formed for a number of CP stars. Most
of the concerned spectra have their re-
Sonance lines in this range. However,
line identification is generally hampered
by the high density of competing tran-
Sitions.

Fuhrmann devoted special interest to
the well-known CP2 star HR 465, while
others like HR 7775, HR 4072, » Cnc,
@2CVn, HD 101065, as well as their
“normal” congeners nt Cet, v Cap and
Vega were preferably used for compari-
8on purposes. The spectra show a huge
Number of absorption lines, most of
Which belong to Fell and Cril. Other
glements — like Mgll or Sill — have only
few, but strong transitions. In the spec-
tra of the CP2 star a2CVn a remarkable
Number of ions with Z < 20 is not well
Pronounced. This is most obvious in the
Case of neutral and ionized carbon.

As far as the Rare Earth elements are
Concerned there are identifications for
SO0me second spectra (e.g. Holl, Gdll,
--.) in the tracings of HD 101065 -
Przybyiski's star. The spectra of the
Somewhat hotter HR 465, however,
show only marginal contributions from
this group of elements. IUE spectra are
Well suited to show the definite pres-
€nce of heavy elements like platinum
and mercury, as well as the overabun-
dances proposed from optical spectra.
Additionally, absorption lines of Bill are
Observable. There is also strong evi-
dence for transitions due to gold {(Aull).

In the visible, Gerbaldi and Faraggia-
"3 have been extending the investiga-
_t‘°n of abundances to elements not eas-
lly Observable with photographic plates.

hey have derived intriguing results
'om observations of the neutral lithium
'éSonance line at A 6707 now easily ac-
Cessible with modern detectors. The
first observations made by them at ESO

with CES and Reticon of the Lil 6707
line in cool Ap stars, raised several
problems since the feature at this
wavelength shows an asymmetric pro-
file different from star to star and an
intensity which is not related to the at-
mospheric parameters of the stars. Sur-
prisingly, the only rough relation de-
tected was that between the equivalent
width of A 6707 and the number of
other, mainly unidentified lines present
in this spectral range (Gerbaldi,
Faraggiana, 1986). Subsequent obser-
vations at the Observatoire de Haute-
Provence, complementary to those per-
formed at ESO, indicate that a line of
another element, so far unidentified, is
present at a wavelength very close to
the Li line.

Spectroscopic studies of HgMn (CP 3)
stars were carried out by Schneider
(1986), who showed that more than 60
per cent of these stars are binaries. Us-
ing new observations he raises this val-
ue to more than 70 per cent. This fact
puts the CP3 group close to the CP1
(Am) stars, in contrast to the CP2 stars
with a binary frequency of only about 30
per cent. The CP3 stars show a con-
centration towards circular orbits for
short periods and a lack of periods less
than two days. Stars with periods less
than 10 days tend to synchronized rota-
tion. They are all slow rotators with v-sinj
of about 30 km/s.

Abundance analysis of some CP3
stars were carried out by Ansari who
carefully studied the effect of rotational
broadening of spectral lines on the de-
rived abundance values.
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AK Scorpii: A New Pre-Main-Sequence Spectroscopic Binary
J. ANDERSEN, Copenhagen University Observatory, Denmark, and Center for Astrophysics,

Cambridge, Mass., USA
H. LINDGREN, ESO

M.L. HAZEN, Center for Astrophysics, Cambridge, Mass., USA
M. MAYOR, Observatoire de Genéve, Switzerland

While we know that perhaps ~25%
of normal main-sequence stars are
SPectroscopic binaries, very few of their
Progenitor systems have yet been de-
tected among (low-mass) pre-main-se-
Quence stars: Mathieu’s (1988) review at
he recent IAU General Assembly lists
Only 11, and for only three had orbits

been published at that time. This
meagre yield must be due mainly to
selection effects mitigating against
the discovery of pre-main-sequence
binaries. These stars are intrinsically
faint and generally found in highly ob-
scured regions, so systematic and
accurate radial-velocity observations

were impossible until the advent of effi-
cient cross-correlation techniques. Due
to their importance for the understand-
ing of star formation processes in gener-
al, pre-main-sequence binaries are now
being searched for very actively, and the
sample will no doubt increase sharply
over the next few years. We would like
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Figure 1: Spectroscopic orbits for AK Sco. Phases are counted from a hypothetical primary
eclipse; the phases of secondary eclipse (ll) and periastron (P) are indicated. Cross: coudé
spectrum; dots: CORAVEL observations; circles: single-lined CORAVEL observations, not

used in the solution.

to share with readers some of the fun we
have had with one of these new sys-
tems, AK Sco (full details will appear in
Astron. Astrophys.).

