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Chapterr  4 

Observationall  evidence for  a prograde one-armed density structure 
inn the equatorial disc of a Be star 
J.. H. Telting, M. H. M. Heemskerk, H. F. Henrichs, and G. J. Savonije 

Astronomicall  Institute Anton Pannekoek, University of Amsterdam, and Center for High Energy Astrophysics, 
Kruislaann 403, 1098 SJ Amsterdam, Netherlands 

Printedd in Astronomy & Astrophysics 288, 558-560 (1994) 

Abstract.. We discuss the implications of the observations of the Be star /31 Mon, as presented by Cowley & Gugula (1973), 
forr the theory of one-armed density perturbations in the equatorial discs of Be stars. This theory aims to describe the nature 
off  the long-term (cycles of a few to several years) V/R variations of the Balmer and other emission lines of these stars 
(Okazakii  1991 and Papaloizou et al. 1992). From the observations of /?' Mon we infer that a one-armed density structure 
revolvedd around the star in the same direction as the nearly Keplerian orbits of the disc material. We conclude that these 
observationss are consistent with a model which predicts prograde precession of a one-armed density perturbation. 

1.. Introductio n 

Long-termm variability (time scales of 2-15 years) in the ratio 
off  the intensity of the violet and red peaks of the Balmer emis-
sionn lines (V/R variation) is commonly observed in the spectra 
off  Be stars (Dachs 1987; Mennickent & Vogt 1991). Based 
onn more than 60 years of observations of Pl Mon Cowley & 
Gugulaa (1973) concluded that the cyclic V/R variations of this 
starr can be explained by the presence of a non-axisymmetric 
envelopee which slowly rotates around the star with the period 
off  the V/R variations (approximately 12 years). Other stars of 
whichh the long-term V/R variations have been modelled by a 
non-axisymmetricc flattened envelope are e.g. EW Lac (Suzuki 
&&  Kogure 1985) and HD184279 (Ballereau & Chauville 1989). 
Furthermore,, Telting et al. (1993) and Telting & Kaper (1994) 
concludedd that the model which best describes the V/R be-
haviourr of the Be star 7 Cas and also its IR continuum and UV 
spectrall  variations consists of a star surrounded by a rotating 
non-axisymmetric,, disc-like wind, which is seen at a moderate 
inclinationn angle. 

Afterr the suggestion by Kato (1983) that low-frequency one-
armedd modes may occur in semi-Keplerian non-self-gravitating 
discs,, Okazaki (1991) considered these modes in relation to the 
V/RR phenomenon. He constructed semi-Keplerian disc mod-
elss in which pressure forces cause one-armed (m - 1) density 
wavess to precess in the direction opposite to the Keplerian rota-
tionn with periods in the range of the observed V/R cycle times. 
Byy producing locally enhanced emission these slowly precess-
ingg modes may give rise to the V/R variations. Papaloizou et 
al.. (1992) extended the semi-Keplerian disc models of Okazaki 
(1991)) by including the effect of the quadrupole contribution to 

thee external potential of the rotationally distorted (i.e. oblate) 
Be-starr on the modal precession. They concluded that this effect 
cann naturally explain the observed cycle times, rather indepen-
dentt of the adopted size and structure of the disc. For not too 
hott discs, in which pressure effects become dominant, the fun-
damentall  m = 1 modes (and their first overtones) precess in 
thee same direction as the Keplerian rotation and are naturally 
confinedd to within a few stellar radii from the Be-star (see also 
Savonijee & Heemskerk 1993). 

Studiess of the observational appearance of global disc os-
cillationss and studies of observational evidence for the occur-
rencee of such oscillations have been presented by Hanuschik 
ett al. (1994) and Okazaki (1996). Furthermore, Hummel & 
Hanuschikk (1994) compared results of a 3D radiative line trans-
ferr code, including one-armed disc perturbations, with obser-
vationss of /3' Mon and concluded that these observations are 
consistentt with the presence of a retrograde one-armed density 
perturbationn in the disc. 

Inn this paper we concentrate on the directional sense of the 
precessionn of the disc perturbations with respect to the Kep-
leriann rotation. In the following section we argue that the ob-
servationss of /31 Mon favour a model which predicts prograde 
revolutionn of a one-armed density perturbation in the disc. 
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Fig.. 1. Schematic model for V/R variations in the spectra of 0' Mon. 
Wee show a pole-on view of the equatorial disc. The curved arrow 
indicatess the direction of the nearly Keplerian motion of the gas in 
thee disc. The grey areas in the disc represent the high-density part of 
aa one-armed oscillation of the disc. This high-density part revolves 
aroundd the star in the prograde sense on the time scale of the V/R 
variationss of the emission lines. For four positions of the high-density 
partt of the one-armed perturbation we indicate the expected H/3 profile 
forr an observer which sees the disc (nearly) edge-on. Note that the 
displayedd sequence of H/3 profiles (I —> II —> III —> IV —> I) is the 
samee as for the observed spectra of /31 Mon. 

