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ABSTRACT 

Oscillator strengths have been determined from measurements of radiative lifetimes and branching 
ratios for 154 lines of Y i and 66 lines of Y n. These data are used, together with equivalent widths 
measured on the Jungfraujoch solar atlas, to perform a new determination of the solar abundance of 
yttrium: y — 2.24±0.03. 

Subject headings: laboratory spectra — Sun: abundances — transition probabilities 

I. INTRODUCTION 

One of the first determinations of the solar abun- 
dance of yttrium was made by Goldberg, Müller, and 
Aller (1960). Using Coulomb-approximation and /-sum 
rule oscillator strengths, they found AY = \A for Y I 
lines originating from the ground term (£low^0.0 eV) 
and y ^ 3.1 for Y i lines with Elow ^ 1.4 eV [where TY 

means \og(NY/NH) +12.0 in the usual scale]. 
More recently, the experimental transition probabili- 

ties of Corliss and Bozman (1962; hereafter CB) have 
been used by various authors to derive new solar abun- 
dances of yttrium. Aller (1965), from a study of 14 Y i 
lines, found AY = 3.2; whereas Wallerstein (1966), using 
nine Y n lines, found AY — 2.1. Grevesse, Blanquet, and 
Boury (1968) analyzed both Y i and Y n lines and found 
a discrepancy similar to that reported by Goldberg, 
Müller, and Aller—i.e., y4y = 2.33 for Y i lines with 
E]ow ~ 0 eV, Ay — 4.19 for Y i lines with Elow ^1.4 eV, 
and Ay — 2.42 for Y il lines. 

Krueger et al. (1968) computed transition probabili- 
ties for Y ii using the Hartree-Fock self-consistent field 
method and derived ,4 Y —1.43 ±0.35 from a large num- 
ber of Unes. Allen and Cowley (1974) and Allen (1976) 
used the same set of /-values to obtain A Y from a 
smaller number of lines and obtained AY — 2.0 and 
Ay — 2.18, respectively. 

Recently, Andersen, Ramanujam, and Bahr (1978) 
measured lifetimes of excited states in Y i and Y ii by 
the beam-foil and beam-sputtering techniques. They 
normalized older sets of /-values to their lifetimes and 
revised the solar abundance of yttrium to AY — 235. 

'Research Associate of the Belgian National Fund for Scientific 
Research (F.N.R.S.). 

2 Guest Observer, Kitt Peak National Laboratory, operated by 
AURA, Inc., under contract with the NSF. 

Since their publication in 1962, the transition proba- 
bilities of CB have been shown to contain significant 
excitation-dependent, wavelength-dependent, and inten- 
sity-dependent errors (see, e.g., Biémont et al. 1981). In 
addition, Allen (1977) has reported a large scatter in 
abundance values derived using the theoretical /-values 
of Krueger et al. (\96S), while Hannaford and Lowe 
(1981,1982) and Poulsen et al. (\9S\) have shown that 
many of the beam-sputtering lifetimes of Andersen, 
Ramanujam, and Bahr (1978) are too large by signifi- 
cant amounts. For these reasons, and because of the 
rather large discrepancies which exist between the differ- 
ent sets of/-values available, we have determined a new 
set of oscillator strengths for a large number of Y i and 
Y ii lines by combining lifetime and branching-ratio 
measurements. The new /-values are used with equiva- 
lent widths measured on the Jungfraujoch solar atlas 
(Delbouille, Neven, and Roland 1973) to derive the 
solar abundance of yttrium. Implications of the new 
/-values for stellar abundance studies are briefly dis- 
cussed. 

ii. yttrium transition probabilities 

a) Lifetime Measurements 

The method used to determine lifetimes is the same 
as that described previously (Hannaford and Lowe 
1981,1982). With this method, an atomic vapor of 
yttrium is produced by cathodic sputtering in a low- 
pressure neon discharge and selectively excited by short 
optical pulses from a nitrogen-laser pumped dye laser. 
The time decay of the emitted atomic fluorescence is 
then recorded and the radiative lifetime determined 
from the decay curve. The system was tested by measur- 
ing the lifetimes of eight well-established levels of Ca, 
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Al, Na, Cr, Fe, and U which span the range 4-200 ns 
(Hannaford and Lowe 1981). This includes the range of 
lifetimes for nearly all the Y i and Y n levels under 
investigation. Also, lifetimes obtained for a large num- 
ber of Zr i and Zr n levels with this system have been 
found to yield consistent Zr abundance values with a 
low dispersion (Biémont et al. 1981). In all cases, checks 
were made for the presence of radiation trapping and 
effects due to collisional depopulation by the rare gas. 

Our measured lifetimes for 34 levels of Y i and 14 
levels of Y n are presented in Tables 1 and 2. For five of 
the quartet Y i levels below 28,000 cm-"1, experimental 
difficulties precluded accurate measurement of the re- 
quired lifetimes, and in these cases, the lifetimes quoted 
in Table 1 were measured for a different level of the 
same term. Measurements of the lifetimes of a number 
of levels for these terms indicated that within each term 
the lifetimes of the various levels are essentially constant 
within the quoted uncertainties. 

For Y i, lifetime measurements have previously been 
reported for only the nine lowest levels in Table 1. Our 
values (Hannaford and Lowe 1982) are found to be 
shorter, by factors of between 1.5 and 1.9, than the five 
beam-foil and beam-sputtering results of Andersen, 
Ramanujam, and Bahr (1978). They also differ apprecia- 
bly, by factors ranging from 0.7 to 2.7, from the Hanle 
and level-crossing results of Beer (1970,1971) for six 
levels. However, our data are in excellent agreement 
with very recent, delayed-coincidence results of Rudolph 
and Helbig (1982) for all except the z2Dy2 level, for 
which our value is larger by a factor of 1.4. Our data are 
also consistent with relative lifetimes derived from re- 
cent, relative /-values obtained using the hook method 
(Cardon, Parkinson, and Tomkins 1980). 

For Y ii, our lifetimes are systematically lower 
than the only other direct measurements (Andersen, 
Ramanujam, and Bahr 1978; beam-foil method), by 
factors ranging from 0.67 to 0.94. 

b) Branching Ratios 

Branching ratios were measured on spectra recorded 
with the 1 m Fourier transform spectrometer (FTS) 
(Brault 1976) at the Kitt Peak National Observatory. 
The source of the spectra was a water-cooled hollow- 
cathode discharge lamp in which the cathode cavity (3 
mm diameter, 18 mm long) was fashioned from sintered 
yttrium powder (99.9% purity). High-purity argon at 0.6 
torr flowed continuously through the cathode cavity. 
The only impurity lines were some YO bands. 

