
65  africascholarpublications@gmail.com                                                                               

 2022 
 

 

 

 

 

Radiation Photons’parameters Interaction with Tin, 

Lead and Copper at Different Photon Energy. 

 

Aremu S.O1; Suraj Aliyu2; & Aminu Kalip2 

1Federal Polytechnic, Bauchi. 2Kaduna Polytechnic, Kaduna. 

 

 

Abstract 
The various attenuation coefficients and cross section [mass attenuation 

coefficient(𝜇𝑚), linear attenuation coefficient (𝜇), atomic cross section (𝑎𝜇)] for 

lead copper and tin was evaluated for incident X-ray photons with energies 

ranging from 8MeV to 100MeV. Likewise, the energy transfer coefficient(𝜇𝑡𝑟) and 

energy absorption coefficient 𝜇𝑎𝑏was also evaluated. The average energy transfer 

𝐸𝑡𝑟in the volume of interest in the medium was evaluated.  Average radiative 

fraction ḡ, average energy absorbed in the absorber Eab and mass energy 

absorption coefficient 
𝜇𝑎𝑏

𝜌
 were also calculated for copper and lead. 

Keywords: Radiation, Photon’s parameters, Photon energy. 

 

 

Introduction 
Photons are indirectly ionizing radiation 

and they deposit energy in the absorbing 

medium through a two-step process: I – 

energy transfer to an energetic light 

charged particle (electron or positron) 

and II – energy deposition in medium by 

the charged particle (Fanoet.al.). Some of 

the interactions are only of theoretical 

interest and help in the understanding of 

the general photon interaction 

phenomena. Others are of great 

importance in medical physics since they 

play a fundamental role in imaging, 

radiotherapy as well as radiation 

dosimetry (Grodstin, 1957). Depending 

on their energy and the atomic number of 

the absorber, photons may interact with 

an absorber atom as a whole with the 

nucleus of an absorber atom or with an 

orbital electron of the absorber atom 

(Storm and Israel, 1967). The probability 

of a particular interaction to occur 

depends on the photon energy as well as 

the density and atomic number of the 
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absorber. It is generally expressed in the form of an interaction cross-section(Hubbel, 

1969). 

The interaction of photons with nuclei may be direct-nucleus interactions (photo 

disintegration) or interaction between the photon and the electrostatic field of the 

nucleus (pair production) (Leighton, 1959). The photon-orbital electron interactions 

are characterized as interactions between the photon and either a loosely bound 

electron (Thompson scattering, Compton Effect, triplet production) or a tightly bound 

(photoelectric effect). A loosely bound electron is an electron whose binding energy 

is comparable to the photon energy. It is either larger than or slightly smaller than the 

photon energy (Attixet.al., 1968). An interaction between a photon and a tightly bound 

electron is considered an interaction between a photon and the atom as a whole. After 

the photon interaction with an atom, there are two possible outcomes 1- Photon 

disappear (i.e is absorbed completely) and a portion of its energy is transferred to light 

charged particles (electrons and positrons) 2- Photon is scattered and two outcomes 

are possible (Fitzgerald et.al.)  a) The resulting photon has the same energy as the 

incident photon and no light charged particles is released in the interaction. b) The 

resulting scattered photon has a lower energy than the incident photon and the energy 

excess is transferred to a light charged particle (electron). The light charged particles 

produced in the absorbing medium through photon interactions in II either deposit 

their energy to the medium through Coulomb interactions with the orbital electrons of 

the absorbing medium or radiate their kinetic energy away through Coulomb 

interaction with the nuclei of the absorbing medium(radiative loss) (Morgan and 

Turner, 1967). 

In this study, the general aspects of photon interactions with absorbers including the 

mass energy transfer coefficients and mass energy absorption coefficients for use in 

radiation dosimetry were discussed. Additionally, the linear attenuation coefficient, 

mass attenuation coefficient, atomic attenuation coefficient and radiative fraction were 

evaluated for absorbers (lead, tin and copper) commonly used in diagnostic radiology. 

 

Methodology 

Atomic cross section𝑎𝜇, mass attenuation coefficient𝜇𝑚, linear attenuation coefficient 

𝜇, the average energy transferred to charged particles 𝐸𝑡𝑟 and mass energy transfer 

coefficient 
𝜇𝑡𝑟

𝜌⁄   were calculated for monoenergetic photons of energy h√ (8MeV- 

100MeV) interacting with copper , lead and tin absorbers. Average radiative fraction 

ḡ, average energy absorbed in the absorber Eab and mass energy absorption coefficient 
𝜇𝑎𝑏

𝜌
 were also calculated for copper and lead. 

