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1.

EDITORIAL

Whether you view the current year 2000 as the beginning of the third millennium or
the end of the second, it certainly marks a transition in our circle of colleagues, as well
as the community’s perspective on the Be phenomenon. We will miss the wisdom and
friendship of Arne Slettebak, Mercedes & Carlos Jaschek, and Don Penrod. Be star
research at the turn of the millennium is summarized in the forthcoming proceedings
from IAU Colloquium No. 175 held in Alicante, Spain in 1999 June. Contemporary
ideas on the nature of the mass loss activity in Be stars, their disks, and the place
and importance of Be stars in the stellar evolution scenario are some of the topics
discussed formally and informally in Alicante that will shape future research eﬀorts.
This Issue 34 of the Be Star Newsletter is the largest one yet published and includes
all contributions posted on our website (http://www.limber.org/benews/) since 1998
June. Our electronic version of the Newsletter has become an eﬀective way to communicate news in a timely fashion. Most new contributions and abstracts are posted
within two days of receipt, after an internal review by the editors.
Featured in this issue are a discussion of the temperature distribution in Be star
disks, more on the behavior of the cloudlets in the circumstellar material in γ Cas,
and results from a recent study of Be stars in open clusters that suggests the Be
phenomenon may be associated with mid-life in OB associations that did not form
β Cephei stars. Items on long-term Hα emission variability in γ Cas and P Cyg,
polarization in o And, and near IR studies of Be stars can also be found, as well as
37 abstracts of recent papers and books, the usual bibliography, and announcements
of meetings and other information of possible interest to the readership.
We will continue to place contributions and abstracts on our website as they are
received. Those posted before November 30, 2000 will appear in Issue No. 35.
Please send contributions by Electronic Mail to: benews@mucen.usc.edu with a
copy to mcdavid@limber.org 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. Illustrations should be sent by E-mail as postscript ﬁles. If it is
not possible to transmit your contribution electronically, please send or fax a dark
camera-ready copy to the address/telefax number that appears on the front cover.
The editors wish to thank all who contributed to this issue. Your contributions are
essential to the continued success of the Newsletter and in this ‘transition’ year, we
hope you will choose this publication to announce your new discoveries, convey your
current thoughts on the Be phenomenon, and circulate information on forthcoming
meetings that might be of interest to the active B star community.
We appreciate the continuing support from the Department of Physics & Astronomy
at Georgia State University for the production of the paper edition of the Newsletter.
Gerrie Peters, Editor-in-Chief
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2.
2.1.

WORKING GROUP MATTERS
Current News

The Working Group on Active B Stars has been allocated two sessions on the afternoon of 14 August at the forthcoming IAU General Assembly in Manchester, England
(http://www.iau.org/ga24meetings.html). The meeting will take place from 14:0017:30 in Blackett Theater (148). Updated information on the meeting will appear on
our website.
Preprints of the invited and poster papers presented at the Alicante meeting in 1999
June–July can currently be obtained by anonymous ftp from:
nobel.stsci.edu/pub/ALICANTE and nobel.stsci.edu/pub/posters. Look for timely
updates on the Proceedings book on our website.
Gerrie Peters, Editor

2.2.

Arne Slettebak

Ohio-State Astronomy Professor Emeritus Arne Slettebak died May 20th 1999 following a recent illness. Arne was born of Norwegian parents in the Danzig Free State
on August 8th 1925 and emigrated to the United States with his family in 1927. He
became a United States citizen in 1932 and graduated with a B.S. in Physics from the
University of Chicago in 1945 and a Ph.D. in 1949. He began his professional career
as an Instructor at The Ohio-State University in 1949 advancing to Full Professor ten
years later when he assumed the directorship of Perkins observatory: a position which
he held until 1978. He was instrumental in returning astronomy at The Ohio State
University to the status of a separated department which he chaired from 1962 until
1978. His tenure as chairman was focused on building the department with a well
rounded staﬀ and supervising its growth from the decaying old McMillin Observatory
and Orton Hall to quarters in the then new addition to the Smith Physics Laboratory. He engineered an agreement between The Ohio-State University, Ohio Wesylan
University and the Lowell Observatory whereby the 69-inch telescope located at the
Perkins Observatory in Delaware, Ohio was moved to the Lowell Observatory and the
optics up-graded to a 72-inch cassagrain which served as the department’s primary
research instrument for more than three decades. Arne retired from The Ohio-State
University in 1994 after 45 years of service, but continued to be active in his research
interest until his death.
His research interests centered around Be stars and stellar rotation. Arne bridged the
gap between the largely morphological astronomers of the ﬁrst half of the century and
the more quantitative eﬀorts ushered in by computing advances in the second half
of the century. His careful and detailed observations of stellar rotational velocities,
interpreted initially with the graphical models of Shajn and Struve were later reinterpreted with far more rigorous rotating model atmospheres and still constitute
some of the most reliable projected rotational velocities in the literature. His years
of poring over the shallow line proﬁles of the most rapidly rotating stars left him
with a profound understanding of the systematic errors inherent in determining their
2000, Be Star Newsletter, 34 − 4

Arne and George Sonneborn at IAU
Symposium No. 70, Be and Shell
Stars, held at Bass River (Cape
Cod), Massachusetts, USA, 15–18
September 1975.

projected velocities. It is these conservative error estimates that lend such authority
to his results. He also developed a remarkable physical intuition into the processes
that must be present in Be stars.
I was fortunate to join the staﬀ of the newly emerging astronomy department at
The Ohio State University in the early 60’s. While it would take me years to fully
appreciate the deftness of his leadership in an environment often hostile to scholarly
endeavors, it was clear from the outset that here was a kind and fair-minded man.
One can do far worse for a leader. I believe it was this fairness that won him the
respect of the wider astronomical community and which lead to numerous positions in
many venues. He was a Councilor for the American Astronomical Society from 1964
to 1967 and served on the Education and External Awards committee of that organization. He served as an active member of Commissions 29 and 45 of the International
Astronomical Union and was Vice President and then President of Commission 45 on
Stellar Classiﬁcation from 1976 to 1982. He represented The Ohio-State University
on the AURA board from 1961 to 1978 and was chairman of the AURA Scientiﬁc
Committee from 1970 to 1973.

Arne and Ron Polidan on a boat
trip to Nantucket Island during IAU
Symposium No. 70.

However, it was his love of Be stars that held his research interests from his Doctoral
Thesis until his death. He organized IAU colloquia (No. 4 and No. 92 with Ted Snow)
on the subject repeatedly during his career and was instrumental in other conferences
on the subject. Ironically IAU colloquium 175 on Be stars was to be dedicated to him,
but with characteristic humility he asked that it be dedicated to Mercedes Jaschek.
He and Carlos Jaschek were both to eulogize her, but with the recent passing of both
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of them, the task must be left to others.
In this age of mass data acquisition, it would be easy to forget the understanding, hard-wrought from photographic spectra, scanned with microdensitometers, and
hand-reduced from strip chart recordings. However, it was astronomers like Arne
Slettebak matching every hour hand-guiding single channel spectrographs on modest
telescopes with multiple hours of tedious data reduction who provided the basis for
our present understanding of stellar astrophysics. The diﬃculties of obtaining good
useful data were so large that many succumbed to the temptation to cut occasional
corners. Arne never did and that is the reason his results are still held in such high
esteem. Throughout my career trying to provide a theoretical understand of rotating
stellar atmospheres, I never ceased to marvel at Arne’s patience and thoroughness
in probing the mysteries of rotating stars. While he must have been frustrated with
the slow rate of progress in the subject, he never showed it. He was one of must
even-tempered men I have ever known and truly deserved the appellation of gentle
man. Astronomy has lost a steadfast and determined observer and we have lost a
truly decent and kind colleague.

During a rainy outing at IAU Symposium No. 111, Calibration of Fundamental Stellar Quantities, held at
Villa Olmo, Como, Italy, 24–29 May,
1984.

George W. Collins, II
6/14/99
Photos are courtesy of Gerrie Peters.

2.3.

Carlos Jaschek

Carlos Jaschek has left us suddenly on the 12th of April 1999 in Salamanca (Spain),
where he and his wife were retired, on account of their ill health, in the family of
their elder daughter. This bad news was painfully felt by his friends and all the
astronomical community.
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He was born in Germany, in Brieg, on the 2nd of March 1926, but he lived in Argentina from 1937 to 1973, where he obtained his Ph.D. in 1952. He was successively:
Astronomer in La Plata (1947–1957), Professor in Astrophysics and Director of the
Astrophysical Department (La Plata University, 1957–1973), then Invited Professor
at Perkins Observatory (1964 and 1967), Research Associate at the University of
Chicago (1967), Invited Professor at Cordoba and Ohio State Universities (1968 and
1970), Invited Professor at Geneva University (1970), and after he left Argentina
(1973), he was again Invited Professor at Geneva University (1973). Finally, he was
Associate Professor (1974–1993) at Strasbourg University. During this period, he
acquired French nationality.
His main specializations in astrophysics were stellar spectroscopy (many studies of
particular stars and Be, B[e], Ae, Helium stars, λ Boo...) and stellar classiﬁcation,
both in close collaboration with his wife, Mercedes Jaschek (in particular, they introduced in the general classiﬁcation the subgroup of Gallium stars), and ﬁnally stellar
photometry, in collaboration with the Swiss teams, and also statistical astronomy and
its handling.
With a good knowledge in stellar statistics, he was more specially interested in the
archiving of astronomical observations, developed a great activity in the creation of
data bases, and conducted an inquiry on the data centers in astronomy. In particular,
he gave a strong impulse to the well-known C.D.S. (Centre de Données Stellaires) of
Strasbourg University, of which he was the director from 1975 to 1990. He was
interested also in the data base SIMBAD (Set of Identiﬁcations, Measurements and
Bibliography for Astronomical Data). He and others studied the possibility of its
public access by Minitel and reviewed the activities of these centers in the Bulletin
d’information du C.D.S.. He participated also in several Hipparcos programs and
studied some forms of exploitation for the data of this satellite.
He produced more than 250 publications and more than 15 books, as author or coauthor, in particular catalogs and atlases: the Catalog of Bright Stars (so useful!), the
Spectroscopic Atlas for the Southern Sky Stars, and the Atlas of UV Spectra, obtained
with the IUE satellite. As principal books published with Mercedes Jaschek, let us
note: The Classiﬁcation of Stars (1987) and The Behavior of Chemical Elements in
Stars (1995).
As a member of several (14) organizing committees of scientiﬁc meetings, he was
often the editor or co-editor of their proceedings. It should be noted Les Journées de
Strasbourg, almost each year.
He was a member of the International Astronomical Union from 1958 and VicePresident and President of its Commission 45 (1973 to 1976), and a member of organizing committees of the Commissions 29, 33, and 5.
He participated in about 15 international colloquia, workshops, or symposia as Invited
Speaker, gave conferences in several French and foreign observatories, and was also
invited by the Academies of Sciences of Czechoslovakia, U.R.S.S., and Germany.
This international celebrity got him many honors and awards, including Past Member of the Royal Argentine Astronomical Society and Member of the Astronomische
Gesselschaft.
2000, Be Star Newsletter, 34 − 7

Mercedes & Carlos Jaschek ca. 1990. Photo courtesy of Yvette Andrillat.

He was a member of several research and administrative organizations, especially in
France (Commissions of the Centre National de la Recherche Scientiﬁque and scientiﬁc
committees of the Observatory and the University of Strasbourg).
Another aspect of his scientiﬁc work was his teaching, and he gave several kinds
of lectures: Introduction to Astronomy, General Astrophysics, Stellar Atmospheres,
Galactic Structure, Spectroscopy, Statistical Astronomy, Radioastronomy, and Ethnoastronomy. He wrote several books for students, led many candidates to their
theses, and was often a juryman.
Moreover, he was always interested in history, and in particular in the history of
astronomy. With the aim of entering into relations with the ethnologists interested
in astronomy of old civilizations, he set up meetings upon such topics twice a year in
Strasbourg, which led to a particular series of publications of Strasbourg Observatory,
entitled Astronomie et Sciences Humaines. To give a European color to those cultural
activities, he created in 1992 the SEAC (Société Européenne de l’Astronomie pour la
Culture).
His interest in the history of sciences led him also to go in for the patrimony of French
observatories, its diversity, its wealth, its emphasis, and its safe-keeping.
Carlos Jaschek was a highly cultured man. He was a lover of books, and especially
of history books. His family, astronomy, its cultural inﬂuence, and its teaching was
all his life. Everyone who has known him will speak of his humane qualities, his
simpleness, his kindness, his optimism, and his uprightness, and he was always ready
to help all the others.
He and his wife were inseparable in their life as well as in their work.
He was internationally known, and his disappearance, very sadly felt by his friends,
is really a great loss for the whole of astronomy.
Yvette Andrillat
8/17/99
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2.4.

G. Donald Penrod

G. Donald Penrod passed away on October 23, 1998 in Portales, New Mexico. During
his brief career in astronomy, Don left a lasting mark on contemporary research on
active OB stars. I enjoyed working with him on the ﬁrst IUE campaign on 28 Cyg
in 1985. In response to one of my queries on his interpretation of the optical spectra,
he wrote me a concise two page summary on NRP in B stars, of course including
his characteristic small, light printing, that I still refer to today. I remember the
excitement when he discovered the lines from the secondary star in the CX Dra system. Below are some personal reminiscences from his dissertation adviser, an early
colleague, and a researcher who comments on the scientiﬁc contributions from his
work.
Gerrie Peters
In memory of Don Penrod...
I had the good fortune of working with Don, both as a friend and as a colleague
from about 1980 to 1989. Don came to Lick as a graduate student from Cal Tech
and subsequently chose to work with me as his research supervisor. Don was much
more of a colleague than a student, and I probably learned more from him than he
from me. Don was clearly one of the most intelligent people I have ever known.
He had an almost photographic memory, and an uncanny ability to grasp diﬃcult
concepts with ease. I remember how well he did in my graduate Stellar Atmospheres
course. On homework problems where many students would go on for pages with
their mathematical solutions, Don would often do it in the space of one line; cleanly,
clearly, and always correctly. I used to challenge him in a “human calculator” game,
giving him complex division or multiplication problems to do in his head, while I did
them on a calculator. To 3 signiﬁcant ﬁgures, he would always beat me!
Don did most of his theoretical work with a few basic tools, a #4 pencil, a pad
of unlined paper, a 40-step programmable HP calculator, and a giant “Pink Pearl”
eraser. He carried these simple tools around always, and with them could crack most
any problem. He once programmed a simple stellar model on that little calculator!
His #4 pencil left barely visible, spidery lines in his precise, micro-font hand. These
writings were almost not reproducible on a xerox machine as they were so faint. I
used to have to jack up the contrast and darkness settings to near max, just to make
the copies legible. But those spidery lines wove a rich web of wisdom and insight
which have left a lasting mark on todays’ ﬁelds of non-radial pulsations of OB stars,
and Doppler Imaging.
Don worked mostly alone, apart from the graduate students. He often worked all
evening, and slept during the day. Since I was 180 degrees out of phase with this
schedule, he communicated mostly by little yellow “Post-It” notes left on my desk,
again in that spidery micro-font hand. He was ever the gentlemen, with nothing but
kind things to say about everyone, and a positive attitude always. He had a wonderful
sense of humor. Once, as we were deep in the development of the maximum entropy
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Doppler Imaging technique, Don and Tod Lauer decided to make a model of a spotted
star for my oﬃce. They purchased an 8-foot diameter weather balloon and inﬂated it
in my oﬃce one night. I came in the next morning to ﬁnd much of the oﬃce occupied
by this giant sphere with a huge polar spot and several smaller equatorial spots. Only
later did I learn that their ﬁrst attempt had failed, ending in explosion of the balloon
on a previous night, and hours of frantic pre-dawn cleaning to get all the spot paint
oﬀ my oﬃce walls!
Don contributed mightily to several areas of research. He helped to develop the
methods for modelling NRP’s of OB stars, and started a whole new paradigm in our
thinking about the Be phenomenon. He observed and characterized the NRP properties of several dozen OB stars, though unfortunately he had to leave Astronomy before
these were published and they have never made it into the literature. Some day I
hope to free up enough time to revisit this ﬁeld and get his results out. He went on
from the NRP modelling research to write much of the underlying code which became
the Maxent Doppler Imaging tool that Don, Artie Hatzes and I used throughout the
80’s and 90’s to derive images of spotted late-type stars, and Ap stars. He helped
me in the early stages of conceptualizing the HIRES spectrometer at Keck, and was
the most proliﬁc member of the HIRES science advisory team. It was a great loss to
Astronomy that he had to leave the ﬁeld abruptly in early 1988, though he certainly
left a lasting mark from his graduate career at Lick. I was profoundly saddened to
learn of his passing. He was an extraordinary individual and I feel very lucky to have
known and worked with him for those few years.
Steve Vogt - UCO/Lick Observatory