The FTS mirrors scanned through 13.9 cm to provide 
a theoretical resolution of 0.043 cm-"1. The width of the 
observed line profiles was 0.10 cm-1 (FWHM). Al- 
though the high resolution offers good protection from 
blends, we also examined a Fe/Ar hollow-cathode spec- 
trum to ensure that there were no argon lines coincident 
with the yttrium Unes of interest. 

As a test for self-absorption in the source, three 
spectra were recorded at different power levels that 
varied the excitation of the Y i quartet odd levels 
around 17,000 cm-"1 by a factor of 40, and all branching 
ratios were measured on each of the three spectra. No 
significant absorption was observed for any Y n transi- 
tions. However, strong Y i transitions to the ground 
state showed some absorption in the brightest spectrum, 
and this spectrum was used to measure only the weakest 
transitions. 

The area under the line profile on the transformed 
spectrum was integrated over ± 10 FWHM on either 
side of line center to obtain the observed line intensity 
4(\) in units of photons s--1. The relative line intensity 
is then given by f(\) = A(Á)/F(Á), where F(X) is the 
relative detection efficiency of the spectrometer system. 
The detection efficiency, F(X), was measured using 
argon branching ratios as an internal calibration stan- 
dard. The observed intensities of families of argon lines 
emitted from common upper levels were measured on 
the same Y/Ar spectra used for the yttrium measure- 
ments and compared with the known relative intensity 
of these argon lines (Adams and Whaling 1981). Sixty- 
five argon lines, covering the range 2900-8900 A, were 
used in this calibration. We also recorded the FTS 
response to an incandescent, spectral-continuum source 
to ensure that smooth interpolation between the 65 
individual measurements is justified. 

The branching ratio R(X,) for the transition is 
then /^(A,) =/(Ajj/STXA,), where the sum in the de- 
nominator includes all transitions by which the upper 
level decays. We have used the Y i and Y n energy levels 
of Palmer (1977) to compute all transitions with parity 
change and AJ = ±1,0 and have examined our recorded 
spectra for the predicted wavelengths between 2900 Á 
and 9000 A. By this means, we have set an upper limit, 
based on the noise level, for any transitions not observed 
in this wavelength range. This limit does not exceed 1%. 
Two transitions, 2667.59 À and 2705.88 Á from the 
Y iy4P5/2 level, are below the blue cutoff of our spectra, 
but of these, Palmer (1977) detected only the 2705.88 Á 
line and found it to be only about 1% as strong as the 
4513.58 A line from the same upper level, a transition 
that we find to be a 12% branch. Palmer has also 
observed many transitions from Y i levels in the 9000- 
33000 Á range and, in particular, strong infrared transi- 
tions from the low-excitation doublet levels z2/^2,5/2 > 
z2F$/2,i/2i y2^>3/2^ ancl y2F5/2,7/2. The effect of unseen 
infrared branches on our measured branching ratios has 
been estimated from a comparison of the /-values derived 
from our measured branching ratios with relative /-val- 
ues obtained by the hook method (Cardon, Parkinson, 
and Tomkins 1980). The method of correction is out- 
lined in the Appendix. The corrections to the branching 
ratios amount to approximately 15% for the 14 transi- 
tions originating from the above low-excitation doublet 
levels. The branching ratios (and /-values) given in Table 
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TABLE 1 
Lifetimes, Branching Ratios, and Oscillator Strengths for Y i Lines 

Upper Level 

Level, 
£ (cm- ') T (ns) 

Lower 
Level À(À)a 

Branching 
Ratio (%) This Work Others0 

z2D(j
/2, 16,066 

z2Df/2, 16,146 . 

ri/2' 

z2F2/2, 21,915 . 
24,131 

^2/>3
<'/2, 24,481 . 

^2£//2, 24,519 . 

.v2D5/2. 24,747 . 

r7/2’ 
P° '3/2’ 

J9/2' 

J 11/2’ 
>-4£30/2, 31,508 

>-4£5
0
/2, 31,680 

/£{/;,, 31,909 . 

32,188 . 

<?4D,/2, 33,148 . 

yAD?/2, 33,215 
c4£>3/2, 33,238 . 

185 (10)c 

175 (!0)c 

40 (1) 

64 (l)c 

5.3 (2)c 

15.4 (3)c 

6.3 (2)c 

6.0 (2)c 

6.7 (2)c 

3.9 (2) 

z4G5
0
/2, 28,694 .... 16.6 (1.0), (7=9/2)* 

16.6(1.0) 

15.7(1.0) 
10.1 (1.0), (7=5/2)* 

10.1 (1.0) 

10.5(1.0) 

10.4(1.0) 

15 (3) 

6.7 (3), (7=3/2)* 
15 (3), (7= 1/2)* 

a¿D 
a2D. 
a2D 
a2D. 
a2D 

a2D. 
a2D. 

a2D 
a2D. 
a2D 
a2D. 
a2D 
a2D. 
a2D: 

a2D. 
a2D. 
a2D 
a2D. 
a2D 
alD, 
aAFi 
uF<, 

3/2 
'5/2 
V2 
*5/2 
'3/2 
*5/2 
V2 
*3/2 
*5/2 
V2 
*5/2 
*3/2 
*5/2 
'3/2 
*5/2 
*5/2 
'3/2 
'5/2 
'3/2 
y 2 
'3/2 
5/2 
7/2 

a*F- 7/2 
a'Fr 9/2 

^9/2 

a1 a 
a
4F, 

^3/2 
V2 

a*F, 
3/2 

b¿D- 
5/2 

a¿D 
a2 a 

3/2 

a4F, 

’3/2 
*5/2 
'3/2 

a4 F 
r5/2 

a2 a 
7/2 

a4 F< 
’5/2 

a4F, 
5/2 

a4FQ 
V2 

a4F, 
9/2 

a4FQ 

1/2 

■747T0 9/2 

z2D- 
3/2 

z4D¡’ 
Z4

J 
a4£. 