𝑎𝜇is the total atomic cross-section which is the total of the individual atomic cross 

sections for photoelectric 𝑎𝜏 , Compton scattering 𝑎𝜎𝑐 and pair production 𝑎𝑘. The 
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atomic cross section for Rayleigh scattering 𝑎𝜎𝑅   and that of photonuclear reactions 

𝑎𝜎𝑝 were neglected due to their smallness. 

𝑎𝜇 = 𝑎𝜏 + 𝑎𝜎𝑐 + 𝑎𝑘 

𝑎𝜏 =
1.5

𝜖
𝛼4𝑍5𝑒𝛼𝑇ℎ  

𝜖(𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑝ℎ𝑜𝑡𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦) =
ℎ√

𝑚𝑒𝑐2
 

𝛼(𝑓𝑖𝑛𝑒 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡) =
1

137
 

Z- Absorber’s atomic number 

𝑒𝛼𝑇ℎ(𝑇𝑜𝑡𝑎𝑙  𝑇ℎ𝑜𝑚𝑠𝑜𝑛 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑖𝑐 𝑐𝑟𝑜𝑠𝑠𝑠𝑒𝑐𝑡𝑖𝑜𝑛)

= 0.665𝑏(𝑜𝑣𝑒𝑟𝑎𝑙𝑙𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔𝑎𝑛𝑔𝑙𝑒𝑓𝑟𝑜𝑚 0 𝑡𝑜𝜋) 

1𝑏 = 10−24𝑐𝑚2 = 10−28𝑚2 

𝑎𝜎𝑐
= 𝑍. 𝑒𝜎𝑐

 

𝑒𝜎𝑐
(𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑖𝑐 𝑐𝑟𝑜𝑠𝑠𝑠𝑒𝑐𝑡𝑖𝑜𝑛)𝑜𝑓𝐾𝑙𝑒𝑖𝑛 − 𝑁𝑖𝑠ℎ𝑖𝑛𝑎

=                            2𝜋𝑟𝑒
2 {

1+∈

∈2
[
2(1+∈)

1 + 2 ∈
− 𝐼𝑛 (

1 + 2 ∈

∈
)]

+
𝐼𝑛(1 + 2 ∈)

2 ∈
−

1 + 3 ∈

(1 + 2 ∈)2
} 

re (classical radius of electron) =2.82fm 

1fm=10-15m 

𝑎𝑘 = 𝑎𝑘𝑝𝑝 {1 +
1

𝑛𝑍
} 

𝑎𝑘𝑝𝑝 = 𝛼𝑟𝑒
2𝑍2𝑃𝑝𝑝(∈, 𝑍) 

Since 1 ≪∈≪
1

𝛼𝑍
1

3⁄
 

𝑃𝑝𝑝 =
28

9
𝐼𝑛(2 ∈) −

218

27
 

The mass attenuation coefficient 𝜇𝑚 (𝑐𝑚2

𝑔⁄ ) =
𝜇

𝜌
= 𝑎𝜇 𝑁𝐴

𝐴
 

𝜌 − 𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝑜𝑓𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟, 𝑁𝐴𝑎𝑣𝑜𝑔𝑎𝑑𝑟𝑜′𝑠𝑛𝑢𝑚𝑏𝑒𝑟 = 6.022 ×
1023𝑎𝑡𝑜𝑚

𝑔 − 𝑎𝑡𝑜𝑚
 

A- Absorber’s atomic number. 

The linear attenuation coefficient 𝜇(𝑐𝑚−1) = 𝜌𝜇𝑚 

The average energy transferred from photons to charged particles  

𝐸𝑡𝑟 = 𝑤𝜏𝐸𝑡𝑟
𝜏 + 𝑤𝜎𝐸𝑡𝑟

𝜎 + 𝑤𝑘𝐸𝑡𝑟
𝑘 

𝑤𝜏 =
𝑎𝜏

𝑎𝜇
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𝑤𝜎 =
𝑎𝜎𝑐

𝑎𝜇
 

𝑤𝑘 =
𝑎𝑘

𝑎𝜇
 

𝐸𝑡𝑟
𝜏 = ℎ𝒱 − 𝑃𝑘𝑤𝑘ℎ𝒱𝑘 

𝑃𝐾  is the k-shell binding energy EB(k)= 0.87 

𝑤𝑘(𝐹𝑙𝑢𝑜𝑟𝑒𝑠𝑐𝑒𝑛𝑡 𝑦𝑖𝑒𝑙𝑑) = 0.50 

h𝒱k (mean K-shell characteristic radiation energy) =7.7KeV  

                                                 =7.7 X 10-3Mev  

 

𝐸𝑡𝑟
𝜎  = Average of the fractions of the photon energy transferred through 

Compton effect. 