Astronomers outside the ﬁelds of Doppler imaging or Be stars probably will not
recognize the name G. Donald Penrod, but for those of us who work in these areas
we are well aware of the impact he had in these ﬁelds in spite of his short career. Don
played a major role in laying out the foundations of Doppler imaging and established
that Be stars oscillate in high degree nonradial modes, which may be responsible for
the Be outburst phenomenon. Today NRP pulsations in B stars is taken as a given
and whole conferences are now devoted to Doppler imaging. The fact that he did all
this in a career that spanned approximately 7 years, all in graduate school, is nothing
short of amazing. Many of us struggle for a full career to make contributions that
pale in comparison to Don’s. Of all the astronomers I have met in my life, Don still
ranks up there as one of the most gifted and I am sure that given a full career he
would have established himself as one of the great stellar astrophysicists of the last
20 years. Instead, we are left to ponder “what if”.
My relationship with Don dates back to 1976 when we were both undergraduates at
Caltech living in the same dormitory (Ricketts House). It did not take long for us to
become good friends and we spent many an hour in the astrophysics library reading
the journals (I for class work, Don just for the sheer love of it.) Don was a voracious
reader and virtually lived in the library. In fact, he read ApJs to the detriment of his
classwork and often would have to cram over the last week of the trimester to catch
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up before ﬁnal exams. I have fond memories of him pacing up and down outside his
room the night before a physics ﬁnal chanting “Woe is me, woe is me, I’m doomed,
I’m doomed!”. (As a testament to his brilliance, he still managed to do far better in
classes than those of us who toiled on the classwork for the whole trimester). It was
during his readings as an undergraduate that he was greatly inﬂuenced by Myron
Smith’s work on nonradial pulsations and their eﬀect on the line proﬁle variations in
B stars. This was largely the reason he pursued this work as a graduate student.
After Caltech I followed Don to U.C. Santa Cruz, became his roommate, and eventually had the same thesis advisor, Steve Vogt. This was the smartest move of my
career for I learned as much astronomy from my late-night discussion with Don at
home and on observing runs than I did from graduate courses. His impact on astronomy began immediately upon his arrival in Santa Cruz. He started by laying down
the foundations of Doppler imaging and was one of the ﬁrst to realize that dark spots
on rapidly rotating stars would produce pseudo-emission features in the line core,
something that is not at ﬁrst intuitively obvious. This was one of Don’s strongest
traits, a keen physical intuition that enabled him to see things quicker than most
people. After choosing Steve Vogt as my advisor, Don and I began work on putting
Doppler imaging on a ﬁrmer mathematical foundation and employing the principles
of Maximum Entropy. Don’s contribution in this eﬀort was indispensable and without
him I doubt that we could have developed our Doppler imaging technique as quickly
as we did. To this day we still employ the software he developed. Many of Don’s
ideas came while sitting in a beanbag chair in our apartment and we often would joke
about his “Institute for Beanbag Astrophysics.”
Don’s largest contribution was arguably in the ﬁeld of nonradial pulsations in Be
stars. I will not go into the details of this work, since it is familiar to those of you
who read this newsletter and others are more qualiﬁed to comment on this than I. I
do know that Don had amassed a large body of observational data on Be stars and
most was already analyzed. In fact, he was in the midst of writing his Ph.D. thesis
when, for medical reasons, he dropped out of the graduate program, forever. This
was a great tragedy for Be star research.
Don’s interests were not conﬁned to just astronomy. He was incredibly well-read in a
wide ﬁeld of subjects and could carry on high-level conversations in subjects ranging
from literature to military history (WWII in particular). In fact, his initial ambition
was to be a literature professor like his father, but this was derailed after reading a
book on astronomy by Fred Hoyle (Thank you Fred).
I will leave you with one more related anecdote about Don. Don could write the most
turgid fortran code that would somehow run eﬃciently. Embedded in this morass
of code one could ﬁnd genuine jewels that could only come from the mind of Don
Penrod. Don had written some code to display Doppler images to a monitor and as
part of that code a “ghoststar” image was generated. This was a globe consisting
of latitude and longitude lines which showed the inclination of the star. The code
that generated this globe was only about 10 lines long. Several years after Don left
astronomy, graduate Steve Allen was left with the task of converting this fortran
code to C. Steve could look at a code, understand its workings immediately, tear it
apart, and reconstruct it so that it ran more eﬃciently. Never had he been baﬄed
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by anyone’s computer code. On a visit back to Santa Cruz shortly after I graduated
I happened to encounter Steve walking down the hall with a dazed look in his eyes
and shaking his head. He stopped me and said “Do you remember that Penrod code
that creates the ghoststar? I have been staring at it for hours trying to understand
how it works. It works; I don’t know why it works, but it does. And I can’t imagine
anyone accomplishing the same task in as few lines as Penrod used.... It is a gem.”
He then continued to walk on down the hall with his dazed look. I couldn’t help but
think that Salieri had just had his ﬁrst encounter with Mozart!
The last contact I had from Don was via e-mail about a year before he died. His
e-mail sounded very upbeat and full of the Penrodian humor that I loved so well. His
mother sent me a letter after his death and told me that we should be comforted in
the fact that the last few years for Don were by far the happiest of his life.
In 1987 when Don left astronomy the ﬁeld truly lost one of it most gifted practitioners. When Don left us in 1998 the world lost a truly wonderful human being, and that
is the far greater loss. We will all miss him dearly. Don’s favorite Shakespeare play
was Hamlet and these words from that play are indeed appropriate: “Now cracks a
noble heart. Good night sweet prince and ﬂights of angels sing thee to thy rest!”
Artie Hatzes - University of Texas, Austin

I want to thank the editor for asking me to round out this short collection of remembrances on Don Penrod. Steve and Artie have spoken eloquently, so I will attempt
only to put some of Don’s work into a history of science perspective.
I can think of three eﬀects in line proﬁle analysis that are counter-intuitive, and for
this very reason they all have far-reaching implications. Two of these eﬀects were
discovered by Don and announced in two remarkable papers by Vogt and Penrod,
1983. The ﬁrst is the result that a spot on a rotating star’s surface which appears
black both in an absorption line and the continuum produces an integrated ﬂux line
proﬁle with an apparent emission bump (line emission caused by a diﬀerent kind of
spot can produce a similar eﬀect, so one must be careful!). The second is that a
high-degree nonradial mode can produce bumps and wiggles in a line proﬁle of a
rotating star. In the modeling I had done before Don entered the picture I had made
the mistake of testing the eﬀects of rotation or NRP-degree alone. I thus came to
the wrong conclusion on this second eﬀect that high degree modes in rapidly rotating
stars were not yet worth pursuing. It took a brilliant intuition to understand that
problems involving vectorial addition cannot be handled in a controlled environment
of looking at the eﬀects of a single parameter at a time. Don’s two discoveries each
mark key points in the history of spectoscopic analysis of active stars. Each of these
counter-intuitive eﬀects has produced a new technique-oriented subﬁeld: the diagnosis
of high-degree NRPs from line proﬁles and the “Doppler imaging” of surface spots
(a term Steve coined). It is not an exaggeration to say that he permanently changed
the course of two substellar subﬁelds of stellar astronomy. One day, perhaps in our
lifetimes, the information we are learning from these techniques will be supplemented
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by interferometric imaging. I suspect Don could have had a hand in hastening the
opening of this frontier.
My last contact with Don was an exchange of letters in which he apologized for “letting
Steve and you down” for leaving astronomy for health reasons, but to the contrary
it was we whose lives and professional interests he had enriched. It is impossible to
know what would have happened had Don not been born with a ﬂaw in one key gene.
At the time Don was forced to halt his studies, a postdoc position had been prepared
for him at Los Alamos. Certainly he would have also pursued a theoretical study of
nonradial pulsations and integrated his results with an observer’s understanding. I
would like to hope that he might have become one of the all too rare players with one
foot securely in each of the cool and hot star communities and who likewise might
have become a rare member of his generation to become a leader in complementary
disciplines of theoretical and observational astrophysics.
Whether we might have known Don as a junior colleague or of him by his reputation,
let us acknowledge our appreciation to his family, friends and teachers for enabling
him to become a pathﬁnder to discovery and to delight in life.
Myron Smith–CSC/STScI
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Give me fruitful error any time, full of seeds, bursting with its own correction.
— Italian economist Pareto to Kepler
I. Introduction
Be stars are nonsupergiant B stars which at some time have displayed emission in
their Balmer lines. They are comprised of at least three subgroups: “classical,” Herbig
Be, and interacting binaries. Among the classical Be subgroup (putatively single,
post-ZAMS), the early and late Be stars seem to show somewhat diﬀering properties
and to have an unclear mutual relationship. With some oversimpliﬁcation, the early
classicals exhibit strong and variable winds and a tendency for rapid (≤ Prot ) spectral
and light variability. The “Be phenomenon” is the episodic ejection of mass, as
evidenced by emission in the optical and IR emission lines of hydrogen and less excited
ions. The ejected mass stabilizes generally into ﬂattened decretion disks. Among the
early-classicals the formation of variable Discrete Absorption Components in the UV
resonance lines is also in important attribute. Although Be stars stand out by their
comparatively high rotational velocities, their mean rotation rates are actually only
1/2–2/3 of the “critical” velocities at which centrifugal force balances gravitation
at the equator. Thus, the 1931 Struve picture of surface instabilities caused by a
combination of centrifugal and evolutionary expansion forces is inadequate to explain
mass loss from these stars, except in close binaries where contemporaneous mass
exchange occurs. The key problems in understanding this phenomenon are how to
eject quantities of mass in a nonsteady fashion and how to enhance the speciﬁc angular
momentum of ejected material so it can attain a stable orbit. These issues continue to
challenge and motivate researchers on Be and related groups of variable hot stars. A
great deal of study has focused on the early-classicals because of their rapid variability.
IAUC No. 175, entitled “The Be Phenomenon among Early-Type Stars,” was held
in Alicante, Spain on 28 June – 2 July, 1999. It was dedicated to the careers of
Drs. Arne Slettebak and Carlos & Mercedes Jaschek. Sadly, the ﬁrst two scientists
died suddenly several weeks before the meeting. Our sadness about their passings was
helped by our memories of the many happy personal and professional times we had
with these remarkable people and also by the recollection that one of the two Slettebak
children married the Jaschek’s daughter. Thus, in a real way this conference was an
additional child to both families (as Mirek Plavec once put it, a case of astronomical
incest — but we are quite sure the good kind!). The conference was sponsored by the
Departments of Astronomy of the Universities of Valencia and Alicante, Spain and the
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Círculo Astronómico del Mediterráneo. The LOC chair was Dr. Juan Fabregat. The
Scientiﬁc Organizing Committee, chaired by the author, consisted of 11 members,
including astronomers from four continents, one woman, and a number of young
astronomers. The meeting was attended by some 130 participants from 30 countries
and six continents. The proceedings will be published in the ASP Conference Series
and will be edited by M. A. Smith, H. Henrichs, and J. Fabregat. On the afternoon
immediately following the close of the meeting, Dr. R. Linﬁeld chaired a “rump”
session to exchange information between the Be community and the NASA/JPL
“Space Technology-3” (ST-3) project on spaceborne interferometry.
Over the last 25 years there have been three IAU meetings on Be stars, IAUS No. 70
(Nantucket, 1975), IAUS No. 98 (Munich, 1981) and IAUC No. 92 (Boulder, 1986).
Recent IAU-sponsored meetings on related topics were held last year in Heidelberg
and in 1993 in Juan les Pins, France. Several other international meetings have been
held during this interval in a variety of venues.
II. Recent Progress on Be Stars
Since the 1993 meeting substantial progress has been made in understanding Be stars,
Be disks, and Be outbursts. Recent developments include the following:
• results from recent infrared (ISO) and X-ray (Rosat, ASCA, RXTE, SAX) satellites,
• the establishment of the IUE Final Archives with NEWSIPS data. Moreover,
data from old (IUE, Copernicus and Voyager) and new (Astro & ORFEUS) UV
missions are becoming available at the STScI MAST center,
• construction of optical echelle spectrometers and their application to multi-line
time-series observations,
• the imaging of Be star disks and the development of the ﬁrst spatio-kinematic
models,
• the maturing of the 1-armed spiral disk models to a degree suﬃcient to be tested
and to be compared with other dynamical models of disks. For example, the
just cited imaging of disks is consistent with Keplerian orbits and contradicts
the large outﬂow velocities predicted by the Wind Compressed Disk model,
• extension of wind theory to 2.5 dimensions and the addition of density clumping
to HD models,
• the widespread (but not universal) recognition that nonradial pulsations (NRPs)
are active in some or many early-classical Be stars,
• the development and distribution of computer programs to compute time sequences of line proﬁle variations due to NRPs. The code includes rotational
and thermodynamic eﬀects in the modal eigenfunctions,
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• the observed correspondence between coadded velocity amplitudes of nonradial
pulsation (NRP) modes and outbursts in the B2e star µ Cen. The possible
semiregularity of outbursts in 1 or 2 other early Be stars has also been raised,
• the entrance into the ﬁeld of a number of young astronomers with an unusually
well developed array of talents.
III. Scientiﬁc Highlights of the Conference
The summary below is undoubtedly colored by the author’s own perceptions. Other
participants may have come away from the meeting with diﬀerent impressions.
a) General Highlights
An underlying theme of the meeting was that the Be phenomenon becomes less bewildering if one considers the star and disk together as a mutally interacting system.
Thus, the “New Missions” session was important in demonstrating how multiwavelength, polarization, and imaging studies can lead to converging pictures of well observed objects as dynamic entities. In addition, to comprehend the observations may
well require theoretical progress in a wide variety of areas such as radiative transfer
(over many wavelength regimes), stellar interiors and evolution, hydrodynamics, the
dissipation of magnetic free energy, and nonlinear, nonadiabatic nonradial pulsations.
A noteworthy attribute of the Alicante meeting was the devoting of a session to discussing evidence for and attributes of magnetic ﬁelds. Speakers discussed physical
conditions leading to ﬂares on other stars, the development of theory of regenerating
magnetic ﬁelds applicable to Be stars, and indirect or direct evidence for magnetic
ﬁelds in a few Be stars. A signiﬁcant announcement was of the direct detection of
a variable magnetic ﬁeld in one Be star (see below). Ironically, another talk underscored that it will be diﬃcult in the near future to detect even moderately-sized ﬁelds
(∼1 kG) on rapidly rotating stars.
Another fascinating report by two groups was that the percentages of Be stars among
B stars vary in Galactic and Magellanic Cloud clusters, increasing with age and
decreasing metallicity. It is not yet clear from these new ﬁndings whether a given B
star’s probability of becoming a Be star is aﬀected by age or if more rapidly rotating
stars are formed in low metallicity protoclusters.
b) Putting It All Together (Well, not quite yet...)
For the last session the SOC developed a list of several questions to guide general
audience discussion on two key topics: (1) which mechanism(s), NRP, magnetism,
and/or “other,” were responsible for the atmospheric instabilities leading to the Be
phenomenon, and (2) are the disk kinematics consistent with Keplerian orbits? (The
answer seems to be yes to question 2.) The ﬁrst question was preceded by a canvassing
of audience opinion about the mechanism(s) that produces the Be phenomenon in
isolated Be stars. At the 1986 Boulder meeting, the overwhelming majority of the
participants expressed their opinion through a vote that at least three mechanisms
must be present to explain the Be phenomenon. At Alicante in 1999 almost half the
participants believed that two processes might be suﬃcient to explain the episodic
mass expulsions of single Be stars. In 1986 almost no one believed that a single
2000, Be Star Newsletter, 34 − 16

