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1.

EDITORIAL

With this issue we launch a series of invited review articles in the Newsletter. Our
intention is to provide an opportunity for authors to write articles of either a theoretical or observational nature on topics of current interest to the Be star community
in more depth than is customary for usual Newsletter contributions. Topics on Be
and other types of active B stars will be featured. In the first such article in this
series, John Porter discusses the structure and maintenence of the disks in Be stars
and compares theoretical predictions with observed IR flux distributions. New ideas
concerning the pulsation in the extremely energetic β Cep star BW Vul are discussed
by Myron Smith in the second invited article. We hope that you enjoy the invited
articles in this and future issues.
Also look for contributions on photometric studies of β Cep stars using the Hipparcos
database, including a search for new objects, news on a the availability of a newlyreleased IR database from the Midcourse Space Experiment (MSX) that should be
useful for studying CS disks, photometric activity in δ Sco and ω CMa, and 28
abstracts of recently-published or submitted papers on active B stars.
As usual, articles and abstracts will be posted on our website
(http://www.astro.virginia.edu/∼dam3ma/benews/) as they are accepted. Abstracts
normally appear within 24 hours of receipt. Please send contributions by Electronic
Mail to: benews@mucen.usc.edu with a copy to dam3ma@virginia.edu either as LaTex
or postscript/pdf files. We are now requiring that abstracts be submitted as LaTex
files using the template provided on our website. We prefer that illustrations be sent
by E-mail as postscript files, but we can handle most contemporary picture formats.
The editors wish to thank all who contributed to this issue and look forward to
receiving your contributions in 2003. We also look forward to seeing you at the
meeting of the Working Group on Active B Stars at the forthcoming IAU General
Assembly in Sydney, Australia on July 16 (see announcement in What’s Happening!).
The highlights of this meeting, including a summary of the scientific program, will
appear in Issue 37 of the Newsletter.
We appreciate the continuing support from the Department of Physics & Astronomy
at Georgia State University for the production of the paper edition of the Be Star
Newsletter and from the Department of Astronomy at the University of Virginia for
web hosting.
Gerrie Peters, Editor-in-Chief
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2.
2.1.

WORKING GROUP MATTERS
Chairman’s Message

Dear WG members,
Many successfully developed projects and results presented at the recent astronomical
meetings make me believe that the role of Be stars in present astrophysics is changing
in a positive sense. A few years ago, even good proposals or grant applications could
be refused, just because the subject of their study was Be stars, considered to be
too peculiar and so not important for the complex astrophysical research. During
last months or few years the peculiarity of Be stars starts to be understood in a
different way. The Be stars are becoming objects in a given evolutionary status and
extreme physical conditions. They are also ideal objects to test our dynamical and
evolutionary models, particularly those in which the extreme physical parameters play
an important role. Certainly we are only at the beginning of this positive development
and this optimistic view can be somewhat premature. There is still a long way in
front of us before we can understand the physics and exact place of these objects in
the universe. A sophisticated coordination of different observational and theoretical
projects as well as learning how to use the new modern observational facilities and
how to get access to them may considerably accelerate progress.
The Organizing Committee (WG OC) of our Working Group was very active during
last two years and I hope that it did several steps useful for the positive rise of our
field. Let me briefly inform you about them.
Our Be Star Newsletter is certainly an important communication tool for the whole
WG. For technical and organizational reasons, the Newsletter was moved to the new
web site. The OC discussed its present state and suggested some small improvements
in order to increase its efficiency. The OC again appreciated highly the work of the
editors G. J. Peters, D. R. Gies and D. McDavid.
The Newsletter is now published regularly in 2-3 issues per year. A limited number of
hard copies is produced for libraries and WG members without Internet access. The
editors can decide on the number of hard copies and their distribution in the way
that the publication expenses are minimized. Besides traditional topics (abstracts of
new publications, campaigns announcements etc.), the Newsletter should also bring
shorter review papers, reports on PhD theses and valuable reports from amateur
astronomers. Contributions of amateur astronomers appear almost regularly in our
Newsletter now and it is a very positive trend. Thanks to it the good quality data from
amateur astronomers has been integrated into several papers in refereed journals.
The OC concluded that the results of the Be star research were not appropriately
presented in some general astronomical reviews and that an up-to-date review on
Be stars is missing. The PASP editors kindly accepted our proposal to considered
for publication a new modern review in their journal. The WG OC nominated two
authors for the review, who should submit a review outline to the PASP editors in
early 2003.
The last meeting on Be stars was held in 1999 in Alicante, Spain. Due to the rapid
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development of the field and mainly to new observational facilities, the next meeting
with somewhat broader range of topics is highly needed in 2004-2005. After formulating preliminary goals of the meeting, the OC elected 7 SOC members, who then
elected 3 more. This SOC and representatives of the LOC then elected two SOC
co-chairs (S. P. Owocki and S. Štefl). The other members of the SOC are: C. Aerts,
D. Baade, J. E. Bjorkman, J. M. Marlborough, I. Negueruela, A. Okazaki, P. Stee
and R. H. D. Townsend. The SOC members were elected taking into account the
representation of main topics of the meeting and an appropriate distribution of geographical regions, observational methods, and important projects. The SOC will
submit a proposal for the IAU symposium or colloquium in February 2003.
For the first time, a meeting on active B stars should be held outside Europe and North
America. The selected venue, Chile, is close to the VLTI facility, thus emphasizig
interferometry as the method expected to bring the most significant progress to the
field during this decade. The meeting is timed just for the period when results from
more than one year of regular VLTI observations can be presented but still when
the large part of the B/Be star community will have to learn how to use the facility.
The meeting should facilitate the access of the broad community to the VLTI, but
at the same time also to strengthen the support of the VLTI, e.g. by construction
of physically consistent models. These are necessary mainly in the phase of model
dependent analyses of visibility curves and for definition of the effective stellar projects
for the interferometric observations.
Interferometry should form only one important part of the meeting. The other sessions will be devoted to results of space projects, dynamical modeling of photospheric
processes that might feed material into a circumstellar disk, dynamical modeling of
circumstellar disks (disk oscillations, role of magnetic field in the disks, interaction
of stellar magnetic fields with the disk) and the role of binarity in systems with Be
components (forced oscillations in binary systems, binarity vs. rotation relations,
influence of the second component on a Be star disk). Some of these topics may not
be sufficiently elaborated at the present time and the SOC and WG OC should use
the Newsletter and all other means to stimulate the research in these directions.
I would like to wish you all a lot of success both in your personal and astronomical
life in the year 2003.
Stanislav Štefl, WG Chairman

2.2.

Organizing Committee Election Results

With the forthcoming XXVth IAU General Assembly in Sydney, the mandate of the
current Organizing Committee (OC) of the Working Group (WG) on Active B Stars
comes to an end. The new OC, including the 4 members(*) newly elected during
March 15–25, 2003 by popular vote of IAU members on the Be Star Newsletter
subscription list, is:
• C. Aerts (through 2006)
• B. Barbuy (non-voting, Representative of IAU Division IV)
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• *J. Fabregat (through 2009)
• *D. Gies (through 2009)
• E. Guinan (non-voting, Representative of IAU Division V)
• *H. Henrichs (through 2009)
• *D. McDavid (through 2009)
• S. Owocki (through 2006)
• G. Peters (non-voting, Newsletter Editor)
• J. Porter (through 2006)
• Th. Rivinius (through 2006)
• S. Stefl (non-voting, Outgoing Chairman)
David McDavid, 2003 Election Officer
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3.
3.1.

CONTRIBUTIONS
The Structure and Continuum Emission of Viscous Discs

One of a series of invited articles currently appearing in the Be Star Newsletter
John M. Porter
Astrophysics Research Institute, Liverpool John Moores University
Twelve Quays House, Egerton Wharf, Birkenhead, CH41 1LD. UK
jmp@astro.livjm.ac.uk
Received: December 19, 2001

ABSTRACT: In the last few years a model of the Be star disc maintained by viscous
transport of angular momentum has been gaining popularity. In this summing-up of some
of the features of this model, a simple analysis of the structure of viscous discs is presented
which leads to the generation of radial power-law profiles of the surface density and radial
velocity. The infra-red continuum emission from the discs is calculated and compared to
typical excess emission observed in Be stars. It is found (in the simple model used) that
discs which cool with radius describe observations better than isothermal discs. Some of
the positive and negative aspects of the viscous disc model are presented.

1. Introduction
Some of the most attractive and successful models for the discs around Be stars
which have been presented in the last decade or so are viscous discs (e.g. Lee, Saio
& Osaki 1991, Okazaki 2001), wind compressed discs (Bjorkman & Cassinelli 1993),
and wind bi-stability (Lamers & Pauldrach 1991). The wind compressed disc model
has been examined at length, and found to have problems in generating the required
disc densities (Porter 1997), and indeed the mechanism may not operate at all due
to non-radial line forces (Owocki, Cranmer & Gayley 1996). The bi-stable model
is also problematic in that the disc’s velocity field appears to be in conflict with
kinematic observational studies (indeed this also applies to the wind compressed disc
model): the two models predict radial velocities in the disc of ∼ 100km/s although
such high speeds are not observed (for example see Hanuschik, 2000), also gas in the
disc conserves angular momentum and so the azimuthal velocity is vφ ∝ 1/r – again
in conflict with observation (e.g. Hummel & Vrancken 2000), and finally, there are
no obvious sites in the disc where line profile V/R variations can be generated.
The remaining model – the viscous disc model – seems to be the most attractive: it has
azimuthal velocities which are close to Keplerian which is consistent with observation
(e.g. Hummel & Vranken, 2000); it allows 1-armed perturbations to grow to generate
V/R variations (e.g. Okazaki 2001); it is able to provide enough density to account
for IR continuum excesses (e.g. Porter 1999); it doesn’t require an excessive amount
of angular momentum to sustain it, and hence is not observable via the spin down
of Be stars (see Porter 1998, and Steele 1999). However, the viscous disc model has
the feature that angular momentum must be continually supplied to it in order that
it maintains its structure. The mechanism to achieve this remains obscure, providing
the major caveat to the identification of the viscous disc model as the actual Be star
disc structure.
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This contribution outlines some brief arguments pertaining to the viscous disc structure (in some particular cases), along with continuum emission calculations. Much
this analysis has appeared in several papers already, so this is largely a collection of
published ideas and results.
2. Disc Structure
So, how does the viscous disc model “work”? The gas in the disc is fully turbulent
as it flows around the star. The turbulence transports angular momentum (which is
supplied by the star in an unknown fashion) outward, and produces a slow drift of
gas in the disc to large radii. As a by-product of this process the disc’s azimuthal
velocity vφ is very close to Keplerian (vφ ∝ R−1/2 ). Although turbulent discs have
been studied extensively in the context of accretion onto a central object (where the
source of gas and angular momentum is external to the central object), they have
received less attention when applied to Be star discs (where the angular momentum
and gas source is the star itself). Excellent reviews of turbulent discs can be found in
Pringle (1981), or Frank, King & Raine (1985)
The structure of the disc is determined by the equations of mass, momentum and
angular momentum conservation. Let us consider the reduced problem where there
are no radiative forces, and that the disc is time independent so ∂/∂t ≡ 0. Note that
in several previous analyses radiation has been included (Okazaki 2001), or considered
(see Gayley et.al., 2001), and its omission here should be kept in mind during the
following discussion.
Mass conservation yields the mass-loss rate through the disc (in cylindrical co-ordinates)
Ṁ = 2πRΣvR , (vR is the radial velocity and Σ = ρH is the surface density of the
disc where ρ is the density, and H is the disc scale height). Euler’s equation in the
radial direction produces
c2
vR − s
vR

!

v 2 5 c2
∂vR
GM
= 2 + φ+ s
∂R
R
R
2R

(1)

where cs is the sound speed, (for B stars cs = 10–20 km/s) and conservation of angular
momentum gives
∂
∂  2 
(ΣRvR Rvφ ) =
R tRφ
(2)
∂R
∂R
where tRφ = −αc2s Σ is the R − φ component of the viscous stress (α ∼ 0.1 is the
Shakura-Sunyaev, 1973, viscosity parameter). The expression for the viscous stress
tRφ was derived in this form (by Shakura & Sunyaev) assuming that the angular speed
Ω decreases with radius, and so the replacement ∂Ω/∂R = −Ω/R is used for all radii.
The above (eq.2) can be simply integrated to yield
ΣRvR Rvφ + αc2s R2 Σ = C

(3)

where C is a constant, or
ΣR2 c2s



vR
cs



vφ
+α =C
cs
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(4)

Numerical solutions of Euler’s equation and the conservation of momentum equations
by Okazaki (2001) indicate that the radial Mach number MR = vR /cs is small: at
the star-disc boundary MR ∼ 10−5 –10−3 . Assuming
that the inner edge of the disc
q
rotates at its Keplerian speed, then vφ /cs = GM/R∗ /cs ∼ 50 for B stars. These
lead to (vR /cs )(vφ /cs )  α, and hence the surface density for isothermal discs is
Σ ∝ R−2 .
q

