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Abstract : A careful measurement of L- and M-electron conversion relative inten
sities in the 1 00 keV deexcitation of 182W has been performed by means 
of a reconstructed iron-free double focussing beta-ray spectrometer. The 
results of individual L- and L/M-conversion ratios as well as earlier re
ported experimental values for some other pure E2 transition for defor
med nuclei in  the rare earth region are compared with theoretical values 
by Hager and Seltzer and Pauli. This is done in order to reinvestigate 
the possibility of earlier reported discrepancies with theory for some of the 
above conversion ratios. 

1. Introduction 

The 1 00. 09 keV 2+ state of 182W decays through pureE2 transition to the gr.,und 
0 + state. Fig. 1 shows a part of the measured sp:ctra. 

In the region of deformed nuclei there is  strong low-energy 2+ -O+ transition 
and measurements of the L- and M- subshell ratios for some of those pure E2 
transitions have been made at different iron-free double focussing beta-ray spec
trometers by several groups referred to in Ref. 3). 

The result obtained by S. E. Karlsson et al. 3> for L.fL .. and L./L .. ratios fo r
four 2 + -o+ transitions (8 6. 7 9  keV in 160Dy, 8 0.57 keV in 1 66Er, 84.2 6 keV in  
1 7 0Yb and 1 00. 09 keV in 182W) is that the experi mental values are 5- 9% higher 
than the mean theoretical values calculated from the tabulations by Rose4) and
Sliv and Band5>.
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The discrepancies for L.fL .. and L.fL .. . ratios have been supported also by 
other measurements 1

• 
2>, and a deviation between experiment and theory of 6%

for L.fL .. and L./L . . .  ratios can be regarded as true. This has been correlated6> 

with the well agreement from different theoretical calculations 4' 5 ' 7' 3> ,  However 
it has been known that the tabulations of Rose4> and Sliv and Band 5> differ in
their respective treatment for penetration effects as outlined in Ref. 9>. 

We found it useful to do more investigations about the discrepancies mentioned 
above, as to review earlier reported experimental results for measured L and 
L/M conversion intensity ratios for some pure E2 transitions, and compare them 
with theory (recent tabulations of Hager and Seltzer91 and from Pauli's computer
program I o whenever both those theoretical calculations come to be in agreement. 

This will make any deviations rather more confirmed whenever both those theo
retical calculations come to be in agreement. The reported measured values 
with a rather good precision may offer a versatile tool for testing theory8• 1 1 1 ,  by

which the absolute values of M conversion coefficients are also carefully elabo
rated. 

We found it important to do the measurement of L- and L/M ratios as careful 
as possible by means of our reconstructed iron-free beta-ray spectrometer described 
elsewhere 1 4>. Since this nucleus is placed at the end of deformed region A = 1 50 -
- J 85 it could be useful for the purpose of further investigations (see discussion). 

2. Source and detector

The 182Ta activity was irradiated for 28 days in the Swedish R2 reactor in a 
flux of about 2. 10 1 4  neutrons/(cm2 • s) The target material was a ,,specpure<• tan
talum metal. The inactive material was desposited onto an aluminium foil of thickness 

Table 1 Relative intensities of 100 keV conversion line. 
Transmition Conversion i Relative conversion line intensity I energy (keV) shell Nilsson et al. 16 1 Present work

100.09: L, f 939 957:::: 50* 
L,, 10850 10819:::: 130 
L,,, 10000 10000:::: 70 
M, 285 193 ±  60 
M,, 2613  2925:::: 70 
M,,, 2375 2703± 60 
M,v,v 47 < 65 

*The limits of our errors are twice the errors in the weighted average values.
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0.7 mg./cm2 using a cathodic sputtering technique. The source strip of 0.5 x 20
mm 2 dimension was used. The cut-off energy of the GM-tube was not sufficiently
low to ensure 100% transmission for energies at which our measurements were
taken. Correction for absorption in the GM window has been estimated by means
of a reproduced transmission curve for 2.0 mg/cm 2 mica window (Ref. 1 O)) on
an enlarged scale. It was not necessary to correct for the counter dead time. 

3. Measurement and analysis

The internal conversion spectrum of the 100 keV transition in 1 82W was inve
stigated using the source described above. A scanning was performed by means
of a SO cm radius iron-free double focussing beta-ray spectrometer 1 4),which is
operated manually. The baffle of the spectrometer and the slit of GM-tube as
well as the source width geometry were set to yield a resolution of 0.08 % in case
where a thin source 1 4> is available. The resolution in measurement due to a rather
thick source was found to be 0. 17%. 

A scanning was performed after the tantalum source was left to decay for at
least six months to provide a basis for a determination of 1 82Ta activity only.
The source becomes rather weak, and a total of 1 1  runs were then concentrated
on the L- and M- subgroups and a few times arround the N internal conversion
line in order to define the beta background well. This rather weak source required
long measuring periods of 72 hours for each complete run in order to obtain good
statistics. Correction for the decay has been performed using the ICL-190SE
computer. 

A care was taken to ensure a good current control in the spectrometer during
the time for each measured point and the compensation of all components of
external magnetic fields were checked inside the spectrometer before and after
recording both L- and M- lines separately. 

We have learned about the thickness of our radioactive source from the ex
perimentally measured spectrum and resolution value difference in recorded line
profile. As a result we thought it could be of some advantage to achieve a good
method of analyzing our data. This has been done by means of a computer program*
compiled for the analysis of an electron momentum spectrum. The program was
carried out by ICL-1905E computer (Cairo Univ.) and was employed as outlined
in Ref. 1 5>. The L .. . line shape was used for separation of the L, from the L .. and
such process was extended for the M-region analysis. 

