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Summary. New lifetime measurements for 11 levels in Nb1and 13
levels in Rh1 have been performed by time-resolved observation
of the reemitted fluorescence after pulsed laser excitation. New
f-values have been deduced and used in order to redetermine the
photospheric abundances of niobium and rhodium. The result for
Rh, Ag,=1.1240.12, is in excellent agreement with the meteoritic
value, but the result for Nb, Ay, =2.1040.10, is about four times
larger than the meteoritic abundance.
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1. Introduction

It is well known that atomic oscillator strengths are key parame-
ters for the determination of photospheric abundances. For a
number of heavy elements, and particularly for niobium and
rhodium, the only source of f~values available is the monograph of
Corliss and Bozman (1962 ; hereafter CB), which has been shown
to contain systematic errors.
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Previous determinations of the solar abundances of Nb and
Rh are collected in Table 1; the uncertainty of the previous results
is certainly very large.

In a continuous effort to update and refine solar abundances,
we present in this work improved results for Nb and Rh based on
recent solar data and on new lifetime measurements obtained
using laser excitation.

2. Lifetimes and Oscillator Strengths

a) Lifetime Measurements

For the determination of the lifetimes we used the same technique
as in the previous experiments on Pd1 (Biémont et al., 1982) ie.
time-resolved observation of the reemitted fluorescence after
pulsed laser excitation. The radiation of a dye laser which was
pumped by a nitrogen laser was focussed on an atomic beam of
Rh or Nb. For the production of atomic beams of these refractory
elements high temperatures (ca. 2500 K for Rh and 3000 K for Nb)
are necessary. This was achieved by electron bombardment of a
small tantalum oven (¢ 4 mm, 1 cm long) which contained about
100-200 mg of Rh or Nb. The conditions for the electron bom-
bardment were about 1000V and 0.2 A for Rh and 0.3 A for Nb.
The reemitted fluorescence was selected by a monochromator and

Table 1. Determinations of the abundances of niobium and rhodium in the sun

[
Abundances

Authors Source of f-values ANb ARh
Goldberg et al. (1960) f-sum rule 1.95 0.78
Aller (1965) CB 2.30 1.37
Miller (1967) CB 2.30 1.37
Grevesse et al. (1968) CB 2.73 1.55
Hauge and Youssef (1975) CB 2. + 0.10 -
Ross and Aller (1976) compilation 1.9 + 0.2 1.4 £ 0.4
Hauge and Engvold (1977) compilation 0 1.5
This work New lifetimes; 2.10 £ 0.10 1.12 + 0.12

Branching ratios
from CB

Meteorites : Cameron (1981) 51 1.16
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Table 2. Results of lifetime measurements in Nb1

level energy (cm_l) wavelength (}) lifetime (ns)

of excitation this work CB
z 4F§/2 23574 4546.82 42.7(2.0)  178.5
z 4F§/2 24015 4573.08 37.3(2.0)  141.6
z 4F3/2 24507 4606.77 33.2(1.7)  105.0
y GFT/Z 23985 4168.13 8.0(4) 14.6
y 6F§/2 24165 4137.10 8.3(4) 16.5
y 6F;/2 24770 4152.58 8.1(4) 18.4
y 6Fg/2 25200 4079.73 7.9(4) 16.6
y 6D§/2 26832 3781.01 25.3(1.3) 60.5
x 6D?/2 26552 3787.06 8.3(4) 16.0
x 6D§/2 26983 13726.24 6.7(4) 17.0
x 6D§/2 27427 3697.85 7.9(4) 19.1

* Lifetime values calculated from the experimental transition
probabilities of Corliss and Bozman (1962)

Table 3. Results of lifetime measurements in Rh1

level energy (cm-l) wavelength ¢S lifetime (ns)
of excitation this work cB®
4_o
z p},, 31147 3612.47 10.1(5) 6.1
z “Dglz 27075 3692.36 10.4(5) 25.8
z AG?]/Z 29105 3434.89 7.5(4) 29.0
4 o
z “63,, 28543 3700.91 9.7(5) 11.8
4 o
z "6, 31102 3934.23 9.2(5) 7.2
z 4@2/2 32243 3372.25 7.7(4) 4.9
2 4F3/2 29431 3396.85 9.2(5) 12.3
4_o
z "Fg, 31474 3338.54 8.6(4) 6.2
4_o0
z Ty, 32277 3368.38 9.5(5) 5.0
2 0
z 63, 33044 3283.57 8.9(4) 7.0
z ng/z 32004 3399.70 9.4(5) 6.6
z zng/z 33867 3833.89 7.6(4) 4.6
v “D;/Z 36787 3626.59 10.3(6) 6.2

* Lifetime values calculated from the experimental transition
probabilities of Corliss and Bozman (1962)

detected by single-photon-counting technique. The time depen-
dence of the fluorescence after each laser pulse was observed by
the method of delayed coincidence ; a time-to amplitude-converter
(TAC) was started by the laser pulse and stopped by the first
observed photon. The output of the TAC was registered via a data
processing system by a computer which was programmed as a
multichannel analyzer. The mean counting rate was simul-
taneously monitored and was adjusted to about 0.1 photon per
laser pulse. The residual pile-up effect was numerically eliminated.

