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Abstract. In the early 1980’s, astronomers at the Beijing Astronomical
Observatory (BAO) entered a collaboration in a long term photometric
observing project on Be stars which included about 30 stars. For example,
in 1983 the group at BAO organized a multi-site campaign to measure the
short term variability of EW Lac, KX And, KY And, o And, and LQ And.
In 1989, 48 Per was selected to be one of the targets of MuSiCoS campaign
in which many stellar astronomers at the BAO participated. In 1991, the
Be group at the BAO joined a campaign on the prototypical nonradially
pulsating B star, 53 Per. In 1992, French & Chinese astronomers proposed
a joint campaign on o And and EW Lac. Astronomers in Japan are
also active in Be star campaigns and in 1993-5 they organized several
campaigns on few well known Be stars (¢ Oph, EW Lac, v Cas, A Eri
and 28 Cyg).

1. International long term campaign on Be stars

Beginning in 1983, the Be star group at Beijing Astronomical Observatory (L.
Huang, Z. Gao, & H. Jao) participated in a long term project, the International
Photometric Observing Campaign of Bright Northern Be Stars organized by P.
Harmanec et al. (1981). A number of astronomers, including J. Percy (David
Dunlap Obsy), L. Huang (Beijing Astronomical Observatory) and K. Pavlovski
(Hvar Obsy) and their colleagues participated in this campaign. A 60 cm tele-
scope equipped with single-channel electrophotometer at Xinglong Station of
BAO was utilized to monitor stars in the UBV system. The observing facility at
Xinglong Station is located on a hill of 900 meter high which is 170 km northwest
to Beijing. The project continued during the ten year interval 1983-1992 and
was conducted during the months of September-March. The reduction of the
data was done with an computer code named HEC22 (written by P. Harmanec).
Details of the observations can be found in many papers by these participants.
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Our cooperative program concentrated on the long term light behavior of
Be stars. Altogether it included over 30 bright northern Be stars. Not all of our
results are published yet, but here are some highlights of our program:

Table 1.  Targets for the International Photometric Observing Cam-
paign of Bright Northern Be Stars

HR 1113 o And EW Lac KX And
KY And LQ And PV And HR 7983
V1661 Cyg HR 8020 V832Cyg V 1931 Cyg
HR 8103 X Per MWC 393 o Per

13 Tau BU Tau 17 Tau V971 Tau

n Tau V960 Tau ¢ Tau V731 Tau

A Eri K Dra 8 Dra HDE 245770

e KX And, KY And, LQ And, o And and EW Lac (1983 Campaign, Stagg
1986)

This was a short-term mini-campaign coordinated by the participants of
the long term project. Telescopes in Hvar Observatory, Kitt Peak Ob-
servatory, McDonald Observatory, David Dunlap Observatory and Xin-
glong Station of Beijing Astronomical Observatory were involved. Ob-
servers were K. Pavlovski, H. Bozic, J.R. Percy, L. Huang, A. Fullerton,
F. Schmidt, W.S. Gao and Z.H. Guo. The results are listed in Table 2.

e A 0535+26/HDE 245770 (Hao et al. 1996)

This X-ray system is one of the targets monitored at the Xinglong Station.
We studied the 1985-92 data together with those in the literature and
found a secular variation of the star over the last ten years (see Fig.1).
Periods of 506d and 755d were also reported.

Table 2. Result of the 1983 Campaign on KX And, KY And, LQ
And, o And and EW Lac

N

“Target me Period  Amplitude
(mag) (day) (mag)
o And 3.6 1.57 0.10
KX And 5.1 0.47 0.10
KY And 6.5 1.51 0.12
LQ And 6.7 0.31 0.03
EW Lac 6.9 0.72 0.13

2. MuSiCoS Project on Be stars

A total of 40 B/Be stars were observed in MuSiCoS (Multi SIte COntinuous
Spectroscopy) campaign during 1989-98. 48 Per was prominent studied in the
1989 campaign. Others have recently been added to the program list.
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Figure 1. The photometric history of HDE 245770 for the last
decade. The solid line is the fit curve of two sinusoidal solution with
periods of about 756d (0.484c yr~!) and 506d (0.722c yr~!)). The
small arrows at the bottom of the upper panel mark the X-ray events
occurred during this period (from Hao et al. 1996).

The goal of the MuSiCoS project is to facilitate multi-site, multi-wavelength
and mostly multi-program observations in stellar spectroscopy. It is shown that
this type of observations is definitely needed for many scientific programs, in
particular those related to stellar magnetic activities, stellar winds and stellar
oscillations. Most of these programs have similar instrumental needs, namely
a world network of spectroscopic facilities providing a resolving power above
30000 on telescopes of 2 m class. This MuSiCoS project was initially proposed
by Claude Catala and Bernard Foing. The basic strategy is to gather the ef-
forts of several groups interested in different scientific programs, all of them
needing multi-site spectroscopic observations. The campaigns were multi-site,
multi-program program. Each scientific program was coordinated by a principal
investigator who was responsible for the scientific choices concerning the tar-
gets and observing strategy. After the campaign, the PI received raw data from
participating observers. The PI was then responsible for reducing the data in
a homogeneous way and organized data analysis with interested participants,
and is finally responsible for publication of the results. BAO has been an ac-
tive participating institution of MuSiCoS project in the last ten years. BAO
astronomers were involved in almost all the MuSiCoS campaigns except for the
southern one of 1994. A brief summary of the MuSiCoS project for the last
decade is listed in Table 3 and 4.

