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The K Auger group intensities in Cl37
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A B S T K A C T

The K  Auger group intensities have been measurecl in the decay of Ar37 to Cl37. The measured 
K L L .K L X .K X Y  intensities are 1: 0.156 +  0.010:0.009 +  0.001. These data are compared with

The knowledge of relative K  Auger group intensities, K L L : K L X : K X Y ,  where

level widths [2]. For example in allowed E.C. transitions the (?-value can be written 
as

where E K and E L[ are the binding energies of the K  and L, shells of the daughter 
atom and gK, gLl, f Ln are the ‘‘large components” of the respective Dirac radial 
wave functions in each shell derived by Brysk and Rose [3], and P L¡PK is the relative 
capture ratio fromL  and K  shells. The ratio PL¡PK may be determined, if the K L L : K L X  
ratio is known, according to the relation:

where I K, 1 kx and /L denote the K ,  K x and L  X-ray intensities. coK and coL are the 
K- and mean i-fluorescence yields and aK is the K  Auger yield.

The experimental study of the group intensities, K L L . K L X . K X Y ,  does not 
require very high spectroscopic resolution in most cases and was therefore one of 
the first things to be measured in the study of the Auger effect using a /?-spectro- 
meter. Nevertheless, the experimental data show very large discrepancies, as can be 
seen from Fig. 1, which shows a compilation of the experimental K L L . K L X . K X Y

corresponding results for liigher Z-values obtained by  other anthors and with the theory of 
Geffrion and Xadeau.

Introduction

X  and Y  denote shells higlier than L  is important for several purposes e.g. deter- 
mination of Q-values in electrón capture decays (cf. ref. [1]) and estimates of atomic
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Fig. ]. Compilation of the experimental data of the K  Auger group intensities. The eross marks 
denote the intensities for Z  17 obtained in this work.

intensity ratios for different Z-values. The experimental points are mainly concen- 
trated to the región Z =  50 70, while there are very few good measurenients for 
Z < 50, and for Z < 2 (i there are no published measurements at all.

A theoretical calculation of the K L L . K L X . K X Y  intensities is very tedious, 
especially if relativistic effects are taken into account. Pincherle [4] calculated the 
transition prohaliilities for K L L  and some of the K L M ,  K LN ,  K M M , K M N  and 
K N N  groups. These calculations are, however, incomplete and do not contain signi- 
ficant transitions such as (2.s)(4d), (2p)(4d) and (3p)(4rf). Geffrion and Nadeau [5] 
have computed the K  Auger transition prolmbilities using hydrogen-like wave 
funetions in a non-relativistic approximation. These calculations contain the inost 
significant transitions KLL,  K L M ,  KLN ,  KLO, K M M ,  K M N ,  K M O  and K N N .  
The agreement with the calculations by Pincherle is good in the case of KLL, K L M  
and K L N  transitions, while discrepancies occur for the other transitions. In Fig. 2 
the ratio of the total K  Auger intensity to the K L L  intensity is plotted as a function

Fig. 2. Best fit of the experimental surn of the K  Auger intensities (normalized to K LL ) rompared 
to the theoretical results of Geffrion and Nadeau [5],
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l'ig. 3. 'J’he K  Auger groups in Cl37 ail ineasured in a double focusing spectrometer with the same 
slit settings. The upper curve is obtained from a source produced at 38.5 keV ion deposition 

energy, the lower is from a source deposited at 5 keV.

of Z. The upper curve is obtained from Geffrion and a < 1 e a 11 [5] bv adding the dif- 
ferent transition probabilities in accordance with the known electrón configurations. 
The lower curve is the experimental best fit according to Fig. 1. There are large 
discrepancies between the two curves; the theoretical valúes are systematically 
higher. Helativistic effects should be appreciable by Z ■ 50. For instance, Asaad 
[6] found that for Z  80 relativistic effects increased the K LL  intensities by about 

c o m í  pared to a non-relativistic treatment. However, if we assume the relativistic
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correction to be about the same for all the K  Auger transitions in light elementa, 
the ratios plotted in Fig. 2 are not sensitive to relativistic effects in this case. The 
discrepancies therefore probably cali for a use of more accurate wave functions.

Because of the difficulty in making theoretical calculations, it would therefore 
be of valué to increase the accuracy of the experimental data as compared to those 
shown in Fig. 1 and to extend the measurements to the región Z <  26. In this work 
we describe a measurement of the K  Auger group intensities in Cl37 <Z  17).

Experimental procedure

The Cl3' activity is produced in the 35d electrón capture decay of Ar37. This is 
obtained by fast neutrón irradiation by the reaction Ca40(«,x)Ar37.' A total of 100 g 
CaF2 was irradiated for (5 weeks in the MTR reactor at Idaho Falls. The total number 
of fast neutrons incident on the sample was approximately 1 1020. The Ar37 was 
released after irradiation by vacuum melting the ('hF2 in the ])resencc of a small
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amount of stable Ar carrier. The Ar37 activity in the form of gas was then fed into 
the ion source of the isotope separator of the Nobel Institute.

The K L L  Auger group of Cl37 has an energy of about 2 keV. This means that 
some difficulties will occur in the experimental study. First of all the source has 
to be extremely thin. In order to avoid line broadening due to thickness effect, it 
is clear from Fig. 2 in ref. [7] that the energy of the Ar37-ions should be less than 
2 keV when they are shot into the backing material. For this purpose it is necessary 
to use ion retardation equipment in the isotope separator [8]. The measurements 
were carried out in the 50 cm double focusing spectrometer of the Nobel Institute. 
As detector for the very low energy electrons, a side window G-M counter was 
used. The counter window was a 30 //g/cm2 Al-coated forinvar film and a pre- and 
postacceleration system (described in ref. [9]) was applied to increase the trans- 
mission of the system. The pre- and postacceleration voltages were 2.8 and 2.5 kV, 
respectively. In this way the window absorption at the position of the Auger lines 
was less than 15 %.

Fig. 3 shows two records of the K  Auger groups in Cl37 made with the saíne spectro­
meter setting. The upper curve is obtained from a source produced at an ion deposi- 
tion energy of 38.5 keV, the lower curve results from using 5 keV. The difference 
is very large, which shows that the “ normal” deposition energy of about 40 keV 
is quite too high. In this case all the groups are hidden in the enormous low energy 
tails resulting from the thickness of the source. If 5 keV ion energy is used instead, 
the source becomes much thinner and the three K  Auger groups are resolved as 
seen in the lower curve of Fig. 3. The thickness effect should, however, still be con­
siderable, and Fig. 4 shows a better record obtained from a source produced at 0.5 
keV ion energy.

Results
From Fig. 4 it is possible to inake an accurate determination of the K L L : K L X : 

K X  Y  group intensities. The mean valúes of ten runs are shown in Table 1.

Table 1. K  Auger group intensities in Cl37 (Z — 17).

K L L K L X K X Y

Exp. this work 1 0.156 +  0.010 0.009 ±0.001
Theor. Greffrion &

Nadeau [5] 1 0.408 0.035

These experimental results are the points cross rnarked in Fig. _1. Evidently the 
K L X  ¡KLL  curve continúes rather straight even for Z <  26. On the other hand the 
K X Y  ¡KLL  curve bends at about Z  30 and then obtains an almost constant valué. 
The statistics of the experimental best fit shown in Fig. 2 is not good enough to 
show up the oscillations which are predicted by the theory of Geffrion and Nadeau.
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