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The cross sections for the production of LI, La, LB, and Ly x rays in the elements Ta, W, Au,
Hg, Tl, Pb, Bi, Th, and U by photons of energies 17.781, 25.770, 32.890, and 43.949 keV have been
measured, using a standard double-reflection experimental setup. The measured values have been
interpreted in terms of the photoionization cross sections, fluorescence yields, Coster-Kronig transi-
tion probabilities, and radiative decay rates. A fairly good agreement is found between the experi-

ment and calculations.

INTRODUCTION

Our earlier measurements' of LI, La, LB, and Ly x-
ray production cross sections in high-Z elements at 59.57
keV have been extended to photon energies of 17.781,
25.770, 32.890, and 43.949 keV. These measurements are
made with a view to examine the details of L-shell pho-
toexcitation and deexcitation processes and provide some
useful data needed in the investigation of various phenom-
ena and processes involving L x-ray emission. Reliable
values of these cross sections are also needed for the es-
timation of trace and other elements in various types of
samples, using photon-induced x-ray fluorescent tech-
nique.

The direct measurements of the physical parameters
(e.g., L-subshell ionization cross sections, fluorescence
yields, Coster-Kronig transition probabilities, and radia-
tive decay rates) involved in the excitation and deexcita-
tion processes present many problems. It is, therefore,
difficult to test directly the different theoretical calcula-
tions of these parameters that are available in literature.
However, these calculations may be tested indirectly by
comparison of the results of the present measurements of
x-ray production cross sections with those calculated us-
ing the theoretical values of the parameters. Omitting the
details which have been published earlier,! the salient
features of the method of measurement and analysis of re-
sults are summarized in this paper.

EXPERIMENTAL ARRANGEMENT,
METHOD OF MEASUREMENTS, AND RESULTS

The external-conversion K x rays of weighted mean en-
ergies 17.781, 25.770, 32.890, and 43.949 keV and charac-
teristic of elements Mo, Sn, Ba, and Gd, respectively, are
used to excite, in turn, L x rays in elements of Ta, W, Au,
Hg, Tl, Pb, Bi, Th, and U. The measurements are made
using a double-reflection geometrical setup.? The experi-
mental arrangement is slightly different from the one used
earlier’>? and is shown in Fig. 1. In the present measure-
ments the x-ray detector is placed along perpendicular to
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the plane containing radioactive source R, primary target
P, and secondary target S, instead of keeping it in this
plane. The reasons for the superiority of the present over
the previous arrangement? in reducing background effects
in the spectrum of radiation emerging from the secondary
target has been discussed earlier.’ Briefly, the primary
scattering at 90° is almost completely plane polarized and
does not scatter again at 90° from the secondary target
into its own plane of polarization. The present arrange-
ment, thus, reduces the scattering background consider-
ably.

7

N
LEAD \
AN
FIG. 1. Experimental setup for measurement of x-ray pro-
duction cross section: R, **'Am source; P, primary target; S,

secondary target; D, detector; G, graded absorber of Fe and Al.
D is placed in a plane perpendicular to the RPS plane.
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59.57-keV gamma rays from ~1 Ci *'Am source are
collimated, in turn, on primary targets of Mo, Sn, Ba, and
Gd and the radiation emitted from the primary targets are
collimated, in turn, on the secondary targets of Ta, W,
Au, Hg, Tl, Pb, Bi, Th, and U. The L x rays emitted
from the secondary targets are counted under the L/, La,
LB, and Ly peaks by a calibrated x-ray spectrometer cou-
pled to an ND600 multichannel analyzer system. The
resolution of the Si(Li) x-ray spectrometer is ~300 eV at
5.9 keV. A typical L x-ray spectrum is shown in Fig. 2.
The details of the method of calibration are discussed ear-
lier.! The choice of the primary and secondary target ele-
ment is such that the primary characteristic K x rays are
unable to ionize the K but are able to ionize L and higher
shell electrons of the secondary target elements. Since va-
cancies are not created in K shell, no transfer of vacancies
occurs from K to L shell. All the initial vacancies in the
L shells of the secondary target element are produced by
the photoionization of L electrons by the primary K x
rays and the coherent and incoherent scattering of 59.57-
keV gamma rays from the primary target. The relative
contribution of the two components (K x rays and scatter-
ing) to the total L x-ray production is governed by the fol-
lowing factors: (1) relative intensities of K x rays and
scattering radiation falling on the secondary target; (2) rel-
ative L-shell photoionization cross sections at the energies
of K x rays and scattered radiation.