AK Scorpii: Classical or “Naked”
T Tauri Star?

AK Scorpii is an 8th magnitude mid-F
type variable star projected on the
southern outskirts of the Sco-Cen
association. Herbig and Rao (1972)
found it to have a strong Lil line at
6707 A as well as strong Ha emission
with a central reversal, showing it to be
very young. It shares its large-amplitude
light variations and infrared excess with
the “classical” T Tauri stars, but the
absence of emission lines other than Ha
makes its optical spectrum more similar
to those of the “naked” T Tauri stars
(Walter et al. 1988), which may owe their
lack of conspicuous circumstellar mat-
ter to the presence of a binary com-
panion.

A coudé spectrum of AK Sco taken
with the ESO 1.5-m telescope in May
1986 showed it to be a double-lined
spectroscopic binary with approximate-
ly equal components. As AK Sco had
once been considered to be an eclipsing
binary, we hoped that it would be possi-
ble to determine the masses, radii,
luminosities, and composition of its
components. Comparing them with stel-
lar evolution models, age, helium abun-
dance, and other interesting parameters
might then be determined.

Orbital Parameters

We therefore observed AK Sco in
1986~87 with CORAVEL on the Danish
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1.5-m telescope on La Silla and deter-
mined its spectroscopic orbit as shown
in Figure 1. The orbital eccentricity is e =
0.47, the period is 13.6093 days, both
minimum masses (msin3)) are
1.06 * 0.01 solar masses, and the orbi-
tal semi-axis major is about 31 solar
radii. The origin of the phases plotted in
Figure 1 is where a primary eclipse
would occur; the phases of a possible
secondary eclipse and of periastron
passage are also indicated.

Unless we can determine the inclina-
tion of the orbit, we cannot find the
absolute masses of its components,
and unless the system eclipses, we
cannot directly determine their radii
either. Now that we know when to look
for eclipses in AK Sco, do they in fact
occur? We searched for the answer in a
nearby “gold mine”, the vast Harvard
plate collection going back about a cen-
tury. And yes indeed, it holds more than
2,000 plates on which AK Sco can be
measured! The period 1910-12 had a
particularly dense coverage of plates
(83), so we estimated the brightness of
AK Sco on these plates and plotted the
resulting magnitudes against spectro-
scopic phase. Alas — no correlation
whatever! So, while shallow eclipses
might still be discovered by careful
photoelectric photometry, most of the
~1-magnitude variations we do see
must have some other origin, probably
in nearby dust clouds.

A Model of the Binary

If we cannot actually determine the
masses and radii of AK Sco, what might
they reasonably be? Spectroscopically,
the components of AK Sco ook just like

F5 main-sequence stars. Popper’s
(1980) review indicates that reasonable
ZAMS masses and radii are 1.3 M and
1.26 R; the orbital inclination is then
i= 69° If the orbital and axial rotation
periods are equal, we expect to mea-
sure rotational velocities of wsini =
4 km s~'. However, due to tidal effects,
convective stars in eccentric systems
are expected to rotate faster than this,
about 2.5 times faster for the orbital
parameters of AK Sco. This revises our
prediction to vsini = 11 km s™' for both
stars.

What we actually measure from the
width of the CORAVEL cross-correlation
profiles is vsini= 19 = 1 kms™', so the
stars either spin faster or have larger
radii than first assumed. Consideration
of the time-scales for synchronization
suggests that the former is unlikely,
especially since the stars were probably
even larger and easier to synchronize
when they were younger. Hence, the
stars in AK Sco are probably well above
the ZAMS.

Published models of pre-main-se-
guence evolution are relatively old and
still largely untested, so we searched
instead in Popper’s (1980) review for a
real, suitably evolved binary as a “role
model” for AK Sco. The F5-type system
RZ Cha (1.5 M,, 2.2 Rg), an old friend
of ours from early days on La Silla,
seems to fit the bill (and the rotation) for
an inclination of / = 63°. In this model,
the stars still narrowly fail to eclipse.
Assuming an effective temperature of
6,500 K, AK Sco is about 200 pc distant,
consistent with membership in the Sco-
Cen association.

