
Indian Phys. 67B (6), 547 -  554 (1993)

Verification of the semiempirical mass formulae 
for photon attenuation coefficients
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Abstract : The absorptton coefficients of photo-clectnc, Compton and pair production and 
hence the total absorption coefficient (/^/p) have been computed using the semiempincal formulae 
putforth by Massaro et al and the mixture rule for some chemical compounds containing H, C and 
O atoms in the energy range of 54 to 1333 keV. These values of total absorption coefficients of H, 
C and O are compaied with those of Hubbell and find that there is a good agreement between the 
two.
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1. Introduction

The photon attenuation and absorption coefficients in some materials are of interest for 
industrial, biological, agricultural and medicinal studies. However in certain cases, when the 
experimental data were insufficient to obtain the total cross sections some theoretical 
calculations have also been made using empirical relations (1-3). It is well known that the 
main contribution to mass attenuation values in photon-atom interaction comes from photo­
electric, Compton and pair production and the cross sections of these individual effects 
depend upon the photon energy Ep and atomic number Z of the elements. Massaro et al [1] 
have putforth semiempirical formulae for the calculation of F-ray absorption coefficients for 
photoelectric effect ( T/p), Compton effect (ajp) and pair production ( k/p). These formulae 
are given as :

. . fl, fla 2 -1(t/p) = + - 4  cm gm
Er

(1)

where E^ is the photon energy in MeV and fl|, ^ 3  constants of elements.
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[ a j p )  =   ̂ ^  ^ ^ 2
'  “ '  1 +  dyEj. + d^Ej. +  djEr (2)

where rj, C2 , ci and Ji, ^2 , are constants whose values are fixed.  ̂ is a constant depending 
on the element.

Pa
K - 0 . 7 )

2 -Ij  cm gm , (3)

in which p's are constants. The values of all the constants appearing in eqs. (1-3) are given 
by Massaroe/fl/ [1].

Measurements of total mass attenuation coefficient (/i/p) for hydrocarbons in the 
energy range of 33-662 keV were made by Bradley etal [4] and have shown that there exists 
some regularity between total mass attenuation coefficient (p/p) and hydrogen; weight 
fractions ff̂ . A similar study has been made by Kateb and Hamid [5] for thirteen conipounds 
containing H, C and O atoms in the energy range of 54-1333 keV.

2. Procedure

In the present study we have calculated the absorption coefficients for photo-electric effect, 
Compton effect and pair production at different energies ranging from 54-1333 keV for ten 
compounds.

For the calculation of absorption coefficienLs of the elements H, C and O we have used 
the semiempirical relations (1-3) [1]. To compare these values with the values obtained using 
Hubbell [6,7] tables, the total mass attenuation coefficients (p/p), Compton scattering and 
photo-electric cross sections at different energies for the elements H, C and O arc extracted 
from the tables of Hubbell [6,7] using the log-log interpolation scheme [8],

Iog(£:/£,) l o g a i E ^ )  +  log{£2/£ )  log(T(£,)
(4)

The Compton scattering attenuation coefficients {c7 j p )  and photo-electric attenuation 
coefficient (r/p) are calculated using the relation :

(5)

where A is the atomic weight of the element and N/̂  is the Avogadro number.

We get total mass absorption coefficients for elements H, C and O by using
the relation.

bL
P

H. -
P P ’

(6)
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Thus we have calculated the »he

Hubbell [6.7] tables. ‘“>sorpt,on coefficients for H G and o
' ^ O atoms using

("/'’) "  X  w. (ft/ft).
n \

where W, is the proportion by weight of rh u
and

3. Results and discussion

In Table 1 , we have given the values of total m^c k

“ ■“ '■“ “ “y-1" >l» fim row. * .  Vdua. , f  1 ! ^ Z  »' «■  C  and Oi n d i v i d u a l , , - f f i c i a u i s  c  .„d o 
-inuladd uaiag Hubball (6,7) . . .  ™“  •'*7^ " "  n” f r «  („ ,/p )
^ p n -n d  using Ntoanu ”̂  ^ " d  7 . .ha value,
between the two values. ® ^  ^ a good agreement
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Further the values of total absoiption coefficients for each
Massaro era/[1] equations are given in Table 2.

compound calculated using



552 Ms, S  S Hiremath and G  C  Chikkur

In Figure 1, we have plotted the values of total absoiption coefficients vs hydrogen 
weight fractions. The slopes are positive and large for low energetic photons in comparison 
with high energy photons.

Figure 2. The values of absorption cross sections of hydrogen, carbon and oxygen at energy I p 
in the energy range of 54 keV -  1333 keV

Further, we have determined absorption cross sections for H, C and O using the 
calculated values of total absorption coefficients for different compounds using the relation,
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where A, is the relative molecular “weight and N/̂  is the Avogadro number. The values are 
given in Table 3.

Table 3. The values of absorption cross section (To of H. C and O at 54 keV < Ep 
< n33keV,

Ppin MeV
otin bams)

Hydropen Carbon (Oxygen

0 054 0 5560 3..5081 5 0880

O.ORl 05171 3.1591 4.3121

0 125 0 4689 2 8380 3.7967

0.356 0 3320 2.0024 2.6596

0 511 0.2864 1 7291 2.2982

0 662 0.2564 1 5457 2.0538

1 173 0 1935 1.1667 1.5676

1.274 0 1867 U228 1.5038

1.333 0 1826 1.0989 1.4693

In Figure 2, we give the plot of absorption cross section vr photon energy. From the 
figure wc see that absorption cross section increases as the energy decreases and the decrease 
is more pronounced in the case of oxygen and carbon than hydrogen. This may be attributed 

to the atomic number of the elements.

4. Conclusion
From the above results, we may conclude that in the absence of experimental data, the 
semiempirical formulae of Massaro et al [1] can be used to compute {^iJp) of any element.

Further, the results support the mixture rule.
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