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From the intensity of K x-rays produced by 662 keV photons the sum of the total cross sections 
of the photoelectric and Compton effects on this shell is obtained for the atoms with Z = 27, 29, 
32, 41, 42 and 47. The contribution of the photoeffect is about 15% for Co(Z = 27), 50% for Mo 
(Z = 42) and 70% for Ag(Z = 47). Using theoretical cross section for the photoeffect the total 
Compton cross section on the K-shell is evaluated. The results agree with the free electron value. 

Introduction 

Inelastic or Compton scattering of photons on 
individual atomic shells shows in general deviations 
from the free electron behaviour [1]. In some exper-
iments the differential cross section for K-shell scat-
tering at 145 keV [2], 279 keV, 320 keV and more 
intensively at 662 keV [1] was measured. The results 
are only partially in agreement with theoretical 
calculations including the binding of electrons. The 
integration of the experimental values yields the 
total cross section with a low precision, only. Thus 
it is not clear if the free electron Klein-Nishina total 
cross section can be used for scattering on the K-
shell. 

Recently, Allawadhi et al. [3] made direct 
measurements of the integral Compton cross section 
for y-scattering on the K-shell for some elements 
with atomic number between 39 and 50 at an energy 
of 662 keV. They measured the intensity of the K-
shell x-rays produced after the scattering process. 
Contributions from the photoeffect were substract-
ed using theoretical cross sections The x-rays were 
detected using a thin Nal detector. For the atoms 
studied the contribution of the Compton effect to the 
K x-ray production is only 50% — 25% (Fig. 1) 
making the analysis difficult. In this paper atoms 
with lower atomic number (Z = 27 —47) were 
studied where the contribution of the K-shell 
Compton effect is considerably higher. In addition 
a Si detector with better resolution was used. 

* On leave from TFH Berlin, Germany. 
Reprint requests to S. de Barros, Universidade Federal 
do Rio de Janeiro, Institute de Fisica, Rio de Janeiro, Bra-
silien. 

ATOMIC NUMBER Z 

Fig. 1. Experimental results ( • = measured total K-shell 
cross section ap-f erc; o = derived Compton K-shell cross 
section; • and • = experimental results of [3]). 

Experimental Method 

Photons entering the target produce K-shell 
vacancies because of the Compton and photoelectric 
interaction. The vacanies are filled by emission 
of x-rays and Auger electrons. The K x-rays are 
emitted isotropically. For their detection a 4 mm 
thick and 4 mm diameter Si x-ray detector was used 
at a distance of 6.6 cm from the target. For pro-
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ducing the /-beam a calibrated 137Cs source with 
I.52 • 109 Bq± 2% was used, which emits 662 keV 
7-rays and Ba K-conversion x-rays with a mean 
energy of 32.9 keV. The x-rays were filtered with a 
3.3 mm lead sheet. The distance between the targets 
with an area of about 1.5 cm2 and the source was 
II.5 cm. 

For some low Z elements (Co and Cu) absolute 
and relative measurements were performed. Since 
the detector efficiency is not known for higher x-
ray energies, for Nb, Mo and Ag, relative cross 
sections were measured, using a 145 keV 141Ce 
source. 

For the determination of the absolute cross sec-
tion the effective solid angle of the detector was 
measured using a 10 keV x-ray from a 7-source, 
which was mounted at the place of the target. In 
these measurements the counting rates with and 
without a shield, having a 2 mm borehole on the 
detector axis, were compared. The detector efficiency 
was assumed to be unity for the K x-rays of Co, Cu, 
and Ge, which lie in the range of 7 — 11 keV. 
(Comparison with relative measurement at 145 keV 
on Co and Cu showed that this procedure is reason-
able.) The absorption of the x-rays in the target was 
calculated, using the interpolated theoretical ab-
sorption coefficients given in [4], excluding the 
scattering processes. Absorption of the incident 
beam was neglected. The emission of Auger elec-
trons was considered, using for the fluorescence 
yields toK fitted values of Table III.IV of [5]. For 
the low energy x-rays the corrections for absorption 
in the air were calculated to be about 5°/o. 

