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Comparison of Compton and Rayleigh scattering at 145 keV
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Differential cross sections for Rayleigh and Compton scattering of 145-keV y rays by Cu, Cd, and Pb

have been measured from 25' and 80'. The ratio of these cross sections, which can be determined with

higher precision than absolute values, is given. The experimental cross sections, which complement earlier

results, are compared with the theories of the relativistic and modified form factor and the incoherent

scattering function. Agreement exists for the Compton cross section and scattering function theory show-

ing the influence of the binding energy of the electrons. The Rayleigh differential cross sections are found

to be lower than the results of the relativistic form-factor theory. Better agreement is found with the modi-

fied form-factor theory.

INTRODUCTION

In recent years, numerous experiments on 100-keV-
region Rayleigh scattering have been performed' and
compared with the relativistic form factor and more sophis-
ticated theories. ' ' The experiments of different authors
are in agreement with each other only within the general
trend, showing deviations in detail. Tabulated results for
differential cross sections of the second-order perturbation
theory, which give numerical data for all elements, energies,
and angles, do not exist. For Compton scattering, experi-
mental material is scarce. Thus we measured simultaneous-
ly differential cross sections for Rayleigh and Compton
scattering for angles between 25' to 80'. The ratios of both
cross sections have higher precision than absolute differen-
tial cross sections, since these values are independent from
some geometrical parameters and calibration. The experi-
mental data are compared with available theoretical
results" and calculations using the modified form factor.

EXPERIMENTAL METHOD

to Compton scattering from the air and the target holder.
This background was subtracted in the determination of the
Compton counting rate. The half-width of the Compton
line varied between 2.5 keV for 25' and 6 keV for 80'. Due
to the electronic momentum distribution, the Compton line
has a complicated profile with inner-shell distribution at
lower energies from the line center. In addition, a back-
ground is produced by the Compton effect in the detector.
These facts were taken into account in the determination of
the Compton counting rate. Special care was also undertak-
en to detect impurities of the incident beam with energies in
the region of the Compton line, which are produced by ine-
lastic scattering from the lead shielding and the source hold-
er.

The differential cross sections (d a./d 0 ) R and
(der/d Q)c for Rayleigh and Compton scattering were
evaluated as described earlier, '' taking into account the ab-
sorption of the incident and scattered beams, using the ab-
sorption coefficients of Refs. 11 and 12. Since elastic and
inelastic scattering were measured simultaneously, the ratio
of the differential cross sections for Compton and Rayleigh
scattering can be given by

In the experiment, a ' 'Ce source, with an initial activity
of 100 rnCi and a half-life of 32 days, was used. The source
consisted of about 2 g of Ce02 pressed into a Lucite
cylinder with an inner diameter of about 6 mm. The irradi-
ation was performed with the research reactor of Sao Paulo.
The source had a distance of 63.6 cm from the target, which
had dimensions of 6x 2 cm'. A Ge-Li detector with a reso-
lution of about 2 keV for the Co lines and a relative pho-
topeak efficiency of about 25/0 was used, which had a dis-
tance of 76.7 cm from the target. For angles larger than 40'
the target-detector and target-source distances were reduced
to 36.5 cm and the targets had an area of 4x2 cm'. In
front of the detector a 20-mrn vertical slit of lead was
mounted. The precision in the determination of the scatter-
ing angle 8 is about +15'. A conventional electronic equip-
ment with a 4K multichannel analyzer was used.

In the detected spectra the Rayleigh and Compton lines
are well separated. For determining the areas of the lines
and the counting rates for Rayleigh and Compton scattering,
the background without target was measured for each angle.
At the Compton energy a small peak appears, probably due

(d o/d 0)c = A cfc Es /As fR Ec
d(r/d 0

where Ag and A~ are the counting rates of the Rayleigh and
Cornpton lines. The absorption in the target at the energy
of the elastic and inelastic scattered line is given by fa and
fc, and the corresponding efficiency of the detector by Es
and E~. For small angles from 25' to 40', the right-hand
side of Eq. (l) reduces to Ac/As and can be measured with
an accuracy of a few percent. Thus the cross-section ratio is
free of systematic geometric and calibration errors.

For investigation of double scattering, some measure-
ments were performed for angles of 25' and 40 varying the
target thickness from 0.2 to 5.5 g/cm'. The results are
shown in Fig. 1 for Cu and Cd. The elastic and inelastic
differential cross sections show a systematic increase of
about 10'lo for the thick targets. Measuring the cross-
section ratio, this effect cancels out and we get a value in-
dependent with the target thickness within experimental er-
rors. The experiments were performed with target thickness
obeying a compromise between double scattering and count-
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Ela stic Inelastic

Inelastic

Elastic

Pb
der (10 )

Ela stic Inelastic

25
40'
50
60
80'

4.7
16.6
22.5
27.9
43.7

0.39
0.095
0.062
0.039
0.018

1.86
1 ~ 58
1.41
1.08
0.79

1.5
4.3
7.6

13.8
22.5

1.81
0.55
0.29
0.11
0.054

2.66
2.36
2.19
1 ~ 54
1.20

0.41

2.81
3.25

10.4

1.16
0.88

4.24

3.25
2.85

Error + (8-10)% + 15% + 15% + (8-10)% + 15% + 15% +(8 10) + 15% + 15%
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FIG. 3. Experimental results for the differential cross section for
Compton scattering as a function of scattering angle for Pb, Cd, and
Cu. The solid curve gives the incoherent scattering function theory
(Ref. 8). The broken curve is the Klein-Nishina free-electron dif-
ferential cross section.
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cross-section ratios. The measurements of the differential
Compton cross section are shown and compared with avail-
able theoretical results in Fig. 3. The solid curve is the
theory and the broken curve is the free-electron Klein-
Nishina value. Corrections for double scattering, which
lower the experimental points by about 1-8% according to
Fig. 1, were applied. The agreement with the incoherent
scattering factor theory is reasonable. Further experiments
of smaller scattering angles and energies are required for a
more rigorous test of this theory. In Fig. 4, the Rayleigh
cross section is compared with the relativistic form-factor
and modified form-factor calculations. For Cd and Pb,
some results published previously' are added. The experi-
mental values are generally smaller than form-factor calcula-
tions but show agreement with modified form-factor calcula-
tions that coincide for light elements in this region with
second-order perturbation calculations. More precise exper-
iments on the Rayleigh scattering are required for establish-
ing the validity domain of the form-factor theory.

Note added in proof Recent result. s of second-order pertur-
bation theory for Pb (Ref. 13) are about 0-20% higher than

I
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FIG. 4. Experimental results for the differential cross section for
Rayleigh scattering as a function of scattering angle for Cd, Cu, and
Pb. The solid curves give the relativistic form-factor theory (Ref.
4) and the broken curve the modified form-factor theory (Ref. 9).
For Cd and Pb, additional measuring points are added ()k Ref. 3, ~
Ref. 1).

the values of the modified form-factor calculations shown in
Fig. 4, giving better results with experiments.
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