The disc scale-height is H = H0 (R/R∗ )3/2 , where H0 = cs R∗3 /GM is its value at
the inner edge. For parameters appropriate to B stars, H0 ∼ 10−2 R∗ . With this,
and the surface density, the radial dependence of the actual density ρ = Σ/H can
be derived: for Σ ∝ R−2 and H ∝ R3/2 , then ρ ∝ R−7/2 . Using mass conservation,
and the surface density, the variation of the radial velocity vR with radius is vR ∝ R.
This solution relies on the inequality (vR /cs )(vφ /cs )  α being maintained – Okazaki
finds that for large radii (R ≥ 102 R∗ ) the disc becomes transonic MR > 1, and the
density steepens.
The form in which the viscous stresses tRφ are written implies that the zero-torque
state for the disc occurs when Σ ∝ R−2 and not ∂Ω/∂R = 0, which is strictly the
correct condition (no shear between two neighbouring rings in the disc). The simple
form of the stresses produce an angular speed Ω falling with R for all radii. This
simplification does not produce an identifyable boundary where angular momentum
can be added to the disc, which in general would produce ∂Ω/∂R 6= −Ω/R; there
is nothing mathematically special at r = R∗ . One consequence of this is that no
absolute density scaling can be obtained from mass and momentum conservation (i.e.
eq.1 & 2 can be transformed to be independent of density or mass-loss rate). Future
solutions should include a physical star-disk boundary of some sort.
2.1 Cooling Discs
Why are cooling discs interesting? The time-independent isothermal discs we have
just considered have steep density power laws in radius, which we might suppose would
not account for IR continuum excesses observed (a correct supposition – see later). Is
there any process which produces a density profile flatter than ρ ∝ R−7/2 ? If the disc
cools with radius, then we can indeed find a flattening. However, why should the disc
temperature change? Millar & Marlborough have shown that in their models (1998
and subsequent papers), that the temperature stays approximately constant with
radius for some 10s of R∗ . They use a pure hydrogen disc, and the energy input and
output of the disc includes photoionization, recombination, collisional (de)excitation
and free-free emission and absorption. Unfortunately, no models have been completed
relaxing the assumption of pure hydrogen composition, and so it is possible that extra
cooling caused primarily by heavy element lines will allow the disc to cool with radius.
It is stressed that this assumption is flagged for further study (there is scant direct
evidence for cooling in discs).
Let us assume that the disc may cool and that the temperature of the disc varies with
radius as a power law T ∝ R−m . The sound-speed cs ∝ T 1/2 ∝ (R/R∗ )−m/2 , decreases
with radius. Inserting this radial variation into the surface density expression from
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eq.4 ( where (vR /cs )(vφ /cs )  α) produces
ΣR2 R−m = constant → Σ ∝ R−2+m .

(5)

The scale-height for a cooling disc is H ∝ R3/2−m/2 , and so the resultant space density
of the disc is ρ ∝ R(−7/2+3m/2) Finally, the radial velocity of cooling discs is obtained
from mass conservation: vR ∝ R(1−m) .
What values of m are likely? If the disc is adiabatic, then the index can be shown
to be m = 4/3. Assuming that the energy balance in the disc lies between the two
extremes of isothermal and adiabatic flows, then we expect 0 < m < 4/3.
3. Continuum Emission
Now that expressions for the density and scale height has been obtained, the continuum excess can be calculated. This is done following the prescription of Waters
(1986): the density is assumed to decrease exponentially normally to the equatorial
plane with the scale-height H.
An example star is used corresponding to typical Be stars and disc parameters: the
underlying photospheric emission is a Teff =22,000K, log g = 4.0 Kurucz model and the
disc’s base density ρ0 = 10−11 g cm−3 . The continuum emission spectrum is calculated
for a range of cooling indices m (from isothermal m = 0 to adiabatic m = 4/3) and
expressed as the excess flux ratio: Z − 1 =(flux/photospheric flux) - 1. The results
are shown in the left panel of fig.1 below.

Figure 1.

The four calculations refer to an isothermal model (m = 0, solid line), m = 0.5
(dotted line), m = 1.0 (short dashed line), and an adiabatic model (m = 4/3 – the
long dashed line). As the cooling index m increases, the surface density variation with
radius becomes less steep which increases the free-free and free-bound optical depth
2003, Be Star Newsletter, 34 − 9

through the disc (τ ∼ ρ2 H), and hence produces more emission (relatively weakly
countering this trend is the less steep increase of scale height of the disc). However,
acting in opposition is that as the gas cools, the total emission from it decreases (as
the flux ∝ T 4 ). These competing processes produces the drop off in emission for the
high m calculation.
In the right panel of fig.1 are the excesses of five stars from Waters et.al. (1991)
– γCas (open circles), EW Lac (open squares), βCMi (open triangles), ψPer (filled
triangles) and βMon (filled squares). Four of these stars – all except for γCas – have
excesses which rise more steeply with wavelength than the isothermal model of the
viscous disc predicts: the excess for γCas is less steep and is (possibly) serendipitously
a very close match to the adiabatic model. However, all of the excesses can be fit
well with viscous disc models which have cooling to some degree, although none can
be fitted particularly well with an isothermal model.
4. Summary
The viscous disc model seems to be able to provide a density and velocity field which is
consistent with observational results. However, cooling must be invoked to to produce
the excess IR emission observed – at least for models without radiative forces. After
realising the potential of the viscous disc model to account for observations we must
remember the limited case considered here: no radiative forces have been included
(although Okazaki, 2001, finds very similar density and velocity structures for the
line force of Chen & Marlborough, 1994), and the derivation has leant on solutions
of expressions for linear and angular momentum conservation and mass conservation
in a specific case. Two aspects of the viscous disc model which need attention in the
near future are:
• the mechanism by which angular momentum is supplied to the disc (this is a
major point),
• an isothermal disc model with no radiative forces does not appear to account for
the IR excess continuum emission observed: cooling discs may provide enough
IR emission to explain observations, although the level of cooling which will
physically take place (corresponding to the index m used here) has not yet been
calculated.
Whilst spectral line profiles have not been touched upon in this discussion, current
work on disc kinematics seems to favour the viscous disc model’s velocity field, which
is dominated by rotational support: nearly Keplerian azimuthal speeds and subsonic
radial drift to larger radii. The viscous disc model looks promising as an explanation
of the dynamics of Be star discs, although there are significant problems to overcome.
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3.2.

Monitoring the Period Changes in Beta Cephei Stars
using Hipparcos Epoch Photometry
John R. Percy & Rebecca Dehmassi
Department of Astronomy & Astrophysics, University of Toronto
Toronto ON Canada M5S 3H8
jpercy@utm.utoronto.ca
Received: August 22, 2002

ABSTRACT: The purpose of this short note is to point out that the Hipparcos epoch
photometry can be useful, in retrospect, for monitoring the period changes in Beta Cephei
stars.

Monitoring period changes in pulsating variables such as Beta Cephei stars is important for studying the evolution of these stars (e.g. Jerzykiewicz & Pigulski 1998),
but many of these bright stars are not being monitored regularly. We have used the
large-amplitude Beta Cephei star BW Vul (HD 199140, SpT B2III, V = 6.52) as
an example of how Hipparcos epoch photometry can be used, in retrospect, for this
purpose. Sterken (1993) has recently published a detailed study of the period history
of this star. The most dominant feature is an almost-parabolic (O-C) diagram, indicating a linear period change of 2.8 seconds/century; this feature has been known for
several decades. Sterken (1993) has also called attention to the systematic deviations
from this parabolic trend. In some stars, these deviations have provided information
about binarity (through light-time effects) or on random cycle-to-cycle fluctuations
in period.
Because of the specific observing schedule of the Hipparcos satellite, the photometric
measurements were made in clusters of a few measurements in a few hours; the clusters
are separated by 20-30 days. For some applications, this time distribution may be
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inconvenient. For Beta Cephei stars, which have periods of 0.1 to 0.3 day, it can be
quite adequate.
We first divided the Hipparcos measurements of BW Vul into three sets, each approximately a year long. We then constructed phase diagrams for each set, using the
period 0.201038 day and the epoch 2428802.5487 (Sterken 1993). From each phase diagram, we determined the phase of minimum brightness using Hertzsprung’s method
of bisected chords. Following Sterken (1993), we used the time of minimum because
it tends to be better-defined.
The results are as follows: set I (median JD 2495000): phase 0.480; set II (median
JD 2496800): phase 0.530; set III (median JD 2498600): phase 0.575. Translated
into (O-C) values in days, these are: -0.105, -0.094, and -0.085, respectively. These
agree exactly with the trend in the (O-C) diagram presented by Sterken (1993) in his
Figure 1. This demonstrates that Hipparcos measurements can be used to track the
period changes in this Beta Cephei star, and presumably in others.
There are at least two dozen other Beta Cephei stars which could be analyzed. We
strongly recommend using the Hipparcos epoch photometry to check the periods of
these stars during the 1989-1993 interval of the mission. This is straightforward for
monoperiodic stars such as BW Vul. It becomes more complicated for multiperiodic
Beta Cephei stars, but it should be possible to check the constancy of the one or two
largest-amplitude modes by using a phase-shift analysis for each mode.
Acknowledgement. We thank Dr. C. Sterken for sending the times of minima
of BW Vul to us in electronic form. Rebecca Dehmassi was a participant in the
University of Toronto Mentorship Program, which enables outstanding senior high
school students to work on research projects at the university.
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3.3.

Hunting for Beta Cephei Stars using Self-Correlation
Analysis
John R. Percy, Matthew Coulter, & Farisa Mohammed
Department of Astronomy & Astrophysics, University of Toronto
Toronto ON Canada M5S 3H8
jpercy@utm.utoronto.ca
Received: August 22, 2002

ABSTRACT: We describe a largely-unsuccessful hunt for new β Cephei stars among
bright stars, and binary stars, using self-correlation analysis.