3/2 o 1/2 7 
/2 

3/2 

z 
3/2 

zzA 
5/2 

z4/)r 
'5/2 

z4Z)T 
1/2 

74P° 
’5/2 

7*P° 
1/2 
3/2 

6222.579 
6435.022 
6191.720 
6402.007 
4643.698 

{4760.978} 
4674.848 
4142.841 
4235.929 
4083.705 

{4174.133} 
4077.359 
4167.513 

{4039.826} 
4128.304/ 

4102.364 
3552.691 

{3620.940} 
3484.048 
3549.659 
5630.138 
5675.267 
5740.218 
5527.561 
5606.335 
5466.467 
3172.835 
3227.156h 

4859.841 
4893.436 
6443.845 h 

3155.647 
3209.377 

{4819.639} 
4852.682 
4900.084h 

3185.956f 

4799.301 
4845.668 
4906.108 
4781.033 

{4839.866} 
5493.148 
5879.929 

{5981.881} 
{7054.189} 
{4487.460} 
5466.242 
5556.417 

{5821.838} 
5949.987 
6087.934 
7009.883 
7035.150 

10.8 (1.8)d 

75 (13)d 

81 (14)d 

4.7 (8)d 

72 (12)d 

14 (2)d 

85 (15)d 

84.1 (3) 
15.9 (2) 
39 (7)d 

47 (8)d 

70 (12)d 

15 (3)d 

6.7(1) 
93.3(4) 
85 (15) 

8.9 (2) 
91.1(1) 

2.0 (2) 
0.17(2) 

81.9(3) 
15.3(2) 
0.66 (3) 

90.3(1) 
9.7 (2) 

100 
1.02 (7) 
0.11(1) 

73.3(1) 
22.4(1.0) 

3.2 (1.5) 
0.27 (2) 
0.30 (2) 

16.0 (4) 
63.4 (6) 
20.0 (4) 
0.13(1) 

16.5 (3) 
70.3(7) 
13.1 (3) 
10.5 (2) 
89.5 (3) 
53.6 (4) 
12.8(1.5) 
21.4 (4.5) 
12.2(5.5) 

100 
15.8(1.5) 
33.6(1.5) 

9.7 (7) 
8.6 (1.0) 

16.4(1.0) 
6.6 (1.0) 
9.4 (1.5) 

0.0051 (9)d 

0.025 (4)d 

0.027 (5)d 

0.0011 (2)d 

0.088 (15)d 

0.0117 (20)d 

0.058 (10)d 

0.41 (1) 
0.054 (2) 
0.063 (10)d 

0.053 (9)d 

0.42 (7)d 

0.062 (ll)d 

0.0411(15) 
0.40(1) 
0.43 (7) 
0.043 (1) 
0.307 (15) 
0.0033 (3) 
0.00019 (2) 
0.35 (2) 
0.045 (3) 
0.015(1) 
0.31 (2) 
0.0275 (15) 
0.34 (2) 
0.0015(2) 
0.000115 (15) 
0.257 (25) 
0.053 (6) 
0.02(1) 
0.00060 (7) 
0.00046 (5) 
0.083 (9) 
0.22 (2) 
0.054 (5) 
0.00025 (3) 
0.072 (7) 
0.24 (2) 
0.036 (4) 
0.043 (4) 
0.30 (3) 
0.08 (2) 
0.022 (6) 
0.08 (2) 
0.06 (3) 
0.23 (1) 
0.047(15) 
0.07 (2) 
0.022 (7) 
0.06 (2) 
0.041 (15) 
0.065 (25) 
0.047(15) 

0.0017 
0.0043 
0.0068 
0.0032 
0.030,0.048e 

0.0045,0.006 Ie 

0.023,0.03 Ie 

0.20,0.20e 

0.042,0.022e 

0.058,0.029e 

0.040,0.029e 

0.28,0.26e 

0.048,0.034e 

0.028,0.017e 

0.18,0.17e 

0.22,0.24e 

0.038,0.017e 

0.20,0.15e 

0.093 
0.010 

0.070 
0.0093 
0.059 

0.098 
0.018 

0.043 
0.082 

0.037 
0.089 
0.011 
0.020 
0.11 
0.033 
0.016 
0.070 
0.047 
0.13 
0.15 
0.028 
0.013 

0.027 
0.034 
0.035 

738 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
82

A
pJ

. 
. .

26
1.

 .
73

6H
 

TABLE 1 —Continued 

Upper Level 

Level, 
¿(oír1) T (ns) 

Lower 
Level À(À)a 

Branching 
Ratio (%) This Work Others b 

/¿>30
/2, 33,265 6.7(3) 

74/)5°/2, 33,358 6.9(3) 

jc2F5°/2, 33,608 6.9 (4) 

e4Z)7/2, 33,752 15 (3),(/=l/2)g 

z2G9°/2, 33,789 

x2Z)3
0
/2, 33,907 

20.5 (2.0) 

7.0 (3) 

x1F°/1, 34,030 7.4(2) 

cCD 3/2 
Vs 

Ó/2 
5/2 

a¿^5/2 
a%/2 
b2a 
b2D< 

a2 a 

3/2 
Vs 
Vs 

a4F, 
'5/2 
3/2 

^5/2 
a4F1/2 

a2Fs/2 
«2f7/ 
aV5/2 
b2D, 

r?/2 

ö2/), 

J2>/2 
^3/2 

4 
5/2 

0
4F3/2 

fl
4F5/2 

a4F1/2 
a2F,, 
a2F' 

‘5/S 

4 
7/2 

a F3/2 
a%/2 
b2DV2 
u2 n J5/2 

* 7/2 _4rro 2 ^5/2 
Z tl/2 

Z4F9°/2 
z4D<° 

a2G 

'5/2 
7i*D° z ul/2 
74P° Z *5/2 4F Cq, f 9/2 a 

a'Fyz 
a2G, 
a1 a 

9/2 
'3/2 

aiDi/2 
aAFy2 
a4Fy2 

^Fi/2 
a4/>3/2 

«^5/2 
b2D-, 
b2D< 
a2P, 
a2D, 
a4F1/2 
a4F9/2 
a2F,. 

J2/2 
Vs 
VS 
Vs 

a4?. 
r5/2 

b2D< 
a 

5/2 
Vs 
Vs 

3005.262 
3053.951h 

{4477.442} 
{4505.948} 
5573.033 
5619.962 
5788.361 
5844.131 
2996.939 
3045.363 
4459.010 

{4487.279} 
4527.783 

{5544.504} 
5714.944 

{5590.952} 
5757.589 
2974.588 
3022.281 
4409.700 
4437.340 
4476.952 

{5468.470} 
5634.198 
5469.104 
5513.648 
5675.641 
5729.253 
6622.481 
5401.877 
5541.629 

{5706.714} 
5902.912 

{6009.183} 
6845.195 
4491.740 

{5577.416} 
6538.568 
2948.406 
2995.257 
4352.404 
4379.327 
5380.629 
5381.244 
5424.362 

{5581.077} 
{5632.907} 
6815.146 
2984.254 
4394.007 
4443.652 

{5503.464} 
5388.388 
5594.124 
6437.170 

3.2 (2) 
0.13(4) 

21.4 (8) 
71.8(6) 

1.2(1) 
1.33(10) 
0.63(15) 
0.38 (20) 
5.8(2) 
7.4(3) 
1.22 (7) 

13.9(3) 
57.5 (6) 

8.9 (3) 
1.41 (7) 
3.36(15) 
0.53 (5) 

24.3 (5) 
4.54(15) 
0.19(6) 
5.94(10) 

18.8(4) 
26.1(5) 

