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Figure from Atoms, Radiation, and Radiation Protection, James E Turner, p195
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Linear Attenuation Coefficients for Gamma-Rays

 Considering a thin slab of absorbing media, the number of photons being
removed/attenuated from the beam through the distance x is given by
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where 𝝁 is the linear attenuation coefficient (the probability that a photon is
removed from the beam by the absorbing media per unit distance it travels)
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Linear Attenuation Coefficients for Gamma-Rays

Instead, if we consider the gamma-ray beam as a flow of energy, where 𝐸௜௡ ൌ 𝑁௜௡ ⋅ 𝐸ఊ,

for each unit distance that the beam transmitted through, what is the fraction of the
incident energy that is transferred to the secondary electrons within the absorbing media?
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𝑁୧୬ ሺphotonsሻ,
𝐸௜௡ ൌ 𝑁௜௡ ⋅ 𝐸ఊ

𝐸௢௨௧ ൌ 𝑁௢௨௧ ⋅ 𝐸ఊ= 𝑁௜௡ ⋅ eିఓ௫ ⋅ 𝐸ఊ



Linear Attenuation Coefficients
Linear attenuation coefficient 𝜇 is the probability that a photon is
removed/attenuated in the absorber per unit distance it travels,
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௣௛௢௧௢௘௟௘௖௧௥௜௖ ஼௢௠௣௧௢௡ ௣௔௜௥

Can we define a linear energy transfer coefficient, 𝜇௧௥, which is the fraction of
the energy carried by the incident beam that is subsequently transferred to the
absorber per unit distance the beam is transmitted through?

𝜇௧௥ ൌ 𝜏௣௛௢௧௢௘௟௘௖௧௥௜௖ ൈ?൅𝜎஼௢௠௣௧௢௡ ൈ? ?൅𝜅௣௔௜௥ ൈ???



Energy Transfer by a Gamma-Ray Beam
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What is Energy Transfer Coefficients?
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For a parallel beam of monochromatic gamma rays transmitting through a unit
distance in an absorbing material, the energy-transfer coefficient is the fraction of
energy that was originally carried by the incident gamma-ray beam and
transferred into the kinetic energy of secondary electrons per unit distance of
travel.



Photoelectric Effect

 Photoelectric interaction is with the atom in a whole and can not take place
with free electrons.
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 Photoelectric effect creates a vacancy in one of the electron shells, which
leaves the atom at an excited state.
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In photoelectric process, an incident photon transfer its energy to an orbital
electron, causing it to be ejected from the atom.
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Relaxation Process after Photoelectric Effect

Generation of characteristic X-rays Generation of Auger electrons

Competing 

Processes

 The excited atoms will de-excite through one of the following processes:

 Auger electron emission dominates in low-Z elements. Characteristic X-ray
emission dominates in higher-Z elements.
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Energy-Transfer Coefficients through Photoelectric Effect
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Based on these considerations, we can define the mass energy transfer coefficient,
which is the fraction of photons that interact by photoelectric absorption per gcm-2,

𝜏௧௥ ൌ 𝜏 1 െ
𝛿
ℎ𝜐

δ is the fraction of the gamma ray energy got converted into characteristic x-rays
following the photoelectric interaction.

Note that the photoelectrons and Auger electrons may also lead to secondary photon
emission through Bremsstrahlung. So the energy transfer coefficient defined above
does not fully describe energy absorption in the slab. We will return to this point
later.



Energy-Transfer Coefficients Through Compton Scattering
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For Compton scattering of monoenergetic photons,
the mass energy transfer coefficient

𝜎௧௥ ൌ 𝜎
𝐸௔௩௚
ℎ𝜐

The factor Eavg/h is the fraction of the incident
photon energy that is converted into the initial
kinetic energy of Compton electrons.
As with the photoelectric effect, the above mass
energy transfer coefficient does not take into
account the subsequent photon emission due to
bremsstrahlung.



Energy Transfer by a Gamma Ray Beam
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Energy-Transfer Coefficient through Pair Production
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For pair production process, the initial energy carried by the electron-positron pair is
h-2mc2. Therefore the mass energy transfer coefficient for pair production is related
to the mass attenuation coefficient as the following

𝜅௧௥ ൌ 𝜅 1 െ
2𝑚௘𝑐ଶ
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Energy-Transfer Coefficient
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The total energy transfer coefficient is given by

𝜇௧௥ ൌ 𝜏 1 െ
𝛿
ℎ𝜐 ൅ 𝜎

𝐸௔௩௚
ℎ𝜐 ൅ 𝜅 1 െ

2𝑚𝑐ଶ

ℎ𝜐

The fraction of energy that is carried
away by characteristic x-rays following
the photoelectric effect.