mechanism was suﬃcient whereas in Alicante 8 out of ∼100 believed that magnetism
(all magnetic advocates, I believe) is somehow responsible. These simple ﬁgures do
not reﬂect the wide diversity of opinion, from staunch advocates of either of the two
camps asking for a more compelling need before a second mechanism is posited on one
hand, to the opinion by a slim majority that it was too early to venture an opinion
on the other. Of course scientiﬁc paradigms are not settled by such votes, but the
pursuit of discovery, the construction and use of instrumentation, and the drive of
this work into neighboring subﬁelds all are inﬂuenced by the sentiment they reﬂect.
As such, this snapshot of the Be community’s opinion is of more than casual interest.
Certainly, it represents some shift from a more conservative opinion of the past.
In this reviewer’s opinion, the increased acceptance in 1999 of a role for magnetic
ﬁelds in classical Be stars is a conﬂuence of several factors:
• the announcement in the meeting of a modulating magnetic ﬁeld in the slowly
rotating Be star β Cephei by Zeeman observations. The period of this ﬁeld, 12
days, matches the rotation period suspected from earlier UV studies,
• aperiodic line proﬁle transients and, in two stars, X-ray ﬂares indicate that high
energy processes can be present. Such processes cannot easily be explained by
the tapping of a thermal energy pool in the photosphere,
• the observation of dynamic corotating clouds over γ Cas and possibly other
Be stars. Such structures are observed over many He-rich Bp stars which are
known to be magnetic.
Yet one wonders: could a slight hint of optimism be illusory? No one believes that a
rash of magnetic ﬁeld detections are forthcoming.
c) What’s Next?: Narrowing the Options
Many participants believed that there need not be a competition between NRP and
magnetic ﬁelds. Perhaps pulsations triggers the ejection, but then magnetism supplies the necessary energy and facilitate the angular momentum transfer to a disk, a
popular speculation. It is also conceivable that energy and angular momentum are
provided in indirect ways. For example, several participants suggested that toroidal
or tesseral NRP modes can produce vorticity. Vorticity might regenerate magnetic
ﬁelds from an initial fossil ﬁeld. This too is speculation, but if it is on the right track
there could be a large payoﬀ in terms of a more generalized dynamo theory.
In order to separate fact from conjecture, a number of observational issues must be
settled. One of them is the correct interpretation of the frequency diﬀerence of Be
stars in clusters. Second, it is critical to discriminate between the eﬃcacy of magnetism and pulsation to generate time-dependent mass loss. Third, new multi-line
echelle observations of spectral line proﬁle “transients” may be applied to compare
the signatures in low and highly excited ions of ejected mass events: does such mass
return?, is it organized into collimated ﬂows? Fourth, most of the ejected mass into
disks is still not seen, so one needs to learn how to compare the continuous and discontinous components of mass loss during an outburst. Fifth, new work needs to be
2000, Be Star Newsletter, 34 − 17

carried out on NRPs and/or magnetic-proxy signatures in Bn stars. Sixth, clues provided by the rapid spectroscopic variability appear not to be present for the late-Be
stars, so will we still ﬁnd diagnostics by observing these stars more intensively? Seventh and ﬁnally, the interacting Be binaries provide not only unambiguous glimpses
into stellar evolution but also evidence of processes which may still ﬁnd a place in the
understanding of the single Be stars.
Near/mid-infrared and radio observations can continue to probe the extent and kinematics of Be disks not visible by Hα emission. These will provide us a better picture
of both their kinematic and thermodyamic properties with distance and latitude from
the star. They will also tell us whether our “snapshots” of Be stars from 1867 to 1999
are indicative of their mass loss over far longer timescales. Perhaps they will soon
provide an answer to another key question: what fraction of initially ejected matter is
returned to the star’s surface and how steadily it is ejected — questions about which,
remarkably, we have few clues.
The exquisite agreement of the position angles of the major axes of Be disks determined from both optical interferometry and polarimetry has demonstrated the
accuracy and utility of both techniques. One can expect a rich harvest of information
on the interaction of the star and disk will be obtained from next generation interferometric projects, both on the ground (NPOI, VLTI, Keck, CHARA) and in space
(ST-3). As an example, the detection or nondetection of a void between the star and
the disk would address the issues of whether signiﬁcant matter falls back to the star
from the disk and provide clues to the transfer of angular momentum to the disk.
IV. Conclusions
Two ways of judging a meeting’s success are by the participation by the people who
actually do research (generally the younger astronomers) and by the percentage of the
total participants still attending the ﬁnal session. By both yardsticks the meeting was
a success. Participants were urged to go back to their local communities and discuss
Be stars with their colleagues in the context not of one more type of peculiar star but
as objects which show evidence of just about every physical processes thought to be
operating in other nondegenerate stars across the HR Diagram. For that matter, the
timescales and wavelength ranges over which variability is seen are similar to those
in Active Galactic Nuclei.
This conference was a culmination of work between the SOC and LOC for over two
years. I would like to thank each of the members of both committees, the speakers,
and a group of six “poster paper summarizers” who were instrumental in bringing
new results learned from the posters to the general session.
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ABSTRACT: We have investigated the rates of energy gain and energy loss in the
envelopes of Be stars in order to determine the temperature distribution self-consistently.
Using our models, we have successfully matched the relative line strengths of Hα for both
an early Be star, γ Cas, and a late Be star, 1 Delphini, with the envelope temperature
determined via energy balance. In addition, we have estimated the total ﬂux emitted in Hα
assuming the central star is the only source of energy input into the circumstellar envelope.
We ﬁnd that an additional source of ionizing photons, as suggested by Apparao (1998), is
not necessary to account for the observed emission.

Introduction
Ad hoc models have been developed for Be star envelopes by necessity due to the
complexity of the equations which describe the structure and dynamics of the circumstellar material. The Poeckert Marlborough model (1978), hereafter PM, is one
such model which has been successful in describing some aspects of these disks for a
range of Be stars. In the PM model an exponential density distribution perpendicular
to the equatorial plane is assumed, and as a result, the gas is dense in and near the
equatorial plane but thins rapidly with increasing distance from the plane. Recent
direct images of several Be stars (Dougherty & Taylor 1992, Quirrenbach et al. 1993,
and Stee et al. 1995) and spectropolarimetry results (Wood et al. 1997) demonstrate
that Be star disks are indeed quite thin making the PM model attractive.
For most models of the past, it has been customary to assume either a constant temperature for the entire envelope, or a simple temperature distribution that decreases
as a power law with increasing radius from the central star. In contrast to this,
we have developed a method to determine the temperature self-consistently, thereby
eliminating the need to assume an envelope temperature distribution. We have modiﬁed the PM code to calculate the energy gain and loss rates at positions in the gas.
If, by chance, the correct temperature were assumed at a particular position, the rate
of energy gain would balance the rate of energy loss. If not, we adjust the temperature iteratively and re-calculate the atomic level populations until the energy rates
are balanced. The result of this procedure is a self- consistent set of temperatures
for various positions throughout the envelope. See Millar & Marlborough (1998 &
1999b) for further details as applied to γ Cas, and Millar & Marlborough (1999a &
b), for 1 Del. Figure 1 shows the derived temperatures for γ Cas using the parameters
of PM and Millar & Marlborough (1998). Note that due to the exponential density
distribution in the vertical direction and the high equatorial densities, there are signif2000, Be Star Newsletter, 34 − 19

icant temperature variations both near the star and near the equatorial plane. These
temperature variations lead to ionization gradients within the circumstellar envelope
which may prove to be a valuable probe into the structure of these envelopes.

Figure 1. The temperature for which the energy gain balances the energy loss for the circumstellar disk of γ Cas as a function of distance from the rotation axis (R) and height above the equatorial
plane (Z). The small diamonds indicate the vertical extent of the envelope.

Energetics of Be Star Envelopes
The initial motivation for this work was to determine whether or not it is possible to
reproduce the relative line strengths with a self-consistent temperature distribution.
Apparao & Tarafdar, hereafter A&T, in a series of papers (1987, 1997a, 1997b),
have argued that there is not suﬃcient stellar continuum radiation present in late
type Be stars to ionize the gas in order to produce the observed emission. Recently,
Apparao (1998) has highlighted the results of his work in the previous issue of the Be
Star Newsletter. The failure, as emphasized by Apparao, is not one of fundamental
energetics as there is in principle more than enough ﬂux in the stellar continuum
to account for the observed emission; instead it is one of re-processing eﬃciency.
Apparao claims that the eﬃciency of Be star disks in converting stellar continuum
photons into emission lines is simply not high enough for later spectral types.
In their analysis, A&T (1987) assume that Hα is formed by pure recombination, under
case B conditions, in the ionized disk of the Be star. If this assumption is correct,
the total ﬂux escaping in Hα is given by
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F (Hα) = hν αB

Disk

Ne 2 dV = hν αB EMDisk ,

(1)

where h is Planck’s constant, ν is the frequency of Hα, αB is the appropriate recombination coeﬃcient, 1.16 × 10−13 cm3 s−1 for T = 104 K (Osterbrock 1989), Ne is
the number density of electrons, EMDisk is the emission measure of the disk, and the
integration is over the volume of the disk.
In this view, the Hα ﬂux is controlled only by EMDisk and thus an accurate estimate
of Ne is required throughout the disk. A&T include photoionization from hydrogen
levels n = 1 and 2 and approximately account for the thermalization of Lyα, as the
latter is well known to increase signiﬁcantly the n = 1 population, making Balmer
photoionizations more important (for example see Kwan & Krolik (1981) in the case
of AGN). A&T ﬁnd that equation (1), given their geometry, a shell 1012 cm from the
central star with only radially outwardly and inwardly propagating rays considered,
cannot reproduce the maximum Hα ﬂuxes of Ashok et al. (1984) for Be stars later than
∼ B5. However, their calculation is performed at only one position in the envelope
with an assumed constant density. They also assume a constant gas temperature of
104 K.
In order to compare directly to A&T, we have computed the Hα ﬂux using equation
(1) for our models of γ Cas and 1 Del. This calculation includes all relevant atomic
processes for a 5 level hydrogen atom, enforces radiative equilibrium, and uses the
2D disk geometry of PM. Fluxes from two models for each Be star are presented,
one constructed with, and one without, the on-the-spot approximation for the diﬀuse
radiation generated within the envelope (Osterbrock 1989). The diﬀuse radiation
increases the degree of ionization due to increased photoionization from level n = 1.
Note that with diﬀuse radiation included, the density required at the stellar surface
to match the observed relative strength of Hα is approximately a factor of 3 lower for
both γ Cas and 1 Del. The results are presented in column 5 in Table 1 for γ Cas
and 1 Del, both of which have self-consistently determined envelope temperatures.
For comparison, typical observed values of Hα luminosities range from approximately
1034 erg s−1 for early type Be stars to 1032 erg s−1 for late type Be stars (Ashok et al.
1984).
It is assumed in Equation (1) and by A&T (1987) that all Hα photons generated
by recombination escape. We have found, however, that there are portions of the
envelope both near the star and the equatorial plane that are optically thick in Hα.
Clearly then, the Hα ﬂux cannot be given by Equation (1) as not all the Hα photons
can escape. As a crude correction for this eﬀect, we have computed the Hα ﬂux using


F (Hα) = hν αB

Disk

Pesc Ne 2 dV ,

(2)

where Pesc is the fraction of Hα photons which escape from the volume element. Pesc
is estimated based on the line center optical depth along a path perpendicular to
the equatorial plane from the volume element to the upper edge of the envelope.
See Millar & Marlborough (1998) or Marlborough (1969) for additional details; Pesc
corresponds to the cases to which these papers refer. Column 6 of Table 1 contains
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Table 1.

Star

Spectral
Type

Luminosity
[erg s−1 ]

Diﬀuse
Radiation

Equation (1)
[erg s−1 ]

Hα Flux
Equation (2)
[erg s−1 ]

Equation (3)
[erg s−1 ]

γ Cas

B0IVe

1.3 × 1038

1 Del

B8-9e shell

9.5 × 1035

yes
no
yes
no

8.3 × 1035
2.3 × 1036
2.4 × 1034
3.1 × 1033

2.1 × 1032
6.3 × 1031
7.5 × 1028
4.9 × 1029

5.9 × 1033
6.9 × 1033
1.3 × 1032
2.3 × 1032

results based on equation (2). Large changes in the Hα ﬂuxes are apparent with
reductions to levels far below observation. Two conclusions follow: (i) it is imperative
to account for the optical depths in Hα and (ii) case B recombination is clearly not
an accurate approximation.
Equation (2) is still not correct, however, as the hydrogen ionization balance is not
correctly given by case B due to the optical depth eﬀects previously mentioned. A
proper estimate of the Hα ﬂux includes both collisional excitation of Hα and optical depth eﬀects, and can be obtained by using the standard escape probability
approximation for the ﬂux divergence,


F (Hα) = hν A32

Disk

N3 Pesc dV

(3)

where N3 is the number density of level n = 3 and A32 is the Hα spontaneous radiative
transition probability, 4.41 × 107 s−1 . The results of this calculation are displayed in
column 7 of Table 1. Note the large increase over Equation (2), even with the Pesc
factor, to values which roughly agree with the observations of Ashok et al (1984).
Discussion
As previously noted, typical observed values of Hα luminosities range from approximately 1034 erg s−1 for early type Be stars to 1032 erg s−1 for late type Be stars (Ashok
et al. 1984), with the caveat that there can be considerable uncertainty in the absolute value of these ﬂuxes due uncertainties in distances of these stars. Stee et al.
(1998) and Kastner & Mazzali (1989) give values of the Hα luminosity for γ Cas
of 6.36 × 1034 and 3.24 × 1034 erg s−1 , respectively with the diﬀerence in the values
discussed by Stee et al.
Comparing our results in Table 1 with these observations, we see that there is no clear
case for an additional source of ionizing radiation in order to produce the observed
Hα emission for our particular choice of model parameters for either γ Cas or 1 Del.
The discrepancies between the Apparao’s work and our calculations are due mainly
to our realistic 2D geometry, and the inclusion of collisional excitation and optical
depths in Hα. The importance of optical depths for line emission in Be stars is also
2000, Be Star Newsletter, 34 − 22

discussed by van Kerkwijk et al. (1995). The results of our work will be described in
greater detail in a paper currently being prepared.
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For the data coming from a Be object to be properly used, it is mandatory to separate the combined spectrum into its two main components: central star + envelope.
Usually the methods to perform this separation try to adjust the absorption wings
of some line (Hγ for instance) to existing atmosphere models. The parameters of the
corresponding model atmosphere (log Tef f and log g) are then chosen as representative for the underlying photosphere and this allows to isolate the emission spectrum
from the envelope.
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Open clusters represent a wonderful tool to asses this problem. We have an homogeneus set of Be stars of similar age and composition whose loci in the temperature luminosity diagram can be well represented by the isochrone. The peculiar positions
of Be stars in these diagrams is due to the contamination of the photometric indices
by the circumstellar emission. The fact that Be stars in an ’oﬀ-emision’ phase occupy
positions indistinguishable from the normal B-type stars of the cluster, support this
assumption (Fabregat et al. 1994).
We have developed an observational program where simultaneous uvbyβ photometry
and spectroscopy are combined to yield general properties of Be stars and physical
properties of their circumstellar envelopes. In the (b − y)0 − MV plane, Be stars
deviate to redder positions with respect to the non emission B stars due to additional
reddening caused by hydrogen free-free transitions in the envelope, which modify the
slope of the Paschen continuum. In the c0 − MV plane we have found two diﬀerent
behaviours: Be stars earlier than B5V show smaller (bluer) c0 values due to free-bound
transitions in the envelope, which reduce the Balmer jump, while late type Be stars
seems to show regular or even larger c0 values (in spite of the emission levels at Hα)
indicating absorption at the Balmer discontinuity of circumstellar origin (Fabregat et
al. 1996).
We developed a uvbyβ calibration to obtain the intrinsic radiative parameters of
underlying B stars. This was based on the existence of linear relationships between
the equivalent widths of the Balmer emission lines and the photometric anomalies. We
realized that the best relationship was attained between the circumstellar excess in
Strömgren’s c1 index and the equivalent width of the Hβ emission line. Photometric β
index is a measure of the Hβ line equivalent width. This allowed to ﬁnd the equations
to correct the radiative parameters in terms of the photometric indices alone (Fabregat
& Torrejón 1998). On the other hand, the calibration is only valid for spectral types
earlier than B5. There seems to be no correlation at all for late type Be stars.
It should be noted however that the number of stars upon which these results were
obtained are few in number. We are currently involved in a larger scale study employing CCD photometry of Be stars in clusters. Particular attention is being paid
to the -not yet solved- problem of standard transformation and the rejection of other
emission-line stars as Herbig Ae/Be type objects, Blue Stragglers, etc. This will allow
us to reﬁne the calibration and investigate more deeply the case of late type Be stars
which appear to deviate systematically from the relationships derived for their early
type counterparts.
This calibration has been used to correct the spectra for the underlying absorption.
Indeed, once the intrinsic photometric indices has been obtained, one can use the
standard calibrations (Balona 1994) to obtain the physical parameters of the central
star log Tef f and log g. This is just what you need as imput for the model atmospheres.
This method is not sensitive to whether or not Hγ line wings are in absorption.
In our study, average physical properties of the envelopes are inferred from an investigation of Balmer decrements. Following the works of Dachs et al. (1990) and
Slettebak et al. (1992) we have plotted in Figure 1 a two decrement plot for a sample
of Be stars in clusters.
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Figure 1. Two decrement plot for early type Be stars. Stars are denoted either by open squares
(low emission) or triangles (high emission). Bottom line links the centroids for high and low emission
stars respectively, being parallel to the upper theoretical line.