0.15 (7) 
0.25 (9) 

16.4 (3) 
2.9(1) 
0.16(8) 
0.31 (8) 
0.9 (4) 
7.8 (4) 

44.7 (8) 
6.1 (4) 

29.2(10) 
11.3 (6) 
4.7 (3) 

64.8 (7) 
30.5 (9) 
24.9 (5) 
3.6(1) 
0.46 (5) 
5.5(1) 

22.4 (5) 
0.68(14) 

24.4 (5) 
7.8 (2) 
5.2 (2) 
5.0 (1.2) 

35.4(1.0) 
1.44(10) 
7.7 (4) 

47.3 (10) 
0.83 (10) 
3.7(2) 
3.6 (5) 

0.0065 (4) 
0.00018(6) 
0.096 (5) 
0.218(10) 
0.0056 (6) 
0.0063 (6) 
0.0047(10) 
0.0019(9) 
0.017(1) 
0.0149(9) 
0.0079 (6) 
0.061 (3) 
0.192(10) 
0.060 (3) 
0.0075 (5) 
0.0229 (15) 
0.0057 (6) 
0.070(4) 
0.0090 (6) 
0.0012 (4) 
0.0255 (15) 
0.062 (4) 
0.17(1) 
0.0008 (4) 
0.0024 (7) 
0.109 (7) 
0.031 (2) 
0.0011 (5) 
0.0022 (5) 
0.0035 (20) 
0.024 (8) 
0.12(4) 
0.028 (10) 
0.11 (3) 
0.07 (2) 
0.0069 (8) 
0.18(2) 
0.096 (9) 
0.046 (2) 
0.0046 (2) 
0.0019(2) 
0.150 (8) 
0.093 (5) 
0.0043 (9) 
0.102 (6) 
0.052 (3) 
0.024(1) 
0.100 (24) 
0.085 (3) 
0.0056 (4) 
0.025 (1) 
0.39 (2) 
0.0065 (9) 
0.031 (2) 
0.024 (4) 

0.011,0.0037e 

0.070 
0.15 

0.022,0.0085e 

0.022,0.0078e 

0.033 
0.104 
0.047 

0.0083 

0.080,0.038e 

0.010,0.0043e 

0.025 
0.044 
0.042 

0.025 

0.0095 

0.012 
0.047 
0.020 
0.049 
0.048 
0.0062 
0.060 
0.039 
0.068,0.028e 

0.0085,0.0029e 

0.033 
0.027 
0.032 

0.038 
0.017 
0.0098 
0.070 
0.093,0.045e 

0.0079 
0.022 
0.14 

0.010 
0.010 
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TABLE 1—Continued 

Upper Level 

Level, 
E (cm- *) T (ns) 

Lower 
Level X(A)a 

Branching 
Ratio (%) This Work Othersb 

eAPy2, 34,156   15 (4) 

í>2D5/2, 34,257 . 23 (4) 

xaD!¡/2, 36,061. 

z4S3°/2,36,136'. 

12.0 (5) 

9.3 (3) 

.V V3/2. 37,148 . 9.8 (4) 

v4/>5
0
/2, 37,476 7.0 (2) 

/4D7/2, 38,866. 23 (7) 

72P° Z r\/2 
72P° Z ^3/2 
74F° Z r3/2 
72D° Z U5/2 
72n° z u2>/2 

z4D{/2 

74D° Z U5/2 
72P° Z r3/2 ■74I?o Z *5/2 
74F° Z *1/2 
72D° Z U5/2 
'r2D° U5/2 
z4D5°/2 
z4D0

1/2 
a2F5/2 

“2Fi/2 
a%/2 
a4P5/2 
b2F>3/2 
a2F5/2 
a4 P\/2 

“AP5/2 
a%/2 
a2D3/2 
a2P)5/2 
a2F5/2 

a Pz 
1/2 

a*P< 
3/2 

b¿D 
b2D< 

5/2 

« F5 
a4P- 

’3/2 
'5/2 
5/2 

“Pi 
b2D 
b2a 

3/2 
5/2 

azG 

3/2 
;5/2 

a2Pz 
7/2 

■7 4 77° 
3/2 

■7 4 77° ^ C7/ 

5/2 
7/2 

z4A 
9/2 

74n° Z U-11 

5/2 
7/2 
5/2 

4231.302 
4385.474 
5205.011 
5526.427h 

5550.998 
5641.774 
5693.633 

{5765.656} 
4366.024 
5258.474 
5390.813 
5519.880 

{5495.580} 
5732.090 

{5832.250} 
4821.628 
4950.005 

{4822.121} 
4856.714 
4981.965 
4804.313 
4780.163 
4804.803 

{4839.147} 
4963.489 
5004.435 
4581.325 
4559.362 

{4581.771} 
4612.991 
4725.842 
4762.955 

{4513.575} 
4514.007 
4544.306 
4653.784 

{4689.767} 
5271.815h 

5532.566h 

4232.541 
4317.863 
4417.431 
4534.087 

{4596.528} 
5070.187 

1.80(10) 
10.4(3) 

I. 25 (25) 
0.60(2) 

10.4 (3) 
2.75(10) 

16.8(4) 
56.0 (4) 
31.4 (6) 
0.65 (20) 
6.7(3) 
2.7(2) 

31.4(3) 
17.4(3) 
9.75 (20) 

12.3 (2) 
2.37(10) 

60.7 (3) 
24.1 (2) 

0.55 (8) 
24.2 (2) 

8.33 (9) 
35.6(3) 
29.4(3) 

1.29 (9) 
1.15(15) 

15.1 (3) 
40.0 (4) 

8.96 (9) 
17.6 (2) 
14.2 (4) 
4.1 (2) 

II. 6(1) 
23.4 (2) 
28.7 (2) 
10.9 (2) 
23.7 (2) 

0.75 (20) 
0.95 (20) 
4.50(15) 
3.35 (25) 
7.35 (30) 

10.1 (3) 
43.9 (4) 
30.8 (6) 

0.006 (2) 
0.020 (5) 
0.0034(10) 
0.0012(5) 
0.032 (6) 
0.018(5) 
0.055 (15) 
0.12(3) 
0.06(2) 
0.0012(4) 
0.0095 (30) 
0.0081 (25) 
0.06(2) 
0.037 (10) 
0.016(5) 
0.035 (2) 
0.0055 (3) 
0.265 (10) 
0.071 (3) 
0.0026 (4) 
0.060 (2) 
0.061 (2) 
0.133 (4) 
0.074 (2) 
0.0051 (4) 
0.0031 (4) 
0.032(1) 
0.25(1) 
0.029(1) 
0.038 (2) 
0.049 (2) 
0.0095 (6) 
0.051 (2) 
0.153 (5) 
0.127(4) 
0.076 (2) 
0.112(3) 
0.0034 (8) 
0.009 (2) 
0.007 (2) 
0.004(1) 
0.0075 (20) 
0.018(6) 
0.06(2) 
0.07 (2) 

0.016 

0.040 
0.065 

0.018 
0.012 
0.0091 

0.12 
0.033 

0.033 
0.034 
0.075 
0.042 

0.033 
0.28 
0.43 
0.033 
0.078 

0.050 
0.12 
0.10 

0.078 

0.13 
0.11 

Note.—Figures in parentheses represent uncertainty in last figure(s). 
aWavelengths are from Palmer 1977 unless otherwise noted. Underlined wavelengths are those used in the final solar abundance analysis. 