I)) The gas in the high-density part of the equatorial disc moves towards 
thee observer; the emission lines have V>R. 
II )) The high-density part of the equatorial disc is in front of the star; 
thee emission lines have maximum shell absorption and V=R. 
HI)) The gas in high-density part of the equatorial disc moves away 
fromm the observer; the emission lines have V<R. 
IV)) The high-density part of the equatorial disc is behind the star. Since 
thee star is partly obscuring the extra emission the emission lines are not 
muchh different from the situation without a one-armed perturbation; 
thee emission lines have V=R. 
Thesee expected line profile changes are consistent with the calculations 
off  Hummel & Hanuschik (1994) 
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2.. Observational discrimination between prograde and ret-
rogradee precession of global disc perturbation s 

/?? Monocerotis is a visual triple system which consists of three 
Bee stars of which 0l Mon (HR2356, HD45725, r «4 .6mag, 
spectrall  type B3Ve, v sin i«346km/s) is the brightest (Hoffleit 
&&  Jaschek 1982; Cowley & Gugula 1973). The high vsini 
off  /?' Mon makes it likely that the star is viewed at a large 
inclinationn angle, i.e. nearly edge-on. 

Cowleyy & Gugula (1973) report results of more than 60 
yearss of optical spectroscopy. They found that from ~ 1930 to 
~~ 1966 the V/R ratio of the H/3 line showed a quasi-periodic 
behaviourr over three cycles with a period of approximately 12 
years.. The long-term variations of the H7 and H<S line were 
practicallyy indistinguishable from those of the H/3 line. Dur-
ingg the transition from V > R to V< R they observed relatively 
strongg central absorption (shell line) in the profile, whereas 
theyy observed relatively weak central absorption as the peak 
ratioo changed from V < R to V>R. 

Inn Fig. 1 we present a schematic representation of ourpicture 
off  the /?' Mon system. The H0 line profiles are drawn to match 
thee photographic spectra as presented by Cowley & Gugula 
(1973).. The presence of a one-armed density enhancement gives 
risee to extra emission/absorption depending on its position with 
respectt to the star. Following the observed sequence V > R (I) 
->> strong central absorption (II ) -> V<R (III ) -> weak central 
absorptionn (IV ) -  V > R (I) we conclude that the one-armed 
densityy enhancement of the disc must revolve around the star 
inn the prograde direction: 

-- When the density enhancement is on the side of the star 
wheree the nearly Keplerian motion of the gas is directed 
towardss the observer we expect to see enhanced emission at 
thee blue side of the profile: V > R (I). 

-- When the density enhancement is in front of the star, and 
thee inclination is large enough, we expect to see shell ab-
sorption:: strong central absorption due to the eclipse of the 
starr by the density enhancement (II) . 

-- When the density enhancement is on the side of the star 
wheree the motion of the gas in the disc is directed away 
fromm the observer we expect to see extra emission at the red 
sidee of the profile: V < R (III) . 

-- When the density enhancement is located behind the star, 
thee star obscures significant amounts of the extra emission 
iff  the inclination is large. The emission lines appear as they 
wouldd without the presence of a one-armed mode: weak 
centrall  absorption, hardly extra emission (IV) . 

Thesee expected line profile changes are consistent with the 
calculationss of Hummel & Hanuschik (1994). 

Heree we stress that retrograde revolution of a mode would 
givee rise to the reverse of the above mentioned sequence: (IV) 
-»» (III ) -+ (II ) -*  (I) -> (IV) , which in the case of pl Mon is 
nott observed. Hence we conclude that the Balmer-line obser-
vationss of Pl Mon are consistent with a model of a prograde 
one-armedd density perturbation in the equatorial disc. This di-
rectionall  sense is in agreement with the prediction of the model 

byy Papaloizou et al. (1992), and could therefore mean that the 
effectt of the oblateness of the star is important. 

Sincee the v sin i value of /?' Mon is not exceptional for Be 
stars,, the long-term V/R variations of other Be stars may also be 
duee to prograde one-armed density waves. However, only for 
Bee stars seen at large inclination angles (edge-on) we can ob-
servationallyy distinguish between prograde and retrograde disc 
modess due to the expected effects of disc-star eclipses (see Fig. 
1).. Further constraints on the density profile and velocity fields 
inn the disc and on the one-armed modes can be obtained by care-
full  comparison of the observations with line profiles generated 
byy a three dimensional radiative transfer model with as input 
aa non-axisymmetrical disc-like geometry. Promising results of 
thiss method have been presented by Hummel & Hanuschik 
(1994).. However, these authors derived from the same obser-
vationss as are discussed in the present paper, using the same 
argumentationn as we do, an opposite, and incorrect directional 
sensee of the precession of the density perturbation in the disc. 
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