48 Per is the only Be star for which results have been published (Hubert
et al. 1997). This object was proposed by A. M. Hubert in the first campaign.
Although there was some difficulty in unifying the data obtained from different
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Table 3. MuSiCoS workshops

Date Place Proceedings
1988 Meudon, France yes

1990 Meudon, France no

1993 Noordwijk, The Netherlands no

1994  Beijing, China yes

1995 St. Andrews, Scotland no

1997  Munich, Germany yes*

*Note: together with the ESO workshop on stellar wind variabilities, eds. L. Kaper and A.W.
Fullerton, 1998

Table 4.  Targets for MuSiCoS campaigns

year target

1980 HR 1099, 48 Per, AB Aur

1992 HR 1099, AB Aur, 82 Tau

1994 AB Dor, v Dor, 8 Pic

1996 AB Aur, SU Aur, V480 Tau

1998 ¢ Per, ¢? Ori, QZ Pup, w Ori, EI Eri, HR1099, Vela X1

sites for this object, efforts were made to detect the rapid spectroscopic variation
by analyzing the He I A6678 line series. Three frequencies having values 6.04,
0.85 and 2.77 ¢ d~! was determined. A frequency of 6.04c d~! with amplitude
of 0.3% of the continuum is associated with the mode ! = 10 + 2.

3. Other B/Be campaigns

Over last 20 years Chinese and Japanese astronomers have participated in many
international campaigns on various kinds of variable stars, especially B and Be
stars. As one component of our activity, we have several groups active in the Be
star field who initiated many B/Be campaigns themselves. In addition, due to
the important geographical position in international continuous observing, Asian
participation is greatly needed. These campaigns contributed to the study of
the behaviors of temporal variations of B/Be stars. Table 5 lists the campaigns
to which Chinese and Japanese participants contributed.

3.1. Campaigns with Chinese participation
o ET And (Weiss et al. 1998):

ET And (T.g=12000K logg=3.65—3.90 )is a binary system with a B9p(Si)
star as the main component. The authors reported on the photomet-
ric observing campaigns for 1988, 1989 and 1994. Their work confirmed
the rotation period of 1.9618875. Furthermore, the controversial issue of
pulsational stability of ET And has been resolved since pulsation was dis-
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Table 5. B/Be campaigns with Asian participation
target epoch type site
ET And 1989 Oct. pe Xinglong, San Pedro, Lowell, Skalnate
53 Per 1991 Jan. pesp Xinglong, Braeside, Hvar, Konkoly
o And 1992 Sep. pe,sp Xinglong, Nacinonal, Braeside, San Pedro, Mt Hopkins,
EW Lac Department of Physics, Citadal, Charleston
¢ Oph 1993 May sp Okayama, Crimea, ESO/CAT, Dominion

pe Dodaira, ESO/50cm

EW Lac 1993 Sep. sp Okayama, Crimea, Rohzenn, Ondrejov,

Haute Provence, Kitt Peak, Dominion

pe Xinglong, Crimea, Belogradchik, Skalnate Pleso,
David Dunlap

pol McDonald (broad band polarimetry)

~ Cas 1993 Oct. sp Okayama Crimea, Ondrejov,Haute Provence, Dominion

pe Dodaira, Xinglong, Rozhen,Alicante
pol Dominion (spectro-polarimetry)

A Eri 1994 Feb. sp Okayama, Yunnan, Crimea, Ondrejov, Haute Provence,

Brazil, Dominion
pe Xinglong, Alicante, Mt.Hopkins

A Eri 1994 Nov. sp Okayama, Yunnan, Ondrejov, Haute Provence, Brazil,

Atlanta, ESO/CAT
pe Dodaira, Xinglong, Alicante, Brazil, David Dunlap

covered for HD 219891 instead, which was the main comparison star. The
frequency of 10.0816 cy d—!, a semi-amplitude of 2.5 mmag, Teg and M,
suggest that this comparison star to be a § Scuti variable close to the
blue border of the instability strip. The pulsational stability of ET And
could be clearly established and hence no need exists to derive new driving
mechanisms for stars between the classical instability strip and the region
of slowly pulsating B-type (SPB) stars.

This study is based on total of 5 runs of observing campaigns during 5
years (1988 Oct. to 1994 Sep.). The Be group in BAO was involved in the
campaign of 1988 and obtained a dataset two-weeks long.