Wavelengths within braces are lines examined in the solar spectrum but rejected from the final analysis for reasons outlined in the text. 
bValues are from CB unless otherwise noted. 
cFrom Hannaford and Lowe 1982. 
d Values corrected for unmeasured infrared branches. 
e Cardon, Parkinson, and Tomkins 1980. 
fFrom MIT tables, Harrison 1939. 
6 Lifetime measured for different level (as indicated) of the same term. 
h Calculated from Palmer’s term values. 
^his level reclassified from x4D3/2i according to Palmer 1977. 
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TABLE 2 
Lifetimes, Branching Ratios, and Oscillator Strengths for Y ii Lines 

Upper Level 

Level, 
¿■(cm-1) T(ns) 

Lower 
Level A(Á)a 

Branching 
Ratio (%) This Work Othersb 

z3E0°, 23,445 .... 
z3jPj°, 23,776 .... 

z3P2°, 24,647 

zxD^ 26,147 

z’/Y, 27,517 

z3F4
0, 28,394 

z3D°x, 28,595 

54.7(1.0) 
51.5(1.0) 

56.8(1.0) 

6.3 (2) 

z3F2
0, 27,227 .... 6.3 (3) 

5.0 (2.0)f 

6.3 (3) 

5.7(3) 

4.5(3) 

z3Z)2,28,730 .... 4.3 (3) 

z3D3°, 29,214 .... 4.4(3) 

a3!*! 

ö3/), 
ö3Z)2 

alD2 
a3Dx 

a3D2 
a3D3 
a'D2 

a3D] 
a3D2 

axD2 

a3F2 

a3Dx 

a3D2 
a3D3 
a]D2 

a3F2 

a3F3 
a% 

a3D2 

a3F2 

b[D2 

a3D3 

axD2 

a3F0 

aóD3 

a3F3 

a3F4 

a\ 
a3Dx 

a3D2 
alD2 

a3F2 

bxD2 

a3Dx 

a3D2 
a3D3 
alD2 

a3F2 

a3P2 

a3D2 

a3D3 
a3Fn, 

4422.588 
4204.694 
4358.727 
4398.010 
4881.436 
4199.274 
4235.731 
4309.622 
4682.325 
3950.356 
3982.600 
4374.946 
5509.896 
3788.697e 

3818.344 
3878.288 
4177.536 
5200,413 
5289.817 
3633.123 
3747.554 
3776.558 
5123.210 
7881.881 
3774.339 
3832.895 
4124.907 
5119.111 
5205.731 
5320.782 
3710,286 
4982,128 
5087.420 
3496.082 
3601.913 
3628.704 
3951.589 
4854.867 
7264,164 
*3584.517 
3611,043 
3664.615 
3930.658 
4823.305 
4900.110 
6832.482 
3549.005 
3600.739 
4786.578 

100 
11.3(1) 
28.6 (3) 
59.3 (3) 
0.77(6) 
3.04 (9) 

13.2(2) 
73.0(3) 
10.7 (2) 
17.5 (4) 
17.1(3) 
62.7 (6) 

2.67 (7) 
50.3(1.0) 
6.10(15) 
1.78 (5) 

33.1 (7) 
8.30 (25) 
0.42 (4) 

66.3(1.0) 
9.8 (2) 

12.0(2) 
6.3(3) 
4.8 (4) 

69.0(5) 
18.6 (2) 
1.11(4) 
0.99 (8) 

10.0 (4) 
0.24 (5) 

88.0 (6) 
0.87 (7) 

11.1(7) 
15.7(3) 
50.6(5) 
14.8 (3) 
0.66(5) 

17.6(7) 
0.6 (2) 

17.3(3) 
44.7 (9) 
15.7(3) 
0.91 (4) 
1.90 (8) 

19.4 (8) 
0.14(3) 

17.4 (3) 
60.5(1.0) 
0.93(9) 

0.0179 (4) 
0.0175 (4) 
0.0158 (3) 
0.0201 (4) 
0.00032 (3) 
0.00236 (9) 
0.0063 (1) 
0.0256 (5) 
0.0062 (2) 
0.109(4) 
0.065 (3) 
0.286 (9) 
0.0193 (8) 
0.29(1) 
0.0212(10) 
0.0046 (3) 
0.138(7) 
0.054 (3) 
0.0020 (2) 
0.8 (3) 
0.041 (15) 
0.031 (10) 
0.03 (1) 
0.05 (2) 
0.33 (2) 
0.065 (3) 
0.0063 (3) 
0.0087 (8) 
0.065 (5) 
0.0013 (3) 
0.41 (2) 
0.0073 (3) 
0.076 (6) 
0.192(15) 
0.219(15) 
0.039 (3) 
0.0021 (2) 
0.083 (7) 
0.0063 (15) 
0.129 (9) 
0.204(15) 
0.053 (4) 
0.0049 (4) 
0.015(1) 
0.116(9) 
0.0023 (6) 
0.105(7) 
0.27 (2) 
0.0073 (7) 

0.0087 
0.010,0.019c 

0.0080,0.098c 

0.01 l,0.14c,0.074d 

0.022c 

0.0014,0.0088c 

0.0044,0.049c 

0.016,0.19c 

0.0022,0.004 Ie 

0.067,0.12c 

0.032,0.066c 

0.14,0.1 Ie 

0.0042,0.030c 

0.15,0.42c 

0.016,0.038c,0.056d 

0.0039,0.001 Ie 

0.1 l,0.064c 

0.018,0.048c,0.058d 

0.00083,0.0019c 

0.51,0.73c 

0.026,0.045c 

0.018,0.10c 

0.0086,0.027c 

0.01 l,0.00034c 

0.14,0.46c 

0.040,0.088c 

0.0048,0.010c 

0.0040,0.0098c 

0.021,0.075c,0.054d 

0.00053,0.0003 Ie 

0.14,0.56c 

0.0019,0.0067c, 0.0054d 

0.014,0.076c 

0.14,0.29c 

0.18,0.26c 

0.034,0.022c 

0.0026,0.22c 

0.024,0.1 Ie 

0.0038,0.0003 Ie 

0.097,0.16c 

0.14,0.24c 

0.037,0.083c 

0.0044,0.0053c 

0.0054,0.017c,0.025d 

0.024,0.15c,0.12d 

0.0011,0.0026c 

0.076,0.14c 

0.14,0.35c 

0.0034,0.0094c 
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742 HANNAFORD ETAL. 

