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Emission Line Stars

Two unrelated emission-line stars. The first is the famous "Blaze Star", T CrB, a recurrent
nova. This star consists of a cool (as indicated by the presence of TiO bands in the
spectrum) component in a binary system with a white dwarf. Gas from the cool component,
which fills its Roche lobe, falls onto an accretion disk around the white dwarf. The emission
lines are due to hot hydrogen gas in this accretion disk. Material from this disk is accreted
onto the surface of the white dwarf. Eventually, this material detonates, producing a dramatic
brightening of the system. The second star is a proto-type of the B[e] stars, B-type stars
which show forbidden lines in emission. The Ble] stars represent a number of evolutionary
states, including supergiants, pre-main sequence stars, compact planetary nebulae and
symbiotic stars. The exact nature of HD 45677, illustrated here, is not yet known.

Two Emission—Line Stars
Normalized Flux

T T T T T T T 3 T T T T T T T T T
H§
From aceretion ditk
R
Hy
"Blaze Star*', Recurrent Nova
Hé
I WWW
TCrB
[T¢3
@ % 3 Ble] Star 0
E = = )
: £ ¢ :
W‘"‘W“A‘-’M &
HD 45677 W U T PO RN

3800 4000 4200 4400 4600 4800 5000 5200 5400 5600
Wavelength




Herbig Ae Stars

Herbig Ae stars generally show emission in the H line (outside of the spectral range of the
spectra used in this atlas), and quite often emission in H and even He. Many Ae stars are
still contracting to the main sequence, and are thus either still surrounded by remnants of
their stellar cocoons, or have developed massive stellar winds.

The extended spectral type consists of a normal MK type along with an indication of the
nature of the Balmer line emission. An "e" indicates strong emission in the H line, (e)
indicates marginal or weak emission, and an "r" or "b" indicates whether this emission is
shifted to the red or blue of the photospheric line. The strength of the Balmer decrement is
indicated by the symbols <, , =, , > for weak, somewhat weak, normal, somewhat strong, and
strong. The nature of the emission and/or absorption, plus the strength relative to the normal
absorption strength of the relevant standard of the lines of the Fe II (42) multiplet are
indicated with the N index. Nem indicates these lines are in emission, Nab that they are in
stronger than normal absorption, and Npc and Nipc indicate P Cygni and inverse P Cygni
profiles in these lines.

The spectral types of these Herbig Ae stars can change quite dramatically on time scales of
a few days. As a consequence, the spectral types of these stars should always be

accompanied by a date. Nem = m emissinn = stvond LmisSion
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Carbon Stars

Carbon stars tend to be cool giants (although dwarf carbon stars are known) with greatly
enhanced bands of molecules involving carbon. Especially prominent in most carbon stars
are the Swan bands of C,. Some carbon stars also show enhancements of the G-band (CH)
and the CN bands. These two carbon stars show strong lines of barium and strontium, both
s-process elements. It is thought that the excess carbon and s-process elements seen in the
atmospheres of carbon stars are due to deep convection currents that dredge nuclear-

processed material up from the core.
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Helium Rich O “sub-dwarf”’ Star

This is a spectrum of a helium-rich O "subdwarf" star, an extremely hot star which is in the
process of evolving into a white dwarf. The near equality of the strengths of the H + He II
blends with the He II lines indicates that the atmosphere (and probably the whole of this
star) are almost pure helium, with very little if any hydrogen. This star is the exposed core
of a star that has thrown off its outer envelope.
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Supernova from 1988

The spectra of the three bright supernovae of 1998, SN1998S, SN1998aq and SN1998bu,
SN1998S is an example of a Type II supernova. The spectra of Type II supernovae are
characterized by broad emission lines of hydrogen, usually stronger than can be seen in this
particular spectrum of SN1998S (earlier spectra, taken soon after discovery, showed much
stronger lines of hydrogen). The catastrophic collapse of this iron core expels the
hydrogen-rich envelope, yielding a spectrum dominated by hydrogen. SN1998aq and
SN1998bu were both Type I supernovae. The spectra of Type I supernovae are
distinguished by broad absorption lines due to ionized metals, and the complete lack of any
indication of hydrogen. As a consequence, the progenitors of these supernovae are thought
to be binary systems with a carbon-oxygen white dwarf near to the Chandrasekhar limit as
one of the components. Material from the other star falls onto the carbon-oxygen white
dwarf. When the Chandrasekhar limit is exceeded, the white dwarf undergoes a carbon
detonation, producing the supernova explosion. Type I supernovae are more luminous at
their maxima than Type II supernovae, have easily recognizable spectra, and thus make
excellent standard candles. The metal ions responsible for the broad absorption troughs in
the spectrum of SN1998aq have been indicated below the spectrum.
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S Type Stars