1. Introduction
Beta Cephei (also known as Beta Canis Majoris) stars are early-type stars (generally
B0.5-B2 III or IV) stars which are pulsating in low-order radial modes with periods
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of 3 to 6 hours. The first Beta Cephei star was discovered almost a century ago.
Many more were discovered – primarily among the bright stars – during the early
and mid-20th century, but the rate of discovery has decreased substantially in the
last three decades. On the other hand, slowly-pulsating B stars (SPB) have been
discovered in large numbers; these stars are pulsating in low-order non-radial modes
with periods of typically 1 to 2 days. The pulsation mechanism for both types of
variables has been identified; it is the effect of the opacity of iron-peak elements, deep
in the envelopes of the stars. A study of the variability of early-type stars using the
Hipparcos photometry database (Waelkens et al. 1998) yielded 72 SPB stars and only
4 new Beta Cephei stars.
We have recently found that self-correlation analysis is a useful tool for identifying
short-period variables in the Hipparcos photometry database (Percy et al. 2002 and
references therein). Here, we use this tool to hunt for new Beta Cephei stars among
two important populations, using the Hipparcos epoch photometry: (1) bright B0.5B2 II or IV stars suspected of variability; and (2) B0.5-B2 III or IV stars in binary
systems.
2. Self-Correlation Analysis
Self-correlation analysis is complementary to other forms of variable star analysis. It
can detect characteristic time scales τ in the data. It determines the cycle-to-cycle
behavior of the star, averaged over all the data. The measurements do not have to be
equally-spaced. Our algorithm works as follows (Percy et al. 1993): for all pairs of
measurements, the difference in magnitude (∆mag) and the difference in time (∆t)
are calculated. We plot ∆mag against ∆t in a “self-correlation diagram”, from zero up
to some appropriate upper limit (which if possible should be a few times greater than
the expected time scales, but less than the total time span of the data); the ∆mags are
binned in ∆t so that, if possible, there are at least a few values in each bin; the ∆mags
in each bin are then averaged. The average ∆mag will be a minimum at multiples of
τ . Each minimum can be used to estimate τ . The height of the maxima is a measure
of the average amplitude of the variability. If the variability were perfectly periodic,
and the magnitudes had no error, then the minima would fall to zero; in fact, the
height of the minima is determined by the average error of the measurements, and by
the degree of irregularity, if any. The range in the self-correlation diagram (maximum
to minimum) is about 0.5 times the range in magnitude (maximum to minimum) in
the light curve or phase diagram. The persistence of the minima to large ∆t’s is also
determined by the degree of irregularity. Our method differs from autocorrelation
analysis; it is more akin to the “variogram” method described by Eyer & Genton
(1999).
3. The Hipparcos Epoch Photometry
Because of the specific observing schedule of the Hipparcos satellite, the times of the
photometric observations are distributed in a highly non-random way: observations
are made 0.0143 day apart, then 0.0746, then 0.0143 and so forth. The length of
these clusters of observations can be a few tenths of a day up to several days. The
clusters are then normally separated by 25±5 days, the exact amount depending on
the ecliptic latitude of the star. This means that there are no ∆t’s between 0.0143
and 0.0746 day, 0.1032 and 0.1635 day etc., and there may be no ∆t’s between a few
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hours and 25 days. This places some constraints on our method of analysis, since
some bins may be empty. The Hipparcos magnitude is wide-band, and the standard
error of a measurement ranges from a few millimagnitudes to about 0.02 magnitude at
magnitude 10. Because of the long gaps between clusters, and because self-correlation
analysis compares only measurements which are ∆t apart (where ∆t is from zero up
to the maximum length of the clusters), and because Fourier analysis requires the
star to be strictly periodic, self-correlation analysis can be well suited for studying
short-period variability in Hipparcos photometry. Note that it uses only the clusters
of measurements to form the self-correlation diagram; it does not have to bridge the
long gaps between them.
Since the minima in the self-correlation diagram should recur at multiples of the
period, we Fourier-analyzed the data in the self-correlation diagram for a few stars,
and determined a “self-correlation phase diagram” for these stars. This was useful, in
a few cases, for putting more stringent upper limits on the amplitude of any variability.
4. Results
The self-correlation method was first applied to Hipparcos photometry of all known
Beta Cephei stars, to see if the ”known” period and amplitude could be recovered.
This was the case, except for a few stars whose range was ≤ 0.010, and whose period was 0.1 day or less. In this case, the combination of observational error, and
the gaps in the self-correlation diagram, made the determination of the parameters
problematic.
The method was then applied to our two samples of possible new Beta Cephei stars.
In the following sections, ∆ is the amplitude of the self-correlation diagram; the light
curve range is approximately 2.0 times this. SPV refers to short-term variability.
Bright Beta Cephei Candidates. HIP 28237 (139 Tau; B0.5II): ∆ = 0.002 on
time scale 0.26 day?; HIP 31190 (HR 2397; B2IV): ∆ ≤ 0.007; HIP 32385 (HR 2501;
B2III): ∆ ≤ 0.007; HIP 32782 (HR 2537; B2IV): ∆ ∼ 0.02, ellipsoidal variable?; HIP
33579 (HR 2618; B2II): ∆ ≤ 0.002; HIP 34940 (HR 2733; B2IV): ∆ ≤ 0.003; HIP
39961 (HR 3204; B2IV-V): ∆ ≤ 0.002; HIP 40932 (HR 3293; B1.5III): ∆ ≤ 0.004;
HIP 42568 (V343 Car; B1.5III): ∆ ≤ 0.004; HIP 42828 (α Pyx; B1.5III): ∆ ≤ 0.002;
HIP 42923 (HR 3479; B2III): ∆ = 0.005, time scale 0.9 day?; HIP 43575 (HR 3521;
B1-2III): ∆ ≤ 0.005; HIP 43937 (V376 Car; B2IV-V): ∆ ≤ 0.003; HIP 48527 (HR
3924; B2III): ∆ ≤ 0.003; HIP 59747 (δ Cru; B2IV): ∆ ≤ 0.003; HIP 61585 (α Mus;
B2IV-V): ∆ ≤ 0.003; HIP 66925 (HR 5151; B0.5III): ∆ = 0.0175, time scale 0.9 day
(?), Waelkens et al. (1998) class this as an α Cyg variable; HIP 67464 (HR 5190;
B2IV): ∆ ≤ 0.002; HIP 70270 (HR 5375; B1III): ∆ = 0.025, time scale ∼ 0.9 day
(?), a 1.54-day ellipsoidal variable according to Jerzykiewicz & Sterken (1992); HIP
73273 (β Lup; B2III): ∆ = 0.003, time scale 0.45 day?; HIP 78401 (δ Sco; B0.3IV):
∆ = 0.004, time scale 0.8 day?; HIP 85696 (υ Sco; B2IV): ∆ ≤ 0.005; HIP 88947
(HR 6772; B1II): ∆ = 0.005, time scale 0.4 day?; HIP 97634 (V380 Cyg; B1III): ∆
∼ 0.015, time scale ≥ 0.4 day?; HIP 96483 (κ Aql; B0.5III): ∆ ≤ 0.003; HIP 100751
(α Pav; B2IV): ∆ ≤ 0.005; HIP 117957 (V373 Cas; B0.5II): ∆ ≤ 0.005.
Beta Cephei Candidates in Binary Systems. HIP 3346 (V486 Cas; B1III): ∆
≤ 0.002, binary period 5.5 days; HIP 17448 (o Per; B1III): ∆ ≤ 0.005, binary period
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4.42 days; HIP 22797 (π 5 Ori; B2III): 3.7-day ellipsoidal variable, SPV ∆ ≤ 0.005;
HIP 25044 (22 Ori; B2IV-V): ∆ ≤ 0.001, binary period 9.3 days (?); HIP 25473 (ψ
Ori; B1III): 2.52-day ellipsoidal variable, SPV ∆ ≤ 0.005; HIP 29276 (δ Pic; B0.5III):
1.67-day ellipsoidal variable, SPV ∆ ≤ 0.005; HIP 45080 (V357 Car; a Car; B2IVe):
∆ ≤ 0.001, binary period 6.74 days; HIP 45941 (κ Vel; B2IV): ∆ ≤ 0.001; HIP 64004
(ξ 2 Cen; B2IV): ∆ ≤ 0.003, binary period 7.6 days (?); HIP 68002 (ζ Cen; B2IV):
8.024-day ellipsoidal variable, SPV ∆ ≤ 0.005; HIP 76297 (γ Lup; B2IV): ∆ ≤ 0.002,
binary period 2.85 days; HIP 84573 (u Her; B2IVp): 2.05-day ellipsoidal variable,
SPV ∆ ≤ 0.005; HIP 102999 (Y Cyg; B0IVx2): 3.00-day ellipsoidal variable, SPV ∆
≤ 0.005; HIP 103968 (V1898 Cyg; B1IVp): 2.93-day ellipsoidal variable, SPV ∆ ≤
0.005; HIP 105091 (HD 203025; B2III): ∆ ≤ 0.005; HIP 113461 (NY Cep; B0IVx2):
∆ ≤ 0.005, binary period 15.27 days; HIP 113825 (CW Cep; B0.5III): ∆ = 0.010,
time scale 0.45 day (see Figure below; note the minima at multiples of this value);
Han et al. (2002) note photometric “complexities” in the light curve of this 17.4-day
eclipsing binary.

Figure 1.

5. Conclusions
The most remarkable conclusion is the lack of Beta Cephei candidates among these
two samples – down to a limit of ∆mag = 0.01. This is consistent with the findings of
Waelkens et al. (1998) who found very few Beta Cephei candidates in the Hipparcos
photometric database, using another method of analysis.
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There are some suggestions of very low amplitude variations on a time scale of 0.5-1.0
day in a few stars. Potential Beta Cephei stars may vary on such time scales, due
to non-radial pulsation or to rotation. Most of the early searches for Beta Cephei
stars were based on several hours of observations on single nights, and these are not
well suited for identifying variability on longer time scales. The possibility that many
stars, previously searched for Beta Cephei variability, might vary on time scales of a
day should not be overlooked.
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Pulsationally-Induced Shocks in BW Vulpeculae
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A variable star astronomer doesn’t need to work on B star pulsators for a living to
know something about BW Vulpeculae (B1V-B2III). This β Cephei star is perhaps
the most energetic regularly pulsating star known in the Galaxy. The nonlinearities
associated with its radial pulsations are so pronounced as to cause predictable “standstills” in its velocity and optical and UV light curves during its 0.201 day cycles. It
has long been recognized that in each cycle two “shocks” occur (defined by a velocity
“discontinuity,” if not by Hα emission) each having amplitudes of several times the
atmospheric sound speed. We designate the first of these as the primary shock, which
represents the emergence of the wave into the visible atmosphere. The second shock
has been the subject of several proposed scenarios. Herein, we follow the recentlyevolved picture summarized by Mathias et al. (1998) in which this second shock is
produced by the cascade of the upper atmosphere to the lower layers, some 0.8 cycles
after its initial ejection by the primary shock.
Beyond this general description, there isn’t much qualitative agreement that can
lead yet to a standard picture of the effects of the shock kinematics on the star’s
atmosphere. One of the problems is that the BW Vul’s pulsations are so much more
energetic than in other β Cep stars that it is difficult to find other stars for which
comparable spectroscopic signatures occur. Consequently, it is sometimes difficult to
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identify what the processes are in BW Vul, let alone to quantify their effects. Aside
from its enormous velocity amplitude of 200-250 km s−1 (variable), the lines undergo
large variations in strength, position, and shape. The latter can take the form of
line doubling and extreme changes in width, making measurements throughout the
cycle daunting. In this article, I summarize recent findings by Smith and Jeffery
(2003) based on three nights (21–23 September 2000) of McDonald Sandiford-echelle
observations of this star over the wavelength region λλ5510–6735. Our interpretation
of these observations has resulted in a picture that challenges two long-standing views
of the dynamical processes at work in this atmosphere.
The first claim, hitherto untested, was an interpretation by Young, Furenlid, & Snowden (1981) that variations in the equivalent widths of certain lines, notably the C II
λλ6678-83 doublet (χ = 14.5 eV; gf ratio, 2:1) are an effect of the distension of the
atmosphere on line formation. These authors reported that this doublet reaches its
maximum strength outside the shock passage intervals. They further suggested that
these changes are due to an increase in continuous opacity. If the continuous opacity decreases (because the gas density decreases), while the number of line absorbers
remains the same, the depth of an unsaturated line and hence line strength will increase. This effect would cause lines of all ions to increase more or less uniformly.
According to this explanation, the C II lines should become abnormally strong during
the “distension” (nonshock) phases and should be “normal” during the shock phases.
As noted below, this actually seems not to be the case. In addition, there is a priori
reason to question the continuous opacity interpretation.
In considering the effect of continuous opacity on atmospheric structure, the key question is how the total continuous opacity per gram of material (that is, mean atomic
particle) varies. In a simple pure hydrogen atmosphere, the mean atomic particle is
of course a hydrogen atom. The line absorption is ultimately referred to this same
fictitious particle because it is the ratio of the line and continuous coefficients that
determines the fractional flux absorbed by the line. If the density of a hydrogen atmosphere changes (H is already highly ionized in BW Vul’s atmosphere), the effects
on the line to continuous atmosphere are generally indirect and unimportant. The
Young et al. idea has validity in atmospheres of stars situated in at least two other
places on the H-R Diagram. The first place is among cool main sequence stars, for
which the continuous opacity, due to H− , depends directly on the electron density.
Thus, changing the density of electrons indeed affects the continuous opacity per
mean atomic particle. The second case for which the continuous opacity-line strength
equivalence holds is for hot supergiants and hypergiants. In the atmospheres of these
stars, the dominant opacity is a combination of electron scattering and hydrogenic
bound-free absorption. As the atmospheric density changes, the relative balance between these two absorbing changes can shift decisively from one of these contributors
to the other. However, judging from the observed absence of metastable effects in
shell or He I triplet lines, the density of the atmosphere of BW Vul does not get low
enough during its cycle for it to enter the supergiant regime.
Model atmosphere computations bear out this reasoning. Using Kurucz (static!)
models, one derives from a line synthesis code (e.g. Hubeny’s SYNSPEC) that the
mean equivalent width of C II λ6578 from a Tef f =23,000 K, log g =∼ 4 model is
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Figure 1.
study.

C II 6578Å 6583Åequivalent width curves with pulsation phase for the 3 nights of this

0.22Å and that the λ6578/λ6583 ratio is 1.14. The results for a log g =∼ 3 model
are virtually indistinguishable from the log g =∼ 4 case. These results are likewise
insensitive to temperature in the Tef f range 20,000–25,000 K. Figure 1 exhibits our
measured equivalent widths for the λ6583 line for all three nights of our observations.
In these plots the equivalent widths of λ6578 are also plotted by scaling the λ6578
results by factors of 1.3, 1.1, and 1.2. These ratios do not perceptibly change during
shock phases, and they are also in quantitative agreement with the model computations. Perhaps most importantly, the computed ratio agrees with those found outside
the shock windows. Altogether, these results are consistent with the C II strengths
being normal for a B1 IV spectrum during shock passages. Note that the lines are
not “weaker” in the curve of growth sense because they are no less optically thick.
Although several authors have monitored the Hα line of BW Vul, no studies have been
published of the behavior of the red He I lines (singlet, λ6678 and λ5876). It was the
omission of these critical lines in earlier investigations that prompted our McDonald
observing program. In measuring the equivalent widths of these two lines, Simon and
I discovered that their ratio remained close to 1.1 except during the phases of the
infall shock passage. Interestingly, Young et al. had found evidence of shock heating
from a temperature sensitive line ratio. Similarly, Simon and I discovered through
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the Si III λ5740/Si II λ6371 ratio that the atmosphere appears to heat by about equal
amounts during the transits of the two shocks. However, even though the two He I
lines are singlet-triplet analogs of each other, and their equivalent widths tracks each
other closely during most phases, the λ5876 line appears relatively strong during one
of the two shocks, during the infall phase. Given the equality of the two shocks, it
appears that heating alone cannot be the cause of the increased strength of the λ5876
line.

Figure 2.
Profile for the He I 5876Å (dashed)and 6678Å (solid) lines at an infall phase, near
φ = 0.90 on each of three nights, where φ = 0 is reckoned from light maximum and approximately
the midpoint of the velocity standstill. Also depicted is the 6678Å feature scaled by a factor of 2
(dotted line), as well as this same feature (thick dot-dashed) scaled by the indicated scale factor.
This figure shows an “excess absorption” of the blue lobe of both lines to the left of the solid dot.
The lines seem to be strictly optically thin (ratio of 2) for velocities less than ∼ 30 km s−1 on “Night
3.”