TABLE 2—Continued 

Vol. 261 

Upper Level 

n. Level, 
E (cm-1 ) T (ns) 

y^PQ, 32,049 .... 3.4(2) 

y^P°, 32,124 .... 3.3 (2) 

_y3P2°, 32,283 .... 3.6 (2) 

Lower 
Level 

a3F4 

a3P2 

a3D] 

a3D] 
a3D2 

a]D2 

a3P2 
a3Dx 
a3D2 
a3D3 
axD2 

a3P] 
a3P2 

b]D? 

A(A)a 

4883.685 
6613.735 
3203.322 
5544,610 
3112.027 
3195.616 
3216.688 
3467.877 
5480.732 
5546.008 
3179.416 
3200.273 
3242.282 
3448.811 
5473.388 
5497.406 
5728.888 

Branching 
Ratio (%) 

20.5(1.0) 
0.74(20) 

94.0 (6) 
6.0 (6) 
0.43 (4) 

27.2 (3) 
67.1 (3.0) 

0.89 (4) 
2.5 (2) 
1.9(2) 
1.36 (3) 

17.4 (2) 
73.0 (4) 

1.48 (6) 
1.54(10) 
4.15(25) 
1.11 (10) 

This Work 

0.13(1) 
0.016(4) 
0.142 (9) 
0.027 (3) 
0.0057 (6) 
0.126 (7) 
0.19(1) 
0.0029 (2) 
0.103 (9) 
0.016(2) 
0.0096 (6) 
0.074 (4) 
0.23(1) 
0.0073 (5) 
0.032 (3) 
0.053 (4) 
0.015(2) 

Others 

0.036,0.17c,0.14d 

0.0080,0.032c 

0.12,0.32c 

0.056c 

0.0070,0.010c 

0.13,0.27c 

0.13,0.41c 

0.0046,0.022c 

0.038,0.16c 

0.0080,0.03 Ie 

0.012,0.023c 

0.074,0.18c 

0.16,0.59c 

0.0086,0.0085c 

0.013,0.060c 

0.022,0.090c 

0.0076,0:036c 

Note.—Figures in parentheses represent uncertainty in last figure(s). 
aWavelengths are from Palmer 1977 unless otherwise noted. Underlined wavelengths are those used in the final solar abundance analysis. 
bValues are from CB unless otherwise noted. 
c Krueger er a/. 1968. 
dPirronello and Strazzulla 1980. 
e Calculated from Palmer’s term values. 
fThis lifetime has an uncharacteristically large uncertainty as a result of nonexponential features in the decay curve—possibly due to 

collisional mixing of the excited level with other levels of similar energy. 

1 for these transitions include this correction, and the 
uncertainties assigned to the corrected branching ratios 
are taken as being equal to the correction factors. 

For all other lines, the uncertainties assigned to the 
branching ratios have been computed from the uncer- 
tainties in the observed line intensities A(X) and in the 
spectrometer efficiency ratios E(Á1)/E(\f) that appear 
in the branching ratio. The uncertainty in the efficiency 
ratio E(\l)/E(A2) amounted to 11% for the full 6000 A 
.unge of our spectrum; this is much larger than the 
uncertainty in the observed line intensity for all except 
the weakest branches. 

Our branching ratios are in very good agreement with 
the values of Cardon, Parkinson, and Tomkins (1980). A 
comparison of our results with branching ratios deduced 
from the transition probabilities of CB shows that the 
CB values generally agree with ours to within 20-40% 
for branching ratios larger than 10%, but for fainter 
lines the CB results are lower by factors ranging from 
1.5 to 3. 

the effect of unmeasured infrared branches (see § II6 
and Appendix). In most cases, our /-values are found to 
be larger, by factors of up to 7, than the data of CB. 

For Y i, our /-values are a factor of ~ 2 higher than 
the normalized hook data of Cardon, Parkinson, and 
Tomkins (1980). This difference has been discussed pre- 
viously (Hannaford and Lowe 1982) and is attributed 
mainly to variations between our measured lifetime val- 
ues and those used by Cardon et al to normalize their 
hook data. 

For Y ii, Pirronello and Strazzulla (1980) have com- 
puted /-values for eight lines using the scaled Thomas- 
Fermi method. Our values agree with their results for 
five Unes but are significantly smaller for the other three 
lines (see Table 2). The theoretical Y n /-values of 
Krueger et al (1968) are on the average —40% higher 
than ours, but, on an individual basis, variations of 
greater than an order of magnitude are found. This is 
comparable with the dispersion previously found by 
Allen (1977), on the basis of solar and stellar abundance 
studies. 

c) Oscillator Strengths 

The/-values derived from our lifetimes and branching 
ratios are given in Tables 1 and 2, along with previously 
reported values. The values for transitions from the 
low-lying doublet levels of Y i include the correction for 

III. SOLAR ANALYSIS 

a) Selection of Solar Lines 

The problem of the identification of Y i and Y n lines 
in the solar photospheric spectrum has been carefully 
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reexamined on the following basis. The laboratory wave- 
lengths (Alab) of the Y i and Y n lines have been taken 
from the analysis of Palmer (1977), and the solar wave- 
lengths (A0), from the tables of Pierce and Breckinridge 
(1973) or from interpolations between neighboring lines 
given by these authors. All Unes which could be due to 
Y i or Y ii have been carefully examined on the very 
high resolution (resolving power ^106) and low noise 
(S/N^2000) tracings of the solar photospheric spec- 
trum of Delbouille, Neven, and Roland (1973). Effects 
due to isotopic splitting and hyperfine structure are 
insignificant for yttrium, since there is only one stable 
isotope, and the hyperfine splitting factors are very 
small, typically less than 1 mÀ (Kuhn and Woodgate 
1950; Fricke, Kopfermann, and Penselin 1959; Beer 
1970,1971). 

Equivalent widths for these solar lines have been 
measured independently by four people. Uncertainties 
have been assigned to each line on the basis of the 
differences between the four sets of measurements and 
of the shapes of the lines in the solar spectrum. 

