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The presence of unstable, long-lived 26Al has been sought in the spectra 
of the long-period variable R Anoromedae (S6, 6e) and the irregular variable 
carbon star 19 TX Piscium (C6, 2). The spectra of both stars show technetium. 
We find no isotope shift in the absorption lines of AlH and conclude that 
26Al/27Al < 1/7. 

The atmospheres of some carbon and S-type stars contain 

technetium (presumably "Tc, half-life 2.1 X 105 years) (Merrill 

1952, 1956), and probably 93Zr (half-life 9.5 X 105 years) (Schadee 

and Davis 1968; Peery and Beebe 1970). The presence of these 

unstable nuclides suggests the possibility that other long-lived 

unstable nuclides may be present as well (Table I). 

Absorption lines of AlH appear in the spectra of the long-period 

variable R Andromedae (S6, 6e) (Merrill and Greenstein 1956) and 

the irregular variable carbon star 19 TX Piscium (C6,2) (Peery 

1970). Therefore, the molecular isotope shift presents the possibility 

of distinguishing between the unstable isotope 26Al and the stable 

isotope 27Al. The spectra of both stars show absorption lines of 

technetium (Merrill 1952,1956). 

Table II describes the spectrograms that we have used in our 

search for 26Al. We have taken laboratory wavelengths of 27AlH 

from Nicollet (1937) and Eriksson and Hulthen (1925), and have 

calculated isotope shifts with the molecular constants and approxi- 

mate formulas given by Herzberg (1950) 

0Reprint of the Goethe Link Ohsewatory, Indiana Uiiiversity, No. 113. 
fOn leave at California Institute of Technology 1969-70. 
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vibrational shift; Av = l/2(p — .1 ) (ω¡ — ω") 

rotational shift: Αν = (ρ2 — 1) (Βό — #0)/(/ + 1) 

(with similar equations for the (1,1) line). All symbols have 

meanings. their conventional The ratio of reduced masses, 

p2 = μ(27Α1Η)/μ(26Α1Η), is 1.00138. 

TABLE I 

Long-Lived 

Nuclide 

I0Be 
26 Al 

36C1 
4ICa 
53Mn 
eope 
59Ni 
79Se 
81Kr 
93Zr 
94Nb 
93Mo 
97Tc 
98Tc 

Unstable Nucudes 

Half-Life 
(years) 

2.7 X 106 

7.4 X 105 

3 X 105 

1.1 X 105 

~ 106 

~ 3 X 105 

8 X 104 

7 X 104 

2 X 105 

9.5 X 105 

2.0 X 104 

~ 104 

2.6 X 106 

1.5 X 106 

of Astrophysical Interest" 

Half-Life 
Nuclide (years) 

99Tc 2.1 X 105 

107Pd 7 Χ I06 

126Sn ~ 105 

129I 1.6 X 107 

135Cs 2.0 X 106 

137La 6 X 104 

146Sm 5 X 107 

150Gd ~ 3 X 105 

154Dy ~ I06 

182Hf 9 X 106 

202Pb ~ 3 X 105 

205Pb 3 X 107 

208Bi ~ 7.5 X 105 

210Bi 2.6 Χ I06 

"From Chart of the Nuclides,Knolls Atomic Power Laboratory. 

TABLE II 

Observational Data 

Star 

R And 
19 TX Psc 

Plate 

Palomar Pbl667 
Mount Wilson Ce3153 

Date 

Aug. 18, 1954 
Aug. 17, 1943 

Dispersion 
(A/mm) 

4.5 
10 

Emulsion 

Ila-O 
lla-O 

We have selected four lines of A1H that appear the least seriously 

blended in the spectrum of R And (Figure 1), and six lines in the 

spectrum of 19 TX Psc. Wavelengths appear in Table III; those of 

R And were taken from Merrill and Greenstein (1956) and those of 

19 TX Psc from Peery (1970). 
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TABLE III 

AIH Wavelengths 

Transition Aiab(27AlH) λ(26ΑΐΗ) — λ(27ΑΐΗ) Astar — Aiab (27AlH) Excitation 
(A) (A) (A)  (eV) 

R And 19 TX Psc 

(0,0) Q(4) 4260.05 +0.04 0.00 +0.04 0.02 
(0,0) P(ll) 4290.58 +0.08 -0.03 -0.07 0.10 
(0,0) P(16) 4310.68 +0.11 - -0.08 0.21 
(0,0) P(17) 4315.43 +0.12 - -0.05 0.24 
(0,0) P(20) 4331.80 +0.14 +0.02 0.00 0.33 
(0,0) P(21) 4338.18 +0.15 - +0.01 0.36 

(1,1) R(8) 4353.83 +0.11 -0.04 - 0.26 

Merrill and Greenstein report that wavelengths of atomic absorp- 

tion lines shift positively with increasing excitation in the spectrum 

of R And. The fourth, fifth, and sixth columns of Table III appear 

to hint at the same behavior, particularly in 19 TX Psc. However, 

we conclude that the measures do not indicate shifts that could be 

attributed to 26AIH. 

Figure 1 shows microphotometer tracings of the four AIH lines 

in the spectrum of R And. Small amounts of 26A1H should produce 

asymmetries on the long-wavelength sides of the lines; these do not 

appear. We estimate that a ratio of 26AIH/27AIH > 1/7 should be 

discernible as such asymmetries, and we may take this value as a 

very coarse upper limit to the abundance ratio 26A1/27A1 in these 

stars. 

According to prevailing ideas of nucleosynthesis, the over- 

abundances of heavy elements that characterize the S stars and 

many carbon stars have been produced in the stellar interiors by 

the s-process and subsequently brought out into the atmospheres. 

But while the s-process is commonly thought to occur at the 

temperature of helium burning, i.e., of the order of 108° K, the 

production of 26Al is envisioned to take place during later stages of 

stellar evolution, at temperatures of billions of degrees. Therefore, 
26A1 would not be expected to be brought into the stellar atmo- 

sphere along with the s-process nuclides. 

This work has been supported by NSF Grant GP 17408 and by 

the United States Air Force under contract AF 68-1401, monitored 
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by the Air Force Office of Scientific Research of the Office of 

Aerospace Research. 

REFERENCES 

Eriksson, G., and Hulthen, E. 1925, Zs.f Phys. 34, 775. 
Herzberg, G. H. 1950, Spectra of Diatomic Molecules (Princeton; D. Van 

Nostrand Co., Inc.). 
Merrill, P. W. 1952, Ap.J. 116, 21. 
  1956, Pub. A.S.P. 68, 70. 
Merrill, P. W., and Greenstein, J. L. 1956, Ap. ]. Suppl. 2, 225. 
Nicollet, M. 1937, Ciel et Terre, No. 4. 
Peery, Β. F., Jr. 1970, Pub. Astr. Soc. Japan (in press). 
Peery, B. F., Jr., and Beebe, R. F. 1970, Ap. J. 160, 619. 
Schadee, Α., and Davis, D. N. 1968, Ap. J. 152, 169. 

© Astronomical Society of the Pacific · Provided by the NASA Astrophysics Data System 


	Record in ADS