Inspection of Figure 2 show that shapes of the two lines during the infall-shock phase
do not match: the blue absorption lobe of the λ5876 line is much more developed than
for λ5876. We found that this is a persistent characteristic over all cycles monitored,
corresponding to the infall shock passage and lasting some 0.09 cycles. At first blush,
the dissimilar shapes of these lines at the same time presents a puzzle. What could
be the cause? The culprit cannot be a metastability effect involving the triplet line
because at these phases the gas is shock compressed, not distended.
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Simon and I believe the answer to this dilemma is that the presence of a newly formed
optically thin column of excited He I absorbers at rest with respect to the star (center)
and external observer. This column has just begun to form and therefore does not yet
contain enough excited He I atoms to be optically thick in the λ5876 and λ6678 lines.
Because these lines have a gf ratio close to 2, in Figure 2 I have scaled the strength
of the of the λ6678 profile by 2 to approximate how λ5876 would appear if the gas at
these velocities were perfectly optically thin. One can compare this in the figure with
the observed profile of the stronger λ5876 line. The plots also indicate what factor
one would actually have to apply to λ6678-blue in order for this feature to match the
blue lobe of the λ5876 profile. A fair conclusion from this diagram is that during the
infall shock phases the blue lobe of the λ5876 profile has somehow been strengthened
by factors of 1.3-2.0 during infall phases - and only at infall phases. Thus, the effect
is consistent with heating (excited He I atoms) in a limited region of the atmosphere
just above the shock front created by the returning gas.1 If this is the case, the fact
that these lines arise from highly excited lower levels, suggests that the upper regions
of the atmosphere have been heated, hence the added “new column.”
The above picture is so far still only a hypothesis, and one has to be a little careful
in advancing it for a few reasons. First, one has to think “globally” about what is
going on. Figure 3, courtesy of Simon, is a colorized cartoon to show how the upper
atmosphere returns to the “surface” over the phases indicated.2 The effects of infall
with height are shown together with the creation of a new, optically-thin blue lobe
in the line profile. Notice that as the infall proceeds the optically thin region moves
upward (Eulerian coordinates, relative to star center). At this time the atmospheric
stratum at which τλ = 1 (for negative and rest velocities) finally merges with the column, and the blue lobe becomes optically thick. At this point, the excess absorption
in λ5876 disappears - actually, by virtue of the blue lobe absorption of λ6678 catching up. The two profiles have then become morphologically indistinguishable once
again. Note in our picture the blue lobe is formed at the base of the infall, where the
infall has suddenly come to rest, and in atmospheric strata below where the optically
thick red lobe forms. This brings us to a second point where care must be taken. In
Figure 3 Simon and I have taken it on faith that the effective line width of the local
intensity profile is narrow enough that the wings from the optically thick red lobe do
not extend to the blue lobe - if the optical thickness from the red lobe extended to
the blue lobe then the blue lobe would be formed at higher regions in the atmosphere
and one could not see down to the infall shock front. This fine point remains to be
tested by modeling of the photon redistribution process of this line, and, especially,

1

We should also point out that in IUE data the C IV λ1548 shows similar “excess absorption” relative
to the other doublet member, λ1552, at the same phases. This strong absorption mimics a fluctuation
in wind absorption and was the basis for Burger et al.’s (1983) suggestion that the wind outflow is
modulated by the pulsation cycle. We prefer our picture to their inference because it requires only
one process to operate at the same place and time to explain the same morphology for both the UV
resonance and red He I lines.

2

By convention, phase zero corresponds to the light maximum and maximum atmospheric compression, so the process depicted occurs nearly a full cycle after the emergence of the primary
pulsation-wave shock and just prior to its reoccurrence in the new cycle.
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Figure 3.
Cartoon of the formation of the He I 5876Å line profile as it evolves through radius
minimum. The five bottom panels approximate line profile as it evolves through radius minimum.
The top panel shows the variation of the stellar radius. The five bottom panels approximate the
observed line profile at five specific phases during the infall period. The center of each panel corresponds to the rest wavelength of the line (tick marks). The composite line profiles (black solid) are
decomposed into red-shifted (red), blue-shifted (blue) optically thick components and the unshifted
optically thin component (dotted green). The five vertical panels in the center illustrate (i) the relative positions (z: horizontal lines) and (ii) motions (vectors) of six specific Lagrangian zones in the
atmospheres, (iii) the position relative to these layers where the monochromatic optical depth (black
dotted line) equals 1, and (iv) the location where each component of line absorption is likely to be
strongest (green and red rectangles). Thus, for φ = 0.86, the optically thin stationary component
(green) is formed below the optically thick redshifted component.

under these dynamic conditions.
A third point of care is to ensure that our picture is not contradicted by the behavior
of other lines during the infall. We remind the reader that various spectral line ratios
clearly show that atmospheric heating is produced during both the primary and infall
shock phases. This point is consistent with our explanation of the extra blue lobe in
λ5876 during infall. However, recall that our models show that heating should produce
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little change in the equivalent widths of the C II doublet. Figure 1 demonstrates that
the lines weaken during the shock intervals (cf. Young et al.). Moreover, the line
strength ratio (a measure of their consistent optical thickness and position on their
curves of growth) is the same, whether during the shock intervals or otherwise. How
then can the lines’ obvious weakenings be understood? The apparent enigma can
be reconciled by postulating that the atmospheric temperature gradient has become
shallow. If the line source functions are essentially formed in LTE, the lines will
respond to this change by weakening and this change will affect all lines formed in
this region. Thus, the riddle of the C II large line strengths posed by Young et al.,
restated here as weakened lines during shock phases, can be reconciled in our picture
of a flattened temperature gradient. This gradient is plausibly flattened by heating
over a range of strata during the infall shock - that is, by a shock distributed in height.
One may similarly assume that during the primary, upward-moving shock, the line
formation region is rendered more nearly isothermal, as indeed was assumed in early
shock simulations for this star by Stamford and Watson (1978).
I began this article by stating that Simon Jeffery and I would challenge two widely
held views advanced in the literature. The first relates to the variations of the C II
line strengths. The second claim is that the progress of the pulsation wave upward
through the photosphere of BW Vul can be discerned by time delays of the wave as it
moves upward through atmospheric strata. This so-called “Van Hoof effect” has been
reported by several authors over the years. Typically, investigators discover among
various lines at some given moment that the blue-lobe strengths of various lines are
different. The most recent report was in the fine paper by Mathias et al. (1998),
in which a phase delay was noted between a Si III line and Hα. In interpreting a
profile difference as a difference in the evolution of the profiles with phase, one must
appeal to the shock traversing a long distance, typically some 1% of BW Vul’s radius.
Absent dynamical models, we do not know that the full line formation region of the
photosphere is really this extensive. But even if this is so, some readers may share
my skepticism that a difference in mean depth of formation of two lines can be this
large in the atmosphere of even a dynamic B III-V star, particularly at the time
the atmosphere is approaching its maximum compression state! I believe a more
reasonable expectation is that the difference in blue lobe strengths, from which the
“phase difference” is derived, is actually due to the optically thin column formed by
selected lines, as in Figure 2. In our picture, shock-heating will affect those atomic
species in which the ensuing ionization brings the dominant ion into the greatest new
visibility. In the case of silicon, this would be Si III. Meanwhile, hydrogen is essentially
already ionized. An optically thin column in Hα must therefore be harder to build,
and the infall has to proceed longer before one can see a developed blue lobe in Hα.
So, the Van Hoof effect is more likely in our view to be an artifact of the transient
heating of a optically thin column of gas just above the shock.
Many of the ideas are conjectural, but so far they have the advantage of explaining the
qualitative behavior of a large number of types of optical (and ultraviolet resonance)
lines. In future studies we will attempt to validate these ideas based on ad hoc
(“toy”) atmospheres with artificial density and temperature gradients. However, a
firm understanding even at a qualitative level will also depend upon the discovery of
other extreme-amplitude pulsators in which the strengths of the pulsations vary just
2003, Be Star Newsletter, 34 − 22

enough to cause large differences in delays of the infall shock. Such phase delays are
apt to cause large changes in the amounts and the distribution of heating through
the atmosphere. Thus, additional BW Vul-like stars will provide the diversity of
conditions needed to test these new ideas.
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In many Be-stars the Hα emission line profiles occasionally have the form of asymmetrical double peaks. For the characterization of asymmetry the maximum intensity
of the shortest wavelength peak of the line (in units of the intensity of the neighboring continuum) with V (violet) is designated, and those of the longest wavelength
peak with R (red). The direction of asymmetry is described by the quotient of the
intensities V/R. This paper reports the results of spectroscopic monitoring of the Be
star Tau. Specifically, it describes periodic changes in the V/R relationship and the
reversal of that relationship from >1 to <1.
ζ Tau is one of the best known Be stars in the northern sky. The literature covers all
aspects of the object including its spectral characteristics. Most publications address
questions about the equatorial gas disk which the central star hurls into orbit due to
its high rotation speed. The kinetics of gas motion in the disk and the disk’s density
structure and stability are subjects of ongoing research. Okazaki [1] addressed these
questions with a new model based on global oscillations in cool, non-self-gravitating,
geometrical disks that are susceptible to radial disturbances. His approach depended
on variations in the V/R relationship. A so-called “one-armed oscillation” in such a
disk can extend throughout its structure as wavy density disturbances.
Adding to the difficulty of understanding ζ Tau is irregular mass transfer from the
star’s photosphere into the surrounding gas envelope. This is inferred from emission lines in the disk that sometimes have relatively constant intensities and radial
velocities and at other times show cyclical change. For example, Mon [3] found quasiperiodic behavior in the V/R relationship during 1970-1986. However, the observations have gaps ranging from months to four or five years. Guo [4] observed during
1990-1994 but the rate of observation was not great enough to prove short-term periodicities in V/R. Guo et al. [5], who observed during 1974-1995, and Hanuschik et
al. [6], who covered 1982-1993, provided the first evidence for intensity changes on a
timescale of days and weeks. However, Miroshnichenko et al. [7] found no periodic
change over weeks.
Figure 1 shows my observations from November 2000 to April 2001. This regrettably
short coverage resulted because my spectrograph was not available before November
and ζ Tau’s apparition ended in April. A sine function fit to the points indicates that
the V/R relationship changed with a period of about 71 days. Miroshnichenko [8]
assumed that orbital movements by interactive tidal disturbances in the disk exert
an influence on V/R. Figure 1 may be observational evidence of additional oscillation
modes that could exist if this assumption is correct.
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Figure 1.

Delplace [9] observed from March 1960 to September 1967 at the rate of a few observations per year. Based on these results, the time of V/R reversal is uncertain
by several months ranging from December 1963 to August 1964. By sampling the
object 18 times between November 2000 and November 2001, as shown in Figure 2,
I observed reversal in October 2001. By April recovery of the V peak had begun.
By October 16, my first observation of the new season, the V peak’s progress is clear
and by October 23, just seven days later, the reversal to V/R < 1 had occurred.
Figure 2 demonstrates how a high rate of observation can be helpful in determining
an accurate V/R period.
In the season that ran from October 2001 to January 2002, bad weather created
large gaps in the coverage. It was not possible to confirm the V/R periodicity shown
in Figure 1. Finally, Mon et al. [3] found that the cycle of V/R variations changed
about 1982. Guo [4] observed the beginning of a new cycle that lasted about 3.5 years.
It appears that V/R variations are very complicated. Durations and amplitudes of
cycles change and sometimes cycles disappear only to become unexpectedly active
again. Such instability makes it important to monitor ζ Tau as often as possible.
References:
[1] Okazaki, A. T. 1991, “Long-Term V/R-Variations of Be Stars Due to Global OneArmed Oscillations of Equatorial Disks”, PASJ, 43, 75
[2] Mon, M., Kogure, T., Suzuki, M., & Singh, M. 1992, “Spectroscopic State of the
Be Star ζ Tau in 1976-1986”, PASJ, 44, 73
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Figure 2.

[3] Guo, Y. 1994,“A New V/R Cyclic Change of Hα in ζ Tau”, IBVS, Nr. 4112
[4] Guo, Y., Huang, L., Hao, J., Coa, H., Guo, Z., & Guo, X. 1995, “A Spectroscopic
and Photometric Study of the Be/shell Star ζ Tau”, A&AS, 112, 201
[5] Hanuschik, R. W., Hummel, W., Satorius, E., Dietle, O., & Thimm, G. 1996,
“Atlas of High-Resolution Emission and Shell Lines in Be Stars. Line Profiles and
Short-term Variability”, A&AS, 116, 309
[6] Miroshnichenko, A., Bjorkman, K., & Krugov, V. D. 2000, “Long-term Highresolution Spectroscopy of γ Cas, ζ Tau, and π Aqr”, BAAS, 32, 681
[7] A. Miroshnichenko, A. 2001, private communication
[8] Delplace, A. M. 1970, “Instabilities in the Envelope of the Be Star ζ Tau”, A&A,
7, 68
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4.2.

Delta Scorpii Very Bright
Sebastian Otero
LIADA (Liga Iberoamericana de Astronomia)
CEA (Centro de Estudios Astronomicos)
Buenos Aires, Argentina
email: varsao@fullzero.com.ar
Received: April 19, 2002

The recently born Be and GCAS star, delta Scorpii is brighter than ever before in its
long and huge outburst. Delta Scorpii - which is at 1.67 (V) (April 19, 2002) - has
followed the footsteps of the prototype star, gamma Cassiopeiae, which brightened
from 2.25 (V) to 1.6 in 1937. Delta Scorpii’s ground state is around 2.32 (V). The
current brightening of the star is out of phase with the 75 day periodicity it had been
displaying since the first maximum on July 26, 2000. According to Thom Gandet
(Lizard Hollow Observatory, Tucson, USA) there was a spectroscopic counterpart of
this period. It’s very important to monitor the star in every way possible in order
to explain this change of behaviour and its current extremely bright state when it’s
been almost two years since the beginning of the eruption.
PS: There is a lightcurve at:
http://ar.geocities.com/varsao/Curva delta Sco.htm .

4.3.

Simple On-Line Introduction to Be Stars
John R. Percy
Department of Astronomy, University of Toronto
Toronto ON Canada M5S 3H8
email: jpercy@utm.utoronto.ca
Received: April 26, 2002

Because I could not find a simple on-line introduction to Be stars for students and
amateur astronomers (who often observe these stars), I worked with the American Association of Variable Star Observers to produce a short “Variable Star of the Month”
article on “Gamma Cassiopeiae and the Be stars”. You can find it at the URL:
http://www.aavso.org/vstar/vsotm/1001.stm .

