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Abstract. The Be shell star EW Lac was observed in September 1993
during a multi-site campaign. Results from visual spectroscopy and po-
larimetry are summarized here. He I 6678 profiles have been compared
to previous observations held in 1989 and show an additional complex
and highly variable circumstellar component which can due to material
expelled from the star just prior to these observations. Two groups of fre-
quencies are found again in 1993 observations compared with 1989 ones.
In the frame of nrp, they could be associated to low degree g-modes.

1. Introduction

EW Lac (HD 217050, B3 III, V = 5.35, V sini = 340 km/s) is one of Be stars
that have exhibited an alternation of quiescent and active shell phases. It has
undergone an active shell phase since 1976. Multiperiodicity has been detected
both in light and photospheric line profiles so this star has been thought as a
good candidate for a search of relation between short-term line profiles and light
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variations, and shell activity.

As the state of the envelope has been continuously varying during the campaign,
one of the essential points was to confirm the multiperiodicity and to identify
modes.

2. The multi-site, multi-wavelength and multi-technique campaign

Dates: from 1993 August 30 to 1993 September 9

Techniques: Visible spectroscopy, photometry, polarimetry, UV spectroscopy
Sites for visible spectroscopy and polarimetry:

He I 6678 line (779 spectra): Haute Provence, Kitt Peak, Dominion, Okayama,
Crimea, Ondrejov

Ha line (513 spectra): Kitt Peak, Ondrejov

Polarimetry (54 measurements): McDonald, Crimea.

3. Hel 6678 line

In 1993 the structure of the line is rather different from that previously observed
in the first campaign in 1989 (OHP), an additional variable and complex circum-
stellar (CS) component is present and the V and R outer emission components
are stronger.

3.1. Circumstellar contribution in 1993

The mean 1989 profile can be easily fitted by a Gaussian which is taken in the
following as a reference profile. Then, to display the circumstellar contribution
quite well present in 1993 data, we divided each individual profile by the 1989
Gaussian fit.

The circumstellar contribution can be described as the superimposition of:

- a broad variable absorption for which the strength and the full width are
decreasing over the run. Its central position moves slightly and continuously to
the short wavelengths from —25 km/s on August 30 to —60 km/s on September 8.
This component, that we call ” pseudo-photosphere” is probably due to material
ejected prior to the beginning of our run and whose opacity is decreasing as it
expands.

- a narrower blue absorption centered around —200 km/s, rather stable in
position but highly variable in intensity. This feature is hardly seen in the second
part of the run. On OHP spectra, which in our sample have the highest S/N
ratios, at the level of this absorption several discrete components, not regularly
spaced but with ¢ < 0.1 d and a mean apparent acceleration of about 900
km/s/d are seen at the beginning of the run. They could be explained by
sporadic expulsion of material (”puffs”).

- two rather strong and narrow components fairly stable in position, at —13
km/s (i.e. the stellar radial velocity) and +50 km/s, increasing in intensity over
the run contrary to the broad ” pseudo-photosphere” one. The first one could be
the result of mass transfer from the quasi-photosphere to the envelope suggesting
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that this envelope is detached from the stellar disc. The second one could be
associated with an infall of a fraction of the ejected material. Both form the
core of the complex CS component.

- two weak V and R emission peaks whose velocity separation decreases over

the run from 800 to 720 km/s. The radial velocity of the red peak slightly moves
from +380 to +320 km/s as the violet one is roughly stable around —400 km/s.
Such a behaviour is consistent with a detached ring progressively expanding
from the stellar disc.
The additional broad variable ” pseudo-photospheric” component and the V and
R emissions can be an indication of an ejected slab/ring first rotating closely
to the star, then progressively detaching and slowly expanding over some days
with decreasing opacity. A modelling of the behaviour of the broad " pseudo-
photospheric” component and the V and R emissions, and polarization decrease
over the run is in progress.

3.2. EW, FWHM and RV variations

All these quantities are highly variable and show a short-term variation super-
imposed on a mid-term one. Results concerning the search of frequencies are
given below.

