Interaction of Gamma- and
X-ray in Matter

Five Interactions

» Compton effect

* Photoelectric effect

* Pair production

* Rayleigh (coherent) scattering

*Photonuclear interactions
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Pair Production in the nuclear
field

Electron

9 4+ Positron
hv =2myc? + T+T*
T = (hv - 2mc?)/2

Effect occurs in a Coulomb force field.

Pair Production in the electron
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The threshold energy is 4m,c?
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Annihilation Radiation
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Strength of nuclear field
depends on Z.
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Coherent Scattering

Scattering of x-ray photon through small angle
without change or loss of energy to medium.
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Element hy = 0.01 MeV 0.1 MeV 1.0 MeV
C 0.07 0.02 0
Cu 0.006 0.08 0.007

Pb 0.03 0.03 0.03

Photonuclear interactions
Less than 5% of the dose due to pair production

More of a problem for radiation shielding




Total Mass Attenuation
Coefficient

wp =1lp +oglp +olp + &lp

Total Attenuation Coefficient
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Photon Energy (MeV)

Mass energy-transfer
coefficient

Holp=tylptoy,lp+t & lp

Mass energy-absorption
coefficient

“en/p = Wy /p(l'g)

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.
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