4.4.

Exploiting the MSX Database
Simon Clark1 & John M. Porter2
1
University College London, Gower Street, London WC1E 6BT, UK
email: jsc@star.ucl.ac.uk
2
Astrophysics Research Institute, Liverpool John Moores University
Twelve Quays House, Egerton Wharf, Birkenhead, CH41 1LD. UK
email: jmp@astro.livjm.ac.uk
Received: September 26, 2002
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We have used the first release of the data from the SPIRIT III instrument onboard
the Midcourse Space Experiment (MSX, see Price et.al. 2001, for full details) to
probe the galaxy and Magellanic Clouds for stars with mid-IR excesses indicative
of the presence of circumstellar material. Here we briefly review initial results for
the subset of bright blue stars that are likely Be, or related B[e] stars. MSX is a
multidisciplinary experiment sponsored by the Ballistic Missile Defense Organization
in the USA, and the SPIRIT III instrument (a 35cm off-axis telescope) was built at
the Space Dynamics Laboratory at the Utah State University. MSX was launched
on 24th April, 1996, with a mission lifetime of 5 years. A census of the Galactic
plane using MSX has recently been completed by (Lumsden et.al. 2002). While the
MSX data covers a smaller useable wavelength range (8.28-21.34µm) than IRAS and
furthermore is somewhat less sensitive than IRAS at wavelengths ≥12µm (Table 1)
the beam size, at 18.3”, is some 50 times smaller than that of IRAS at 12 & 25µm.
Whilst the advantage of MSX over IRAS is mainly beam size, in the Plane, due to
confusion and shadowing, the actual IRAS sensitivity at 12µm was about 3 Jy. For
band A (8.28µm) there will be improved completeness over IRAS for sources between
100 mJy and 1 Jy. The motivation for this preliminary report is to encourage the
hot star community to exploit this data set. Currently the first release of the data is
online (v1.2), although v2.0 with better sensitivities will be available in late 2002.
MSX band λ (µm)
v1.2
v2.0
Band A
8.28
≥0.1Jy ≥0.07Jy
Band C
12.13
1.2Jy
0.5Jy
Band D
14.66
1.0Jy
0.5Jy
Band E
21.34
2-3Jy
1-1.5Jy
Table 1.
Central wavelengths and sensitivities for both v1.2 and v2.0 releases of the MSX PSC
(v2.0 sensitivities provided by Dr Mike Egan; MSX project scientist).

Initially we have used the Bright Star Catalogue as our reference database. Positional
(1σ) accuracy of the MSX PSC is expected to be ±1.5” - we imposed upper limits
on the offset between PSC and BSC of 4.5” for possible detections. Following this
procedure for the subset of ∼1600 B stars in the BSC results in:
• there are 121 B type stars found with MSX in the galactic plane.
• of these 108 have detections at 8.28µm only.
• using the spectral type, the V magnitude, and the B-V colour from the BSC, a
Kurucz model atmosphere (with redenning) can be assigned to each star.
• from the sample of 121 B stars, (at least) 16 show evidence for excess emission
over the Kurucz photosphere model: these candidate Be stars include several
well known sources such as γCas, as well as three OB supergiants.
• 3 stars have evidence for warm dust detected at 12.13µm. These are HR7640
(HD189395, spectral type B9Vn) which may be a binary star, HR7699 (HD191243,
spectral type B5Ib), and HR7983 (HD198625, spectral type B4Ve).
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As an illustration, below are the results for one star in particular: 48 Per. This
star had detections at 12µm, 25µm and 60µm from IRAS which are also marked.
The data are UBV from BSC and the JHK photometry (circles) from Howells et.al.
(2001), MSX data (squares) and IRAS data (triangles). A simple Kurucz + f-f/b-f
continuum model is fitted to the UBV and JHK photometry only.

Figure 1.

Given the increased spatial resolution over IRAS, the MSX PSC will provide a valuable resource for the quantitative analysis of both gaseous and dusty circumstellar
envelopes around a wide variety of pre- to post-MS stellar objects (e.g. Clark &
Porter; in preparation). We eagerly await the second release of the data.
The MSX database is online (http://www.ipac.caltech.edu/ipac/msx/msx.html).
References:
Howells L., Steele I.A., Porter J.M., Etherton J., 2001, A&A 369, 99
Lumsden S.L., Hoare M.G., Oudmaijer R.D., Richards D., 2002, astro-ph/0206391
Price S.D., Egan M.P., Carey S.J., Mizuno D.R., Kuchar T.A., 2001, A.J. 121, 2819
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4.5.

Postdoctoral Research Position - Massive Stars
Douglas R. Gies
Georgia State University, Dept. of Physics and Astronomy,
University Plaza, Atlanta, Georgia 30303 U.S.A.
Tel: (404) 651-1366, FAX: (404) 651-1389
Email Inquiries: gies@chara.gsu.edu
Attention: Douglas R. Gies, Professor
Received: November 22, 2002

Applications are invited for a postdoctoral research position in the Center for High
Angular Resolution Astronomy (CHARA) and Department of Physics and Astronomy at Georgia State University. The successful applicant will work with Dr. Douglas
Gies and collaborators on observational and computational studies of massive stars.
Current projects include spectroscopic studies of massive binaries, Be stars, and Xray binaries, plus interferometric observations of binaries and rapidly rotating stars.
Observational and/or computational experience in these areas would be useful. Research facilities include two 0.4-m and one 1.0-m equivalent aperture telescopes at
the University’s Hard Labor Creek Observatory located 50 miles east of Atlanta.
CHARA operates the CHARA Array, an optical/IR interferometer consisting of six
1.0-m telescopes, located at Mount Wilson, California. The initial appointment is
for one year, renewable to a total of three years. Curriculum vitae, a bibliography, a
one-page summary of research interests, and names of three references (plus contact
information) should be sent to Prof. Gies at the above address. The deadline for
receipt of these materials is 31 January 2003. AAE/EEO.

4.6.

Meeting of the Working Group on Active B Stars at the
25th IAU General Assembly: Call for Papers
Geraldine J. Peters
Space Sciences Center & Department of Physics & Astronomy
University of Southern California, Los Angeles, CA 90089-1341; USA
email: gjpeters@mucen.usc.edu
Received: March 24, 2003

I am pleased to report that the Working Group on Active B Stars has been granted
two sessions at the forthcoming IAU General Assembly in Sydney, Australia. The
meeting will take place on July 16, 2003 from 9:00 - 12:30 in Room PM 2 at the Sydney
Convention and Exhibition Centre. After a short business meeting, we plan to hold
a scientific session. If you are interested in presenting a talk at this meeting, please
send me a tentative title by e-mail (gjpeters@mucen.usc.edu) as soon as possible but
before June 15, 2003 so that we are able to plan the program well in advance of the
meeting. Also let me know how much time you would like for your talk. We envision
that most talks will be in the range of 15-25 min. We will post a copy of the scientific
program on the Newsletter website before the meeting.
We look forward to an interesting and lively meeting. Hope to see you in Sydney.
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4.7.

The bright Be-shell star θ CrB possibly entering a new
shell phase
Th. Rivinius1 , S. Štefl2 , O. Stahl1 , & D. Baade3
1
Landessternwarte Königstuhl, D-69117 Heidelberg, Germany
email: T.Rivinius@lsw.uni-heidelberg.de, O.Stahl@lsw.uni-heidelberg.de
2
Astronomical Institute, Academy of Sciences
CZ-251 65 Ondřejov, Czech Republic
email: sstefl@pleione.asu.caz.cz
3
European Southern Observatory, Karl-Schwarzschild-Str. 2
D-85748 Garching bei München, Germany
email: dbaade@eso.org
Received: March 28, 2003

ABSTRACT: In a manuscript recently submitted to A&A, we report about our observations of bright Be shell stars obtained from 1991 to 2003. Among other results, we have
found θ CrB to have become active again in the past time. Our observations are currently
interrupted by telescope maintenance until June. The rate of change in θ CrB has increased
drastically in the last few spectra, taken Mar. 26 and 27, compared to the previous ones
of Mar. 16. We want to announce this change to the Be community by publishing the
relevant parts of the manuscript currently being in the editorial process, supplemented by
the findings in the most recent spectra.

θ CrB was observed from Tautenburg in 1991 and 1992 with Flash, with the Ondřejov
coudé instrument 1993 to 2000, then with Heros from Wendelstein in 2000, and
from Ondřejov since 2001 also with Heros. While the Tautenburg, Ondřejov coudé,
and Wendelstein data show the purely rotational Hα profile present since 1981, the
spectrum had developed a weak shell signature with a rather broad core in February,
2001. This signature remained stable until May, then disappeared in July. In March,
2002, a weak and broad CQE-type (central quasi emission, Rivinius et al., 1999, A&A
348, 831) signature was present in the core of Hα that finally disappeared in April,
2002 (Fig. 1, left panel). In February, 2003, however, circumstellar contribution is
visible again. Only Hβ showed a similar, but weaker shell effect, while no other line
reflected this brief and weak shell episode.
Heros is dismounted end of March 2003 to allow for telescope maintenace. In the
very last spectra before this the spectral changes towards a Be shell signature became
stronger and more rapid (Fig. 1, right panel). In particular, the emission peaks in
Hα became obvious in the full profiles (i.e. local flux maxima are forming), while in
the previous seasons they were seen as emission in the residuals only. The variations
are now clearly visible also in Hβ.
By analogy to µ Cen (Hanuschik et al. 1993, A&A 274, 356; Rivinius et al., 1998, A&A
333, 125), the difference in enhancement of the blue and the red emission component
between the last two nights could mean that θ CrB is undergoing an outburst, with
the ejected matter not yet having been circularized. If so, a dense series of spectra
could provide a rare opportunity for a detailed tomography of such an event in a star
seen equator-on. Useful diagnostics could also result from observations of standard
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Figure 1.
Evolution of the Hα profile of θ CrB from 2000 to 2003 (left), the residuals from the
undisturbed profiles (middle) and a close-up of the 2003 observations (right). The first spectrum
was taken May 16, 2000, the last one on Mar. 27, 2003. The mean of the 1991 Tautenburg data is
shown as dotted line for comparison. In the right panel the first spectrum was taken Feb. 15, the
last one Mar. 27. Note the sudden increase of the violet emission peak in the very last spectrum,
the previous one just taken the night before. The offsets are proportional to time, one year per flux
unit and 90 day per flux unit in the left and right panels, respectively.

metallic shell lines and the Paschen series, which were not yet detected in emission
or extra absorption. Given the rate of change in the Balmer lines, they may appear
soon, however.
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5.

ABSTRACTS

Spectropolarimetric Clues to the Structure and
Evolutionary Status of MWC 349A
Jill M. Meyer1,2 , Kenneth H. Nordsieck1 , and Jennifer L. Hoffman1
1

Department of Astronomy, University of Wisconsin-Madison, 475 N. Charter St., Madison, WI
53706
2
Maria Mitchell Observatory, 3 Vestal St., Nantucket, MA 02554

We present visible-wavelength spectropolarimetric measurements of the emission-line
star MWC 349A and its close optical companion MWC 349B, conducted with the
HPOL spectropolarimeter on both the 0.9 m telescope at the University of Wisconsin’s Pine Bluff Observatory and the 3.5 m WIYN telescope on Kitt Peak. Our
measurements allow us to estimate the interstellar polarization contribution and thus
constrain the intrinsic polarization of MWC 349A, which we find to be consistent in
position angle with the dusty disk seen perpendicular to the bipolar outflow. Our
analysis reopens the possibility that MWC 349A may be part of the Cyg OB2 association, suggests that it is not a physical companion to MWC 349B, and supports the
classification of MWC 349A as a pre-main sequence B[e] star.
2002 AJ, 123, 1639
Preprints from jhoffman@sal.wisc.edu
or on the web at http://xxx.lanl.gov/abs/astro-ph/0112285

Stellar and circumstellar variability of the Be star
µ Cen IV: Spectroscopic data 1985 – 1999
Th. Rivinius1,3 , S. Štefl2 , O. Stahl3 , B. Wolf3 , A. Kaufer4,3 , D. Baade1 ,
Th. Dumm5 , Th. Gäng6 , J. Gracia3 , C. Gummersbach3 , I. Jankovics7 ,
L. Kaper8 , J. Kovács7 , H. Lehmann9 , H. Mandel3 , J. Peitz10,3 ,
D. Schäfer3 , J. Schweickhardt3 , W. Schmutz11,5 ,
Th. Szeifert4,3 ,and S. Tubbesing3
1

European Southern Observatory, Karl-Schwarzschild-Str. 2, D-85 748 Garching b. München, Germany
2
Astronomical Institute, Academy of Sciences, CZ-25 165 Ondřejov, Czech Republic
3
Landessternwarte Königstuhl, D-69 117 Heidelberg, Germany
4
European Southern Observatory, Casilla 19 001, Santiago 19, Chile
5
Institute of Astronomy, ETH Zentrum, CH-8092 Zürich
6
Emergent IT, NASA’s GSFC, Code 682.4, Greenbelt, MD 20 771, USA
7
Gothard Astrophysical Observatory, H-9707 Szombathely, Hungary
8
Astronomical Institute ”Anton Pannekoek” and Center for High-Energy Astrophysics, University
of Amsterdam, Kruislaan 403, NL-1098 SJ Amsterdam, The Netherlands
9
Thüringer Landessternwarte Tautenburg, Sternwarte 5, D-07 778 Tautenburg
10
Institut für Astronomie und Astrophysik, Auf der Morgenstelle 10, D-72076 Tübingen, Germany
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11