From the inspection of Figure 1 is clear that Be stars with large envelopes (high
emission) lie closer to the predicted nebular values under Case B conditions1 . Our D34
and D54 values are consistent with those computed by Drake & Ulrich (1980) for a gas
at Te ∼ 104 K, ground state ionization ratio R1C = 3s−1 and optical depth τLα = 105
and for an electron density in the range Ne ∼ 1011 to 1013 . However stars with smaller
envelopes deviate from the Case B conditons. This can be explained if small envelopes
have higher electron densities due to higher average envelope temperatures. Indeed,
their observed D34 and D54 values are consistent with those computed by Drake &
Ulrich (1980) for a gas at Te ∼ 2×104K, ground state ionization ratio R1C = 3s−1 and
optical depth τLα = 105 . For a gas in thermal equilibrium the increase in temperature
produces a displacement in the two-decrement plot in the same direction. The general
departure from the case B conditions is justiﬁed by the fact that Balmer lines are
found to be optically thick2 . The fact that the smaller envelopes are hotter can
be understood in terms of the luminosity conservation in the envelope (Torrejón &
Fabregat 1999). These results are in full agreement with those obtained in previous
works for ﬁeld stars.

1

Case B assumes a low density nebula optically thick to Lyman radiation but completely transparent
to Balmer radiation.

2

The computed optical depth for the adopted grid (cf. Drake & Ulrich 1980) lies around τHα ∼ 4.
Poeckert & Marlborough (1979) have found τHα ∼ 102 to 104 at the line centers.
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Finally, open clusters oﬀer an invaluable tool to asses the problem of the evolutionary
status of Be stars. From the study of our photometric data in clusters as well as from
search in the literature, we have found the following relevant aspects:
1. The clusters with the highest frecuency of Be stars (h & χ Per, NGC 663 and
NGC 3766) occupy a very narrow age interval (14–24 Myr).
2. Very young open clusters have no (or very few) Be stars.
3. Older clusters have lower frequencies, being seldom observable in clusters with
log t ≥ 8.0 (Mermilliod 1982).
4. Clusters with β Cep stars have no (or very few) Be stars and vice versa.
Points number 1 and 2 were presented for the ﬁrst time in Torrejón (1997) on the
basis of photoelectric photometry. Our CCD survey will provide more insight into
these points.
The picure that emerges from the above observational facts is that a Be star needs a
minimum time to form and hence a Be star can not be a very young object. This need
for a minimum time would be fulﬁlled by a B + evolved companion binary system
following the mass transfer phase. The evolved companion would be, on the grounds
of close binary evolution view (Pols et al. 1991) a He star, a white dwarf, or a neutron
star. The ﬁrst two would lead to ’isolated’ Be stars while the third one would lead
to Be/X-ray type systems. In view of subsequent studies with negative results in the
search for evolved companions (Meurs et al. 1992) this case remains open.
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3.4.

Circumstellar Structures Near γ Cas Inferred from Ultraviolet Continuum and Si IV Line Variations
Myron Smith
Catholic University and Computer Sciences Corp.
email: msmith@nebula.gsfc.nasa.gov
Received: 1999 March 19

This is the fourth report appearing in these newsletters of an optical/UV/X-ray campaign carried out on the prototypical B0.5e star γ Cas just over two years ago. The
thrust of the ﬁrst part of our work was to show that the X-rays from this source can
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be easiest understood as originating from near the surface of the Be star itself, with no
hypothetical companion needed (Paper I: Smith, Robinson, & Corbet, ApJ, 503, 877,
1998). In Paper II (Smith, Robinson, & Hatzes 1998 ApJ, 507, 945) we demonstrated
from light curves generated from IUE and HST/GHRS time-series specra that a few
cool clouds are forced into co-rotation over the star and attenuate far-UV continuum
ﬂux during each transit. The work reported below by Smith and R. D. Robinson will
be published in the June 10th edition of the Astrophysical Journal. Interested readers may download the paper in an anonymous ftp area (cd to pub/GAMMACAS3)
in nobel.stsci.edu. A popular-level article on the background issues leading to this
work was published in the May/June, 1998 issue of Astron. Soc. Paciﬁc’s Mercury
magazine.
In this study of GHRS data we used diﬀerence spectra from our 21+ -hour time series
to investigate ≤2% spectral variations within the photospheric Si IV λλ1394–1403
lines as well as smaller variations from features in neighboring wavelengths at λλ1382–
1386 and λλ1404–1417. This time series is shown in Figure 1. Note both the diagonal
striations, due to “migrating subfeatures” (MSFs), which dominate the top panel and
the sharp, generally static absorptions. The lower panel shows an enlargement during
Orbits 8 and 12 (out of 13) in the observing sequence.

Figure 1. Grayscale of 21+ hour time series of γ Cas in the spectral region surrounding the UV
Si IV doublet (central absorptions).

Using Hubeny model-atmospheres codes and a Kurucz line list, we ﬁrst computed a
grid of cloud opacity for various temperatures in our spectral range. Using this synthetic spectrum, we were able to identify most features as optically thick absorptions
due to Fe II, Cr II, and C I lines from “cool” (T < 10,000K) plasma, of Si IV, Si III,
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S IV, & Ni II lines from “warm” plasma (∼10,000–18,000K), and of Si IV and Fe V
lines from hot plasma (≥30,000K). Examples of the faint absorptions from cool- and
hot-plasma are shown in Figures 2 and 3, respectively.

Figure 2. Archival GHRS spectrum (compliments of D. Meyer) of the region near the ISM O I
line (two sharp absorptions), which also contains several broader features probably arising from
circumstellar material occulting γ Cas. The lower spectra are modeled ﬁts of opacity spectra with
temperatures of 7000K and 8000K. Note the good matches in wavelength.

The variability of the cool- and hot-plasma lines varies in phase with the UV continuum light curve. The warm-plasma line curves are also phase-correlated but lead the
curves for hot and cool plasma lines by 3–4 hours. The cool- and warm-plasma lines,
except for Si IV, comprise the MSFs. The velocity range for these lines is consistent
with limits of ±Vsin i, leading us to conclude that they are formed in cloudlets forced
into co-rotation around the star (about 1.7R∗ above its surface) similar to the clouds
which produce the dips in the UV continuum light curve.
In contrast to this behavior, hot-plasma features are seen as narrow absorptions, as
exempliﬁed in Figure 3, are “ultra sharp features” (USFs) which have a constant
velocity over their 1 to 5 hour lifetimes. The USFs features are seen over a wide
velocity range, in some cases having a velocity of at least +1500 km s−1 (Fig. 3).
The cooling and heating of circumstellar plasma near γ Cas is inconsistent with radiative processes and suggests that magnetic dissipative processes precipitate plasma
instabilities, such as those observed in solar prominences. Yet other Bp/Ap stars show
evidence of co-rotating clouds too but not of highly dynamic UV and X-ray activity
as we have described. So what makes γ Cas a unique Be star in these respects? To
answer this we consider that the existence of the stationary USF absorptions, partic2000, Be Star Newsletter, 34 − 28

Figure 3. Identiﬁcation of a complicated set of sharp stationary features in the red portion of our
Orbit 13 data (solid line). Arrows denote matches for Si IV λ1403 (and by dotted line for λ1394) at a
variety of wavelengths (radial velocities). The horizontal “combs” show identiﬁcations of redshifted
systems of Si IV lineas as well as Fe V lines at λλ1402.3, 1406.7, 1409.4, and 1415.1. The emission
lines at the bottom are from the calculated zero-velocity opacity spectrum for a heated cloud of
34,000K. All identiﬁed lines (with one exception noted) are due to Si IV or Fe V.
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ularly at large positive velocities, is diﬃcult to explain for an isolated star, even if one
adds magnetic loops to the picture. However, if we think of the USFs as signatures
of mass ejections, similar to solar “coronal mass ejections,” only ejected both toward
and away from the star, we are forced to consider magnetic activity arising also from
another nearby place. That other place would most likely be the circumstellar disk.
Because the disk orbits the star at a diﬀerent angular rate than the rotation rate,
the meeting of ﬁeld lines from the star and the disk would create powerful stresses,
leading to entanglements, reconnections, and the creation of explosive ﬂares and high
temperatures. Two cartoon views of the ejection of masses from points near the star’s
surface (top panel) or in the disk (bottom) are depicted in Figure 4.

DISC

Figure 4.

Magnetic ﬂaring interaction between star and disk.

While speculative, this picture is very similar to loop-loop pictures currently envisioned in some T Tauri stars with bi-polar outﬂows. Such a conﬁguration requires
both a magnetic star and a dense disk, so the ﬁeld interactions would not happen for
the vast majority of Be stars, or even at most times for a given Be star. The idea
holds the potential of explaining the otherwise puzzlement why the X-rays from this
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object are unique both in their hot (T ∼ 108 K) temperature and ﬂaring nature. It
also predicts what (rare) conditions are needed for γ Cas-analogs to form.

3.5.

Hα Emission Behavior of γ Cas Between 1976 and 1998
Ernst Pollmann
Charlottenburgerstraße 26c, 51377 Leverkusen, Germany
email: pollmann@aol.com
Received: 1999 January 8

Long-term observations of the intensity behavior of the Hα emission line of the Be star
disk γ Cas carried out by the author between 1994 and 1998 — together with results
of observations during the period from August 1971 to October 1989 by Horaguchi,
Kogure, & Hirata (1994) — have led to more than twenty years of observations of
the star’s overall behavior.
As a result of discussions with experts of the IAU Working Group on Active B Stars,
the idea of publication in the Be Star Newsletter developed. Above all, however,
the examination results recently presented by Smith, Robinson, & Corbet (1998)
concerning the X-ray production of the star and its correlation with the intensity
behavior of the disk’s Hα emission were the cause for the results presented here. It is
not necessary to go into detail on the generation of spectra and data reduction which
led to the results as they have already been discussed in Pollmann (1997).

Figure 1.

Equivalent width of the Hα emission line vs. time for γ Cas.

As an amateur astronomer, the author does not take the liberty of relating the results
of his observations presented here to the exceptional features of the physics of the
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circumstellar star shell or the gas disk, but conﬁnes himself to explaining the results
which can be directly derived from the behavior in the course of time.
1. A linear regression over the represented total period of more than twenty years
allows the estimate of a yearly increase of the emissive power. To what extent the
total increase of approximately 19 Å (August 1971) to approximately 37 Å (October
1998) is related to the X-ray activities referred to cannot be assessed here.
2. At JD 2449750 an eruption which lasted about four months could be observed
which at its maximum of approximately 60 Å, was nearly twice as powerful as the
base equivalent width of approximately 30 Å. To the knowledge of the writer, this
eruption has not be conﬁrmed by comparative measurements carried out by other
observers.
3. The writer will continue to monitor γ Cas and in due course it will be possible to
again report here on the further behavior.
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3.6.

Long-term Monitoring of the Hα Emission Line Strength
of the LBV P Cygni
Ernst Pollmann
Charlottenburgerstraße 26c, 51377 Leverkusen, Germany
email: pollmann@aol.com
Received: 1999 March 5

The application of CCD technology gives an exciting opportunity for the amateur
spectroscopist to provide a modest contribution to the professional study of Be-star
phenomena and the variability of emission-line stars in general. Especially the longterm monitoring of the time evolution of the Hα emission is one of the possibilities
which has already lead to interesting results with a relatively modest instrumental
expenditure. Stars including γ Cas, P Cyg, and VV Cep, just to name a few, are on
the top of my priority list to obtain long-term observations over a period of several
years. As an example of such monitoring, the behavior of the Hα emission of P Cygni
is presented here. Although this star is not a classical Be star, but an LBV prototype,
these observations demonstrate the potential of amateur spectroscopy.
The equipment used to obtain the results presented here is a conﬁguration of a
Maksutov-type reﬂector (f = 1000 mm, aperture = 100 mm) and an objective prism
made of F2 ﬂint glass of the same aperture with a refracting angle of 30◦ . This instrument’s linear dispersion is about 6 Å pixel−1 at Hα. The spectrum is recorded on
a CCD camera. The chip is an FT800P manufactured by Philips Co. with 386×290
pixels. The camera has a 6.4×4.8 mm ﬁeld size and oﬀers a resolution of λ/∆λ ∼ 2000
at Hα. The equivalent width Wλ was calculated using the standard formula but with
the sign convention changed to use positive numbers for emission lines. The integration interval over the emission maximum is 55 Å. Since the blue-shifted absorption
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component is not resolved, it is included in the measured Wλ . The exposure times of
the spectra are 128 seconds, which leads to a S/N on the order of 200.
The observation period covered so far extends from September 1994 until January
1999 (see Figure 1), during which the equivalent width varied from 60 to 110 Å.
The data over nearly 5 years document the slow passage through a minimum in the
equivalent width, i.e., in the emission line strength. Superimposed, a quasi-periodic
microvariation is seen on time scales from weeks to months. A period analysis by
means of Lomb-Scargle periodograms, however, detects no statistically signiﬁcant
(3 σ) periodic variations in the data record (Kaufer, private communication).
This result obviously encourages continuation of the monitoring of P Cygni in the
same patient way for some further years in order to search for Hα variability in a
much larger and continuous data record.

Figure 1.

Equivalent width of the Hα emission line vs. time for P Cyg.
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4.

WHAT’S HAPPENING?

4.1.

Second Announcement: IAUC No. 175
Myron Smith
Catholic University and Computer Sciences Corp.
email: msmith@nebula.gsfc.nasa.gov
Received: 1999 March 19

Scientiﬁc Rationale:
Although Be stars have been recognized for over a century, the cause of their irregular
episodes of enhanced mass loss, “the Be phenomenon,” remains mysterious. These
stars show varying degrees of similarities to the Oe, Wolf-Rayet, B supergiant, Bp,
and B[e] variables. The origin of variability on practically every timescale for Be and
related stars remains elusive. Evidence is accumulating that no single cause is capable
of producing the emission in all or even most Be stars. Thus, an understanding of the
observed phenomena necessitates the merging of several subdisciplines in observations
(multi-wavelength and coverage in time) and theory (radiative transfer, hydrodynamics, theory of pulsations and magnetic ﬁeld generation, evolution of binary systems).
The Alicante conference will bring together experts in all of these areas. We seek to
place the Be phenomenon into a broad context of stellar activity and so will include
experts from the cool-star, high energy, and interacting binaries.
The topics for this colloquium include:
• deﬁnitions and background of the Be phenomenon
• new relevant missions and technologies
• temporal variability (periodic and nonperiodic)
• winds and circumstellar environment
• interacting Be binary stars
SPECIAL NOTICE: Special Splinter session on the JPL Deep Space-3 (interferometry) mission in honour of Profs. A. Slettebak and M. Jaschek
Registration fee: about $110 SOC Contact: Myron Smith (msmith@nebula.gsfc.nasa.gov)
LOC Contact: Juan Fabregat (juan@pleione.uv.es)
Deadlines:
• Abstracts (proposed oral papers): 31 March
• Abstracts (posters): 15 May
• Registration: 15 May
Please contact the LOC at http://www.bestars.ua.es/be99/ for further details.
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4.2.