In our experiments we have concentrated on those levels
which are connected to lower levels by transitions identified as
Rh I or Nb 1 lines in the solar spectrum. The experimental decay
curves were fitted by single exponentials to deduce the corre-
sponding lifetimes. The results are given in Table 2 for Nb and
Table 3 for Rh. The error limits represent the statistical deviations

of different measurements and the uncertainty of the time calibra-
tion. In the last column of each table we have listed the lifetimes
which can be calculated from the experimental transition pro-
babilities of Corliss and Bozman (1962). In most cases there are
deviations up to a factor of 2—4 in comparison with our results.

b) Oscillator Strengths

The branching ratios derived from the data of Corliss and
Bozman have been used to convert the lifetimes reported to
f-values for the lines of solar interest. These oscillator strengths are
reported in Tables 4 (Nb) and 5 (Rh). The lines used here have
branching ratios larger than 10%. It has been shown by Biémont
et al. (1981) and by Hannaford et al. (1982) that the CB branching
ratios are generally accurate to within 20% provided these
branching ratios are larger than 10%.

3. Solar Analysis and Results

We have a priori retained all the Nb1- and Rh1-lines which are
intense enough to appear in the photospheric spectrum. Among
these lines, we have rejected the transitions for which AA(= A,
— Jyp) is larger than +25mA ; such lines generally lead to much
too large abundances indicating that the element considered (Nb
or Rh) is only a small or negligeable contributor to the observed
solar line.

Line profiles and equivalent widths have been computed using
the photospheric model of Holweger and Miiller (1974) and a

microturbulent velocity =0.85kms™*.

Niobium

The atomic and solar data and the solar abundance results
concerning the 9 Nb1 lines we finally retained are summarized in
Table 4. The mean abundance derived is

Any=2.10+0.10,

the uncertainty representing twice the standard deviation of the
mean.

It is to be noted that rather large disagreements exist between
our equivalent widths and those reported by Hauge and Youssef
(1975) for the 4 lines common to both studies. Furthermore, our
abundance results, using the same data as Hauge and Youssef, do
not confirm their results. Private discussions with Dr. Nahed
Youssef indicate that the procedure used by Hauge and Youssef
to derive the equivalent widths was rather inaccurate and that
uncertainties have also been introduced by the procedure used to
perform their calculations. However, by pure chance, our result,
based on new accurate W,’s, new oscillator strengths (much
different from the values of Corliss and Bozman used by Hauge
and Youssef) and the model of Holweger and Miiller [1974;
arguments in favour of this model have been presented by
Lambert (1978), Lambert and Luck (1978), Blackwell et al. (1980)
and Biémont et al. (1981)] confirms the value derived by Hauge
and Youssef (1975) using both Nb1and Nb 11 lines (4, =2.23 and
2.08 respectively). Consequently, the conclusions reached by these
authors remain valid. The solar abundance of niobium is almost a
factor of four larger than the meteoritic value (Cameron, 1981;
Axp=0.9 in the scale where Ng;=10° i.e. Ay, =1.51 in the scale
used here). As it would be very hard to believe, because of the
internal consistency of the individual results, that all the lines
considered here are blended, we are forced to conclude that either
the difference between the abundance of niobium in carbonaceous
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Table 4. Solar niobium abundance derived from Nb1 lines

Alab a AX b E.p. © Transition Wx d CB elog g;his work £ BR & ANb h Weight i Id. i

(&) (mk) (eV) (m) ()
3697.846 5 0.05 a 695/2 - x 6D§/2 2.3 | -0.65 -0.27 26.3 [ 1.95 2 Nb I7?
3781.014 -6 0.05 a 605/2 -y 6D§/2 2.7 | -0.94 -0.56 40.1 | 2.30 1 -
4079.729% 5 0.09 a 6D7/2 -y 6Fg/2 10.6 0.08 0.40 81.1 | 1.98 1 Ti I + (Nb I)
:::s:jjj: _g 2.?2 : 255/2 : v Zzz/z 6.1 | -0.20 0.16 57.4 | 1.91 1 Nb I, |Fe I
4152.576 -20 0:09 a 6D9/2 _ g 6F3/2 Z'z :2'22 w02 S l NP Lo Fe X
4168.126% 20 | o0.00 6, /% Ve 2l e m0.00 9.1 1 2.26 ! Nb I

a’py, -y UF 1 33 0.56 -0.29 80.3 | 2.02 1 Nb I

4546.822 7 0.20 a 4F5/2 . 4F§/2 1.5 |-1.35 -0.73 41.6 | 2.24 1 Nb I ?
4573.075 15 0.27 a 4F7/2 _— 4F§/2 1.4 | -1.12 -0.52 63.0 | 2.08 1 Nb I ?