On the basis of the small uncertainties in the solar 
and laboratory wavelengths (typically 2-3 mÀ), we 
estimate that a reasonable criterion for rejecting an 
identification is when AA>25 mÀ, where AA = 
|A0 — Alab|. For Y n, we have studied in detail 42 of the 
55 lines previously identified by Moore, Minnaert, and 
Houtgast ( 1966) as unblended Y n lines, and all but one 
of these 42 lines fall within the above wavelength range. 
However, for Y i, 18 of the 40 lines we have examined, 
which include many of the Y i identifications proposed 
by Moore, Minnaert, and Houtgast (1966), fall outside 
this range, and these lines have been rejected. In all 
cases where A A is larger than 25 mÀ, the derived 
abundance is also much too large (often by factors of 
10-100) for the Une to be due solely to Y i, and it is 
concluded that for these lines, Y i must be a small or 
negligible contributor, falling in the wings of the mea- 
sured line. 

It is also important in the final analysis to exclude all 
lines which are significantly influenced by blending since 
these lead to systematically high abundance values. Par- 
ticular care must be taken in the case of Y i since these 
lines are often very faint. The transition probabilities 
and equivalent widths of most of the Y i and Y n lines 
have been determined to an accuracy of about 15% or 
better, and so, in the absence of blends, the distribution 
of solar abundances should be sharply peaked. A histo- 
gram of our experimental abundance results for Y n is 
shown in Figure 1. It can be seen that the distribution is 
indeed quite sharp, and hence we conclude that the 
atomic data are of sufficient accuracy for the abundance 
results to be used as an aid in the identification of solar 
lines, particularly in the case of the weaker Y i lines. The 
corresponding distribution for Y i lines, although peaked 
in a position similar to that of Y n, was found to be 
broad and asymmetric with a long tail on the high-abun- 

Ay 

Fig. 1.—Distribution of Y n solar abundance results. 

dance side. This tail is attributed to Unes which are 
seriously influenced by blending. After removing the 18 
lines for which A A > 25 mÀ, we find that for several of 
the remaining Y i lines, the derived abundances are very 
large, and these lines are assumed to be blends in which 
the Y i line is very close to an unknown contributor. 
Consequently, in the final analysis we have rejected a 
further 14 lines for which the abundance value exceeds 
the most probable value by more than 0.35 dex, which 
is the maximum deviation on the low-abundance side of 
the Y i distribution. 

The eight Y i lines and 41 Y n Unes we have retained 
for the final analysis are listed in Tables 3 and 4. The 
various lines that were examined and rejected for the 
reasons detailed above are indicated in Tables 1 and 2. 

b ) Solar A bundance A nalysis 

The solar abundance of yttrium has been derived for 
each line from the data given in Tables 3 and 4 using 
direct integration of the line profiles, assuming local 
thermodynamic equilibrium. We adopted the photo- 
spheric model of Holweger and Müller (1974). Argu- 
ments in favor of this model have been presented by 
Lambert (1978), Lambert and Luck (1978), Blackwell, 
Shallis, and Simmons (1980), and Biémont c/û/. (1981). 

Each Ay value is assigned a weighting factor from 3 
to 1 on the basis of its uncertainty (AytyX which has 
been estimated from the combined effect of the uncer- 
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TABLE 3 
Solar Data and Results for Y i 

^lab 
(A) 

Aq 
(A) (eV) (mA) \°&gf Weight 

4128.304 
4142.841 
4643.698 
4674.848 
5527.561 
5606.335 
6222.579 
6435.022 

.302 

.836 

.720 

.848 

.542 

.335 

.570 

.015 

0.07 
0.00 
0.00 
0.07 
1.40 
1.43 
0.00 
0.07 

8.3 
14.0 
3.8 
2.4 
2.1 
0.19 
0.31 
1.25 

0.38 
0.21 

-0.45 
-0.46 

0.40 
-0.56 
-1.70 
-0.82 

1.89 
2.26 
2.22 
2.09 
2.37 
2.31 
2.24 
2.03 

1 

TABLE 4 
Solar Data and Results for Y ii 

^lab 
(A) 

Aq 
(A) 

Mow 
(eV) 

Wx 
(mÂ) Log gf Weight 

3203.322 
2467.877 
3496.082 
3549.005 
3584.517 
3600.739 
3601.913 
3611.043 
3628.704 
3710.286 
3747.554 
3774.339 
3776.558 
3788.697a 

3818.344 
3950.356 
4124.907 
4374.946 
4398.010 
4823.305 
4854.867 
4881.436 
4883.685 
4900.110 
4982.128 
5087.420 
5119.111 
5123.210 
5200.413 
5205.731 
5289.817 
5320.782 
5473.388 
5509.896 
5544.610 
5546.008 
5728.888 
6613.735 
6832.481 
7264.164 
7881.881 

.325 

.874 

.085 

.007 

.521 

.738 

.921 

.048 

.707 

.292 

.556 

.335 

.560 

.700 

.345 

.354 

.909 

.939 

.015 

.310 

.870 

.440 

.689 

.124 

.133 

.425 

.119 

.215 

.414 

.729 

.821 

.803 

.385 

.905 

.613a 

.008 

.876 

.745 

.478 

.185 

.906 

0.10 
0.41 
0.00 
0.13 
0.10 
0.18 
0.10 
0.13 
0.13 
0.18 
0.10 
0.13 
0.13 
0.10 
0.13 
0.10 
0.41 
0.41 
0.13 
0.99 
0.99 
0.41 
1.08 
1.03 
1.03 
1.08 
0.99 
0.99 
0.99 
1.03 
1.03 
1.08 
1.74 
0.99 
1.74 
1.75 
1.84 
1.75 
1.75 
1.84 
1.84 

50.0 
8.2 

46.1 
59.4 
60.0 
75.0 
62.0 
63.9 
50.8 
76.0 
46.5 
80.7 
54.0 
76.0 
48.6 
59.6 
20.1 
78.1 
49.7 
19.2 
46.2 

1.1 
58.9 
55.3 
12.0 
48.7 
14.0 
31.3 
37.6 
48.8 

4.2 
4.1 
7.3 

20.0 
6.3 
6.4 
3.4 
4.5 
0.8 
3.3 

14.5 

-0.37 
-1.84 
-0.72 
-0.28 
-0.41 

0.28 
-0.18 

0.01 
-0.71 

0.46 
-0.91 

0.21 
-0.81 
-0.07 
-0.98 
-0.49 
-1.50 

0.16 
-1.00 
-1.11 
-0.38 
-2.79 

0.07 
-0.09 
-1.29 
-0.17 
-1.36 
-0.83 
-0.57 
-0.34 
-1.85 
-1.95 
-1.02 
-1.01 
-1.09 
-1.10 
-1.12 
-1.11 
-1.94 
-1.50 
-0.57 

2.16 
2.22 
2.11 
2.27 
2.37 
2.25 
2.24 
2.16 
2.33 
2.00 
2.21 
2.22 
2.38 
2.34 
2.36 
2.21 
2.22 
2.25 
2.27 
2.28 
2.29 
2.03 
2.28 
2.29 
2.22 
2.21 
2.32 
2.31 
2.21 
2.31 
2.25 
2.38 
2.34 
2.15 
2.33 
2.36 
2.16 
2.15 
2.21 
2.45 
2.20 

a Moore, Minnaert, and Houtgast 1966 identified this line as due to Y n and Y i, 
with Y il being the main contributor. We have found the Y i contribution to be 
completely negligible. 
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tainties in the /-values and equivalent width measure- 
ments. Weight 3 corresponds to lines with Av4Y^0.08 
dex, weight 2 to Unes with 0.08<Ä21y—0T2 dex, and 
weight 1 to lines with 0.12<A^y<^dex. 