PMOD/WRC, Dorfstrasse 33, CH-7260 Davos Dorf, Switzerland

For the bright southern Be star µ Cen, we publish all spectra that have been used in
the previous papers of this series. An overview of the data is given and the published
results obtained with these data are summarized. All data have been obtained from
La Silla. In detail, these are 28 spectra taken with Flash at the ESO 50 cm (400 nm
to 670 nm), 426 blue and 443 red spectra taken with Heros using the ESO 50 cm
and the ESO 1.52 m (350 nm to 860 nm), 47 spectra taken with Feros at the ESO
1.5 m (370 nm to 920 nm), 2 × 348 spectra taken with the Boller&Chivens at the ESO
1.52 m (345 nm to 510 nm), and 310 spectra of Hei 6678 and 27 spectra of Siiii 4553
taken with the CAT/CES. µ Cen was found to be a multiperiodic non-radially pulsating star, with indications for a coupling between the multiperiodic beating and the
star-to-disk mass transfer.
The Journal of Astronomical Data 7,5, CD-ROM in production
Preprints from triviniu@eso.org
or on the web at http://www.vub.ac.be/STER/JAD/JAD7/jad7.htm
Note: Due to the nature of the publication, an extensive (160MB) dataset on CDROM, only the descriptive paper accompanying the dataset is made available as preprint.
To obtain a copy of the CD-ROM, please contact the publisher of JAD, Chris Sterken,
at http://www.vub.ac.be/STER/JAD/jad.htm

A spectroscopic search for variability of Be stars in
the SMC
D. Baade1 , Th. Rivinius1 , S. Stefl2 , and A. Kaufer3
1

European Southern Observatory, Karl-Schwarzschild-Str. 2, D-85748 Garching b. Muenchen, Germany
2
Astronomical Institute, Academy of Sciences, CZ-25165 Ondrejov, Czech Republic
3
European Southern Observatory, Casilla 19001, Santiago 19, Chile

Two low-v sin i early-type Be stars in the area of the young cluster NGC 330 in the
Small Magellanic Cloud (SMC) were monitored with the VLT and the UVES echelle
spectrograph during 8 consecutive nights. Exposure times between 45 and 60 minutes
yielded a signal-to-noise ratio of about 80. The temporal variance in the line profiles
does not significantly differ from the one of the continuum in both sets of about two
dozen spectra. Four more stars were observed only once or twice; their line profiles,
too, were not asymmetric. This is in marked contrast to the Galaxy, where short-term
line profile variability would normally have been detected with high probability in at
least one out of any two randomly selected Be stars of early spectral sub-class and
low v sin i. Some possible repercussions on the understanding of the Be phenomenon
are briefly discussed.
2002 A&A, 383, 31
Preprints on the web at http://www.eso.org/∼triviniu/
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The ever challenging emission line binary β Lyrae
Petr Harmanec1,2
1

Astronomical Institute of the Charles University, V Holesovickach 2, CZ-180 00 Praha 8, Czech
Republic ¡BR¿ 2 Astronomical Institute of the Academy of Sciences, CZ-251 65 Ondrejov, Czech
Republic

A brief history of investigations of β Lyr, an emission-line binary and one of the first
ever discovered Be stars is presented. A rather fast progress in our understanding of
this enigmatic object during the past fifteen years is then discussed in some detail.
The current picture of β Lyr is that it is an eclipsing binary in a stage of mass
transfer between the components. The mass-losing star is a B6-8II object, with a
mass of about 3 M , which is filling the Roche lobe and sending material towards
its more massive companion at a rate of about 2 × 10−5 M yr−1 . This leads to
the observed rapid increase of the orbital period at a rate of 19 s per year. The
mass-gaining star is an early B star with a mass of about 13 M . It is completely
hidden inside an opaque accretion disk, jet-like structures, perpendicular to the orbital
plane and a light-scattering halo above the poles of the star. The observed radiation
of the disk corresponds to an effective temperature which is much lower than what
would correspond to an early B star. The disk shields the radiation of the central
star in the directions along the orbital plane and redistributes it in the directions
perpendicular to it. That is why the mass-losing star appears brighter of the two in
the optical region of the spectrum. At present, rather reliable estimates of all basic
properties of the binary and its components are available. However, in spite of great
progress in understanding the system in recent years, some disagreement between the
existing models and observed phase variations still remains, both for continuum and
line spectrum, which deserves further effort.
2002 Astronomische Nachrichten, 323, 87
Preprints from hec@sunstel.asu.cas.cz
or on the web at ftp://astro.troja.mff.cuni.cz/pub/hec/beta2001.ps

Properties and nature of Be stars 21. The
long-term and the orbital variations of V832 Cyg
= 59 Cyg
P. Harmanec1,2 H. Bozic2,3 , J. R. Percy4 , S. Yang5 , D. Ruzdjak3 ,
D. Sudar3 , M. Wolf1 , L. Iliev6 , L. Huang7 , C. Buil8 , and P. Eenens9
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Astronomical Institute of the Charles University, V Holesovickach 2, CZ-180 00 Praha 8, Czech
Republic
2
Astronomical Institute of the Academy of Sciences, CZ-251 65 Ondrejov, Czech Republic
e-mail:hec(bozic)@sunstel.asu.cas.cz
3
Hvar Observatory, Faculty of Geodesy, Kaciceva 26, 10000 Zagreb, Croatia
e-mail:hbozic(dsudar,domago)@hvargeof.hr
4
Erindale College and Department of Astronomy, University of Toronto, Mississauga, ON L5LIC6,
Canada
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e-mail:jpercy@erin.utoronto.ca
5
Department of Physics and Astronomy, University of Victoria, P.O. Box 3055 STN CSC, Victoria,
B.C., Canada V8W 3P6
e-mail:yang@uvastro.phys.uvic.ca
6
National Astronomical Observatory, Rozhen, Bulgaria and Isaak Newton Institute of Chile, Bulgarian Branch
e-mail:liliev@libra.astro.bas.bg
7
Beijing Astronomical Observatory, Chinese Academy of Sciences, Beijing 100080, China
e-mail:hlin@class1.bao.ac.cn
8
Association des Utilisateurs de Detecteurs Electroniques (AUDE), 28, rue du Pic du Midi, F-31130
Quint-Fonsegrives, France
e-mail:christian.buil@cnew.fr
9
Dept. of Astronomy, University of Guanajuato, 36000 Guanajuato, GTO, Mexico
e-mail:eenens@astro.ugto.mx

An analysis of numerous homogenized UBV photoelectric observations and red spectra of the Be star V832 Cyg from several observatories led to the following principal
findings:
1. Pronounced long-term light and colour variations of V832 Cyg result from a combination of two effects: from the gradual formation of a new Be envelope, and from
an asymmetry and a slow revolution of the envelope (or its one-armed oscillation).
The colour variations associated with the envelope formation are characterized by a
positive correlation between brightness and emission strength, typical for stars which
are not seen roughly equator-on.
2. The V magnitude observations prewhitened for the long-term changes follow a
sinusoidal orbital light curve with a small amplitude and a period of 28.d 1971 which is
derived from observations spanning 43 years. This independently confirms a 12-year
old suggestion that the star is a spectroscopic binary with a 29-d period. V832 Cyg
thus becomes the fifth known Be star with cyclic long-term V/R variations, the duplicity of which has been proven, the four other cases being ζ Tau, V923 Aql, γ Cas
and X Per. Therefore, the hypothesis that the long-term V/R variations may arise
due to the attractive force of the binary companion at certain phases of the envelope
formation is still worth considering as a viable alternative to the model of one-armed
oscillation.
3. We have shown that the RV and V/R variations of the Hα and He I 6678 emission
lines are all roughly in phase. In particular, the He I 6678 emission also moves with
the Be primary which differs from what was found for another Be binary, φ Per.
4. We derived the orbital elements and found that in spite of the remaining uncertainties, the basic physical properties of the 28.d 2 binary are well constrained.
5. The light minimum of the orbital light curve occurs at elongation when the Be
star is approaching us and the object becomes bluest in B −V and reddest in U −B
at the same time. This may indicate that a part of the optically thick regions of the
envelope is eclipsed at these orbital phases.
2002 A&A, 387, 580
Preprints from hec@sunstel.asu.cas.cz
or on the web at ftp://astro.troja.mff.cuni.cz/pub/hec/zarf21.ps
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Non-radial pulsation, rotation and outburst in the
Be star ω Orionis from the MuSiCoS 1998
campaign
C. Neiner1,2 , A.-M. Hubert1 , M. Floquet1 , S. Jankov3,4 , H.F. Henrichs2 ,
B. Foing5 , J. Oliveira5,6 , S. Orlando5,7 , J. Abbott8,9 , I.K. Baldry10 ,
T.R. Bedding10 , J. Cami2 , H. Cao11 , C. Catala1,2 , K.P. Cheng13 ,
A. Domiciano de Souza Jr14,3 , E. Janot-Pacheco1,14 , J.X. Hao11 ,
L. Kaper2 , A. Kaufer15 , N.V. Leister14 , J.E. Neff16 , S.J. O’Toole10 ,
D. Schäfer18 , S.J. Smartt19,20 , O. Stahl18 , J. Telting8,21 ,
S. Tubbesing18 , and J. Zorec22
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ω Ori (HD 37490, HR 1934) is a Be star known to have presented variations. In order to investigate the nature and origin of its short-term and mid-term variability,
a study is performed of several spectral lines (Hα, Hδ, He i 4471, 4713, 4921, 5876,
6678, C ii 4267, 6578, 6583, Mg ii 4481, Si iii 4553 and Si ii 6347), based on 249
high signal-to-noise high-resolution spectra taken with 8 telescopes over 22 consecutive nights during the MuSiCoS (Multi SIte COntinuous Spectroscopy) campaign
in November-December 1998. The stellar parameters are revisited and the projected
rotational velocity (vsini = 179 km s−1 ) is redetermined using several methods. With
the MuSiCoS 98 dataset, a time series analysis of line-profile variations (LPVs) is
performed using the Restricted Local Cleanest (RLC) algorithm and a least squares
method. The behaviour of the velocity of the centroid of the lines, the equivalent
widths and the apparent vsini for several lines, as well as Violet and Red components of photospheric lines affected by emission (red He i lines, Si ii 6347, C ii 6578,
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6583) are analyzed. The non-radial pulsation (NRP) model is examined using phase
diagrams and the Fourier-Doppler Imaging (FDI) method. The LPVs are consistent
with a NRP mode with l = 2 or 3, |m| = 2 with frequency 1.03 c d−1 . It is shown that
an emission line outburst occurred in the middle of the campaign. Two scenarios are
proposed to explain the behaviour of a dense cloud, temporarily orbiting around the
star with a frequency 0.46 c d−1 , in relation to the outburst.
2002 A&A, 388, 899
Preprints from Coralie.Neinerobspm.fr

Autocorrelation Analysis of Hipparcos
Photometry of Short-Period A and B Stars
J.R. Percy1 et al.
1

Department of Astronomy, University of Toronto, Toronto ON Canada M5S 3H8

We describe several projects in which a form of autocorrelation analysis is used on
Hipparcos photometry to detect and study pulsating A and B stars — β Cephei stars,
Maia stars, δ Scuti stars, and Be stars. Because of the systematics of the times of
the Hipparcos photometric measurements, this method works well on some types of
stars, but not on others. We describe some new results. We also comment on the
suitability of these projects in research-based science education of undergraduate and
senior high school students.
In Observational Aspects of Pulsating B and A Stars, ed. C. Sterken and
D.W. Kurtz, ASP Conf. Series, 256, 99-108 (2002)
Preprints from jpercy@utm.utoronto.ca

Autocorrelation Analysis of Hipparcos
Photometry of Short-Period Be Stars
J.R. Percy1 , J. Hosick1 , H. Kincaide1 and C. Pang1
1
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We have used Hipparcos epoch photometry, and a form of autocorrelation analysis, to
investigate the amplitude and time scale of the short-period variability of 82 Be stars,
including 46 Be stars which were analyzed by Hubert and Floquet using Fourier
and CLEAN analysis, and 36 other Be stars which were suspected of short-period
variability. Our method has given useful information for about 84% of these stars; for
the rest, the time distribution of the Hipparcos epoch photometry limits the capability
of our technique.
2002 PASP, 114, 551
Preprints from jpercy@utm.utoronto.ca

2003, Be Star Newsletter, 34 − 38

Spectroscopic Survey of the Galactic Open Cluster
NGC 6871 I.New Emission Line Stars
Zoltan Balog1,2 , Scott J. Kenyon1
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We analyze spectra of 44 emission line stars detected in a low resolution optical
spectroscopic survey of the galactic open cluster NGC 6871. The survey of 1217 stars
is complete to V = 14.9 and includes stars with V < 16.5 between the zero age main
sequence (ZAMS) and the 107 yr pre-main sequence (PMS) isochrone. Of the 44
emission line stars in this survey, 28 show obvious emission in Hα and 16 have weak
Hα absorption (compared to Hγ). We use the reddening to separate foreground and
background stars from the cluster members; the position in the HR diagram (HRD)
or the presence of forbidden emission lines ([NII], [SII]) then yields the evolutionary
status of the emission line stars. A comparison of the Hα spectral index distribution
in NGC 6871 with the distribution of young stars in the Taurus-Auriga molecular
cloud indicates that the late type PMS stars in our sample may be weak line T Tauri
stars (wTTs). Many of these stars show [SII] (36%) and [NII] (45%) emission.
2002 AJ, 124, 2083
Preprints from zbalog@cfa.harvard.edu

