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Interaction of Gamma- and 
X-ray in Matter

Five Interactions

• Compton effect

• Photoelectric effect

• Pair production

• Rayleigh (coherent) scattering

•Photonuclear interactions

Pair Production in the nuclear 
field

hν = 2m0c2 + T-+T+

T = (hν - 2m0c2)/2

Effect occurs in a Coulomb force field.
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Pair Production in the electron 
field

hν = 2m0c2 + T-
1+T+ T-

2

T = (hν - 2m0c2)/3

The threshold energy is 4m0c2
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Annihilation Radiation

hν = 0.511 MeV
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Pair Production Effect

Strength of nuclear field 
depends on Z.
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Pair Production

aπ/ρ (per atom) ∝ Z2
Coherent Scattering
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Scattering of x-ray photon through small angle 
without change or loss of energy to medium.

Photonuclear interactions

( , )pγ

( , )nγ

Less than 5% of the dose due to pair production

More of a problem for radiation shielding
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Total Mass Attenuation 
Coefficient

µ/ρ = τ/ρ + σR/ρ + σ/ρ + /ρ

Total Attenuation Coefficient

Z=82

Z=7.5

Mass energy-transfer 
coefficient

µtr/ρ = τ tr /ρ + σ tr /ρ + tr /ρ
2
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Mass energy-absorption 
coefficient

µen/ρ = µtr /ρ(1-g)

Coefficients for compounds and 
mixtures

Coefficients for compounds and 
mixtures
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Tables of photon interaction 
coefficients

Appendix D.1 contains K-N interaction and energy transfer cross 
sections in units of cm2/e, for the energy range 1 keV to 100 MeV.
Appendix D.2 provides photon interaction cross sections per atom for 
several representatives elements, compounds, and mixtures over the 
same energy range.
Appendix D.3 tabulates mass attenuation coefficients , mass energy 
transfer coefficients and mass energy absorption coefficients.
Appendix D.4 is for mass energy absorption coefficients corrected for 
radiative losses due to positron in-flight annihilation as well as 
bremsstrahlung.
Higgins PD, Attix FH, Hubbel JH, Seltzer S, Berger MJ and Sibata C: 
Mass energy-transfer and mass energy-absorption coefficients, 
including in-flight positron annihilation for photon energies 1 keV to 
100 MeV. NISTR 4680, US Department of Commerce, National 
Institute of Standards and Technology, Nov 1991.


