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Summary. New lifetime measurements obtained using laser exci-
tation are reported for levels in the 4d°5p configuration of Pd 1.
These results are combined with branching ratios taken from
Corliss and Bozman (1962) in order to provide a new set of
oscillator strengths for eight transitions of solar interest. The
photospheric abundance deduced from the study of these lines is
Apy=1.6910.04.
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1. Introduction

Only a few Pd 1 lines, mainly located below 4000 A, are present in
the solar photospheric spectrum. Furthermore, the only oscillator
strengths available were those of Corliss and Bozman (1962)
which have been shown by many authors to contain significant
errors.

Previous determinations of the solar abundance of palladium
have been collected in Table 1. The uncertainties of all of these
results are certainly very large.

In order to get more accurate results, we measured radiative
lifetimes for the upper levels of the lines of solar interest and
combined these data with branching ratios taken from Corliss and
Bozman (1962) in order to compute new gf-values. These new
oscillator strengths are then used with equivalent widths mea-
sured on the atlas of the solar spectrum by Delbouille et al. (1973)
to derive the solar abundance of palladium.

2. New Transition Probabilities for Pd1

2.1. Lifetime Measurements

We measured radiative lifetimes in Pd1 using the technique of
selective laser excitation of an atomic beam of Pd and time-
resolved observation of the reemitted fluorescence (Teppner and
Zimmermann, 1977). The laser system consists of an amplified dye
laser which is pumped by a nitrogen laser with a repetition rate of
250 Hz. The line-width of the dye laser is about 3 pm with a pulse
width of 2-3 ns. For wavelengths below 3500 A frequency dou-
bling with a KDP-crystal is used. The atomic beam of Pd is
produced by evaporizing the metal from a graphite oven which is
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Table 1. Abundance of Pd in the Sun

Authors Apg Source of f-values

Goldberg et al. (1960) 1.21 f-sum rule

Miiller (1967) 1.57 Corliss and Bozman (1962)
normalized to Lawrence,
Link and King (1965) ’s
f-value for the resonance
line

Grevesse et al:-(1969) 1.64 Corliss and Bozman (1962)

Ross and Aller (1976) 1.54+0.4 Review-recommended

value
Compilation-recom-
mended value

Hauge and Engvold (1977) 1.5

This work 1.69+0.04 New lifetimes; branching
ratios from Corliss and

Bozman

heated by electron bombardment to a temperature of about
1900 K. For the nine investigated levels of the configuration 4d°5p
the excitation took place from the four metastable levels *D; ,
and D, of the configuration 4d°5s in the energy range between
0.81eV and 1.45eV. These metastable levels were sufficiently
populated at a temperature of 1900 K.

The time-resolved observation of the reemitted fluorescence
was achieved by the method of delayed coincidence using a time-
to amplitude-converter which was started by the laser pulse and
stopped by the first observed photon of the fluorescence. The
mean counting rate was simultaneously monitored and adjusted
to about 0.1 photon per laser pulse. The residual pile-up effect was
numerically eliminated.

The results of the lifetime measurements are given in Table 2.
The quoted error limits result from the combined effects of the
statistical deviations of different measurements and of the un-
certainty of the time calibration. In the fifth column of Table 2
(labelled BL) we have listed the lifetime values which were
obtained by Baumann and Liening (1971) from Hanle-effect
measurements. With the exception of the level 3P, there is good
agreement with our values within the limits of error. In the next
column (labelled CB) we give the lifetime values which are
calculated from the experimental transition probabilities of
Corliss and Bozman (1962). These values (except for the level 3F,)
are considerably lower than our results.
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Table 2. Results of lifetime measurements in the configuration 4d°5p of Pd 1

Level Energy (cm ™ 1) Wavelength (A) Lifetime (ns)
of excitation
This work BL® CB®

3p, 34,069 3634.70 8.9(4) 6.90(76) 74
3F, 35,451 3609.55 8.2(4) 5.1
3F, 35,928 3404.58 7.4(4) 7.09(46) 7.5
3P, 36,181 4087.34 7.7(4) 7.46(32) 3.7
°D, 36,976 3958.64 8.2(4) 4.6
3D, 37,394 3242.70 7.5(4) 6.99(49) 53
3F, 38,812 3690.34 8.0(4) 29
7, 39,858 3114.04 7.8(4) 33
p, 40,839 3251.64 4.8(3) 4.99(35) 19