Royal Astronomical Society Astronomy Prize Awarded
to Richard Townsend
The Editors
The Be Star Newsletter
email: benews@usc.edu
Received: 1998 Aug 19

The following is an excerpt from a memo recently received from Ian Howarth of
University College London, Department of Physics and Astronomy:
“I am delighted to pass on the news that Richard Townsend, who undertook his
PhD research on Non-Radial Pulsation in Early-Type Stars in this Department, has
been awarded the 1997 Royal Astronomical Society Astronomy Prize for his doctoral
thesis. 1997 refers to the year of submission of what the judges consider to be the
best astronomy thesis in the UK, and not to the year of the award.) The judges
commented that his thesis was ‘the clear winner’.
“The prize, jointly sponsored by PPARC and CUP, is for 1000 pounds, plus the option
of having the thesis published (in suitably amended form) by CUP.
“Richard (who was also awarded the Departmental Massey prize) now has a ‘proper’
job, at Reuters, but maintains a lively interest in astronomy in general, and his area
of expertise in particular.”

4.3.

The Recent Polarization Increase of o And
David McDavid
Limber Observatory, Timber Creek Road, P. O. Box 63599, Pipe Creek
TX 78063
email: mcdavid@limber.org
Received: 1999 March 7

Since 1986 I have been annually monitoring the UBVRI polarization of o And (B6
III, v sin i = 260 km s−1 ) as part of a larger sampling of bright northern Be stars
(McDavid 1994). As may be seen in Figure 1, this star has shown a steady rise in
polarization, followed recently by two sharp increases separated by about 3 years.
Figure 2 shows that the data points as observed are collinear in the q-u plane,
within observational errors, indicating an intrinsic polarization with variable degree
at constant position angle. The intrinsic position angle of 108◦ derived from a least
squares ﬁt is consistent with the interstellar polarization estimate of pmax =0.26%,
λmax =597 nm, θIS =75◦ found by Poeckert, Bastien, & Landstreet (1979), as shown
by the line from the origin (large asterisk) to the point corresponding to the value of
the interstellar B polarization in the q-u plane (small asterisk). I have no explanation
for the one errant position angle point (1986) in Figure 1 other than the possibility
that the degree of polarization is so small that the position angle is poorly deﬁned.
The main purpose of this note is to encourage all manner of observations of o And as
soon as possible to document the current strong Be phase inferred from polarimetry.
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Figure 1. Intrinsic B polarization of o And from 1986 to 1998. The degree of polarization is p
and the position angle is θ.

Figure 2. Stokes parameter plot of the observed B polarization of o And from 1986 to 1998. A
cross is plotted at the mean of the q,u values with size equal to the average uncertainty σ of a single
data point, and the solid ellipse shows the corresponding 3σ limits. The dotted ellipse shows the
standard deviation of the data set. The large asterisk marks the q-u origin, and the line from there
to the small asterisk shows the interstellar polarization.
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The present polarization is comparable to the highest ever recorded for this star,
which supports the idea of Harmanec et al. (1988) that the shell phases appearing
about every 8 years have individual characteristics which vary from one cycle to the
next (Arsenijević et al. 1994).
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4.4.

Near Infrared Spectroscopic Studies of Be Stars
N.M. Ashok
Astronomy & Astrophysics Division, Physical Research Laboratory, Ahmedabad 380009, India
email: ashok@prl.ernet.in
Received: 1998 Nov 19

A programme to study the near infrared spectroscopic variability in Be stars has
been initiated by the Astronomy and Astrophysics Division of Physical Research
Laboratory (PRL), Ahmedabad, India. The PRL Near Infrared Imager/Spectrometer
with NICMOS-3 256x256 HgCdTe array with a spectral resoluton of 1000 will be used
at the 1.2m telescope of Mt. Abu Infrared Observatory (72d 46m 48s E, 24d 39m 9s
N) for this programme. Beginning from October 1998 observations have started and
it is hoped to gather near infrared spectra covering the entire B subclasses during
1998–1999 observing season. Depending on the variabilty in individual objects more
frequent observations will be planned.
During October and November 1998 spectra of γ Cas (HR 264), 25 Ori (HR 1789),
ω Ori (HR 1934) and π Aqr (HR 8539) in the JHK bands (1 to 2.5 microns) have been
obtained. The JHK spectra of γ Cas and 25 Ori taken on November 10, 1998 clearly
show the hydrogen lines in emission indicating the active Be phase in these stars. In
case of ω Ori the absorption features are ﬁlled up close to the nearby continuum while
they are clearly in absorption for π Aqr.
Persons interested in obtaining simultaneous or near-simultaneous optical spectroscopic observations are requested to contact the author at the e-mail address given
above.
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4.5.

Be Star Newsletter Now Searchable by ADS
The Editors
The Be Star Newsletter
email: benews@usc.edu
Received: 1999 March 7

The NASA Astrophysics Data System (ADS) now includes Volumes 28-33 (1994-1998)
of The Be Star Newsletter (all volumes since the beginning of the electronic version).
These volumes have been added to the Online Conference Proceedings section of the
Article Service. We hope to make the complete collection available in due time.
Visitors to the Newsletter web site will ﬁnd a new ”Search Options” page with links
demonstrating some sample modes of access:
Custom Query Form
(a form to search the Newsletter with the full set of query options)
http://adsabs.harvard.edu/Journals/search/BeSN
Customized Journal Query Page
(a form providing access to the Newsletter by Volume and Page number)
http://adsabs.harvard.edu/Journals/proceedings/BeSN
Customized ToC Query Page
(a form providing access to tables of contents of the Newsletter)
http://adsabs.harvard.edu/Journals/toc/BeSN
Experienced users of the ADS will simply notice that the results of their favorite
query modes now include articles from the Newsletter. For faster searching outside
North America, try connecting to one of the ADS mirror sites by changing the base
of the above URLs:
In Europe, change adsabs.harvard.edu to cdsads.u-strasbg.fr to use the CDS mirror
site.
In Japan, change adsabs.harvard.edu to ads.nao.ac.jp to use the NAO mirror site.
In South America, change adsabs.harvard.edu to ads.astro.puc.ci to use the PUC
mirror site.

4.6.

Stellar Winds APS Poster, Encyclopedia Article Available
Stan Owocki
Bartol Research Institute, University of Delaware, Newark DE 19716
email: owocki@bartol.udel.edu
Received: 1999 March 9

Dear Colleagues,
Just a brief note to call your attention to a couple of items of potential interest.
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First, as some of you may know, Ed Sion is coordinating stellar astronomy contributions to the new Encyclopedia of Astronomy and Astrophysics being published by
MacMillan. At his invitation, I have written a general article on “Radiatively Driven
Stellar Winds from Hot-Stars”. You can download the full postscript ﬁle for this by
either anonymous ftp or web browser to:
www.bartol.udel.edu/∼owocki/preprints/encyc hsw.ps
There are also gzipped postscript (encyc hsw.pg.gz) and Portable Display Format (encyc hsw.pdf) versions in the same directory. Note, the ﬁles include ﬁgures that print
ﬁne in black and white, but are actually in color ps. Also, the current draft is about
20% longer than mandated, so may be edited before appearing in the encyclopedia.
The second item regards the 100th anniversary meeting in Atlanta of the American
Physical Society. Chuck Dermer of NRL has organized a special poster session touting
the “Great Discoveries of Astronomy”, for which he asked me to prepare a poster on
“Solar and Stellar Winds”. You can access links to either the full (34”x34”) color
poster, or to slide show versions of this via the web page address above (i.e., the
root to the “preprints” directory). They were both made with MS Powerpoint, and
so downloading the ppt source ﬁles would be best if you have access to this. If you
specify a 25% reduction, the poster should print on a single sheet. (Right now the
HTML slide show version simply has rather low-res JPEG images of slides, including
text. I hope eventually to make a version with active hypertext links.)
As always, I welcome comments/criticisms, as appropriate.
Regards,
Stan Owocki

4.7.

Be-Star Polarimetry Data Online
David McDavid1,2
1
Limber Observatory, Timber Creek Road, P.O. Box 63599, Pipe Creek
TX 78063-3599
2
Guest Observer, McDonald Observatory, University of Texas at Austin
email: mcdavid@limber.org
Received: 2000 March 20

I have just placed a catalog of my annual UBVRI polarization measurements online
with the Goddard ADC and the Strasbourg CDS. It contains data on 8 bright northern
Be stars from 1985 through 1998. The URLs are:
CDS – http://vizier.u-strasbg.fr/viz-bin/Cat?II/220
and
ADC – http://adc.gsfc.nasa.gov/adc-cgi/cat.pl?/catalogs/2/2220/.
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4.8.

Incremental Data Release from the Two Micron All Sky
Survey (2MASS)
Schuyler Van Dyk
IPACCaltech, Mail Code 100-22, 1200 E. California Blvd., Pasadena CA
91125
email: vandyk@ipac.caltech.edu
Received: 2000 March 3

The Two Micron All Sky Survey (2MASS) Second Incremental Data Release is now
available for public access. This Release includes data from the northern and southern
2MASS facilities, covering 47The Release data products consist of a Point Source Catalog containing positions and photometry for over 162 million objects, an Extended
Source Catalog containing positions, photometry and basic shape information for
over 585,000 resolved sources, approximately 1.9 million compressed 512x1024 pixel
(1”/pixel) images in the three Survey bandpasses, and non-compressed ”postagestamp” images for all of the Extended Source Catalog objects.
The release data products can be accessed on-line from the IPAC/2MASS Web site
at http://www.ipac.caltech.edu/2mass/ or directly from the NASA/Infrared Science
Archive site at http://irsa.ipac.caltech.edu/ . In the near future, the release Catalogs
will be available via ftp download, and on a limited distribution DVD-ROM. Access
to the 2MASS Atlas Images is currently possible only via the on-line services.
The 2MASS/IPAC webpage contains general information about this data release,
including an on-line Explanatory Supplement
(http://www.ipac.caltech.edu/2mass/releases/second/doc/explsup.html),
sky coverage maps, images of interesting objects in the release, catalog characteristics,
etc. A tool for determining whether a speciﬁed position is included in the release
area is available on the NASA/Infrared Science Archive webpage. Questions about
the release can be directed to the 2MASS Help Desk at 2mass@ipac.caltech.edu.
We encourage you to notify us (at 2mass@ipac.caltech.edu) about any refereed publications or conference proceedings (even in preprint form) which make use of these
or earlier 2MASS Release data products. We will gladly provide links to your papers
from the 2MASS website. Thank you very much in advance.
The 2MASS Project
The Two Micron All Sky Survey is a joint project of the University of Massachusetts and the Infrared Processing and Analysis CenterCalifornia Institute of
Technology. Funding for the survey has been provided by the National Aeronautics
and Space Administration and the National Science Foundation.

2000, Be Star Newsletter, 34 − 40

4.9.

Release of the INES Archive
Antonio Talavera
INES Project Scientist
email: ati@laeﬀ.esa.es
Received: 2000 April 10

The International Ultraviolet Explorer (IUE) Archives have been delivered to the
world scientiﬁc community on 21st March. ESA, in collaboration with the Spanish
Laboratory of Space Astrophysics and Theoretical Physics (LAEFF) belonging to
INTA (National Institute of Air and Space Technology), has developed and set up
the INES system to access IUE Data.
INES (IUE Newly Extracted Spectra) is a complete astronomical archive and datadistribution system. Its release to the community represents the ﬁnal activity by ESA
in the context of the IUE project. From now LAEFF, on behalf of the international
astronomical community, will be responsible of maintaining INES, making it available
and providing world-wide support to scientists using IUE data.
The IUE Archive contains more than 110,000 spectra of more that 11,000 astronomical
objects. All data are fully reduced and calibrated. The INES archive consists of:
• an access catalog containing the parameters required to query the archive and
evaluate the observations,
• a publications catalog which links each spectrum to the publications in which
it has been used via the ADS,
• and the data themselves (low dispersion spectra, high dispersion spectra rebinned to the low resolution wavelength step, full high dispersion concatenated
spectra, and bi-dimensional low dispersion images).
The INES Archive can be accessed at http://ines.vilspa.esa.es . Users can consult
the catalogue, preview the spectra and download the data with a standard browser
from the Principal Centre at LAEFF, its Mirror Centre located at the Canadian
Astronomical Data Centre or any of the National Centres spread in all continents.
This distributed system guarantees the availability and eﬃcient access to the data.
Questions about the INES archive can be directed to the INES Help Desk
ineshelp@iuearc.vilspa.esa.es
or at
http://iuearc.vilspa.esa.es/ines jb/HelpDesk .
Note from the Editor: The processing algorithm for the INES Archive diﬀers from
that used to generate the IUE Final Archive (data processed through NEWSIPS),
available through the MAST1 website, http://archive.stsci.edu/ . Researchers should
carefully read the documentation from each before using the downloaded spectra.
1

Multimission Archive at Space Telescope Science Institute, which is NASA’s designated site for public access/retrieval of archival data for its optical/UV missions.
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4.10.

Be Stars Spectrographic Survey Project

Christian Buil
Aude Association, 19bis rue des Lucioles, 31700 BEAUZELLE
email: christian.buil@cnes.fr
Recieved: 2000 January 13

Observation of Be stars by amateurs is a long tradition in France: between 1992 and
1997 some of these stars have been systematically studied by a small group with the
Pic du Midi Observatory 60cm telescope (T60) equiped with a spectrograph designed
by the same group (A. Klotz, V. Desnoux, D. Bardin et al.). Until now, no results
have been published.
On my side, I started again the observations of Be stars, expanding the database up
to about 250 stars, until the 8th magnitude. My goal was to determine if it is possible
to acquire useful data, for scientiﬁc purpose, with a modest amateur equipment (2040cm telescope) with a low cost spectrograph of resolution R=3000. The assembly is
described in my home page:
http://www.astrosurf.org/buil .
The last version of the Be stars Atlas, merged with the unpublished T60 data acquired
between 92 and 97 (with authorization), can be found at the URL:
http://www.astrosurf.org/buil/us/bestar.htm .
My feeling is that it is possible to raise the interest of number of amateurs inside the
Aude Association (Association of Users of Detector Electronic) (3 to 10 observers,
more if the survey is international?). Note that AUDE is a very active association
in the domain of CCD observations in France. It is my opinion that a low cost
spectrograph, light-weight, with a resolution in the range of 3000–4000 could be
designed and produced in small quantities as part of the activities of this association.
CCD spectrography is a quite new discipline in amateur astronomy. To attract more
observers to it, easy-to-acess subjecs shall be proposed, with scientiﬁc interest. Considering the diﬃculty to analyze and interpret spectral data, the sponsoring and the
support of professionals is also the key in this operation. The Be stars study seems to
be an ideal subject: it is may be possible to organize a regular survey, on a long period basis, on multiple active stars. Collaboration between amateurs and professionals
seems to me very appropriate and shall be very eﬃcient.
Your judgment on this survey project and the work done so far is important. Do
you believe this can be of scientiﬁc usage and interest in your own area of research ?
What do you envision as possible or required improvements ? What is your opinion
about a possible joint campaign with amateurs and would you be ready to support
andor participate in such a campaign?
Sincerely,
Christian Buil
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4.11.