𝐸𝑡𝑟
𝑘 = ℎ𝑉 − 2𝑚𝑒𝑐2 

𝑇ℎ𝑒 mass energy transfer coefficient 
𝜇𝑡𝑟

𝜌
=

𝜇𝑚𝐸𝑡𝑟

ℎ𝑉
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 Radiative Fraction ḡ ≈ B(Eko)  

 

B(Eko) is the breamstrahlung yield for monoenergetic electrons with initial energy 

Eko(Huang et.al., 1981) 

The average energy radiated by charged particles as bremstrahlung is 

𝐸𝑟𝑎𝑑 = 𝐵(𝐸𝑘0
)𝐸𝑡𝑟 

The average energy absorbed in the absorber is 

𝐸𝑎𝑏 = 𝐸𝑡𝑟 − 𝐸𝑟𝑎𝑑 

The mean energy absorption coefficient is:           
𝜇𝑎𝑏

𝜌
= 𝜇𝑚

𝐸𝑎𝑏

ℎ𝑉
  . 

 

Results and discussion 

Table 1: Parameters of photon interacting with copper at different energy level. 

E (MeV) 8 10 20 30 40 50 60 70 80 90 100 

𝑎𝜇(b/atm) 3.21 3.09 3.51 3.92 4.21 4.55 4.79 4.93 5.10 5.27 5.40 

𝜇𝑚(cm2/g) 0.03

0 

0.02

9 

0.03

3 

0.03

7 

0.04

0 

0.04

3 

0.04

5 

0.04

7 

0.04

8 

0.05

0 

0.051 

𝜇(cm-1) 0.27 0.26 0.30 0.33 0.36 0.39 0.41 0.42 0.43 0.45 0.46 

𝐸𝑡𝑟(MeV) 5.88 8.29 20.3

9 

32.3

8 

43.8

5 

55.5

8 

67.3

0 

79.6

6 

91.36 103.7

8 

115.18 

𝜇𝑡𝑟
𝜌⁄ (cm2/

g) 

0.02

2 

0.02

4 

0.03

4 

0.04

0 

0.04

4 

0.04

8 

0.051 0.05

3 

0.05

5 

0.05

8 

0.05

9 

g 0.10 0.14 0.16 0.20 0.24 0.28 0.32 0.34 0.36 0.40 0.42 
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𝐸𝑎𝑏(MeV) 5.29 7.09 17.09 25.8

8 

33.3

5 

39.9

8 

45.8

0 

52.5

6 

58.4

6 

62.28 66.7

8 
𝜇𝑎𝑏

𝜌
(cm2/g) 0.02

0 

0.021 0.02

8 

0.03

2 

0.03

3 

0.03

5 

0.03

5 

0.03

5 

0.03

5 

0.03

5 

0.03

4 

 

 

Table 2: Parameters of photon interacting with Lead at different energy level. 

E(MeV) 8 10 20 30 40 50 60 70 80 90 100 

𝑎𝜇(b/atm) 16.3 17. 24.0 28.2 31.3 33.8 35.9 37.4 39.3 40.6 41.8 

𝜇𝑚(cm2/g) 0.16 0.1 0.23 0.27 0.30 0.32 0.34 0.36 0.37 0.39 0.40 

𝜇(cm-1) 1.76 1.9 2.58 3.04 3.37 3.64 3.86 4.02 4.23 4.37 4.49 

𝐸𝑡𝑟(MeV) 6.42 8.66 19.5 30.2 40.8 51.4 62.3 72.9 83.5 94.4 104. 
𝜇𝑡𝑟

𝜌⁄ (cm2/g 0.13 0.15 0.22 0.27 0.30 0.33 0.35 0.37 0.39 0.40 0.42 

g 0.23 0.28 0.36 0.43 0.47 0.49 0.52 0.56 0.58 0.60 0.64 

𝐸𝑎𝑏(MeV) 4.92 6.26 12.53 17.28 21.69 31.19 29.98 32.09 36.78 37.77 37.7 
𝜇𝑎𝑏

𝜌
(cm2/g 0.096 0.11 0.14 0.15 0.16 0.20 0.17 0.16 0.17 0.16 0.15 

 

Table 3: Parameters of photon interacting with Tin at different energy level. 