A micro turbulent velocity of £ = 0.85 km s_1 (iso- 
tropic and independent of the optical depth) has been 
deduced in the following way. The Y n line sample has 
been divided into three subgroups according to the 
intensity of the Unes, log ITx/A, where Wx is the equiv- 
alent width: (1) the 17 faintest lines (with log Wx/h< 
— 5.3), which are independent of damping and micro- 
turbulence; (2) the 12 strongest lines (with log Wx/X> 
— 4.8), which depend on both damping and microturbu- 
lence; and (3) the remaining 12 lines, which are less 
dependent on damping than on micro turbulence. The 17 
faint lines lead to TY — 2.26±0.04, where the quoted 
error represents twice the standard deviation of the 
mean. The abundances for the two other subgroups of 
lines have been derived for different values of £ (in the 
range 0.6-1.2 km s-1) and for different values of the 
damping enhancement factor A (in the range 1.0-2.0) to 
be applied to the van der Waals-type broadening 
parameter. The best agreement of the intermediate and 
strong line subgroup abundances with the faint line 
result is obtained for £ = 0.85 km s-1 and no enhance- 
ment factor for the broadening parameter. This is con- 
sistent with the results obtained by Blackwell and Shallis 
(1979) and Blackwell, Shallis, and Simmons (1980). 

Our abundance results are given in Tables 3 and 4. In 
practice, the mean abundance including all Y ir lines is 
rather insensitive to modifications of the above parame- 
ters; for example, an increase of £ by 0.1 km s_1 would 
result in a mean decrease of A Y by only 0.02 dex, and an 
enhancement factor of A =1.5 applied to the damping 
parameter would likewise decrease the mean abundance 
by 0.02 dex. _ 

The mean values, AY, of the logarithmic solar abun- 
dances deduced from this study are 

Ay = 2.18±0.12 for Y i (8 Hues), 

ÄY = 2.25±0.03 for Y il (41 lines), 

where the quoted errors represent twice the standard 
deviation of the mean. (The solar abundances quoted in 
Table 3 are determined using /-values corrected for 

unmeasured infrared branches. If uncorrected /-values 
were used, the mean solar abundance of Y i would 
change from 2.18 to 2.15.) 

The combined result is 

Ay = 2.24±0.03. 

The presently accepted meteoritic abundance of 
yttrium is 4.8 Y atoms per 106 silicon atoms (Cameron 
1981). Normalized to the solar scale, this leads to 
A y (meteorites) = 2.24, in very good agreement with the 
above photospheric results. 

IV. DISCUSSION 

The present determination for yttrium now completes 
the set of solar abundance values for each member of 
the important Sr-Y-Zr abundance peak corresponding 
to a magic number of 50 neutrons. These values are 

ASr = 2.90 (Hauge 1972), 

Ty = 2.24±0.03 (this work), 

TZr = 2.56±0.05 (Biémont e/a/. 1981). 

The new transition probabilities for Y i and Y n, and 
also the previously published results for Zr i and Zr n, 
have important implications concerning the abundances 
of these elements in both cool stars (mainly Y i lines) 
and hot stars (mainly Y n lines). The ratios ASr/AY/A Zr, 
as well as the absolute abundance values, are known to 
vary by very large amounts in different types of stars, 
particularly in CP (chemically peculiar) stars. Thus, in 
order to be able to test the different theories proposed 
to explain the Sr-Y-Zr patterns, it is important to have 
rehable data for the transition probabilities. The impact 
of the new /-values for Y n and Zr n in the case of CP 
stars (Si, cool Ap, Hg-Mn, Am, Fm, and 8 Delphini 
stars) has recently been discussed by Grevesse eta/. 
(1981), and the effect of the new Y i and Zr i data in the 
case of cool stars is presently under investigation. 

We wish to thank T. Ataç and J. L. Harnes for 
valuable assistance in measuring the equivalent widths 
of the Y i and Y n solar lines. This work was supported 
in part by the National Science Foundation AST 76- 
81607 and PHY-23638. 

APPENDIX 

EFFECT OF UNMEASURED INFRARED TRANSITIONS ON THE Y i BRANCHING RATIOS 

Some of the low-lying levels of Y i have strongly 
allowed transitions in the infrared that are above the 
9000 A cutoff of our spectrometer. A comparison of our 
uncorrected /-values with the relative /-values of Cardon, 

Parkinson, and Tomkins (1980) (which were obtained by 
the hook method and therefore do not depend on a 
knowledge of the branching ratios) indicates that the 
ratio r = /this work//Cardon e, ai. has a mean value of 2.13 
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(Standard deviation 0.16) for the z2Fy2,i/2> y2?!/!* 
y2Ey2j/2 levels, for which Palmer (1977) reports strong 
infrared transitions, and only 1.82 (standard deviation 
0.14) for the x2Dy2 and x2F^/2j/2 levels, for which 
Palmer reports no infrared transitions. If this systematic 
difference in r is due to the omission of infrared branches 
in our measurements, then our R and /-values for the 
first group of levels should be lowered on the average by 
~ 15% to allow for this omission. 

An estimate of the relative strength of the infrared 
branches for some of the levels may be obtained from 
the reported intensity measurements using the results of 
Palmer for Unes in the infrared and those of this work 
for lines below 9000 À. The five low-excitation doublet 
levels y2£>3°/2 5/2, y

2F5°/2 7/2, and y2Py2 have approxi- 
mately equal energies (24,131-24,899 cm-1) and there- 
fore should have similar relative populations in the two 
sets of intensity measurements. They also have strong or 
fairly strong infrared lines, most of which occur over a 
fairly narrow range of wavelengths (12000-20000 Á). 
The ratio 2IR/(Palmer)/2<9ooo (fids work) for each 
of these levels should therefore be approximately pro- 
portional to SIR2l/2<9ooo A^ (where A is the transition 
probability). A plot of the change inr, i.e., Ar=r— 1.82, 
versus 2IR/(Palmer)/S<9ooo A^ (fids work) shows an 
approximately linear correlation, from which we con- 
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