Be-Stars Mailing List

Rich Townsend
Department of Physics and Astronomy, University College London, Gower
Street, London WC1E 6BT, U.K.
email: rhdt@star.ucl.ac.uk
Recieved: 2000 May 9
In order to promote discussion of possible mass-ejection and disk-formation processes
in Be stars, I have created a mailing list devoted to the topic on Mailbase, the UK
Higher Education list-server.
The list is open to all members of the Be star community (and related communities,
where relevant), both observers and theoreticians. Subscribers can post messages to
the list, and will receive a copy of every message sent to the list.
To subscribe to the list, send a message to mailbase@mailbase.ac.uk (a program),
with the BODY as follows (the subject line is ignored):
join be-stars ﬁrstname lastname
stop
(ﬁll in your own personal names instead of “ﬁrstname” and “lastname”).
After you send a join command, you’ll get an automatic message from the Mailbase
computer, containing a unique code. You’ll have to conﬁrm your membership by
sending a message like this to mailbase@mailbase.ac.uk:
accept xxxxxx
where xxxxxx is the code sent to you. This allows the Mailbase computer to check
your email address. Full instructions for use of the list will then follow, including how
to unsubscribe at a later date.
Members of the community who wish to monitor the discussion on the list, but who
do not want to subscribe, may review all messages sent to the list by browsing the
web-archive at
http://www.mailbase.ac.uk/lists/be-stars/ .
I look forward to fruitful discussion!
Regards,
Rich Townsend
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5.

ABSTRACTS

On the nature of Be/X-ray binaries
Ignacio Negueruela
Astrophysics Research Institute, Liverpool John Moores University, Byrom Street, Liverpool, L3
3AF, Great Britain

It has been suggested that most Be/X-ray binaries are low X-ray luminosity nearby
objects, containing white dwarfs (Chevalier & Ilovaisky 1998). We show that existing evidence indicates that all known Be/X-ray binaries are relatively bright X-ray
sources containing neutron stars and that the spectral distribution of this group differs considerably from that of isolated Be stars. We suggest that the diﬀerent X-ray
properties of the systems can be explained by the sizes of the orbits of the neutron
stars. Systems with close orbits are bright transients which show no quiescent emission as a consequence of centrifugal inhibition of accretion. Systems with wide orbits
are persistent sources and display no large outbursts. Systems with intermediate
orbits present a mixture of both behaviours.
1998, A&A, 338, 505

Numerical Solution of the Expanding Stellar
Atmosphere Problem
P. H. Hauschildt1 and E. Baron2
1

Department of Physics and Astronomy & Center for Simulational Physics, University of Georgia,
Athens, GA 30602-2451 USA
2
Department of Physics and Astronomy, University of Oklahoma, 440 W. Brooks, Rm 131, Norman,
OK 73019-0225 USA

In this paper we discuss numerical methods and algorithms for the solution of NLTE
stellar atmosphere problems involving expanding atmospheres, e.g., found in novae,
supernovae and stellar winds. We show how a scheme of nested iterations can be
used to reduce the high dimension of the problem to a number of problems with
smaller dimensions. As examples of these sub-problems, we discuss the numerical
solution of the radiative transfer equation for relativistically expanding media with
spherical symmetry, the solution of the multi-level non-LTE statistical equilibrium
problem for extremely large model atoms, and our temperature correction procedure.
Although modern iteration schemes are very eﬃcient, parallel algorithms are essential
in making large scale calculations feasible, therefore we discuss some parallelization
schemes that we have developed.
1999, JCoAM, 109, 41
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The Brightest Binaries
D. Vanbeveren, W. Van Rensbergen, and C. De Loore
Astrophysical Institute, Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussel, Belgium

The monograph describes in extenso the present state of massive star research seen
from the standpoint of stellar evolution, with special emphasis on close binaries.
Statistics of massive close binaries are reasonably complete for the Solar neighbourhood. We demonstrate that within our knowledge, many scientiﬁc results where the
eﬀect of binaries are ignored, have an academic value but may be far from reality.
In chapter I, we summarize general observations of massive stars where we focus on
the HR diagram, stellar wind mass loss rates, the stellar surface chemistry, rotation,
circumstellar environments, supernovae.
Close binaries can not be studied separately from single stars and vice versa. First,
the evolution of single stars is discussed (chapter II). We present new calculations
with updated stellar wind mass loss rate formalisms. Especially the rates during the
red supergiant phase and the rates during the Wolf-Rayet (WR) phase are diﬀerent
compared to previous values and this aﬀects in a profound way the evolution during
core helium burning. The computations are compared in detail to representative
observations. The chapter ends with a general discussion on the eﬀects of rotation
on massive single star evolution.
Massive binaries, the main topic of the work, are considered in chapter III. Basic
processes are described, i.e. the Roche lobe overﬂow and mass transfer, the common
envelope process, the spiral-in process in binaries with extreme mass ratio, the mass
accretion process and the merging process, the eﬀect of the (asymmetric) supernova
explosion of one of the components on the orbital parameters of the binary. Evolutionary computations of interacting close binaries are discussed and general conclusions
are drawn. The enormous amount of observational data of massive binaries is summarized. We separately consider the non-evolved and evolved systems. The latter
class includes the semi-detached and contact binaries, the WR binaries, the X-ray
binaries, the runaways, the single and binary pulsars. A general comparison between
theoretical evolution and observations is combined with a discussion of specially interesting binaries: the evolved binaries HD 163181, HD 12323, HD 14633, HD 193516,
HD 25638, HD 209481, φ Per and υ Sgr; the WR+OB binaries γ 2 Vel, V444 Cyg; the
high mass X-ray binaries Vela X-1, Wray 977, Cyg X-1; the low mass X-ray binaries
Her X-1 and those with a black hole candidate; the runaways ζ Oph and ζ Pup, the
WR+compact companion candidates HD 50896 and Cyg X-3; the supernova event
SN 1987A. We ﬁnally propose an overall evolutionary model of massive close binaries
as a function of primary mass, mass ratio and orbital period.
The fourth chapter deals with massive star population synthesis with a realistic population of binaries. We discuss the massive close binary frequency, mass ratio and
period distribution, the observations that allow to constrain possible asymmetries
during the supernova explosion of a massive star. Observed star numbers (as a function of metallicity) are then compared to theoretically predicted numbers where we
focus on stellar populations in regions of continuous star formation and in starburst
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regions. Special attention is given to the O-type star/WR star/red supergiant star
population, the pulsar and binary pulsar population, the supernova rates.
The monograph counts 347 pages, contains a considerable amount of new results
and will be useful as reference work for everybody working in the ﬁeld of massive
stars in general, in the ﬁeld of massive binaries in particular. Our hope is that
this book encourages youngish researchers to pursue binary research, rather than fall
into the bottomless pit of extra-Galactic research, including the eternal and largely
illusory quest for ’standard candles’. Probably the best standard candles are, or will
be, massive OB eclipsing systems, which in principle are capable of giving distances
independent of the usual chain of hypotheses.
The book is published by Kluwer (Dordrecht), ISBN 0-7923-5155-X and
can be ordered on-line via www.wkap.nl.

Variations of the orbital periods in semi-detached
binary stars with radiative outer layers
Vojtěch Šimon
Astronomical Institute, Academy of Sciences, 251 65 Ondřejov, Czech Republic

A detailed analysis of the period changes of sixteen semi-detached binaries which
contain only stars with radiative outer layers (ET-systems) has been performed and
their respective O–C diagrams are brought and discussed. It was found that the
course of the period variations is monotonic and in some systems the period is even
constant. This detailed analysis of extensive sets of timings covering several decades
brings a strong support to an earlier ﬁnding of Hall (1989) and develops it further.
We show that all systems with the orbital periods shorter than nine days display
constant period or its increase, with the exception of an uncertain case of V 337 Aql.
The course of the period variations in TT Aur appears more complex but the cyclic
term can be plausibly explained by the third body.
A search for general relations between the parameters of the systems and the period
changes was undertaken. The mass ratio q appears to play a role in the period
variations. Clear changes in systems with orbital periods shorter than 9 days were
detected only for q > 0.4 while constant periods are common in systems with q < 0.4
in this period range. The sense of the secular changes in most systems is in accordance
with the dominant conservative mass transfer in evolved binary and corresponds to the
slow phase. The role of the evolutionary scenarios (case A versus B) and the inﬂuence
of changes of the rotational angular momenta of the components are discussed.
1999, A&AS, 134, 1
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Constraints on the Radial Velocity Curve of
HDE 245770 = A 0535+26
Z. X. Wang1 and D. R. Gies1
1

Center for High Angular Resolution Astronomy, Department of Physics and Astronomy, Georgia
State University, Atlanta, GA 30303

We present new radial velocity measurements from IUE high dispersion spectra of
HDE 245770, the Be companion of the X-ray transient binary system, A 0535+26.
We formally derive the semiamplitude of the star’s binary motion by ﬁtting the UV
and published radial velocity measurements with the other orbital parameters ﬁxed
according to the neutron star orbit from CGRO/BATSE results. The observational
errors are still too large to claim detection of the Be star orbital motion, but we
use limits on the semiamplitude (K1 < 10.6 km s−1 ), a classiﬁcation based on UV
criteria (O9.5 III-Ve), and the derived projected rotational velocity (V sin i = 250±15
km s−1 ) to re-assess the system masses.
1998, PASP, 110, 1310

Diagnosis of Stellar Winds and Temperature
Structures in Be Stars Through the Analysis of
Mg ii Lines
L. Cidale
Facultad de Ciencias Astronómicas y Geofı́sicas, Paseo del Bosque S/N, 1900 La Plata, Buenos
Aires, Argentina

We compute non-LTE Mg ii line proﬁles for Be stars by considering 12 energy-level
atoms, and supposing that the circumstellar medium can be described by an expanding spherical symmetric ﬂow in which we assume the presence of a chromosphere.
The line radiative transfer equation was solved rigorously in spherical coordinates
and in the comoving-frame. The Mg ii line proﬁles predicted by this model coincide
with those observed in some Be stars. The calculation was performed for a range of
eﬀective temperatures representative of the B spectral type. We have also analyzed
the inﬂuence on the line proﬁles of diﬀerent temperature and velocity distributions in
the circumstellar material. The line spectrum variability of a Be star is interpreted
as the result of a variable outward mass ﬂux.
1998, ApJ, 502, 824

On the inner envelope of the Be star γ Cas
Ph. Stee, F. Vakili, D. Bonneau, and D. Mourard
Observatoire de la Côte d’Azur, Département FRESNEL, CNRS UMR 6528, 2130, route de l’Observatoire,
Caussols, 06460 St Vallier de Thiey, France

We report the ﬁrst spectrally-resolved observations of the Be star γ Cas in the He i
2000, Be Star Newsletter, 34 − 47

λ6678 and Hβ emission lines using the Grand Interféromètre à 2 Télescopes in the
southern France. Milliarcsecond angular resolution measurements were carried in
both lines and their neighbouring continuum during October and November 1993.
The He i λ6678 and Hβ maximum emissions correspond respectively to 1.05 and 1.5
of the local continuum level. The interferometric baselines ranged from 15m to 51m
on the sky which correspond to angular resolutions of 9 to 3 mas at He i λ6678 and
6.5 to 2 mas at Hβ wavelengths. We compare these values to predicted extents of Hβ
and He i λ6678 components of the circumstellar gas from models of radiative transfer
in these lines. We conclude that the emitting region must be smaller than 8.5 stellar
radius in Hβ and close to 2.3 stellar radius in He i λ6678 which is, for He i λ6678,
smaller than the nearby continuum extent. These results conﬁrm γ Cas basic parameters for this star obtained by Stee et al. on 1993 from their model constrained by
GI2T observations in Hα line.
1998, A&A, 332, 268

How thin B[e] supergiant disks can be?
Ph. Stee
Observatoire de la Côte d’Azur, Département FRESNEL, CNRS UMR 6528, 2130, route de l’Observatoire,
Caussols, 06460 St Vallier de Thiey, France

We investigate the shape of the envelope around B[e] supergiant stars using a model
developed by Stee & Araùjo (1994) for Be stars. We obtain mass loss rates Ṁ between 5.5 · 10−7 and 6.2 · 10−6 M yr−1 depending on mass ﬂux variation from polar
to equatorial regions. We ﬁnd that winds from B[e] stars can be so dense that they
become optically thick in the continuum, masking the photosphere of the central
star. For mass loss rates larger than 10−5 M yr−1 it is not possible to see the stellar
photosphere even for pole-on B[e] stars. Using a two-component wind model driven
by optically thin lines in the equatorial regions and optically thick lines in the polar
regions, we obtain a relation between the geometry of the envelope and the total
mass loss. We also put limits on the inclination angle (i ) beyond which the stellar
photosphere is masked. Finally, this study seems to discard ”wind-compressed disks”
(WCD) models as a possible senario for B[e] supergiant envelopes.
1998, A&A, 336, 980

Dielectronic Recombination of Mg ii in Stellar
Envelopes
Alicia Cruzado1 , Héctor O. Di Rocco2 and Adela E. Ringuelet3
1
2
3

Observatorio Astronómico de La Plata, Paseo del Bosque S/N, 1900-La Plata, Argentina
Instituto de Fı́sica de Arroyo Seco (IFAS), Pinto 399, 7000-Tandil, Argentina
Observatorio Astronómico de La Plata, Paseo del Bosque S/N, 1900-La Plata, Argentina

The aim of the present paper is to discuss the signiﬁcance, in the infrared continuum
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of Be stars, of the dielectronic recombination (DR) of Mg ii atoms. To accomplish
this, we have calculated the emissivity in the lines of Mg i atoms, after the process of
electron capture has taken place. In order to estimate its inﬂuence in the photospheric
ﬂux, we have considered the total energy emitted in all lines with λ1 ≤ λ ≤ λ2 , where
λ1 and λ2 deﬁne the wavelength ranges of the Johnson system ﬁlters. We conclude
that the DR of Mg ii atoms does actually contribute signiﬁcantly to the infrared
excess observed in Be stars.
1998, ApJ, 503, 902

Photoﬂuid Instabilities of Hot Stellar Envelopes
E. A. Spiegel and L. Tao
Columbia Astronomy, 550 West 120th Street, New York, NY 10027

Beginning from a relatively simple set of dynamical equations for a ﬂuid permeated
by a radiative ﬁeld strong enough to produce signiﬁcant forces, we ﬁnd the structure
of plane-parallel equilibria and study their stability to small acoustic disturbances.
In doing this, we neglect viscous eﬀects and complications of nongreyness. We ﬁnd
that acoustic instabilities occur over a wide range of conditions below the Eddington
limit. This result is in line with ﬁndings reported twenty years ago but it contradicts
some more recent reports of the absence of instabilities. We brieﬂy attempt to identify the causes of the discrepancies and then close with a discussion of the possible
astrophysical interest of such instabilities.
1999, PhR, 311, 163

A constraint on the angular momentum evolution
of Be stars
I.A.Steele
Astrophysics Research Institute, Liverpool John Moores University, L41 1LD, UK

The Be star sample of Steele et al. (1998) has a distribution of v sin i that is luminosity dependent, with giants having lower projected rotational velocities than dwarfs.
We show that this eﬀect can be understood simply in terms of angular momentum
conservation during the evolution from dwarf to giant. Any decretion disk or other
angular momentum losing mechanism for such objects must cause a loss of no more
than 15% of the stellar angular momentum over the Be phase lifetime.
1999, A&A, 343, 237
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Multicolor Polarimetry of Selected Be Stars:
1995-98
David McDavid
Limber Observatory, P.O. Box 63599, Pipe Creek TX 78063

A new polarimeter called AnyPol has been used at Limber Observatory for four
years to annually monitor the broadband linear polarization of a sample of bright
northern Be stars. This is the fourth report on a program started in 1985 at McDonald
Observatory and the ﬁrst one to come entirely from the new installation. Although
no variability was detected at the 3-sigma level during the current reporting period,
analysis of the full 13-year data set is beginning to reveal hints of long-term variability
that may provide clues for understanding the Be phenomenon.
1999, PASP, 111, 494

Be Stars in and Around Young Clusters in the
Magellanic Clouds
Stefan C. Keller, Peter R. Wood, and Michael S. Bessell
Mount Stromlo and Siding Spring Observatories, Private Bag, Weston Creek PO, ACT 2611, Australia