A Magnetically Torqued Disk Model for Be Stars
J.P. Cassinelli1 , J.C. Brown2 , M. Maheswaran3 ,
N.A. Miller1 , and D.C. Telfer2
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Despite extensive study, the mechanisms by which Be star disks acquire high densities and angular momentum while displaying variability on many time scales are still
far from clear. In this paper, we discuss how magnetic torquing may help explain
disk formation with the observed quasi-Keplerian (as opposed to expanding) velocity
structure and their variability. We focus on the effects of the rapid rotation of Be
stars, considering the regime where centrifugal forces provide the dominant radial
support of the disk material.
Using a kinematic description of the angular velocity, vφ (r), in the disk and a parametric model of an aligned field with a strength B(r) we develop analytic expressions
for the disk properties that allow us to estimate the stellar surface field strength necessary to create such a disk for a range of stars on the main-sequence. The fields
required to form a disk are compared with the bounds previously derived from photospheric limiting conditions. The model explains why disks are most common for
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main-sequence stars at about spectral class B2 V. The earlier type stars with very
fast and high density winds would require unacceptably strong surface fields (> 103
Gauss) to form torqued disks, while the late B stars (with their low mass loss rates)
tend to form disks that produce only small fluxes in the dominant Be diagnostics. For
stars at B2 V the average surface field required is about 300 Gauss. The predicted
disks provide an intrinsic polarization and a flux at Hα comparable to observations.
The radial extent of our dense quasi-Keplerian disks is compatible with typical estimates. We also discuss whether the effect on field containment of the time dependent
accumulation of matter in the flux tubes/disk can help explain some of the observed
variability of Be star disks.
2002 ApJ, 578, 951
Preprints from cassinelli@astro.wisc.edu
or by anonymous ftp to ftp.astro.wisc.edu/outgoing/joecas/MagTorqDisk.ps
or on the web at http://xxx.lanl.gov/abs/astro-ph/0207370

Viscous effects on the interaction between the
coplanar decretion disc and the neutron star in
Be/X-Ray binaries
A.T. Okazaki,1,2 , M.R. Bate,3 , G.I. Ogilvie2 and J.E. Pringle2
1
2
3
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School of Physics, University of Exeter, Stocker Road, Exeter EX4 4QL, UK

We study the viscous effects on the interaction between the coplanar Be-star disc and
the neutron star in Be/X-ray binaries, using a three-dimensional, smoothed particle
hydrodynamics code. For simplicity, we assume the Be disc to be isothermal at
the temperature of half the stellar effective temperature. In order to mimic the gas
ejection process from the Be star, we inject particles with the Keplerian rotation
velocity at a radius just outside the star. Both Be star and neutron star are treated
as point masses. We find that the Be-star disc is effectively truncated if the ShakuraSunyaev viscosity parameter αSS  1, which confirms the previous semi-analytical
result. In the truncated disc, the material decreted from the Be star accumulates, so
that the disc becomes denser more rapidly than if around an isolated Be star. The
resonant truncation of the Be disc results in a significant reduction of the amount of
gas captured by the neutron star and a strong dependence of the mass capture rate
on the orbital phase. We also find that an eccentric mode is excited in the Be disc
through direct driving due to a one-armed bar potential of the binary.
The strength of the mode becomes greater in the case of a smaller viscosity. In a
high-resolution simulation with αSS = 0.1, the eccentric mode is found to precess in
a prograde sense. The mass capture rate by the neutron star modulates as the mode
precesses.
2002 MNRAS, 337, 967
Preprints from okazaki@elsa.hokkai-s-u.ac.jp
or on the web at http://arXiv.org/abs/astro-ph/0208288
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Binary Nature and Long-Term Variations of
γ Cassiopeiae
A.S. Miroshnichenko1,2 , K.S. Bjorkman 1 , and V.D. Krugov3
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3
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We present the results of high-resolution spectroscopic observations of the bright
Be star γ Cas obtained at the Ritter Observatory of the University of Toledo in
1993–2002. Two components in the emission-line profile variations, a long-term and
a periodic one, are found. The periodic component is represented by changes of
the mean radial velocity of the Hα line with a period of 205 days, which is most
likely related to the orbital motion in a binary system. This finding confirms a
recently reported result of Harmanec et al., although our data suggest a circular
orbit rather than the eccentric one they derived. The zero eccentricity favors a nondegenerate nature of the secondary and supports a hypothesis that the companion is
not connected with the X-ray generation. The long-term variations are represented
by changes in the peak intensities and radial velocities of the spectral lines on a time
scale of a few years and include a continuous decrease of the line intensities in 1993–
2001. We also found a different behavior of the Hα line profile shape and those of
non-hydrogen lines. This suggests the presence of an additional component in the
Hα line profile which may originate in the outer regions of the primary’s disk. This
might manifest the beginning of a new phase in the evolution of γ Cas which could
lead to a new normal B-star phase.
2002 PASP, 114, 1226
Preprints from anatoly@physics.utoledo.edu
or on the web at http://edradour.astro.utoledo.edu/∼anatoly/preprints.html

Variability and pulsations in the Be star
66 Ophiuchi
M. Floquet1 , C. Neiner1,2 , E. Janot-Pacheco3,1 , A.M. Hubert1 ,
S. Jankov4,7 ,J. Zorec5 , D. Briot1 , J. Chauville1 , N.V. Leister3 ,
J.R. Percy6 , D. Ballereau1 , and A.G. Bakos6
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Observatoire de la Côte d’Azur, FRESNEL, CNRS UMR 6528, BP 4229, F-06304 Nice Cedex,
France
5
Institut d’Astrophysique de Paris, 98bis Boulevard Arago, 75014 Paris, France
2

2003, Be Star Newsletter, 34 − 41

6

Erindale Campus and Department of Astronomy, University of Toronto, Mississanga,ONL5L 1C6,
Canada
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Astronomska Opservatorija Beograd, MNTRS 1940, Volgina 7, 11050 Beograd, Yugoslavia

66 Oph is a Be star seen under a moderate inclination angle that shows strong variability from UV to IR wavelengths. A concise review of long-term variability history
is given. High resolution, high S/N spectroscopic observations obtained in 1997,
1998 and 2001 and spectropolarimetric observations obtained in 2000 are presented.
These observations occurred during a long-term decrease of Hα intensity. Fundamental parameters of the star have been revisited from Barbier-Chalonge-Divan (BCD)
calibrations. New V sin i values are obtained using Fourier transforms applied to observed helium lines and a rotational frequency frot = 1.29 c d−1 is determined. Time
series analysis and Fourier Doppler Imaging (FDI) of He I lines (4713, 4921, 5876 and
6678 Å) lead for the first time to the detection of multi-periodicity in 66 Oph. The
two main frequencies found are f = 2.22 c d−1 and f = 4.05 c d−1 . They are attributed
to non-radial pulsations and can be associated with mode degree ` = 2 and ` = 3,
respectively. Inspection of Stokes V profiles suggests the presence of a weak Zeeman
signature but further observations are needed to confirm the detection of a magnetic
field in 66 Oph.
2002, A&A 394, 137
Preprints from michele.floquet@obspm.fr

The Be star content of young open clusters
Juan Fabregat1,2
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We present a photometric survey aimed to characterize the Be star population of
young open clusters. It is found that in these clusters early-type Be stars are more
frequent than in the galactic field, and late-type Be stars are scarce or inexistent.
We interpret this result as evidence for an evolutionary enhancement of the Be phenomenon towards the end of the main sequence lifetime.
In Interplay between periodic, cyclic and stochastic variability in selected
areas of the H-R diagram, ed. C. Sterken, ASP Conf. Series, in press.
Preprints from juan@pleione.uv.es
or on the web at http://pleione.uv.es/recent.html

The Nature of Short-Term, Long-Term, and
Transient Wind Activity in Be Stars
Geraldine J. Peters
Space Sciences Center, University of Southern California, Los Angeles, CA 90089-1341

Cyclic and apparent transient variability in the winds of Be stars are discussed. Shortterm cyclical variability can be explained by either nonradial pulsations (NRP) or
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stellar rotation, whereas long-term wind changes are probably connected with quasiperiodic activity cycles that may be caused by magnetic fields. Often what is thought
to be a transient event is actually a phase-dependent variation in the circumstellar
material in an interacting binary. Binarity effects in a well-known Be/Algol-type
system (CX Dra) and transient wind variations in a suspected interacting binary
(FY CMa) are discussed.
In Interplay between Periodic, Cyclic and Stochastic Variability in Selected Areas of the H-R Diagram, ed. C. Sterken, ASP Conf. Series, in
press.
Preprints from gjpeters@mucen.usc.edu

Determination of Basic Physical Properties of
Binary Stars with Hot Components
Petr Harmanec1,2
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Present knowledge of basic physical properties of O and B stars, based on orbital
and light-curve solutions for eclipsing binaries, is briefly discussed. It is shown that
there is a rather satisfactory agreement between observations and theory for normal,
well detached binaries. However, a reliable determination of orbital and light-curve
solutions for binaries with emission lines is all but easy. Most spectral lines usable
for radial-velocity determination are usually affected by a time variable and often unrecognized contribution from the circumstellar matter in the form of emission and/or
additional absorption lines. Also the shape of the light curves is affected by the
presence of circumstellar matter and formal solutions which do not take these effects
into account lead to unrealistic stellar temperatures and radii. Typical situations and
some ways how to get around this problem are discussed and illustrated on several
particular cases.
invited talk at the workshop New Directions for Close Binary Studies: The
Royal Road to the Stars, to appear in Canakkale Onsekiz Mart University
Publications
Preprints from hec@sunstel.asu.cas.cz
or on the web at ftp://astro.troja.mff.cuni.cz/hec/can2002.ps
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On the optical–infra-red continuum emission from
equatorial discs of supergiant B[e] stars
John M. Porter
Astrophysics Research Institute, Liverpool John Moores University, Twelve Quays House, Egerton
Wharf, Birkenhead, CH41 1LD, United Kingdom

Two models of the circumstellar disc around supergiant B[e] stars are discussed: an
equatorial wind model produced by wind bi-stability, and a Keplerian viscous disc
model. Both models are successful in providing a site for dust formation once they
have cooled sufficiently. However, the optical–infra-red continuum is calculated and
it is found that both models have significant trouble in accounting for observations.
In particular the optical–near-IR emission is accounted for, but the dust emission
is underestimated by at least an order of magnitude. Variations in the structure of
the models (the temperature variation with radius, the density structure and the dust
opacity) are investigated to assess how (in)appropriate the standard models are for supergiant B[e] star discs. Changing the temperature structure, and making simple dust
opacity changes within the disc has little effect on the resultant continuum emission.
By altering the density structure of the discs, the continuum may be accounted for
by both models: the equatorial wind model requires a very flat density profile which
is impossible to explain with any accelerating wind, and the viscous disc model’s
density structure is required to fall off less steeply with radius than would have been
expected, although this may be explained from consideration of viscous processes in
the disc. It is recognised that both theoretical interpretations have difficulties and
unsolved problems.
2002 A&A, 398, 631
Preprints from jmp@astro.livjm.ac.uk
or on the web at http://arXiv.org/abs/astro-ph/0211449

Strange among the strange: The B-emission star
γ Cassiopeiae
P. Harmanec1,2
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γ Cas (HD 5394) is an important representative of Be stars, hot B stars exhibiting
Balmer and other emission lines in their spectra at certain epochs. Its emission spectrum was observed as early as in 1863 and has undergone spectacular changes since
then. γ Cas is also extremely interesting because it qualifies for several phenomenologically defined groups: it is a light and colour variable, long-term radial-velocity
variable, X-ray source, IRAS source, rapid line-profile variable, a single-line spectroscopic binary and a central star of a reflection nebula.
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A critical compilation of the wealth of observational data on the star, with emphasis
on its time variability on several time scales, as well as an estimate of the most probable values of all basic physical properties of the object is presented. It is pointed out
that in spite of a large quantity of data, systematic and well-calibrated observations
are still rather rare. The present understanding of the object is put into perspective
of the more general – and as yet unsolved – problem of the formation of Be envelopes.
in Exotic Stars as Challenges to Evolution, IAU Colloquium 187, ed C. A.
Tout, C. A. & W. Van Hamme, ASP Conference Series 279, 221
Preprints from hec@sunstel.asu.cas.cz
or on the web at ftp://astro.troja.mff.cuni.cz/hec/gcas2002.ps

The Interacting Binary Be Star HR 2142
Geraldine J. Peters1 and Douglas R. Gies2
1
2

Space Sciences Center, University of Southern California, Los Angeles, CA 90089-1341, USA
CHARA, Dept. of Physics & Astronomy, Georgia State University, Atlanta, GA 30303-3083, USA