4. Ha line

This line shows a strong double emission peak structure, whose total intensity
is smaller in 1993 with respect to 1989. The intensity of V and R components
are variable. In 1993, the V/R ratio is oscillating between 1.02 and 1.16, and
the V emission shows a monotonic increase on which a short-term variation is
superimposed and the R emission only shows a short-term variability, these two
quantities being sometimes in phase and sometimes out of phase.

5. Polarization

The polarization obtained simultaneously shows a strong correlation with the
circumstellar contribution. It is higher when the equivalent width is stronger
i.e. the circumstellar contribution is important, specially when the narrow blue
absorption observed on quotients (see above) is maximum.

6. Evidence of an orbiting circumstellar cloud

A non-periodic component is seen on residues, slowly crossing the He I line profile
on 1993 September 3. This feature can be seen on OHP data, then on DAO and
KPNO data. It can be followed during at least 14 hours. Its acceleration (620
km/s/d) is too low to be a corotating stellar spot, so this feature originates in
the inner part of circumstellar layers. At the stellar surface, the acceleration is
about 1650 £ 300 km/s.

To derive rough physical characteristics of the cloud producing the non-periodic
sharp absorption in the He I 6678 line, we can think of it as a circular absorbing
slab with radius Rp crossing the stellar disc. The residual central intensity rg
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produced by the absorption feature is then given by:

To = (Rb/R*)2(1 - BO(TT)/F*)(]‘ - emp(_TO))

where By(T,)/F, ~ 0.41 £ 0.15 for excitation temperatures 0.810% < T, <
1.2 10%K typical for environments producing shell spectra. Assuming a marginal
value 79 ~ 1, and the measured value r, = 0.009 £+ 0.001 we derive: Ry/R, =
0.16 £ 0.02; 4.51071% < AM/Mg < 2.3107 and 0.4R, < R — R, < 0.8R,.

7. Time series analysis

Main typical quantities of He I 6678 and Ha were investigated, such as equivalent
width (EW), full width at half maximum (FWHM), centroid velocity (RV) of the
absorption component of He I 6678, intensity and equivalent width of variable
V and R emissions of the He I line, and intensity of V and R components of Ho
emission line. He I full line profile variability (lpv) analysis was then performed.
Investigation of multi-periodicity in main quoted variable quantities and in Ipv
was done using the same methods as in Hubert et al. (1997). A comparison was
made between results deduced from analyses of 1989 and 1993 data.

Results of time-series analysis allow to us to assert the presence, in 1989 and
1993, of two groups of frequencies having a stellar origin: 1.55, 3.20 ¢/d and
1.39, 2.77 ¢/d. Both can be considered as fundamental and first harmonic of
non-sinusoidal signals. Frequencies 1.39, 1.55/1.60 and 1.22 c/d are distinct
from the rotational frequency (mean estimation 0.77 + 0.18 ¢/d), but it cannot
be clearly determined if one among these values is a submultiple.

If the assertion of prograde modes corresponding to 1.39 and 1.55/1.60 c¢/d is
correct, it will allow to put an upper limit on the rotational frequency (< 0.70
c¢/d). The 1.60 c/d frequency is the more important one detected in 1989 in the
He I 6678 line profile. In terms of nrp it could be associated with a low degree
prograde sectorial g mode £ = —m = 2. In 1993 it changes progressively from
1.60 ¢/d in the wings towards 1.50 ¢/d in the core indicating some damping effect
in upper photosphere, this line being known to be very sensitive to non-LTE
effect (Auer and Mihalas 1973). Other frequencies 0.91 and 1.22 ¢/d, dominating
1993 data, are mainly present in the blue wing of the line. They cannot be
associated with nrp. The 1.22 ¢/d frequency could be a beat frequency between
2.76 and 1.55 ¢/d or/and a multiple (x2) of the rotational frequency. A 1.25c/d
frequency is weakly present in 1989 data and appears among frequencies (1.28
¢/d) derived by Pavlovski et al. (1997), and by Percy (private communication)
from the August/September 1993 photometric campaign. Both frequencies 0.93
and 1.22 ¢/d are found in short-term variations of main quantities and Ipv of
He I 6678; they are probably linked to outflows modulated by rotation or with
a coupling between frequencies presumedly associated with nrp and rotation.
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