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Abstract. L-shell photoelectric cross section measurements have been made at
36.818 and 74.409 keV for four elements in the range 81< Z< 92. The measuremeats at 74.409 keV are found to agree with theory, within experimental uncertainties, but the experimental values at 36.818 keV are found to be higher thanthe
theoretical predictions. The possible reasons for the observed discrepancy are
discussed.
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1.

Introduction

Even though the photoelectric interaction of radiation with matter has been known
since 1887 (Hertz 1887), its freer details are still not well understood. Recently
there have been several renewed efforts, theoretical as well as experimental (Pratt
et al 1973, Hubbell and Veigele 1976) towards a better understanding of the interaction because of its applications to many problems in the fields of radiation
physics, solid state physics, astrophysics and nuclear physics, etc. Numerical calculations of the total atom as well as shell-wise photoelectric cross sections have
been made by some workers (Rakavy and Ron 1967, Schmickley and Pratt 1967,
Scofield 1973) using different potential models for various elements in the energy
range from 1-1500 keV. Semi-empirical data for the total atom cross sections
have been tabulated with an accuracy of 2-15~o. The direct measurements of the
total atom as well as shell-wise cross sections are very scarce and these too are
restricted to some selected photon energies above 84 keV emitted by suitable
radioisotopes, perhaps because of the non-availability of clean and strong radioisotopes of low energy photons. Lately the authors (Allawadhi and Seed, 1975,
1976) have resolved this problem by using internal and external conversion x-rays
as low energy photon sources and measured the K-shell cross sections for intermediate Z elements (39 >~Z >~74) in the energy range 18 to 74 keV. The available
direct L-shell measurements are at 279, 145, 122 and 84 keV. The comparison
of the existing experimental data with theoretical calculations shows that for the
total atom and K-shell, there is a fairly good agreement between theory and experiment in the entire energy range in which measurements are available. The L-shell
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experimental values (Singh and Seed 1972) show good agreement with theory
at 279 and 145 keV, but the measured values at 122 keV (Boyed et al 1965)
and 84 keV (Singh and Seed 1970) are somewhat higher than theory and some
discrepancy seems to exist. In order to check this discrepancy and provide some
new data to fill the existing void, the L-shell cross sections in T1, Pb, Bi and U
have been measured at the weighted mean internal conversion x-ray energies of
36.818 and 74.409 keV and the results are reported in this paper.
2.

Method of measurement

The method of using internal conversion x-rays for the measurement of K-shell
photoelectric cross sections as described in an earlier communication (Allawadhi
and Seed 1975) was extended to determine L-shell photoelectric cross sections
for photons of energies 36.818 and 74.409 keV which were obtained from the
K-conversion of 145 and 279 keV levels in m P r and ~°STI, respectively. The
targets of the element under investigation were irradiated, in turn, first with both
x-rays and gamma rays and then with gamma rays only• The intensity of the
fluorescent L-shell x-rays emitted from the target, as a result of photoelectric
interaction of the incident radiation from the source was measured with a proportional counter coupled to ND-1100 series analysor system. Measurements
at 74.409 keV were also made by using the method (Allawadhi and Seed 1975)
in which complete absorption of x-rays was not needed.
It can be easily seen that our earlier equations used for the determination of
K-shell cross section [eqs (3) and (7); Allawadhi and Seed 1975] have to be modified for the L-shell cross section measurements as
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where fKL is the probability that a vacancy in the K-shell will be filled by a transition from the L-shell and ~KL and ~L are the average fluorescence yields for
L-shell when a vacancy in the L-shell is created in the process of filling the
K-shell vacancy and duo to photoelectric absorption of photons in the L-shell
respectively. All other terms have the same meanings as in the earlier commtmication (AUawadhi and Seed 1975).
In those equations the additional term ~:'/~'L'f~:L "~r (V) appears because of
the interactions of incident gamma rays with the K-shell electrons of the target
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element which in turn leads t o some vacancies in the L-shell a n d hence also contribute to L-shell fluorescence radiation. The internal conversion x-rays have energies
below K-threshold for all the elements used and therefore cannot create vacancies
in K-shells.
3.

Results and discussion

The results o f the present measurements at 36.818 a n d 74.409 keV as obtained
b y the two m e t h o d s explained above are compared with the theoretical calculations o f Scofield (1973) which have boon chosen for comparison because firstly
these are the m o s t recent values, and secondly there is an agreement a m o n g the
various available calculations (Schmickley and Pratt 1967, R a k a v y a n d R o n 1967)
within 2~o which is less t h a n the experimental errors in the present measurements.
Since the present m e a s u r e m e n t s are for the mean cross sections o f Pr a n d T I
K x-rays which consist o f Ka 1 Ka2, K f l , . . . . , etc. emission lines, care has to be exercised to evaluate theoretical values for comparison with the experiment. F o r
this purpose oL (Ka 1, Ka2, Kilt . . . ) is calculated by weighing the cross sections
at /fat, Ka2, Kfli . . . . etc. energies according to their relative intensities taken f r o m
Nuclear Data Tables (Storm and Israel 1970) and the values are listed in c o l u m n
5 o f table 1.