Lifetime values measured with the Hanle-effect method by Baumann and Liening (1971)

b
and Bozman (1962)

Table 3. Atomic data and solar results for Pd 1 lines

Lifetime values calculated from the experimental transition probabilities of Corliss

Aiap Asun® Transition W, (mA) EP (eV) loggfe Alogg f Apy Weight
(%)

3242.703 701 553Dy —5p3D3 254 0.81 —0.07 +20% 1.76 3

3404.580 581 5s3D;—5p3F3 35.0 0.81 0.32 + 5% 1.67 3

3460.774¢ 736 5s3D,—5p 3FS 16.6 - 0.81 - =042 +20% 1.76 1

3516.943 948 5s3D,—5p3P? 159 0.94 —0.24 +10% 1.68 1

3609.548 547 5s3D,—5p3F$ 24.0 0.94 0.05 +20% 1.65 1

3690.341 333 5s'D,—5p3F9 (=) 1.45 —0.34 +20% 1.55 1

3894.201 205 5s'D,—5p 3D} 39 1.45 —0.53 +40% 1.64 1

3958.642 626 5s'D,—5p D9 22 145 —0.83 +40% 1.68 2

2 From the MIT wavelengths tables (Harrison, 1939)

®  From Pierce and Breckinridge (1973) or interpolated from neighbouring lines reported by these authors

¢ From the lifetimes reported here and branching ratios from Corliss and Bozman (1962)

4 This line is reported as blended with a Co 1 lines (4,,,:3460.719) by Moore et al. (1966). Although the difference between 4,,, and

Aqun 18 rather large for the Pd 1 line, the observed line is symmetrical and we believe Pd 1 is by far the main contributor to the observed

line

©

The method of spectrum synthesis has been used for this line

2.2. Oscillator Strengths

As new branching ratio measurements do not exist for the lines
involving the upper levels for which lifetimes have been obtained,
we had to use branching ratios computed from Corliss and
Bozman (1962) to derive new oscillator strengths.

From recent studies of Zr1and Zr 11 lines (Biémont et al., 1981)
and of Y1 and Y1 lines (Hannaford et al.,, 1981), we have been
able to show that the uncertainties of branching ratios deduced
from the results of Corliss and Bozman were of the order of
20-40% for lines with branching ratios larger than 10%, but, for
weaker lines (<10%), the results of Corliss and Bozman are
generally too low by factors ranging from 1.5 to 3.

The oscillator strengths computed in this way are given in
Table 3 for the lines of solar interest. The mentioned uncertainties
are essentially due to the uncertainties affecting the branching
ratios (which are all larger than 10 %).

3. Solar Analysis

Moore et al. (1966) identified 15 lines of Pd1 in the solar
photospheric spectrum between 2935 and 5000 A, seven of these
lines being reported as blended.

We searched for all the Pd1 lines which could possibly be
present on the high quality solar spectrum of Delbouille et al.
(1973). We originally retained a sample of 17 Pd 1lines. A careful ex-
amination of all the individual lines led us to eliminate the lines at
A% 3251.68, 3433.45, 3553.09, 3571.16, 4087.34, 4169.84, 4212.94,
447359, and 6774.54 A ; these lines are either strongly blended
and/or Pd1 is only a minor or negligible contributor to the
observed feature.

The atomic and solar data concerning the remaining eight
lines are summarized in Table 3. We assigned a weighting factor to
each line ranging from 3 to 1 as estimated from the shape of the
line in the solar spectrum and, therefore, according to the
difficulty to measure the line with accuracy.

All the calculations have been carried out with the Holweger
and Miiller (1974) model and a microturbulent velocity of
0.85kms~ . Arguments in favour of this model and of this
microturbulence have been given recently by many authors and
are summarized by Biémont et al. (1981) and Hannaford et al.
(1981). Partition functions have been taken from Van Diest (1981).

Our detailed abundance results are given in Table 3. The mean
solar abundance of palladium is Apy=1.69+0.04, where the
uncertainty represents twice the standard deviation of the mean.
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The remarkable small dispersion of the results is a strong
indication in favour of the accuracy of the data (both atomic and
solar) used in the computations and seems to indicate that the
uncertainties, estimated for the f-values and mainly due to the
uncertainties in the branching ratios used, are certainly
overestimated.

Our solar result is in agreement with the meteoritic abundance
recommended by Cameron (1980), Ap,=1.65 [calculated with the
normalization factor adopted by Biémont et al. (1978)].
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