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Concludingg remarks 

B-emissionn stars have intrigued astronomers ever since their discovery. Still, no one knows for 
suree what causes the ejection of the matter that produces the emission lines. This thesis, in 
noo way, pretends to solve all the riddles surrounding these objects. Instead, it aims at three 
majorr goals. One: how best to identify these objects and how to ascertain their frequency of 
occurrencee among B stars in general. Two: to study the nature and origin of the circumstellar 
materiall  of Be stars. Three: to explore the various ways in which such objects can be formed. 
Chapterss 3,4 and 7 discuss the identification and observable characteristics of Be stars, Chapters 
55 and 6 discuss the formation, whereas Chapter 8 discusses the structure of the circumstellar 
material. . 

Fromm Chapter 3 we learn that Be stars are very prominent in the infrared, especially beyond 
100 /xm, as the IRAS mission has demonstrated. The nature of this IR radiation and the shape 
off  the IR energy distribution point to free-free radiation of circumstellar gas. In Chapter 4 it 
iss suggested, and shown that, if far-IR data with a large wavelength coverage are available, the 
infraredd region is almost as good a 'tracer' to locate Be stars as is the 'classical' Ha. 

Bee stars are, by definition, B-type stars of luminosity classes III- V that show or have shown 
Haa emission. From Chapter 7 we learn that there may be a fair number of 'hidden' Be stars: 
starss that should ordinarily have deep absorption cores, but show much shallower absorption 
profiles,, such as HR 6474 (see Fig. 7.3). The latter object barely qualifies as a Be star: it shows 
onlyy a littl e emission on the red flank of the profile. But still the physical processes associated 
withh this filled-in emission are the same as for those Be stars that show their observational 
characteristicss more clearly. 

Inn fact, Waters et al. (1993) recently show that Ha may not be the best observational 
characteristicc to identify an (active) Be star in yet another way. They observed r Scorpii 
(B0.2V),, which is not a known Be star, in the infrared. At that time the star did not show 
anyy Ha emission. However, r Sco did show Bra and Br7 emission lines. Waters et al. (1993) 
suggestt that those infrared emission lines are formed in the same circumstellar disc as the Ha 
andd the infrared. They show that the lines can be produced in a disc of moderate density, which 
wouldd not produce any noticeable emission in Ha. Waters et al. (1993) conclude that there 
mayy be a class of hidden Be stars, in which emission is prominent in the IR recombination lines, 
butt not in Ha. 

Inn chapter 8 we attempt to derive disc parameters Rdiac, « and 8 for the circumstellar 
discc of T) Cen, using the available far-IR data. We find that a large range of disc parameters 
iss consistent with the IR observations. However, the available Ha data give a much clearer 
picturee of the nature of the disc: its geometry, size and density structure. 

Thee Ha models, which give both shape and strength of the emission, also showed that 
thee outflow velocities at thp base of the disc cannot be very high, or otherwise a much more 
asymmetrical,, almost P Cygni-like profile would ensue. Since hardly any Be stars show such 
profiles,, this must m ?an that nearly all Be stars have low outflow velocities. This indicates that 
thee outflow velocities assumed by Waters, Coté and Lamers (1987) were overestimated by a 
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factorr of about 5. The much lower outflow velocities bring the mass loss rates, as derived from 
thee IR, more in accordance with the UV mass loss rates. Earlier Waters, Coté and Lamers had 
foundd that the IR mass loss rates were higher than the UV mass loss rates by a factor 50 to 
100. . 

Thee last matter that is addressed in this thesis, is the formation of Be stars, as discussed in 
Chapterss 5 and 6. The observation that, on average, Be stars rotate much faster than non-Be 
starss and that rotation may be a key ingredient in understanding the Be phenomenon, leads to 
thee question: why do Be stars rotate so rapidly. Two possible answers spring to mind: (i) Be 
starss are born spinning rapidly or (ii ) they become rapid rotators during a mass exchange phase 
inn a close binary. Some Be stars appear to be single, with no evidence for a companion. But some 
Bee stars are in binaries and some of them have an evolved companion such as a neutron star: 
thee Be/X-ray binaries. These systems most likely were formed after a case-B mass exchange, 
ass described in Chapter 5. In Chapter 5 we show that the number distribution of B stars over 
spectrall  type, which is dissimilar from that of 'normal' B-type stars, can be interpreted in terms 
off  close binary evolution. Although the shape of the predicted number distribution is strikingly 
similarr to the observed number distribution, the total number of systems predicted from close 
binaryy evolution falls short by a factor of at least two. 

Ann independent observational test of this evolutionary scenario has so far failed: the pre-
dictedd Be + white dwarf systems, that should have been detected during the ROSAT X-ray All 
skyy Survey, were not seen (Meurs et al, 1992). However, since littl e is known of the exact shape 
off  the (soft) X-ray spectrum of wind accretion onto white dwarfs, and the X-ray extinction is 
nott very well determined, and since also there are still problems with the data reduction of the 
ROSATT X-ray survey, means that at this stage no final conclusions can be made. 

Perhapss the truth lies somewhere in the middle: Be stars are both born spinning rapidly 
orr formed through binary evolution in this way, in significant numbers. Maybe the results from 
furtherr satellite missions, in both the X-ray and IR region, will settle this matter. 
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