E (MeV) 8 10 20 30 40 50 60 70 80 90 100 

𝑎𝜇(b/atm) 7.19 7.40 9.41 10.8 11.9 12.8 13.6 14.2 14.7 15.2 15.72 

𝜇𝑚(cm2/g) 0.06 0.07 0.08 0.10 0.11 0.12 0.13 0.14 0.14 0.15 0.15 

𝜇(cm-1) 0.50 0.51 0.65 0.75 0.83 0.89 0.94 0.99 1.02 1.06 1.09 

𝐸𝑡𝑟(MeV) 6.15 8.47 19.76 31.02 42.02 53.35 64.44 75.38 86.4 97. 108. 
𝜇𝑡𝑟

𝜌⁄ (cm2/g 0.052 0.059 0.088 0.11 0.12 0.13 0.14 0.15 0.15 0.16 0.16 

 

8-100MeV photons interacting with copper, lead and tin absorber were determined. 

5.88MeV was transferred to charged particles and 2.22MeV was scattered for 8MeV 

photons interacting with a copper. For lead absorber, 6.4MeV was transferred to 

charged particles and 1.6MeV was scattered and for tin 6.15MeV was transferred and 

1.85MeV was scattered for 8MeV. The higher the photon’s energy, the higher was the 

energy transferred to charged particles. Out of 5.88MeV that was transferred to 

charged particles for copper absorber, 5.3MeV was absorbed and 0.58MeV was 

radiated in the form of bremsstrahlung. For lead absorber, 4.9MeV was absorbed and 

1.5MeV was radiated in the form of bremsstrahlung. 

The atomic cross section 𝑎𝜇, mass attenuation coefficient 𝜇𝑚 and linear attenuation 

coefficient 𝜇 for 8-100MeV photons in copper, lead and tin ranges respectively as 

3.21-5.40b/atm, 16.39-41.81b/atm, 7.19-15.72b/atm for 𝑎𝜇,0.030-0.051cm2/g, 0.16-
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0.40cm2/g,0.068-0.15cm2/g for𝜇𝑚 and 0.27-0.46cm-1, 1.76-4.49cm-1, 0.50-1.09cm-

1for   𝜇. The mass energy transfer coefficient 
𝜇𝑡𝑟

𝜌⁄  and the mass energy absorption 

coefficient 
𝜇𝑎𝑏

𝜌
for copper and lead absorber were 0.022-0.059cm2/g, 0.13-0.42cm2/g 

for copper absorber and 0.020-0.034cm2/g, 0.096-0.15cm2/g for lead absorber. 

The radiative fraction g for 8MeV photon in copper was approximately as 0.1 and 0.42 

for 100MeV. In lead, for 8MeV photon ḡ is 0.23 and 0.64 for 100MeV.                                                                                                                                                                                                    

For 8MeV Photon interaction with copper atom: An individual atom 8MeV Photon as 

it encountered a copper atom at a point may interact with the atom through 

Photoelectric effect, Rayleigh scattering, Compton effect or pair production or it may 

not interact at all. However, for a large number of 8MeV Photons striking copper, it 

may be stated on the average that: 

➢ Approximately 6MeV was transferred to charged particles (mainly to fast 

energetic electrons, but possibly also to positrons if the interaction is pair 

production). 

➢ Approximately 2MeV was scattered through Rayleigh and Compton 

scattering of the 6MeV transferred to charged particles. 

➢ 5.30MeV was absorbed in copper over the fast charged particle tracks. 

➢ 0.58MeV was emitted in the form of bremstrahlung Photons 

➢ The average energies transferred to charged particles in a photoelectric 

process, Rayleigh scattering, Compton scattering and pair production were 

8MeV, 0, 5.12MeV and 7MeV. 

 

Conclusion 

The various attenuation coefficients and cross section [mass attenuation 

coefficient(𝜇𝑚), linear attenuation coefficient (𝜇), atomic cross section(𝑎𝜇)] for lead 

copper and tin was evaluated for an incident X-ray photons with energies ranging from 

8MeV to 100MeV.  Lead has the least scatter factor compared with tin and copper and 

absorb the least radiation. 
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