It is evident that the relative intensities of K x rays and
scattered radiation falling on the secondary target depends
upon the K-shell photoionization and scattering cross sec-
tions at 59.57 keV and the effective material from which
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the two processes take place. In order to minimize the
contribution due to scattering it is desirable to use self-
supporting primary targets and avoid the use of any
shielding material behind the primary target, so that it
does not act as unwanted scattering material. In the
present experiment, the contribution due to scattering is
taken into account by taking a background spectrum with
an equivalent Al primary target as explained earlier.> The
experimental and theoretical cross sections for production
of LI, La, LB, and Ly x rays are determined and/or
evaluated from the relation explained in the earlier com-
munication.'

Recently, K- and L-shell intensity ratios have also been
measured by some workers*’ using a geometrical setup
different from the present one, popularly known as the
annular-ring geometry, and very thin targets ( ~100—500
pgm/cm?). The annular-ring geometry may provide
somewhat larger source-primary target solid angles but
the other benefits of the present geometrical setup have to
be sacrificed. In the annular-ring geometry, neither can
the x-ray detector be kept perpendicular to the plane of
source, primary and secondary targets, nor can the self-
supporting primary targets without any shielding material
behind it be used. The use of thin secondary targets also
does not seem to show much promise. For example, in
the experiment of Garg et al.’ for a typical case of Pb tar-
get of 300 ugm/cm?, more than 99.5% of photons of en-
ergy 40 keV will be transmitted without any interaction,
thereby decreasing the signal-to-background ratio consid-
erably. The percentage uniformity in thickness of these
targets is also low. Both these factors will add to uncer-
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FIG. 2. Secondary spectra (Pb L x rays) recorded with Si(Li) low-energy photon spectrometer; Ba primary and Pb secondary (back-

ground with Al primary and Pb secondary is subtracted out).
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tainties in the final results. A comparison of L x-ray
spectra taken in the two geometries brings out that there
exists a sizable continuum under the L x-ray peaks in the
spectrum reported by Garg et al.> There is, thus, need
for a detailed analysis of the background effects for the
annular-ring geometry as has been reported earlier® for
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our geometry.

The measured and calculated values of the various
groups of L x-ray lines in various elements at different
photon energies are compared in Fig. 3. The errors shown
in the present measurements are ~6—8 % and are due to
counting statistics and uncertainties involved in the deter-

5000 | W

E

(=]

w 4000

} Lt+d
e

]

°

v

" 3000+

w

n

(=]

2

v

c

.2

G 2000+

3

©

(=]

°

a.

=

-

\

> 1000 |

< ,M/
< 8 [+
>

+ Cy
jar} p2

1 J W 1 L 1

.
68 72 78 80 84 88 92 96
Z number of secondary target element

2000

1800+ Ly

/atom)
>
o
o
T

1400+

- -
@ o ~
o o Q
(=] o o
T T T

o

o

o
T

L¥ X-—ray production cross section(b

i 1 1 1 Il 1

2 76 20 84 88 92 96
Z number of secondary target element

68

FIG. 3. Experimental values of LI, La, Lf, and Ly x-ray production cross sections are compared with calculated (Ref. 1) values.
The measurements are at A4, 17.781 keV; B, 25.770 keV; C, 32.890 keV; and D, 43.949 keV. Dots indicate experimental data and the

solid curves indicate the calculated values (Ref. 1).
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mination of other parameters needed for the measurement
of the cross sections.! A fairly good agreement is found
between experimental and calculated values, especially
when it is kept in mind that the uncertainties’ in the

values of Coster-Kronig transition probabilities and the
subshell fluorescence yield used in the calculation of cross
sections vary from 5 to 20%.
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