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Summary. New radiative lifetimes have been measured by laser
excitation for 12 levels of Rul These results are combined with
branching ratios taken from Corliss and Bozman (1962) in order to
provide an accurate set of oscillator strengths for transitions of
solar interest. The photospheric abundance derived from the study
of nine Rur lines is Ag,=1.8440.07.
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1. Introduction

Many of the previous abundance determinations of heavy and
refractory elements in the sun have been based upon NBS f-values
(Corliss and Bozman, 1962) which have been shown to be in
serious error in many cases. In two previous papers (Biémont et al.,
1982, Paper I; Kwiatkowski et al, 1982, Paper IT) the use of
“modern” radiative lifetimes obtained by laser excitation has been
successful in order to refine and update the solar abundance
values. In this paper we extend the same procedure to Rul

2. Lifetime measurements

For the determination of the radiative lifetimes we have used the
technique of selective laser excitation of an atomic beam of Ru and
time-resolved observation of the reemitted fluorescence after
pulsed excitation. The atomic beam of Ru was produced by
thermal evaporation of the metal from an oven fabricated from
graphite or tungsten. The temperature of the oven was about
2900 K. This temperature was achieved by electron bombardment
with the typical conditions of 1000 V/0.25A. It was found that
graphite was a better material for the oven than tungsten as the
latter was destroyed by the molten Ru after about an hour of
operation probably by forming an alloy. The laser system
consisted of an amplified dye laser which was pumped by a
nitrogen laser with a repetition rate of 250 Hz. For the wavelengths
below 350 nm frequency doubling was used. The pulse width of the
dye laser was 2-3 ns. The laser beam was focussed on the atomic
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beam, the reemitted fluorescence was selected by a monoch-
romator and detected by single-photon counting.

The time dependence of the fluorescence after pulse excitation
was observed with the technique of delayed coincidence. The main
part of the fast NIM-electronics was 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
of about 0.1 photon per laser pulse was simultaneously monitored
and the residual pile-up effect was numerically eliminated.

The results of the lifetime measurements are listed in Table 1.
The error limits are about 5%. They are compared with Corliss
and Bozman values; it may be seen that the lifetime ratios vary
between ~0.5 and ~3.0.

3. Transition probabilities for RuI

New branching ratio measurements are not available for the lines
involving the levels for which lifetimes have been obtained.
Consequently, as in Papers I and II, we had to rely upon Corliss
and Bozman’s branching ratios in order to derive new oscillator
strengths. The limitations of that procedure have been discussed
previously (Biémont et al,, 1981; Hannaford et al, 1981). The
oscillator strengths computed in that way are given in Table?2 for
the lines of solar interest.

4. Solar analysis

Considering the depopulation branches of the levels measured, we
searched for all the Ru1 lines which could possibly be present on
enlargements of the high resolution solar spectrum of Delbouille et
al. (1973).

Among the lines identified by Moore et al. (1966), we had to
reject the lines at 3589.215, 3593.022, 3728.030, 4372.208, 4709.484,
4757. 841, and 5636.235 A which lead to much higher abundances
than the other lines (by more than a factor of 2), indicating that Ru1
is only a very small contributor to the observed line. Similar
situation have been noticed previously in Papers I and II. A final
sample of 9 lines was retained (Table 2), including three new
identifications at 3755.931, 5057.331, and 5309.267 A. Except for
the last two lines they are all characterized by branching ratios
larger than 20%.

As previously, the calculations have been made with the
Holweger-Miiller (1974) model and a microturbulence of
0.85km s~ . Partition functions were recomputed on the basis of
levels taken from the Atomic Energy Levels (Moore, 1958) for Ru1
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Table 1. Radiative lifetime of excited levels in Rur

Wavelength (nm) Lifetime (ns)
Level E(cm™1) Ratio®
Excit. Observ. CB?* This work

4d’5p z°GY 30280 438.539 344 6.9 9.4 1.36
z3GY 30537 359.302 359 6.3 10.2 1.62
23G9 30959 358.922 359 4.6 10.3 2.24
z5F2 26816 372.803 517 21.5 11.2 0.52
z5F9 29427 374228 374 114 12.5 1.10
z°D3 27507 379.890 380 14.1 15.2 1.08
z°D§ 26313 379.935 380 239 17.3 0.72
z3GY 28495 455.451 360 11.7 12.2 1.04
z3GY 29891 359.618 458 9.1 16.2 1.78
z3FS 30348 329411 471 5.4 119 220
y3FY 39434 261407 376 34 10.3 3.03

4d%5s5py>DY 33447 298.895 405 6.8 14.6 2.15

2 Corliss and Bozman (1962)

b This work/CB

Table 2. Solar results for Ru1 lines

2b A47° Transition  Ident® EP BR? W: loggft Aga

@A) €V) (%) (mA)

3436.737 1  a’F,~2z3G? Rul 0.15 464 10.5 —-0.02 191

3742280 4 a°F,—z5FY Rul 034 70.6 5.6 —0.23 196

3755931 1 a3G,z3%5 -—¢ 1.59 639 04 —0.03 176

3798901 1 a’F,~z°DJ Rurl 015 787 -* —-0.09 1.83

3799.347 6 a°Fs—z°DJ Rui 000 769 -* —0.07 1.66

4554509 17  a’Fz3G? Ru1 0.81 48.0 5.8 013 191

4584.445 15 a%F;—z3GS Rul 1.00 223 1.3 —0.42 195

5057.331 11 a’F,~z°D§ -t 081 4.8 0.4 —1.01 1.84

5309.267 7 a°D,z°D) -t 093 29 0.2 —1.18 176

2 From the MIT Wavelength Table (Harrison, 1939)

® AA=|Agqn— A1ab)> Aun being taken from Pierce and Breckinridge (1973) or

interpolated from neighbouring lines reported by these authors

¢ Identifications from Moore et al. (1966)
4 Branching ratio from Corliss and Bozman (1962)
¢ Equivalent width measured on enlargement of Jungfraujoch spectra (Delbouille

et al, 1973)

f From the lifetimes of Table 1 and branching ratios from Corliss and Bozman

(1962)

& New identification
b Spectral synthesis has been used for these strongly perturbed lines

and from Shenstone and Meggers (1958) for Ru . They agree fairly
well with partition functions deduced from Irwin (1981) or from de
Galan et al. (1968). The Ru1ionization potential was taken equal
to 7.37eV (Moore, 1970) though a slightly lower value was
proposed by Rauh and Ackermann (1979). We also checked
carefully the solar continuous opacity particularly below 4500 A
where an extra opacity source was introduced (see Magain, 1983).

The solar data and the detailed results for the abundances are
presented in Table 2 for the 9 lines retained in the final analysis.

The mean value of the solar abundance of ruthenium is
Ag,=1.8410.07 where the uncertainty represents twice the stan-
dard deviation of the mean. This value is not very different from
the results found by Grevesse et al. (1968), Ay, =1.98, and by Ross
and Aller (1976), Ag, =1.83 +0.40, using the f-values from Corliss
and Bozman (1962). It is only by pure coincidence, in view of the
lifetime differences noted in Table 1.

Our result also agrees very well with the meteoritic abundance
of Ru derived by Anders and Ebihara (1982): Ag,=1.8340.02.
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