S-type stars are defined as cool giants which show evidence of bands of ZrO in their
spectra. V Cnc, a semi-regular variable star, shows pronounced bands of ZrQ, whereas o'
Ori is a marginal S-type star, as it shows only marginal evidence of ZrO (see the ZrO
bandhead at 5551, barely visible in o' OI‘I) V Cnc shows almost no evidence for TiO in its
spectrum, whereas the bands of TiO in o' Ori are as strong as those in an M4 giant. The
strong hydrogen emission lines in the spectrum of V Cnc are due to shock waves in its
pulsating atmosphere. Some S-type stars also show molecular bands due to YO, VO and
LaQ. The chemical peculiarities in S-type stars are also thought to arise from the dredge-up
of nuclear processed material from deep within the star.
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Wolfe Rayet Stars

Wolf Rayet stars represent an evolutionary phase in the lives of massive stars during which
‘they undergo heavy mass loss. They are characterized by an extraordinary spectrum that is
dominated by emission lined of highly ionized elements. Recent general reviews on Wolf-
Rayet stars have been made by Abbott & Conti (1987), Willis (1987, 1991), Conti &
Underhill (1988), Smith (1991a), van der Hucht (1991, 1992), Maeder (1991c), and Massey
& Armandroff (1991). W-R stars are considered "bare cores" resulting mainly from stellar
winds peeling off of single stars initially more massive than about 25 to 40 M. Close
binaries might also lose their outer layers from Roche lobe overflow. The main evidence for
the bare core model as reviewed by Lamers et al (1991) are the following:

* H/He ratios in W-R stars are low or zero.
* The CNO ratios are typical of nuclear equilibrium.

* The continuity of the abundances in the sequence of types O, Of, WNL, WNE,
WCL, WCE, and WO corresponds nicely to a progression in peeling off the outer
material from evolving massive stars.

* The observed winds in progenitor O stars and in supergiants are high enough to
remove the stellar envelopes within the stellar lifetimes. Also, the average winds in
W-R stars (Conti 1988) are able to accomplish further significant mass loss.

* 'W-R stars have low average masses (between 5 and 10 M; Abbott & Conti 1987);
moreover, they fit well the mass-luminosity relation for He stars (Smith & Maeder
1989).

s W-R stars are present in young clusters and associations with ages smaller than 6
Myr (Humphreys & McElroy 1984, Schild & Maeder 1984).

» He- and N-rich shells are present around some W-R stars (Esteban & Vilchez
1991).

*  With their bright emission lines and their high luminosities, W-R stars are
observable at large distances and are thus the stars for which we have the best
sampling in other galaxies. Their emission lines also can become visible in the
integrated spectrum of galaxies with active star formation, which enables us to
extend the studies of young massive stars even farther out in the Universe.

HOAO/IRAT V2, 10,4EXPORT petergfmars Sat 11:45:58 07-Kar-98
[test): SH1998S 600, ap:i beam:l

I i T F

4000 5000 6000 7000
Wavelength {angstroms)




Metallicity Effects in Massive Stars

1.

Nuclear production. Metallicity Z may influence the nuclear rates; a good example
occurs for the CNO cycle. A very slight contraction or expansion to a new
equilibrium state may compensate for a change in nuclear rates (Schwarzschild
1958). In massive stars, a lower Z also produces a more active H-burning shell in
the post-main sequence evolution and this favors a blue location in a part or the
whole of the He-burning phase (Brunish & Truran 1982a, b; Schaller et al 1992),
This was one of the initial explanations proposed for the blue precursor of SN
1987A (Truran & Weiss 1987).

Opacity effects. In the interiors of massive stars, electron scattering, which is
independent of Z, is the main opacity source. Thus, in contrast to the case of low and
intermediate mass stars, metallicity has no great direct effect on the inner structure of
massive stars.

Stellar winds. In the very external layers, Z may strongly influence the opacity and
thus the atmospheres and winds. Wind models for O stars by Abboit (1982)
suggested a Z-dependence of the mass loss rates of the form Z, with = 1.0. Other
models gave a value of between 0.5 and 0.7 (Kudritzki et al 1987, 1991; Leitherer &
Langer 1991; Kudritzki 1994). It is likely that this is the main effect by which Z
may influence massive star evolution (Maeder 1991a). For yellow and red
supergiants, there are no models (Lafon & Berruyer 1991) nor observations (Jura &
Kleinmann 1990) giving reliable vs Z information; thus a major uncertainty in post-
MS evolution remains

Helium content. A ratio Y/ Z greater than 3 between the relative enrichments in
helium and heavy elements has been established from low-Z H Il regions (Peimbert
1986, Pagel et al 1992). Thus, changes in Z imply large changes in ¥, which have a
direct effect on the models.
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