The Environment of AK Sco

Although, spectroscopically, AK Sco
itself looks rather ordinary, it appears to
live in quite a lively place, judging by its
irregular variability, which seems too
large (=1 mag) to be reasonably ex-
plained by star spot activity. The UBVRI
photometry of Kilkenny et al. (1985)
shows that the star gets redder as it
gets fainter, with a ratio of total to selec-
tive absorption R = A, E(B-V) = 4.6. This
is much higher than in ordinary interstel-
lar matter (R = 3), as often occurs in
circumstellar dust and is usually consid-
ered due to a relatively large grain size.

There is additional evidence for cir-
cumstellar dust from infrared photome-
try of AK Sco: Figure 2 shows the ener-
gy distribution derived from the
UBVRIJHKL photometry by Kilkenny et
al. (1985) and the 12, 25, and 60 um
IRAS fluxes. The fluxes have been
corrected for an average amount of ex-
tinction. Three black-body curves have
been fit to the data. In addition to the
flux from AK Sco itself, they show the
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Figure 2: Biackbodly fit to the optical-infrared energy distribution of AK Sco. The three curves
Correspond to temperatures of 6,500, 1,600, and 160 K.

Presence of two dust components at
approximate temperatures of 1,600 K
and 160 K. The total energy emitted in
these components amount to about half
of that received from AK Sco, roughly
Consistent with the light loss at inter-
Mediate brightness levels.

Size of the Dust Clouds

We can obtain an order-of-magnitude
stimate of the sizes of the two dust
Clouds by requiring that the energy emit-
ted by a grain be equal to that it absorbs
from ‘the star. The resulting distance
from AK Sco is then 25-50 solar radii
for the hot dust, and about 10 AU - the
Orbital radius of Saturn — for the cool
Component. Thus, the hot dust cloud
h{as essentially the same size as the

Inary orbit and presumably consists of
Material left over from its formation,
While the cool dust cloud has the size of
2 typical planetary system (assuming
hat the one in which we live is typical!).
. The CORAVEL data contain one strik-
INg piece of information supporting this
Picture: The luminosity ratio between
the two components, as measured by

the equivalent widths of their cross-cor-
relation dips, changes up or down by up
to a factor two from one orbital cycle to
the next (Fig. 3). Again, star spots are
unlikely to cause such large variations;
even if they did, they should significantly
distort the profiles, which is not seen.
Moreover, the variations are largest
when the stars are farthest apart.

The simplest interpretation appears to
be that we are seeing the effect of in-
homogeneities in the hot dust cloud not
only in front of, but probably also be-
tween the stars. This opens an exciting
possibility for mapping out the dust
clouds near the system, in the following
way: At any given time, we know the
precise position of both stars in their
orbit. Photometry tells us the fotal ob-
scuration in front of the two stars, and a
simultaneous CORAVEL or other spec-
troscopic observation can give us the
ratio of the light losses for each compo-
nent. We can therefore compute, point
by point, the amount of dust in front of
each star as it goes through an orbital
cycle, and draw a map of the dust
clouds and eventually of their motions.
Perhaps one could even measure the

Supershells and Galactic Fountains
B.m. SHUSTOV', Astronomical Council, Moscow, USSR

In the gaseous disk of our Galaxy as
Well as in other galaxies, H! structures
(shells, bubbles, holes, etc.) on scales of

1-1kpc are recognized to be com-

—
1 \fiaies
Visiting astronomer, ESO ~ Garching.

mon features; see e.g. the comprehen-
sive review by Tenorio-Tagle and
Bodenheimer (1988). The larger ones
are usually named with the prefix “su-
per”. The estimated energies which are
required to produce such large objects
are high — up to some 10%* erg. These

Figure 3: Cross-correlation profiles for two
CORAVEL observations (phases 07 23 and
0% 48), separated by only 1.2 orbital cycles.

velocities of circumstellar lines at high
resolution?

Thus, AK Sco no doubt has lots more
fun in store for the observers: There are
eclipses to look for and dust clouds to
map. Spectroscopically, one can inves-
tigate the Li and other element abun-
dances, indicators of chromospheric
activity, and signatures of possible
magnetic fields: AK Sco is within reach
of the CES. And perhaps, one day, it will
be possible to resolve the system inter-
ferometrically (with the VLT?), although
the angular separation is only of the
order of 1 mas; its absolute masses and
distance could then be determined even
if eclipses should not occur.
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energetic events must exert a significant
influence upon the gaseous galactic
disk and corona.

In our Galaxy, the disk and the corona
are believed to be evolutionarily coupled
in a recycling process, although there is
no common opinion about details of the
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