*•EGLAD• computer program was put at our disposal by EDC-group, Institute of Physics, 
Uppsala, Sweden. 
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The tails of the L . .  and L ... lines appear under the L, line and iterative method 
used (using the computer program) in order to adjust a preliminary chosen line
shape. Each time the lineshape was modified by using the deviations between the 
measured curve and the fitted one. The natural b ackground (75 c/ lOOs) was sub
tracted, and the underlying beta background is approximated by a horizontal 
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· Fig. J .  The L- and M- electron spectrum analysis of l 00.09 keV transition in 1 8 2W. 

straight line in our energy region of interest. Finally a good fi t  was achieved, and 
an example of such process of analysis of the electron spectrum is shown in Fig. I 
and the numerical weighted average intensity values are given in Table I ,  where 
also the results of Nilsson et. al.16> are quoted for comparison.

4. Results and discusssion

The influence on the internal conversion coefficient (ICC) due to the finite 
extension of the nucleus, so-called &static« effect, �nd its internal structure, &pe
netration<< effect, has been shown in detail by Church and Weneser1 1> . However,
Hager and Seltzer8> and Pauli 1 1> have more recendy given theoretical absolute ICC,
where both of these nuclear effects are treated. In addition, they also introduce 
other several significant improvements in the calculations. We have used for our 
I CC calculations Pauli computer program 1 1  >, for which the atomic binding ener-
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gies are from Ref. 18> and screening functions are taken from Ref. 12'. The ICC 
for a shell or a subshell a, for E2 electric transition is defined 9> as the product of 
static part a (a, E2) which corresponds to Rose tabulations and anomaly factor 
Ll(a, E2) contain all penetration effects. 

The calculations have been carried out by means of ICL-1905E computer 
(Cairo Univ.).· The anomaly factor for supposed pure E2 transition is substituted 
by unity, and the calculated E2 L and L/M shell ratios are listed in Table 2, where 
2+ -O+ deformed states in some of the rare-earth nuclei are considered. 

Similarly, Hager and Seltzer, define ICC as the product of a (a, E2) as tabulated 
in Ref.8> and penetration terms Ref. 1 9> .  The tabulated a (a, E2) could be understood 
to substitute those values of Sliv and Band5> . For cases of our interest in Table
2 the values are produced usirtg a specially constructed computer program for an 
energy interpolation. 

The extensive experimental results l isted in Table 2 are inspected with emphasis 
on those measured values which have precision ( I -3 %). Those are included in 
measurements denoted by a), b) and c). Al so the theoretical values of indicated 
shell ratios obtained from calculations 8• 1 1  > are presented. Comparisons between
theory 8• 1 0 and those experimental values of L subshell _ ratios, specially those 
with high precision, show that deviations of L subshell ratios from theory of Hager 
and Seltzer are regularly less pronounced than deviations from Pauli' s theory 1 1 ). 

This sl ight discrepancy may still appear due to approximations in both theoretical . 
calculations. However, the deviations between both of those theoretical predicti- : 
ons 8• 1 1 > for  the indicated subshell ratios are not significant. Their assigned limits 
of errors (2-3%) fo r  the L subshell ratios make it rather evident. As a result, the 
5- 6% anomaly earl ier reported for low energy pure E2; L1 : L 1 1  and L1 : L 1 1 1
subshell ratios seem to be possible even in the light of recent theoretical calcula
tions.

On the other hand, when such comparisons with theory for all reviewed expe
rimental results in Table 2 are investigated as a whole, it is found that L1 : L 1 1 1

ratios agree with theory while an anomaly can be seen in the L1 : L 1 1  and L 1 : L 1 1 1
ratios. Since the deviations are not statistically distributed, it means that the ano
maly is real and has a value 5- 6% (concerning high precision measurements) 
higher than theoretical prediction. 

The result obtained from our investigation for L subshell ratios Table 2 could 
be considered as the fourth confi rmation for the existence of the anomaly of the 
intensity ratio where L 1 electrons are involved. We have also our experimental 
value for L/M ratio (3. 74± 0. 15) for the 100  keV transition in 182W, which is 
produced by summing the individual intensities of L-and M-lines. A value of 
L/M ratio ( 4. 09 ± 0. 03) is similarly produced by Nil sson et al. 16> ,  and also another 
value, by him for EL/EM (3.8 0), obtained from measurement which is r�ferred 
in Ref. 6>. The comparison of the L/M ratio produced as an average value (3.88) with 
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corresponding theoretical predictions 3.98 due to Hager and Seltzer8> and 3.87
due to Pauli1 1> probably shows that the absolute values of the M conversion 
coefficients due to Pauli are less uncertain. 

The use of a computer program for unfolding our spectrum Fig. 1 ,  has made 
possible to determine L,,,/M,,, intensity ratio with rather small error. The value 
is in good agreement with that earlier reported by Nilsson et al. 6> which means 
that deviations of the L,,,/M,,, (as could be seen in Table 2) !from theoretical 
predictions seem. to be real with the increase of energy and/or atomic number.

As far as it is seen from Table 2 the deviations of L,/L,, and L,/L,,, subshell 
ratios from theory are significant. The reason for this could be understood in the 
light of what is called a 1>higher-order corrections to internal conversion« by Hager 
and Seltzer24>, where the theoretical predictions of L,/L,, for both 1 8 2W and
160Dy are expected to be of 5-6% higher. 

Also in another recent investigation Band et al. 2 5 > showed that the inne� part 
of the atoms is of major importance for the internal conversion coefficients. It 
is suggested that this may offer an explanation for the anomalies in the ratios 
where L, electrons are involved. 
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