The average fraction of energy that is transferred to
recoil electron through Compton scattering.

The fraction of energy that is carried
away by the two 511keV gamma-rays
generated during the annihilation of
the positron.

For a parallel beam of monochromatic gamma rays transmitting through a unit distance in an
absorbing material, the energy-transfer coefficient is the fraction of energy that was originally
carried by the incident gamma ray beam and subsequently transferred into the kinetic energy
of secondary electron inside the absorber.



Energy Transfer by a Gamma Ray Beam
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What is Energy Absorption Coefficients?
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The total mass energy transfer coefficient is given by

Consider the fraction of energy that may be carried away by the subsequent
bremsstrahlung photons, one can define the mass energy-absorption coefficient as

𝜇௘௡ ൌ 𝜇௧௥ 1 െ 𝑔

where g is the average fraction of energy of the initial kinetic energy transferred to
electrons that is subsequently emitted as bremsstrahlung photons.

For a parallel beam of monochromatic gamma rays transmitting through a unit distance in an
absorbing material, the energy-absorption coefficient is the fraction of energy that was
originally carried by the incident gamma ray beam and eventually absorbed inside the absorber.
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Energy Loss by Bremsstrahlung

• For beta particles to stop in a given medium, the fraction of energy loss by
Bremsstrahlung process is approximately given by
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Mass Energy Absorption Coefficient

Figure from Atoms, Radiation, and Radiation Protection, James E Turner, p195
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Mass Energy Absorption Coefficient

Figure from Atoms, Radiation, and Radiation Protection, James E Turner, p195
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Energy-Transfer and Energy Absorption Coefficients
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 As expected, bremsstrahlung is relatively unimportant for photon energy of less
that ~10MeV, whilst it accounts for a significant difference between the mass
energy-transfer coefficient and the mass energy absorption coefficient.
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Comparison Between Linear Attenuation Coefficient and 
Energy Absorption Coefficient

Figure from Atoms, Radiation, and Radiation Protection, James E Turner, p195
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Calculation of Energy Transfer and Energy Absorption
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For simplicity, we consider an idealized case, in which

 Photons are assumed to be monoenergetic and in broad parallel beam.

 Multiple Compton scattering of photons is negligible.

 Virtually all fluorescence and bremsstrahlung photons escape from the absorber.

 All secondary electrons (Auger electrons, photoelectrons and Compton electrons)
generated are stopped in the slab.



Calculation of Energy Transfer and Energy Absorption
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Assuming enx<<1, which is consistent with the thin slab approximation and the
energy fluence rate carried by the incident gamma ray beam is 𝛹ሶ ଴ 𝐽 ⋅ 𝑐𝑚ିଶ ⋅ 𝑠ିଵ .
Then the energy absorbed in the thin slab per second over a unit cross section area is
given by

ΔΨ ൌ Ψሶ ଴ െ Ψ ൌ Ψሶ ൌ Ψሶ ଴ሺ1 െ 𝑒ିఓ೐೙௫ሻ ൎ  Ψሶ ଴ ⋅ 𝜇௘௡ ⋅ 𝑥 (𝐽 ⋅ 𝑐𝑚ିଶ ⋅ 𝑠ିଵ)

𝐴Ψሶ ଴𝜇௘௡𝑥 (𝐽 ⋅ 𝑠ିଵ)

The rate of energy absorbed in the slab of area A (𝑐𝑚ଶ) and thickness x is

Given the density of the material is , the rate of energy absorption per unit mass
(Dose Rate) in the slab is

𝐷ሶ ൌ ஺ ௖௠మ ⋅అሶ బ ௃⋅௖௠షమ⋅௦షభ ⋅ఓ೐೙ሺ௖௠షభሻ⋅௫ ሺ௖௠ሻ 
ఘ ௚⋅௖௠షయ ⋅஺ ௖௠మ ⋅௫ ௖௠

,

𝐷𝑜𝑠𝑒 𝑟𝑎𝑡𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟:   𝐷ሶ ൌ 𝛹ሶ ଴
ఓ೐೙
ఘ
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Calculation of Energy Transfer and Energy Absorption
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 The thin slab geometry discussed is approached in practice only by various
degrees of approximation.

 Non-uniformity and finite width of real beams are two examples that deviate from
the ideal.
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