The measured counting rate is proportional to 
the sum of the total Compton cross section ac on the 
K-shell and the corresponding photoelectric cross 
section op . Numerical values of op of [6] and [7] 
are available, which are in agreement within the 
precision needed in our work. 

For the K x-rays of Nb, Mo and Ag it is difficult 
to determine the detector efficiency and only relative 
measurements were performed. At the same geomet-
rical conditions the K x-ray intensity from the same 
target was measured using 662 keV and 145 keV 
photons. The x-rays from the 141Ce source were 
shielded using 0.5 mm silver, yielding a mono-
cromatic beam. The source has a half life of 32.5 
days and the activity was about 50 times less than 
that of the Cs source. Normalization of the cross 
sections was made in the usual way. The x-ray in-

tensity of Hf(Z = 72) was measured for both 7-
energies and compared with the theoretical K-shell 
photoelectric cross sections of [6] and [7]. The 
Compton cross section in this case yields only a 
small correction and the free electron value can be 
used. The same is true for the theoretical K-shell 
cross sections at 145 keV for the other elements 
studied. 

For measuring the K-shell intensities, a con-
ventional multichannel analyzer was used. Typical 
counting times for one spectrum were between 3 
hours and 3 days. 

Results and Discussion 

In Table 1 the experimental sums of the Compton 
and photoelectric cross sections oc + op for scatter-
ing on the K-shell of Co, Cu, Ge, Nb, Mo and Ag 
are given for 662 keV. For the elements Co, Cu and 
Ge absolute values were measureed, which are 
presented in the third column. For Co and Cu also 
relative measurements were made, comparing the 
counting rates with measurements at 145 keV. With-
in the experimental error the same result was ob-
tained. For Nb, Mo and Ag only relative measure-
ments were performed, which are shown in the forth 
column. 

The experimental results can be compared with 
the theoretical data given in the fifth column of 
Table 1. For the K-shell photoelectric cross section 
Op the data of [6] and [7] were used. Since no 
other value is available for the integral K-shell 
Compton scattering, the free electron value of ac = 
0.51 barn/atom was added, which practically co-
incides at this energy with the results of the tables 
given by Hubbel [8]. With in the experimental er-
ror of about 10% the measurements and theory 
agree. The photoelectric theory is believed to be ac-
curate within a few percent at the energy studied 
and it is possible to subtract this cross section from 
the experimental value. The resulting K-shell Comp-
ton cross section oc is shown in Table 1. With an 
error of about 10°/o —25°/o agreement with the 
free electron value was found. In the last column of 
the table some earlier experimental results of [3] in 
the region Z = 39 — 50 are shown, yielding the 
same conclusion. 

In Fig. 1, the existing experimental data are 
plotted and compared with theoretical predictions. 
Certainly a deviation from the free electron value 
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Table 1. Experimental results for the K-shell cross sections. In the third and fourth columns the experimental values 
for the sum of the Compton and photoelectric cross section are shown, derived by different methods. In the fifth column 
the theoretical sum is given. In the sixth column the experimental K-shell Compton cross section is shown. Comparison 
with other measurements is made in the last column. 

Element Z K-shell cross sect inn (barn) 

((TC + Op)EXP ((Tc + CTp)Exp tfc + °P o c 0C 
Absolute Relative Theory Derived Ref. [3] 

Co 27 0.67 0.55 0.60 0.52 ± 0.05 
Cu 29 0.62 0.62 0.63 0.50 ± 0.06 
Ge 32 0.61 — 0.69 0.42 ± 0.09 
Y 39 — — — — 0.56 ± 0.08 
Zr 40 — — — — 0.43 ± 0.08 
Nb 41 — 1.12 1.09 0.54 ±0.11 — 

Mo 42 — 1.20 1.16 0.55 ± 0.12 0.55 ± 0.10 
Ag 47 — 1.78 1.58 0.71 ±0.18 0.40 ± 0.12 
Cd 48 — — — — 0.51 ±0.14 
Sn 50 — — — 0.56 ± 0.16 

can be measured more easily for low Z atoms. On 
the other hand theoretically such a deviation should 
be smaller for these atoms. In every case the preci-
sion of the experiments must be raised for beeing 
able to detect binding effects in the integrated K-
shell Compton cross sections in this energy region. 
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