53 Per (Huang et al. 1994)

The campaign was carried out in 1991 January 1—15 at four observatories
on three continents (Xinglong of BAO, Braeside, Hvar, Konkoly). Fre-
quency analysis showed that the light variations of 53 Persei during the
campaign can be fitted by two sinusoids of frequencies 0.462 and 0.603
c d~! (see Table 6) which are practically identical to those found by others
from 1977-1983 photometric and spectroscopic data. The detection of the
same frequencies in the data obtained more than 10 yr apart has convinc-
ingly confirmed the stable multiperiodicity in 53 Persei and extended the
stability duration from 5.5 yr reported in an earlier investigation to about
13 yr. This pivotal result strongly supports the nonradial pulsation as the
physical cause responsible for light and line-profile variations in this proto-
type star. A separate analysis using both optical data from this campaign
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and UV data from the Voyager 2 satellite suggested that the active modes
have a value £ = 2 (Smith & Huang 1994).

Table 6. The 2-frequency fits for all data of 53 Per obtained in 1991
campaign (taken from Huang et al. 1994).

~Data Amplitude Zero-point  Residuals Remarks
(mag) (mag) (mag)
14 0.0317( 6)  4.8447(16) 0.0101 Mean frequencies fixed i {c d~T):
0.0122(21 f1 = 0.4620(4), f2 = 0.6030(1)
. . . Mean phases fixed (cycles):
0.0145(11 1 = 0.233(26), 2 = 0.665(11)
. . . Mean periods (days):
0.0205(20 P, =2.1645(18), P, = 1.6584(3)
— . -0. X Epoch of light maximum:
00021 3 Tl,maz = HJD24482617244

= : . : Ty.mas = HJD2448261.5006
0.0058( 5)

e 0 And (Sareyan et al. 1998). Huang and Sarayan teamed up to observe
the stars EW Lac and o And in 1992. The campaign on o And lasted
month. A total of 6 observing sites contributed 247 hours of photometric
data and additional spectroscopic data. The light curve of 0 And can be
interpreted with the following aspects:

1. a double wave periodic curve accounts for most of the light variations,

2. secondary periods completely changed their relative importance within
a few weeks.

From these results, Sareyan et al (1998) proposed a model of either rotation
modulation or pulsation to interpret the behavior of o And.

¢ EW Lac (1992 campaign) (Cao et al., in preparation)

The above campaign also included EW Lac, also over a month, and this
time including four observatories. This star is characterized by both com-
plicated long and short term variability and is a frequent target of multisite
campaigns. Frequency analysis showed that periods of 9.5, 11.0 and 15.0
c d~1 seemed to be the solution of the light curves plotted in Fig.2.

Campaigns with Japanese participation
o ¢ Oph (Kambe et al. 1997)

A simultaneous multisite high-resolution spectroscopic and photometric
campaign on ¢ Oph (HD 149757) was made in 1993 May. A Japanese
group using the 1.88 m telescope of the Okayama Observatory obtained
100 hours of time series observations of the He I A6678 line profile on
successive nights. The results of this campaign showed that the period
with the largest ampitude has a value of 2.018 hours (f;), which differs
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Figure 2. Light curves of EW Lac obtained in the 1992 campaign

from the 2.43 hours from previous studies. A secondary period has a value
of 3.337 hours (f3), which is in agreement with previous studies. Periods
having smaller amplitudes were found at 2.432 (f3), 1.257 (f1 + f2), 1.008
(2f1), 2.107 (f1), 1.293 (f2 + f4), and 1.668 hours (2f2). Simultaneous
photometric observation sshowed no counterpart periods of f;=2.018 and
f2=3.337 hours. The authors found that the two principal periods have an
approximate commensurability of 3:5, which indicates close superperiods
of 10.05 hours The Ipv analysis leads to the following mode identification:
fitol=—T7or-8 and fy tol = —4 or -5.

¢ EW Lac (1993 Campaign) (M. Floquet et al., this proceedings).
1. High S/N spectra of the He IA6678 and Ha lines, and polarization
data were obtained in 1993 August—September.

2. All quantities derived (equivalent width, RV, FWHM, V and R emis-
sion components) and line profiles of Hel6678 show clearly the super-
position of mid-term and short-term variations.

o ) Eri (E. Kambe et al., these proceedings)
1. a tesseral toroidal mode (e.g. | = 5,m = 2) can reproduce the ob-
served lpv with the 16.9 hour period well,
2. the far more complicated Ipv with the 6.45 hr period can also be
explained by toroidal modes with intermediate m (e.g., | = 9, m = 5),
3. temperature variations due to NRP were discussed.

Acknowledgments. The author thanks Drs. Hirata and Kambe for nec-
essary references for the preparation of this talk. A grant by the colloquium
organizers which permitted me to attend the meeting is acknowledged.
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Discussion

N. Ashok: A program to study variability of Be stars has been initiated at
Physical Research Laboratory, Ahmedabad, India. Near-IR and optical spectra
with resolution of 1,000 and 10,000, respectively, will be obtained with the 1.2 m
telescope of Mt. Abu Observatory. The geographical location (70°46’48”E,
24°39/9”N) nicely bridges the gap between Chinese and European observatories
resulting in better temporal coverage. During the period January to April 1999
near-infrared and optical spectra of about 40 Be stars have been obtained. In
the coming years participation in international campaigns will be started.

https://doi.org/10.1017/50252921100056153 Published online by Cambridge University Press


https://doi.org/10.1017/S0252921100056153