Also in c o l u m n 6 o f table 1 are shown the cross sections a t (/~a, fl)

Table 1. Comparison of the present measurements of L-shell photoelectric cross sections with
theoretical calculations (Scofield 1973).
L-shell photoelectric cross section in b/atom

Energy in
key

Element

Present measurements

Z

Theoretical values (Scofield 1973)
Weighted mean of
the cross sections
eL (Kal, Kay, K& . .)

36"818

Pb
U

82
92

e (1) 50504-480
e (1) 79304-760

74" 409

TI

81

e (1)
e (2)

Pb

82

eL (~:~,/3)

4403
6855

4340
6720

780-4-70
6704-75

614

610

641

628

e (1)

700=t=65

e (2)

730=1=75

Bi

83

e (1)
e (2)

800+70
750=t=80

677

670

U

92

e (1) 1 2 0 0 i l l 0
e (2) 1230+130

1071

1050

eO)--Method in which x-rays are completely absorbed.
e(2)--Method in which x-rays are partially absorbed.
i

p-5

The cross section
at weighted mean
energy
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at the weighted mean x-ray energies 36.818 and 74.409 keV. It is of interest
to note that the weighted mean cross section ~L (Kax, Kay, K/~x, • • .) and the cross
section at weighted mean energy o~. (/~a, ~ agree with each olher within less than
270, this is perhaps due to the fact that Kax and Ka~ lines which are very close
to each other are much more intense than the other lines and difference between
their energies is not very large. From the comparison of the present results with
theory it is seen that though the results at 74.409 keV agree with theory within
the experimental uncertainties, these are consistently higher than 1beery. However, the results at 36.818 keV are higher than theoretical calculations even when
the experimental errors are taken into account. It may, therefore, be inferred that
the observed discrepancy shows itself for photon energies near and below
K-threshold. An effort to explain the reasons for this discrepancy may require to
cornnmnt both on the present measurements and the theoretical calculations. The
method used for the present measurements has already yielded results for the
K-shell which are found to be in agreement with the theoretical calculations.
The only additional quantities needed in the present measurements are ~KL, ~L
and fKL. Though a large variety of data on average fluorescence yields
(Bambynek et al 1972)are available, the experimentally determined values of Lay
(1934) and Jopson et al (1963) were used for ~ , and ~rL respectively because these
have been measured under experimental conditions similar to the one used in
the present measurements. The values of fKL were taken from Rao et al (1972)
The detailed justification for the use of these values for the determination of the
cross sections is given in an earlier communication (Singh and Seed 1972). Also
no such discrepancy was observed when these values of ~KL and ~L were used
to determine L-shell cross sections at 279 and 145 keV. Thus it seems quite
reasonable to assume that the present discrepancy does not arise due to the values
of ~L and ~XL unless these are taken to be energy dependent which is not very
plausible in view of the fact that average L-shell yields depend very little
on the initial vacancy distribution (Bambynek et al 1972). On the other hand the
available theoretical calculations have been made using different atomic models.
The calculated cross sections obtained agree with one another within 2~'o. These
calculated values also agree with the experimentally measured values for K-shell
down to 18 keV and for L-shell down to 145 keV. But one thing common in
these calculations is that the effects of correlation and exchange of electrons,
which are believed to play an important role at low energies dose to absorption
edges and higher shells (Pratt et al 1973), have been neglected in all the calculations. Thus it may be concluded that more accurate theoretical calculations which
take into account electron correlation and exchange effects and more experimental
data are needed to resolve the observed discrepancy.

References
Allawadhi K L and Seed B S 1975 Phys. Rev. All 1928
Allawadhi K L and Seed B S 1976 Phys. Rev. A13 688
Bambynek Wet al 1972 Rev. Mod. Phys. 44 716
Bayed H W, Brantlay W H and Hamilton J H 1965 Nuovo Cimento 39 1
Hertz H 1887 Ann. Phys. 31 983
Hubbell J H and Veigele Win. J 1976 NBS Tech. Note 901
Jopson R C, Mark H, Swift C D and Williamson M A 1963 Phys. Rev. 131 1165

L - s h e l l photoelectric cross sections

437

Lay H 1934 Z . Fys. 91 533
Pratt R H, R a n A and Tseng H K 1973 Rev. Mad. Phys. 45 273
RakavY G and R a n A 1967 Phys. Rev. 159 50
Rao P, Chen M and Craseman B 1972 Phys. Rev. AS 997
Schmickley R D and Pratt R H 1967Phys. Rev. 164 104; Lockheed Report No. L M S C - 5 10-67-11A (unpublished).
Scu~e|d J I-I 1973 Lawrence Livermore Lab. Report No. UCRL 51326 (unpublished)
Siugh M J and Sood B S 1972 Nuovo Cimento B8 261
Siugh M J and Sood B S 1970 Curt. Sci. 39 129
Storm E and Israel I 1970 NueL Data Tables A7 565