We present the results of a search for Be stars in six ﬁelds centered on the young clusters NGC 330 and NGC 346 in the SMC, and NGC 1818, NGC 1948, NGC 2004 and
NGC 2100 in the LMC. Be stars were identiﬁed by diﬀerencing R band and narrowband Hα CCD images. Our comparatively large images provide substantial Be star
populations both within the clusters and in their surrounding ﬁelds. Magnitudes,
positions and ﬁnding charts are given for the 224 Be stars found. The fraction of Be
stars to normal B stars within each cluster is found to vary signiﬁcantly although the
average ratio is similar to the average Be to B star ratio found in the Galaxy. In some
clusters, the Be star population is weighted to magnitudes near the main sequence
turn-oﬀ. The Be stars are redder in V −I than normal main-sequence stars of similar
magnitude and the redness increases with increasing Hα emission strength.
1999, A&AS, 134, 489

Interferometric insight into γ Cas long-term
variability
P. Berio1 , Ph. Stee1 , F. Vakili1 , D. Mourard1 , D. Bonneau1 ,
O. Chesneau1 , N. Thureau1 , D. Le Mignant2 , and R. Hirata3
1

Observatoire de la Côte d’Azur, Département Fresnel, CNRS UMR F-06460 Saint Vallier de Thiey,
France
2
Observatoire de Grenoble BP53X, 38041 Grenoble cedex 9, France
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3

Department of Astronomy, Kyoto University, Kyoto, 606-01, Japan

We present spectrally resolved interferometry of the Be star γ Cas in ’88, ’91,’93 and
’94, obtained with the GI2T interferometer. The analysis of high spatial resolution
data across the Hα line reveals azimuthally asymmetric variations which are correlated
with those of V /R of the Hα proﬁle. This correlation supports a prograde one-armed
oscillation precessing in the equatorial disk of γ Cas due to the conﬁnement by a
radiative eﬀect. We examine the occurence of such oscillations in the context of the
latitude dependent radiative wind model developed for previous GI2T interferometric
observations of this star. We ﬁnd that this enhanced equatorial density pattern may
be located at 1.5 stellar radii from the stellar surface. We follow its possible rotation
through the -99 km s−1 , +92 km s−1 , +140 km s−1 and +41 km s−1 iso-velocity regions
which provides us with the approximate stellar longitudes: 224◦ , 42◦ , 153,◦ and 184◦
for ’88, ’91, ’93, ’94 epochs respectively. Thus, γ Cas is the second Be star after ζ
Tau for which interferometric observations directly evidence a prograde one-armed
oscillation of its equatorial disk.
1999, A&A, 345, 203

The Be/X-ray Transient V0332+53: Evidence for
a tilt between the orbit and the equatorial plane?
I. Negueruela1,2 , P. Roche3 , J. Fabregat4 and M. J. Coe5
1

Astrophysics Research Institute, Liverpool John Moores University, Byrom St., Liverpool, L3 3AF,
U.K.
2
SAX Science Data Center, ASI, c/o Nuova Telespazio, via Corcolle 19, I00131 Rome, Italy
3
Astronomy Centre, CPES, University of Sussex, Falmer, Brighton, BN1 9QH, U.K.
4
Departamento de Astronomı́a y Astrofı́sica, Universidad de Valencia, 46100 Burjassot, Valencia,
Spain
5
Physics and Astronomy Department, Southampton University, Southampton, SO17 1BJ, U.K.

We present optical and infrared observations of BQ Cam, the optical counterpart
to the Be/X-ray transient system V0332+53. BQ Cam is shown to be an O8 – 9Ve
star, which places V0332+53 at a distance of ∼ 7 kpc. Hα spectroscopy and infrared
photometry are used to discuss the evolution of the circumstellar envelope. Due
to the low inclination of the system, parameters are strongly constrained. We ﬁnd
strong evidence for a tilt of the orbital plane with respect to the circumstellar disc
(presumably on the equatorial plane). Even though the periastron distance is only
≈ 10R∗ , during the present quiescent state the circumstellar disc does not extend
to the distance of periastron passage. Under these conditions, X-ray emission is
eﬀectively prevented by centrifugal inhibition of accretion. The circumstellar disc is
shown to be optically thick at optical and infrared wavelengths, which together with
its small size, is taken as an indication of tidal truncation.
1999, MNRAS, 307, 695
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Spectroscopic Monitoring of the Be/X-ray Pulsar
X Persei/4U0352+309 with ORFEUS-2 and the
IUE
Myron A. Smith1,2 and Paul Roche3
1

STScI/CSC, Space Telescope Science Institute, 3700 San Martin Dr., Baltimore, MD 21218;
Email: msmith@stsci.edu
2
Catholic University of America
3
Astronomy Centre, CPES, Sussex University, Falmer, Brighton, BN1 9QJ, UK

We present phase-resolved spectra of the Be/X-ray pulsar system X Persei/4U0352+309
obtained with the Tübingen far-UV echelle spectrometer of ORFEUS/SPAS-2. Data
were obtained in November 1996 and folded on the ∼837.5 sec pulsar period derived
from contemporaneous X-ray observations. Contrary to optical results by several
groups, we ﬁnd no evidence for periodic modulation in our FUV line proﬁle data.
The limits we can place on the presence of any periodic signal are ∼1% of the continuum level in the Si IV λ1394 line and ∼1.6% in N V λ1238. We have also combined
these ORFEUS spectra with newly reprocessed IUE data to discover radial velocity
variations in X Per which are consistent with a period of the order of 20–30 years
and a binary separation of ∼20 AU. Even with a wide separation for this system,
we argue that certain types of reported rapid variability as well as long-term X-ray
enhancements could be caused by the residue of expanding Be discs falling onto the
neutron star. The UV resonance lines appear to be typical for a classical Be star,
showing variability on timescales of a day and also a few hours.
1999, ApJ, 522, 444

Diﬀerences in the fractions of Be stars in galaxies
André Maeder1 , Eva K. Grebel2,3 , and Jean–Claude Mermilliod4
1
2
3
4

Observatoire de Genève, CH-1290 Sauverny, Switzerland
UCO/Lick Observatory, University of California, Santa Cruz, CA 95064, USA
University of Washington, Department of Astronomy, Box 351580, Seattle, WA 98195, USA
Institut d’Astronomie, UniL, CH–1290 Chavannes–des–Bois, Switzerland

The number ratios Be/(B + Be) of Be to B–type stars in young, well studied clusters
of the Galaxy, the LMC and SMC are examined. In order to disentangle age and
metallicity eﬀects we choose clusters in the same age interval and for which reliable
photometric and spectroscopic data are available. Number counts are made for various
magnitude intervals, and the results are found to be stable with respect to this choice.
In the magnitude interval MV = −5 to -1.4 (i.e. O9 to B3) we obtained a ratio
Be/(B + Be) = 0.11, 0.19, 0.23, 0.39 for 21 clusters located in the interior of the
Galaxy, the exterior of the Galaxy, the LMC and the SMC, respectively.
Various hypotheses for these diﬀerences are examined. An interesting possibility is
that the average rotation is faster at low metallicities as a result of star formation
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processes. The much higher relative N–enrichment found by Venn et al. in A–type
supergiants of the SMC, compared to galactic supergiants, also strongly supports
the presence of more rotational mixing at low metallicities. We discuss whether
high rotational mixing may be the source of primary nitrogen in the early chemical
evolution of galaxies.
1999, A&A, 346, 459

A Representative Sample of Be Stars I: Sample
Selection, Spectral Classiﬁcation and Rotational
Velocities
I.A. Steele1 , I. Negueruela2 , J.S. Clark3
1
2
3

Astrophysics Research Institute, Liverpool John Moores University, L41 1LD, UK
SAX SDC, Italian Space Agency, c/o Telespazio, via Corcolle 19, I00131, Rome, Italy
Astronomy Centre, CPES, University of Sussex, Brighton, BN1 9QH, UK

We present a sample of 58 Be stars containing objects of spectral types O9 to B8.5
and luminosity classes III to V. We have obtained 3670–5070 Å spectra of the sample
which are used to derive spectral types and rotational velocities. We discuss the
distribution of spectral types and rotational velocities obtained and conclude that
there are no signiﬁcant selection eﬀects in our sample.
1999, A&AS, 137, 147

On the possibility that rotation causes latitudinal
abundance variations in stars
John M. Porter
Astrophysics Research Institute, Liverpool John Moores University, Twelve Quays House, Egerton
Wharf, Birkenhead. L41 1LD UK

The eﬀect of rotation of a star on the distribution of chemical species in radiative zones
is discussed. Gravity darkening generates a large radiative force on heavy element
ions which is directed toward the equatorial plane. Taking iron as an example, it
is shown that this force may produce drift velocities similar to, and larger than, the
typical velocities of bulk motion due to meridional circulation. This potentially allows
large chemical abundance inhomogeneities to build up across a meridian over the
lifetime of the star – particularly near the equatorial plane. This enhancement may
be signiﬁcantly reduced if the mass loss of the star is strongly metallicity dependent,
in which case the mass-loss rate may be enhanced in the equatorial plane.
1999, A&A, 341, 560
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Central quasi-emission peaks in shell spectra and
the rotation of disks of Be stars
Th. Rivinius1 , S. Šteﬂ

2

and D. Baade3

1

Landessternwarte Königstuhl, D-69117 Heidelberg, Germany
Astronomical Institute, Academy of Sciences, CZ-251 65 Ondřejov, Czech Republic
3
European Southern Observatory, Karl-Schwarzschild-Str. 2, D-85748 Garching bei München, Germany
2

New high-resolution echelle spectra are presented for all 6 B stars currently known
to exhibit so-called central quasi-emission peaks (CQE’s). Empirical requirements
are derived on the circumstances which favour the appearance of such features. The
presence of a circumstellar disk seen edge-on is the most important. Furthermore,
the disk should be optically thin in the continuum, have a small spatial extent, and
show little line broadening.
Both this set of conditions and the observed line proﬁles are compared to a model
by Hanuschik for the formation of shell lines in circumstellar disks with Keplerian
rotation. This model predicts not only the existence of CQE’s, but also the same
actual circumstances of their occurrence. They result from the local minimum at
zero radial velocity in the fraction of the stellar disk that is occulted by circumstellar
gas in Keplerian orbital motion, i.e. by gas moving perpendicular to the line of sight.
In particular, CQE’s are inspite of their name not related to any emission process but
are a pure absorption phenomenon. All currently available observations of CQE’s are
consistent with this model, which appears to have considerable diagnostic potential
for the understanding of the structure and dynamics of Be star disks. Only one of
the 6 stars (ν Pup) was not previously known to ever have displayed shell or only
emission lines. But the new Hα and Hβ proﬁles clearly show the presence of variable
amounts of circumstellar matter. Previously suggested photospheric explanations for
CQE’s are nevertheless brieﬂy examined.
In a given star, CQE’s seem to appear with the highest probability at times when the
innermost regions of the disk are being re-supplied with matter.
With the success of Hanuschik’s model, CQE’s furthermore become one of the most
important indicators of rotational support of disks of Be stars. Together with other
evidence for rotation compiled from the literature, this leads to the conclusion that
models for the formation of disks need to include a mechanism for suﬃcient angular
momentum transfer. In the context of Hanuschik’s model for CQE’s, the considerable acceleration inherent to wind-compressed disks (WCD’s) presents an additional
diﬃculty for the WCD model in its basic form.
1999, A&A, 348, 831

2000, Be Star Newsletter, 34 − 54

On outﬂowing viscous disc models for Be stars
John M. Porter
Astrophysics Research Institute, Liverpool John Moores University, Twelve Quays House, Egerton
Wharf, Birkenhead. L41 1LD UK

It is assumed that Be star discs are driven by viscosity. Emission from disc models
is calculated and is confronted with continuum observations. It is found that the
outﬂowing viscous disc models can reproduce the observed IR continuum emission.
However, to exist as outﬂowing discs, either the discs are signiﬁcantly acted upon by
the stellar radiation ﬁeld and/or there is signiﬁcant cooling with radius in the disc.
The energy generated via viscous dissipation is calculated and shown to play only a
minor rôle in the energy balance of the disc.
A scenario whereby a B star may change into a Be star (and vice versa) by generating
(reaccreting) the disc is suggested.
1999, A&A, 348, 512

Diﬀerential rotation and magnetic ﬁelds in stellar
interiors
H.C. Spruit
MPI for astrophysics, Box 1523, D-85740 Garching, Germany

The processes contributing to the evolution of an initially weak magnetic ﬁeld in a
diﬀerentially rotating star are reviewed. These include rotational smoothing (akin to
convective expulsion) and a list of about 5 instabilities, among them magnetorotational instability, buoyancy instability, and pinch-type instabilities. The important
eﬀects of thermal and magnetic diﬀusion on these instabilities are analyzed in some
detail. The ﬁrst instability to set in is a pinch-type instability. It becomes important
in modifying the ﬁeld conﬁguration before magnetic buoyancy-driven instabilities set
in. The evolution of an initially strong ﬁeld remains a more open question, including
the old problem whether dynamically stable magnetic equilibria exist in stars.
1999, A&A, 349, 189

Spatial wavelet analysis of line-proﬁle variations
R.H.D. Townsend
Department of Physics & Astronomy, University College London, Gower Street, London WC1E 6BT

The technique of wavelet analysis is discussed in the context of line-proﬁle variations
in rapidly-rotating stars undergoing non-radial pulsation. This technique may be used
to determine the harmonic degree l of the pulsation using isolated residual spectra; it
is able to handle spectra with relatively low signal-to-noise levels, and is well suited
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to extracting previously unobtainable information from low-quality, patchy data. A
demonstration of the technique is presented using data generated from a spectral
synthesis code.
1999, MNRAS, 310, 851

Time-resolved spectroscopy of the peculiar Hα
variable Be star HD 76534
René D. Oudmaijer and Janet E. Drew
Imperial College of Science, Technology and Medicine, Blackett Laboratory, Prince Consort Road,
London, SW7 2BZ, U.K.

