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Magnesium Isotopes in Halo Stars of Various Metallicities
B. Barbuy, Universidade de Sao Paulo

Introduetion

Population II stars are very old objects, and their relative
abundances can give clues on the chemical enrichment at
early times. The elemental composition of stars depends on
the initial mass function of the progenitor stars which enrich
the gas from which they form. Some element ratios in the
oldest stars are especially sensitive to the mass of the preced
ing stars, the so-called population 111 or population 0, first
generation of zero-metal stars, today dissappeared.

Important ratios are, for example, the oxygen-to-iron, nitro
gen-to-iron, magnesium isotope ratios, as weil as sodium and
aluminium-to-magnesium ratios. In halo stars, oxygen-to-iron
ratios above solar seem to point to a first generation of
massive (M > 10 Mev) stars. Nitrogen-to-iron ratios in these
stars indicate the primary nature of nitrogen at early times, and

this can be explained by a first generation of intermediate or
high mass stars.

Calculations are available for the production of magnesium
isotopes in intermediate mass stars (2 < M/Mev < 8) and in
ordinarily massive stars (M > 10 Mev)' The main controversy is
whether they are formed through explosive or hydrostatic
carbon burning. In the explosive case, the isotopic 25Mg
abundance should be proportional to that of 24Mg, whereas
26Mg forms from 25Mg; in this case, one expects a strong
deficiency of 25,26Mg in metal-deficient stars. On the other
hand, if their production occurs in hydrostatic conditions, 24Mg
is formed during hydrostatic carbon burning, whereas during
hydrostatic helium burning one has the reaction 22Ne (a, n)
25Mg followed by conversion of some 25Mg into 26Mg by
neutron capture. In this scenario, a small overdeficiency of
25.26Mg is expected.
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stars show the same result, then we would have an indication
for formation of magnesium by hydrostatic carbon burning. In
other words, if the present results extend to all metal-deficient
stars, then they are not consistent with production of mag
nesium isotopes through explosive carbon burning, but indi
cate rather their production under hydrostatic conditions.
Such conditions are found in relatively massive stars, accord
ing to Arnett and Wefel (1978), and Truran and Iben (1977). The
present results are otherwise in agreement with those by Spite
and Spite (1980) regarding sodium and aluminium-to-mag
nesium ratios in halo stars.

Observations of Magnesium Isotopes

In order to determine the ratios 24Mgf'5Mgf'6Mg, it is neces
sary to have very high quality spectra. These can be obtained
at the present time using the ESO 1.42 m telescope (CA1) with
the Coude Echelle Spectrometer (CES) and a reticon silicon
photodiode array. With a temperature of the reticon main
tained at about 150 K, a quantum efficiency around 40 % is
achieved, at the wavelengths of 5140 Ä, where a spectral
resolution L:::,.)... = 0.08 Äis obtained at a reciprocal dispersion of
2 Ä mm-'. The required signal-to-noise (above 500) and accu
racy in the line profile are reached, as illustrated in Fig. 1.

Selection of lines: magnesium isotopic lines are better
distinguished through the magnesium hydride. In the system
A2n:-X2L:, the MgH (0,0) band forms a head at 5211 Äand the
band degrades to the violet. The isotopic shifts vary from
- 0.0 at the band head to 0.4 Ä around 5000 Ä. Besides
having a convenient split of lines, it is important to have no
blends and relatively strong lines, in order to still observe them
in metal-deficient stars. A compromise between these three
requirements is met with lines at n5134-5137 Ä, where the
isotopic shifts of 0.06 to 0.1 Ä are seen as red asymmetries in
each line.

Selection of stars: the MgH lines present a strong depen
dence on temperature, on gravity, and also on metallicity. In
hot stars, most of the MgH molecules dissociate. Conse
quently, in order to reach metallicities down to [Fe/H] = -2.0
(where (X] = log X~), we have selected cold unevolved
halo stars from the catalogue by Carney (1980).

Method for the Determination
of Isotopic Abundances

The spectrum synthesis technique is employed to estimate
the magnesium isotope abundances. The MgH line profiles are
computed, for each star, with the solar isotopic proportions:
24Mg : 25Mg : 26Mg = 79: 10 : 11 and the extreme cases
100 : 0 : 0, 60 : 20 : 20. The input data required for the synthe
sis are: molecular data, model stellar atmosphere, elemental
abundances and Doppler broadening velocity.
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Fig. 1: Speetrum of HO 175329
(w Pav), star of visual magnitude
V = 5.13, obtained in 2.5 hours
exposure time in Getober 1982.
The region eontains unblended
MgH lines: groups of 3
wavelengths indieate each the
24,25 and 26MgH isotopic compo
nents,

Results

The results obtained so far show a best fit when solar
isotopic ratios are assumed. The most metal-deficient star of
the sampie studied until now does, however, not show a
deficiency greater than [Fe/H] = -1.2. If more metal-deficient
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The Ultraviolet Absorption Spectrum of NGC 4151
P. Veron, M. -Po Veron-Cetty and M. Tarenghi, ESO

NGC 4151 is one of the first Seyfert galaxies to have been
discovered. Indeed it appears in the original list of 12 galaxies
published by Seyfert (1) in 1943. It is certainly the most
extensively observed of all Seyfert 1 galaxies. As areminder,
Seyfert 1 galaxies are characterized by the presence of an
active, non-thermal nucleus, conspicuous both in X-ray and in
the optical, and broad permitted emission lines. These nuclei
are believed by many to be low luminosity quasars.

NGC 4151 is an Sab galaxy with a galactocentric radial
velocity of 978 km/s, corresponding to a distance of about 20
Mpc.

A striking feature of the optical spectrum of NGC 4151 is the
presence of non-stellar absorption features (Balmer lines, He I
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)... 3889) which are blue-shifted with respect to the emission
lines and variable in time. The variations of the equivalent
width of these emission lines have been interpreted either as
real changes in the amount of absorbing matter, or as due to
changes of the nuclear continuum brightness variously diluted
by the constant stellar component arising in regions adjacent
to the Seyfert nucleus (2).

A number of spectra have been obtained with the Interna
tional Ultraviolet Explorer (3), a satellite launched on 26
January 1978. They cover the spectral range 1150-3250 Ä. A
number of absorption features of variable equivalent width
have been identified (4). It has been claimed that the equivalent
width of at least some of these ultraviolet absorption lines,