Current information on the nature of the HR 2142 system is presented. The circumstellar material (CSM) including the mass flow toward and away from the massgaining B star has been studied from ∼100 IUE SWP HIRES images obtained from
1979–95 and ground-based CCD data from KPNO acquired between 1985–2001. The
strength and velocity behavior of the infall components to the UV Si II lines seen
during the primary shell phase (PSP) from φ ∼0.70–0.98 resembles that observed in
conventional Algol systems, but the inferred mass infall rate is too small to account
for the massive Hα-emitting disk about the B primary. The cause for the mass outflow
observed during the secondary shell phase (SSP) remains unknown, but a localized
plasma that has been identified from phase-dependent variations in the emission component to He I λ6678 may be part of the SSP phenomenon. Although the secondary
remains undetected in the optical/IR spectral regions, UV data currently do not yield
strong support for the presence of an O subdwarf as in the φ Per system. HR 2142
may represent an earlier evolutionary stage of φ Per and a possibly similar Be binary
59 Cyg.
in Exotic Stars as Challenges to Evolution, IAU Colloquium 187, ed C. A.
Tout, C. A. & W. Van Hamme, ASP Conference Series 279, 149
Preprints from gjpeters@mucen.usc.edu
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On the role of duplicity in the Be phenomenon.
1. General considerations and the first attempt at
a 3-D gas-dynamical modelling of gas outflow from
hot and rapidly rotating OB stars in binaries
Petr Harmanec1,2 , Dmitry V. Bisikalo3 , Alexander A. Boyarchuk3 ,
and Oleg A. Kuznetsov4
1

Astronomical Institute of the Charles University, V Holešovičkách 2, CZ-180 00 Praha 8, Bohemia
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This paper begins a new series of studies devoted to a critical re-examination of the
role of duplicity for the Be phenomenon and for the variability patterns observed for
many Be stars. Based on both dynamical and energy considerations and a numerical
gas-dynamical modelling, a new hypothesis of the formation of Be envelopes in binaries, via an outflow from a rapidly rotating B star in a detached binary, is outlined.
It is shown that such an outflow is facilitated by the presence of a companion to the
B star and leads to the formation of an envelope but not to any significant mass
exchange between the binary components.
2002 A&A, 396, 937
Preprints from hec@sunstel.asu.cas.cz
or on the web at ftp://astro.troja.mff.cuni.cz/hec/ms2949acc.ps

Rotation and Mass Ejection: the Launching of
Be-Star Disks
Stanley P. Owocki1,2
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The characteristic signature of Be stars is the Balmer line emission understood to arise
in a circumstellar disk. Unlike the accretion disks of protostars or mass-exchange
binary systems, the evolved and generally single or wide-binary status of Be stars
seems to require that its disk must form from mass ejection (a.k.a. decretion) from
the star itself. In this paper, I use analogies with launching orbital satellites to discuss
two candidate processes (radiation, pulsation) for driving such orbital mass ejection,
with particular emphasis on the role of the rapid, possibly near-critical, rotation of
Be stars in facilitating the formation of their signature disks.
to appear in Stellar Rotation, Proceedings IAU Symposium No. 215, 2003,
André Maeder & Philippe Eenens, eds.
Preprints from owocki@bartol.udel.edu
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Stellar and circumstellar activity of the Be star
ω CMa - I. Line and continuum emission in
1996–2002
S. Štefl1 , D. Baade2 , Th. Rivinius2,3 , S. Otero4,5 , O. Stahl3 ,
A. Budovičová1 , A. Kaufer6 , and M. Maintz3
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Echelle spectroscopy and mostly unaided-eye photometry of the southern Be star
ω CMa were obtained in the period 1996 - 2003. The monitoring is bracketed by
two brightenings by 0.m 4 - 0.m 5. The results of a literature search suggest that such
phases occur about once a decade and have various commonalities. Along with these
photometric events goes enhanced line emission. This is due to an increased total
mass of the disk as well as to a change in its density profile. The models by Poeckert
& Marlborough (1978, 1979) imply that the enhanced continuum flux originates from
the inner disk. Higher-order Balmer line emission is correlated with brightness. The
increase in Hα is retarded by some months, possibly indicating a time delay in filling
up and ionizing the outer disk. In the (U − B) vs. (B − V ) colour diagram and
the D54 vs. D34 Balmer decrement diagram the path from the ground to the bright
state is distinct from the return path. This could result from the bulk of the disk
matter being in the outer (inner) disk during the photometric ground (high) state,
while the two transitions between the two states are both due to changes progressing
radially outward. Some µ Cen-like outbursts (Rivinius et al. 1998) seem to occur in
all phases. It is conceivable that the build-up of the inner disk is caused by more frequent or more effective outbursts. During the photometric bright state various other
phenomena gain in prominence and suggest this to be a phase of increased activity.
Of particular interest, but possibly only apparently related to this phase, are absorption components at redshifts well beyond the range covered by the combination of
rotation and nonradial pulsation.
Accepted by A&A
Preprints from sstefl@pleione.asu.cas.cz

Magnetic Spin-Up of Line-Driven Stellar Winds
Stan Owocki1,2 and Asif ud-Doula3
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We summarize recent 2D MHD simulations of line-driven stellar winds from rotating
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hot-stars with a dipole magnetic field aligned to the star’s rotation axis. For moderate
to strong fields, much wind outflow is initially along closed magnetic loops that nearly
corotate as a solid body with the underlying star, thus providing a torque that results
in an effective angular momentum spin-up of the outflowing material. But instead of
forming the “magnetically torqued disk” (MTD) postulated in previous phenemenological analyses, the dynamical simulations here show that material trapped near the
tops of such closed loops tends either to fall back or break out, depending on whether
it is below or above the Keplerian corotation radius. Overall the results raise serious
questions about whether magnetic torquing of a wind outflow could naturally result
in a Keplerian circumstellar disk. However, for very strong fields, it does still seem
possible to form a centrifugally supported, “magnetically rigid disk” (MRD), in which
the field not only forces material to maintain a rigid-body rotation, but for some extended period also holds it down against the outward centrifugal force at the loop
tops. We argue that such rigid-body disks seem ill-suited to explain the disk emission from Be stars, but could provide a quite attractive paradigm for circumstellar
emission from the magnetically strong Bp and Ap stars.
to appear in Proc. International Conference on Magnetic Fields in O, B
and A Stars: Origin and Relation to Pulsation, Rotation and Mass Loss,
ASP Conf. Ser.
Preprints on the web at
http://www.bartol.udel.edu/ owocki/preprints/Owocki-SA.pdf
or
http://www.bartol.udel.edu/ owocki/preprints/Owocki-SA.ps.gz

Nonradial Pulsations and Magnetic Fields in Be
Stars
D. Baade1 , Th. Rivinius2 , and S. Štefl3
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Nonradial pulsation fully explains the available spectroscopic and accompanying photometric observations of the short-periodic variability of Be stars. But it is not obvious
that this variability, which only concerns early spectral sub-classes, or its explanation
can play a key rôle in understanding the Be phenomenon, i.e., a rotationally supported disk around a rapidly rotating, single B-type star. In some areas, magnetic
fields have been invoked instead. However, without any confirmed detection, such
conjectures have a soft foundation or are even wrong.
To appear in Proc. International Conference on Magnetic Fields in O, B
and A Stars: Origin and Relation to Pulsation, Rotation and Mass Loss,
ASP Conf. Ser.
Preprints from dbaade@eso.org
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Pulsation, rotation, wind and magnetic field in
early B-type stars
C. Neiner1,2
1

Université Louis Pasteur de Strasbourg, 11 rue de l’Université, 67000 Strasbourg, France
Universiteit van Amsterdam, Sterrenkundig Institut, Kruislaan 403, 1092 SJ Amsterdam, Netherlands
2

In this PhD thesis I have concentrated on the pulsation and magnetic properties
of three different kinds of early B-type stars: Be, β Cephei and Slowly Pulsating B
(SPB) stars. I present in-depth studies of a few carefully chosen targets, which are
representative for the variety of phenomena associated with these massive stars. In
all studied stars new non-radial pulsation modes are found. By studying the UV stellar wind variations I could derive the rotational period of these stars very precisely,
which allowed me to search for the presence of a magnetic field. Magnetic fields were
indeed found in these stars, which I have modeled as simple dipole fields with a typical strength of a few hundred Gauss, inclined with the stellar rotation axis. With
present-day instrumentation this is about the weakest field that can be detected in
such stars. With no exception, abundance anomalies are found to be associated with
these magnetic stars, for which I carried out a quantitative analysis.
PhD thesis defended on October 23, 2002
Books from cneiner@rssd.esa.int

Asymptotic expressions for the angular
dependence of low-frequency pulsation modes in
rotating stars
R. H. D. Townsend
Department of Physics & Astronomy, University College London, Gower Street, London WC1E
6BT, UK

Through the solution of Laplace’s tidal equations, approximated to describe equatoriallytrapped wave propagation, analytical expressions are obtained for the angular dependence of pulsation modes in uniformly-rotating stars. As the ratio between rotation
and pulsation frequencies becomes large, these expressions approach the exact solutions of the governing low-frequency pulsation equations.
Four classes of asymptotic solution are found, corresponding to g (gravito-inertial),
r (Rossby), Kelvin and Yanai modes. The Kelvin modes arise through the conservation of specific vorticity, much like the r modes, but propagate in the same sense as
the rotation; they are found to be the equivalents of prograde sectoral modes. The
prograde Yanai modes behave like g modes, as do the retrograde ones if the rotation
is sufficiently rapid; otherwise, the latter exhibit the character of r modes.
Comparison between asymptotic and numerical solutions to the tidal equations reveals
that, for g and Yanai modes, the former converge rapidly towards the latter. The
2003, Be Star Newsletter, 34 − 49

convergence is slower for Kelvin and r modes, since these modes become equatorially
trapped only when the rotation is very rapid. It is argued that the utility of the
asymptotic solutions does not rest on their accuracy alone, but also on the valuable
physical insights which they are capable of providing.
Accepted by MNRAS
Preprints from rhdt@star.ucl.ac.uk
or on the web at http://www.star.ucl.ac.uk/∼rhdt/publications/

A semi-analytical formula for the light variations
due to low-frequency g modes in rotating stars
R. H. D. Townsend
Department of Physics & Astronomy, University College London, Gower Street, London WC1E
6BT, UK

Through the adoption of the so-called ‘traditional approximation’, a new semi-analytical
formula is derived for the light variations produced by low-frequency g modes in
uniformly-rotating stars. The formula is used to examine the influence of rotation
on the variability produced by stellar model representative of the slowly-pulsating
B-type class.
It is found that, for all apart from prograde sectoral modes, the Coriolis force acts to
trap pulsation within an equatorial waveguide. Toward rapid rotation and/or low pulsation frequency, this waveguide becomes so narrow that only a thin band around the
stellar equator makes any appreciable contribution toward flux changes. As a result,
unless viewed from near the poles, the variability exhibited by the star becomes very
small, possibly explaining why recent photometric observations of rapidly-rotating
stars have failed to find much evidence for the presence of low-frequency modes.
It is further demonstrated that the ratio between the variability amplitude in pairs
of passbands depends, with the introduction of rotation, both on the azimuthal order
of a mode, and on the location of the observer in relation to the star’s rotation axis.
This means that the standard photometric techniques used to identify modes in nonrotating stars cannot easily be applied to systems where rotation is significant.
Accepted by MNRAS
Preprints from rhdt@star.ucl.ac.uk
or on the web at http://www.star.ucl.ac.uk/∼rhdt/publications/

Short-Period Be and Related Variable Stars
Discovered or Confirmed by Self-Correlation
Analysis of Hipparcos Epoch Photometry
J.R. Percy1 , C.D.W. Harlow1 and A.P.S. Wu1
1
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We have surveyed 277 bright Be stars for short-period photometric variability, using
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self-correlation analysis of Hipparcos epoch photometry. This extends the work of
Percy et al. (2002 PASP 114, 551-558); the methods are as described therein. We
report the discovery, time scale and amplitude of short-period variability in: HD 7636
(V764 Cas), HD 11606 (V777 Cas), HD 13661 (V549 Per), HD 34921, HD 36408, HD
40978, HD 58343 (FW CMa), HD 63460 (o Pup), HD 88195 (17 Sex), HD 89353 (AG
Ant, HR 4049), HD 129954 (CO Cir), HD 158220 (V862 Ara), HD 173219 (V947 Sct),
and HD 187567 (V1339 Aql). We report the confirmation of short-period variability,
using an independent form of analysis, in HD 52918 (19 Mon), HD 105382 (V863
Cen), HD 137387 (κ-1 Aps), HD 157832 (V750 Ara), and HD 163868 (V3984 Sgr).
These include a β Cephei star (19 Mon), a Vega-type star (17 Sex) and a post-AGB
B star (HR 4049). We call attention to a small group of active Be stars whose selfcorrelation diagram (∆mag versus ∆time) rises linearly with ∆time up to several
days or more.
Supported by NSERC Canada, and the Ontario Work-Study Program.
To be presented at the 202nd meeting of the American Astronomical Society, May 2003
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6.

MEETINGS
• 2002 Nov 11–15
IAU Symposium No. 215: Stellar Rotation
Cancun, Yucatan, Mexico
http://www.astro.ugto.mx/∼eenens/iau215/
• 2002 Nov 27–Dec 1
International Conference on Magnetic Fields in O, B and A Stars:
Origin and Connection to Pulsation, Rotation and Mass Loss
University of the North West
Mmabatho, South Africa
http://kwena.uniwest.ac.za/
• 2003 Jul 6–11
IAU Colloquium 193: Variable stars in the Local Group
University of Canterbury
Christchurch, New Zealand
http://www.vuw.ac.nz/scps/IAU193
• 2003 Jul 13–26
IAU XXV General Assembly
Sydney, Australia
http://www.astronomy2003.com/

See http://cadcwww.dao.nrc.ca/meetings/meetings.html for more.
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