We present time-resolved spectroscopy of the Be star HD 76534, which was observed
to have an Hα outburst in 1995, when the line went from photospheric absorption
to emission at a level of more than two times the continuum within 2.5 hours. To
investigate the short-term behaviour of the spectrum of HD 76534 we have obtained
30 spectra within two hours real-time and searched for variations in the spectrum.
Within the levels of statistical signiﬁcance, no variability was found. Rather than
periodic on short time scales, the Hα behaviour seems to be commonly episodic on
longer (> 1 year) time scales, as an assessment of the existing data on the Hα line
and the Hipparcos photometry suggests. HD 76534 underwent only 1 photometric
outburst in the 3 year span that the star was monitored by the Hipparcos satellite.
1999, A&A, 350, 485

Evidence of Hα periodicities in LS I+61◦303
R.K. Zamanov 1 , J. Martı́ 2 , J.M. Paredes 3 ,
J. Fabregat 4 , M. Ribó 3 , and A.E. Tarasov 5
1
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Departamento de Fı́sica, Escuela Politécnica Superior, Universidad de Jaén, C/ Virgen de la
Cabeza, 2, E–23071 Jaén, Spain
3
Departament d’Astronomia i Meteorologia, Universitat de Barcelona, Av. Diagonal 647, E–08028
Barcelona, Spain
4
Departamento de Astronomı́a, Universidad de Valencia, E–46100 Burjassot, Valencia, Spain
5
Crimean Astrophysical Observatory, 334413 Nauchny, Crimea, Ukraine
2

We present the results of analyzing Hα spectra of the radio emitting X-ray binary
LS I+61◦ 303. For the ﬁrst time, the same 26.5 d radio period is clearly detected in
the Hα emission line. Moreover, the equivalent width and the peak separation of the
Hα emission line seem also to vary over a time scale of 1600 days. This points towards
the ∼ 4 yr modulation, detected in the radio outburst amplitude, being probably a
result of variations in the mass loss rate of the Be star and/or density variability in
the circumstellar disk. In addition, the dependence of the peak separation from the
equivalent width informs us that the LS I+61◦ 303 circumstellar disk is among the
densest of Be-stars.
1999, A&A, 351, 543
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Mid-Infrared Spectra of Be Stars
S.A. Rinehart1 , J.R. Houck2 , and J.D. Smith2
1
2

Queen Mary & Westﬁeld College, Mile End Road, London E1 4NS, United Kingdom
Cornell University, Space Sciences Building, Ithaca, NY 14853

We present the ﬁrst medium-resolution (R ∼ 600) mid-infrared (8-13.3 µm) spectra
of 11 Be stars. A large number of lines are observed and identiﬁed in these spectra,
including, as an example, 39 hydrogen recombination lines in the spectrum of γ Cas.
In the majority of our spectra, all of the observed lines are attributable to hydrogen
recombination. Two of the sources, β Lyr and MWC 349 also show emission from
other species. Both of these objects show evidence of [Ne ii] emission, and β Lyr
also shows evidence of He i emission. We tabulate the eﬀective line strength and
line widths for the observed lines, and brieﬂy discuss the physical implications of the
observed line series. We also use a simple model of free-free emission to characterize
the disks around these sources.
1999, AJ, 118, 2974

Disc loss and renewal in A0535+26
N.J. Haigh1 , M.J. Coe1 , I.A. Steele2 and J. Fabregat3
1

Department of Physics and Astronomy, The University, Southampton, SO17 1BJ, UK.
Astrophysics Research Institute, Liverpool John Moores University, Twelve Quays House, Egerton
Wharf, Birkenhead, CH41 1LD, UK.
3
Departamento de Astronomia y Astroﬁsica, Universidad de Valencia, E-46100 Burjassot, Valencia,
Spain
2

This paper presents observations of the Be/X-ray binary system A0535+26 revealing
the ﬁrst observed loss of its circumstellar disc, demonstrated by the loss of its JHK
infrared excess and optical/IR line emission. However optical/IR spectroscopy reveals
the formation of a new inner disc with signiﬁcant density and emission strength at
small radii; the disc has proven to be stable over 5 months in this intermediate state.
1999, MNRAS, 310, 21

Hubble Space Telescope Photometry of Hodge 301:
An “Old” Star Cluster in 30 Doradus
Eva K. Grebel1 and You-Hua Chu2
1

University of Washington, Department of Astronomy, Box 351580, Seattle, WA 98195-1580, USA
University of Illinois at Urbana-Champaign, Department of Astronomy, 1002 West Green Street,
Urbana, IL 61801, USA
2

We present Hubble Space Telescope Planetary Camera UVI data for the little-studied
cluster Hodge 301 3 northwest of 30 Doradus’ central ionizing cluster R 136. The
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average reddening of Hodge 301 is found to be EB−V = 0.m 28 ± 0.m 05 from published
infrared and ultraviolet photometry. Using two diﬀerent sets of evolutionary models,
we derive an age of ∼ 20–25 Myr for Hodge 301, which makes it roughly 10 times as
old as R 136. Hodge 301 is the most prominent representative of the oldest population
in the 30 Dor starburst region; a region that has undergone multiple star formation
events. This range of ages is an important consideration for the modelling of starburst
regions. Hodge 301 shows a widened upper main sequence largely caused by Be stars.
We present a list of Be star candidates. The slope of the initial mass function for
intermediate-mass main sequence stars ranging from 10 M to 1.3 M is found to be
Γ = −1.4 ± 0.1 in good agreement with a Salpeter law. There is no indication for a
truncation or change of slope of the IMF within this mass range. In accordance with
the age of Hodge 301 no obvious pre-main-sequence stars are seen down to ∼ 1 M .
We estimate that up to 41 ± 7 stars with masses > 12M may have turned into
supernovae since the formation of the cluster. Multiple supernova explosions are the
most likely origin of the extremely violent gas motions and the diﬀuse X-ray emission
observed in the cluster surroundings.
2000, AJ, 119, 787

WFPC2 Imaging of Young Clusters in the
Magellanic Clouds
Stefan C. Keller, M. S. Bessell & G. S. Da Costa
Research School of Astronomy and Astrophysics, Institute of Advanced Studies, The Australian
National University

We have carried out Wide Field Planetary Camera 2 F160BW, F555W and F656N
imaging of four young populous clusters: NGC 330 in the Small Magellanic Cloud
and NGC 1818, NGC 2004 and NGC 2100 in the Large Magellanic Cloud. We report
photometric results for these four clusters, including identiﬁcation using photometric
colours of the cluster Be star population. We present theoretical WFPC2 and broad
band colours and bolometric corrections for LMC and SMC metallicities. The use of
the far-UV F160BW ﬁlter enables accurate determination of the eﬀective temperatures for stars in the vicinity of the main sequence turnoﬀ and on the unevolved main
sequence.
Attention is drawn to the high fraction of Be stars in the vicinity of the main sequence
turnoﬀ seen within each cluster. Implications of this ﬁnding are discussed.
2000, AJ, 119, 1748

ASCA Discovery of a Be X-Ray Pulsar in the
SMC: AX J0051−733
Kensuke Imanishi1 , Jun Yokogawa1 ,
Masahiro Tsujimoto1 , and Katsuji Koyama1,2
1

Department of Physics, Graduate School of Science, Kyoto University, Sakyo-ku, Kyoto, 606-8502

2000, Be Star Newsletter, 34 − 58

2

CREST, Japan Science and Technology Corporation (JST), 4-1-8 Honmachi, Kawaguchi, Saitama
332-0012.

ASCA observed the central region of the Small Magellanic Cloud, and found a hard
X-ray source, AX J0051−733, at the position of the ROSAT source RX J0050.8−7316,
which has an optical counterpart of a Be star. Coherent X-ray pulsations of 323.1 ±
0.3 s were discovered from AX J0051−733. The pulse proﬁle shows several sub-peaks
in the soft (0.7–2.0 keV) X-ray band, but becomes nearly sinusoidal in the harder
(2.0–7.0 keV) X-ray band. The X-ray spectrum was found to be hard, and is well
ﬁtted by a power-law model with a photon index of 1.0 ± 0.4. The long-term ﬂux
history was examined with the archival data of Einstein observatory and ROSAT; a
ﬂux variability with a factor ≥ 10 was found.
1999, PASJ, 511, 151

The infrared spectrum of the Be star γ Cassiopeiae
S. Hony1 , L.B.F.M. Waters1,2 , P.A. Zaal1 , A. de Koter1 ,
J.M. Marlborough3 , C.E. Millar3 , N.R. Trams4 ,
P.W. Morris1 , and Th. de Graauw5
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Department of Physics & Astronomy, University of Western Ontario, London, Ontario N6A 3K7,
Canada
4
Integral Science Operations, Astrophysics Division, Space Science Department of ESA, ESTEC,
P.O. Box 299, NL-2200 AG Noordwijk, The Netherlands
5
SRON Laboratory for Space Research, PO Box 800, NL-9700 AV Groningen, The Netherlands

We present the 2.4−45 µm ISO-SWS spectrum of the Be star γ Cas (B0.5 IVe).
The spectrum is characterised by a thermal continuum which can be well ﬁt by a
power-law Sν ∝ ν 0.99 over the entire SWS wavelength range. For an isothermal disc
of ionized gas with constant opening angle, this correponds to a density gradient
ρ(r) ∝ r−2.8 . We report the detection of the Humphreys (6-∞) bound-free jump in
emission at 3.4 µm. The size of the jump is sensitive to the electron temperature of
the gas in the disc, and we ﬁnd T ≈ 9 000 K, i.e. much lower than the stellar eﬀective
temperature (25 000-30 000 K). The spectrum is dominated by numerous emission
lines, mostly from H i, but also some He i lines are detected. Several spectral features
cannot be identiﬁed. The line strengths of the H i emission lines do not follow case
B recombination line theory. The line strengths and widths suggest that many lines
are optically thick and come from an inner, high density region with radius 3-5 R∗
and temperature above that of the bulk of the disc material. Only the α, β and γ
transitions of the series lines contain a contribution from the outer regions. The level
populations deviate signiﬁcantly from LTE and are highly inﬂuenced by the optically
thick, local (disc) continuum radiation ﬁeld. The inner disc may be rotating more
rapidly than the stellar photosphere.
2000, A&A, 355, 187
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The SMC X-ray transient XTE J0111.2–7317 : a
Be/X-ray binary in a SNR?
M.J. Coe1 , N.J. Haigh1 , P. Reig2,3
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Foundation for Research and Technology-Hellas, 711 10 Heraklion, Crete, Greece.
Physics Department, University of Crete, 71003 Heraklion, Crete, Greece.

We report observations which conﬁrm the identity of the optical/IR counterpart to the
Rossi X-ray Timing Explorer transient source XTE J0111.2–7317. The counterpart
is suggested to be a B0-B2 star (luminosity class III–V) showing an IR excess and
strong Balmer emission lines. The distance derived from reddening and systemic
velocity measurements puts the source in the SMC. Unusually, the source exhibits an
extended asymetric Hα structure.
2000, MNRAS, 314, 290

Detection of X-ray pulsations from the Be/X-ray
transient A 0535+26 during a disc loss phase of
the primary
I. Negueruela1 , P. Reig2,3 , M. H. Finger4 and P. Roche5
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2

Using the RossiXTE experiment, we detect weak X-ray emission from the recurrent
Be/X-ray transient A 0535+26 at a time when the optical counterpart V725 Tau displayed Hα in absorption, indicating the absence of a circumstellar disc. The X-ray
radiation is strongly modulated at the 103.5-s pulse period of the neutron star, conﬁrming that it originates from A 0535+26. The source is weaker than in previous
quiescence detections by two orders of magnitude and should be in the centrifugal
inhibition regime. We show that the X-ray luminosity cannot be due to accretion on
to the magnetosphere of the neutron star. Therefore this detection represents a new
state of the accreting pulsar. We speculate that the X-ray emission can be due to
some matter leaking through the magnetospheric barrier or thermal radiation from
the neutron star surface due to crustal heating. The observed luminosity is probably
compatible with recent predictions of thermal radiation from X-ray transients in quiescence. The detection of the X-ray source in the inhibition regime implies a reduced
density in the outﬂow from the Be companion during its disc-less phase.
2000, A&A, 356, 1003
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Surface trapping and leakage of low-frequency
g-modes in rotating early-type stars — I.
Qualitative analysis
Rich Townsend1
1

Department of Physics & Astronomy, University College London, Gower Street, London WC1E
6BT

A qualitative study of the surface trapping of low-frequency non-radial g-modes in
rotating early-type stars is undertaken within the Cowling, adiabatic and traditional
approximations. A dispersion relation describing the local character of waves in a
rotating star is derived; this dispersion relation is then used to construct propagation
diagrams for a 7 M stellar model, which show the location and extent of wave trapping zones inside the star. It is demonstrated that, at frequencies below a cut-oﬀ,
waves cannot be fully trapped within the star, and will leak through the surface. Expressions for the cut-oﬀ frequency are derived in both the non-rotating and rotating
cases; it is found from these expressions that the cut-oﬀ frequency increases with the
rotation rate for all but prograde sectoral modes.
While waves below the cut-oﬀ cannot be reﬂected at the stellar surface, the presence
of a sub-surface convective region in the stellar model, due to He ii ionization, means
that they can become partially trapped within the star. The energy leakage associated
with such waves, which are assigned the moniker virtual modes due to their discrete
eigenfrequencies, means that stability analyses which disregard their existence (by
assuming perfect reﬂection at the stellar surface) may be in error.
The results are of possible relevance to the 53 Per and SPB classes of variable star,
which exhibit pulsation frequencies of the same order of magnitude as the cut-oﬀ
frequencies found for the stellar model. It is suggested that observations either of
an upper limit on variability periods (corresponding to the cut-oﬀ), or of line-proﬁle
variations due to virtual modes, may permit asteroseismological studies of the outer
layers of these systems.
Accepted by MNRAS
Preprints from rhdt@star.ucl.ac.uk or by anonymous ftp to
ftp://ftp.star.ucl.ac.uk/pub/rhdt/trapping1.ps
or on the web at http://www.star.ucl.ac.uk/∼idh/

Correlated V/R and IR photometric variations in
the Be/X-ray binary LS I +61◦ 235/RX
J0146.9+6121
P. Reig1,2 , I. Negueruela3 , M.J. Coe4 , J. Fabregat5 ,
A.E. Tarasov6 , and R. K. Zamanov7,8
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We report on the long-term variability of the Be/X-ray binary LS I +61◦ 235/RX
J0146.9+6121. New optical spectroscopic and infrared photometric observations conﬁrm the presence of global one-arm oscillations in the circumstellar disc of the Be
star and allow us to derive a V/R quasi-period of 1240±30 days. Pronounced shell
events, reminiscent of the spectacular variations in Be stars, are also seen. We have
found that the J, H and K infrared photometric bands vary in correlation with the
spectroscopic V/R variations, implying that the one-armed disc oscillations are prograde. The eﬀect of the oscillations is not only seen in the Hα line but also in the
He I λ6678 and Paschen lines. Since these lines are formed at diﬀerent radii in the
equatorial disc of the Be star, such eﬀect conﬁrms the global nature of the perturbation. The Keplerian disc has been found to be denser than the average of a sample
of isolated Be stars, which may be indicative of some kind of interaction with the
compact companion. Finally, from a Rossi X-ray Timing Explorer observation we
derive a spin period of the neutron star of 1404.5±0.5 s.
Accepted by MNRAS
Preprints from pablo@physics.uoc.gr
or on the web at http://xxx.lanl.gov/abs/astro-ph/0005033

First correlation between compact object and
circumstellar disk in the Be/X-ray binaries
R. Zamanov

1,2

and J. Martı́
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2
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A remarkable correlation between the Hα emission line and the radio behaviour of
LS I+61◦ 303 (V615 Cas, GT 0236+610) over its ∼4 yr modulation is discovered. The
radio outburst peak is shifted by a quarter of the ∼4 yr modulation period (about
400 days) with respect to the equivalent width of the Hα emission line variability.
The onset of the LS I+61◦ 303 radio outbursts varies in phase with the changes of the
Hα emission line, at least during the increase of Hα equivalent width. This is the
ﬁrst clear correlation between the emission associated to the compact object and the
Be circumstellar disk in a Be/X-ray binary system.
Accepted by Astronomy and Astrophysics Letters
Preprints from rzamanov@ujaen.es
or on the web at http://xxx.lanl.gov/abs/astro-ph/0005201
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Doubling the number of Be/X-ray binaries in the
SMC
F. Haberl and M. Sasaki
Max-Planck-Institut für extraterrestrische Physik, Garching, Germany

A correlation of X-ray source and Hα emission-line object catalogues in the Small
Magellanic Cloud (SMC) shows that more than two thirds of the optically identiﬁed
Be stars in Be/X-ray binaries are found as emission-line objects in the catalogues. On
the basis of this result we propose up to 25 X-ray sources mainly from recent ROSAT
catalogues as new Be/X-ray binaries and give their likely optical counterparts. Also
for the ﬁve yet unidentiﬁed X-ray pulsars in the SMC we propose emission-line stars as
counterparts. This more than doubles the number of known high mass X-ray binary
systems in this nearby galaxy. The spatial distribution of the new candidates is similar
to that of the already identiﬁed Be/X-ray binaries with a strong concentration along
the SMC main body and some systems in the eastern wing. The new candidates
contribute mainly to the low-luminosity end of the X-ray luminosity distribution of
Be/X-ray binaries. A comparison with the luminosity distribution in the Milky Way
reveals no signiﬁcant diﬀerences at the high-luminosity end and the large number of
low-luminosity systems in the SMC suggests that many such systems may still be
undetected in the Galaxy.
The overall ratio of known Be to OB supergiant X-ray binaries in the SMC is an order
of magnitude larger than in the Galaxy, however, might show spatial variations. While
in the eastern wing the ratio is comparable to that in the Galaxy no supergiant X-ray
binary is currently known in the main body of the SMC. Possible explanations include
a diﬀerent star formation history over the last ∼15 My.
Accepted by Astronomy & Astrophysics
Preprints from fwh@mpe.mpg.de
or on the web at ftp://ftp.xray.mpe.mpg.de/people/fwh/SMC BeX/
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