 3 at 0.1 MeV−> 1 at 5 MeV
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Photoelectric Effect

•
••

•

•
••••••
•

•

•

Photoelectric Effect

τ/ρ
Characteristic

X-rays

τ/ρ



9/16/2009

17

Photoelectric Effect

τ/ρ
τ/ρ ∝Z3/E3

Z=82

τ/ρ

Z=7.4

Photoelectric Effect

τ/ρ ∝Z3/E3

(20)

(2.5)
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EnergyEnergy--transfer cross sectiontransfer cross section

PPKK is the fractionis the fraction

of all photoelectric of all photoelectric 

interactions that occurinteractions that occur

in the K shell.in the K shell.

PPKKYYKK is the fractionis the fraction
Probability

of all photoelectricof all photoelectric

events in which a Kevents in which a K

fluorescence xfluorescence x--ray is ray is 

emitted by the atom.emitted by the atom.

Probability



9/16/2009

19