From the MIT tables of wavelengths (Harrison, 1939)

®  AA=Aun— Aup Asun Deing taken from Pierce and Breckinridge (1973) or interpolated from neighbouring lines reported by these

authors

¢ Lower excitation potential in eV

4 Measured on Jungfraujoch spectra (Delbouille et al., 1973)
¢ From Corliss and Bozman (1962)

-

Branching ratios from CB
Abundance in the usual scale, Ay, =logNy,/Ny+12.00

= -]

From the new lifetime measurements reported in this paper and branching ratios taken from CB

! Weight attributed according to the difficulties to measure the lines

i Identifications taken from Moore et al. (1966) (MMH)

Table 5. Solar rhodium abundance derived from Rh1 lines

log gf .
Mab a ax P E.p. © Transition Wy 4l cp © This work BR 8 Arn Plyeight 1d. 3
(&) (md) | (ev) (mk) €3]
4 2_o
3280.55 -15 | 0.19 a 'Ry, -z FY ), 1.2 |-0.39 -0.54 20.7 | 1.19 1 -
3396.85 -22 | 0.00 | a 4F9/2 -z 4F3/2 5.6 |~0.28 -0.15 38.1 | 1.29 1 Rh I
3434.89 -1 0.00 a 4F9/2 -z 4@?1/2 11.3 |-0.14 0.45 99.3 | 1.04 2 Rh I
3462.04 25 | 0.32 a “Fs/z -z 4Fg/2 5.5 | 0.02 -0.13 60.0 | 1.25 1 Rh I ?
3583.10 0 0.19 a “F7/2 -z “Fg/z 4.2 |-0.29 -0.16 33.2 | 1.33 1 -
4 40
3692.36 1 0.00 a "Fg,, m 'z Dy, 7.2 |-0.24 0.15 90.3 | 1.02 3 Rh I
x 4 4 o
3507.32 -1 0.32 a 'Fg,, -z 65, 3.7 |-0.33 -0.44 22.5 | 1.69 2 Rh I
3597.15% 18 | 0.41 a ZDS/2 -z écg/z 7.0 | 0.02 -0.09 48.6 | 1.71 1 Rh I
3626.59% 17 | 1.14 | a 4p5/2 -y 433/2 1.8 | 0.20 -0.02 66.0 | 1.73 3 Rh I
3958.86™ -5 0.97 a 2F5/2 -z ch/z 2.7 | 0.19 0.09 58.1 | 1.53 2 Rh I ?
x 2 40 _
4082.78 ~14 | 0.97 a “Fy,, -z Fy, 0.5 [-0.69 0.97 10.3 | 1.73 2
2 From CB

be.defehii: see notes to Table 4
*  For these lines, see the text (Sect. 3)

chondrites and in the solar photosphere is real or that the
meteoritic result must be revised. As information on the abun-
dance of Nb in meteorites is extremely sparse (Mason, 1979), we
suspect the meteoritic result to be very uncertain. A comparison of
the abundances of the elements between Z =36 and Z =46 [ Z(Nb)
=41] seems to indicate that the meteoritic abundance of Nb is
too low. This supports the high photospheric result.

A rather large number of Nbu lines are also present in the
solar photospheric spectrum but, most of these lines fall below
~3600A and are strongly perturbed.

The experimental method used here cannot be used to mea-
sure lifetimes in once ionized ions. But a new technique is
developed and will be employed in the future, allowing the Nbut
lines to be incorporated in the solar abundance study.

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1982A%26A...112..337K

rI9B2ASA T TLLRC 337!

340

Rhodium

The data (atomic and solar) and abundance results for the Rh1
lines we retained are given in Table 5.

The mean abundance derived from the five low excitation lines
is
Agp=1.12+0.12.

This result is in excellent agreement with the meteoritic value
Agp=1.16 (Cameron, 1981).

Five lines (see Table 5), with higher excitation energies, which
satisfy the criterion 41< +25mA and for which the W,’s can be
measured with a rather good accuracy, appear to lead to values of
the Rh abundance about 4 times larger than the hereabove
mentioned result. The only way of explaining these high results is
to search for eventual blends. Three lines (3626.6, 3958.9, 4082.8)
among these five lines might be blended. No blend has been found
for 3507.3 and 3597.1.
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