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Chapterr  7 

Neww brigh t Be stars and the Be star  frequency1 

J.. Coté, M.H. van Kerkwijk 
Astron.Astron. Astrophys., in press 

S u m m a ry y 

I nn the course of a large-scale multi-wavelength survey of bright B and Be stars we have discovered 
fivefive hi therto unknown Be stars and one new Oe star: HR 1037 (B6Vn), 2806 (09V), 5953 
(B0.3IV),, 6427 (B9.5V+A6III) , 6747 (BOIIIn) and 8967 (B9V). We present Ha spectra and 
equivalentt widths for these stars. We find that one known Be star, HR 6621 (B4IVe), probably 
hass been misclassified as such because due to its binary nature its spectrum mimics H a emission. 
Promm our results we infer - with 99% confidence - that the Be stars consti tute at least 15% of 
alll  non-supergiant B stars in the Bright Star Catalogue. 

7.11 I n t r o d u c t i on 

B-emissionn (Be) stars are defined as stars of spectral type BO—9.5 and luminosity class I I I - V that 
show,, or have shown, Ha emission (for a review, see Slettebak 1988). Of the total populat ion of 
B-typee stars, the currently known Be stars constitute about 11% (Jaschek and Jaschek, 1983). 
Apartt from emission at Ha, many Be stars also exhibit emission in the higher Balmer lines 
and/orr in Fe II , and many show excess continuum emission at near- and far-IR wavelengths. I t 
iss generally thought that the emission fines - which are often double-peaked - originate in a 
circumstellarr disk in the equatorial plane of the Be star. Such a disk also gives rise to the excess 
infraredd emission due to bound-free and free-free radiation. Be features such as Ha emission 
cann be variable on both long (months to years) and short (days or less) timescales. In some 
casess the Be character may disappear altogether. The Be phenomenon is not confined to stars 
off  spectral type B only; some late O and early A stars show similar properties. 

Thee physical mechanism underlying the Be phenomenon is not clear, but the fact that most 
Bee stars are rapid rotators (us ini > 2 0 0 k m s- 1 ; Waters, 1986) seems to indicate that rotat ion 
iss an important ingredient. The rapid rotation of Be stars could be an intrinsic property of the 
stars,, i.e. they were born spinning rapidly. However, i t has been predicted that a large number 
off  rapidly rotat ing B stars wil l be formed in close binaries (Waters et al. 1989; Pols et al. 1991). 
Thiss prediction is based on the fact that in the course of the evolution of a close binary a large 

11 Based on spectra obtained at the German-Spanish Astronomical Center, Calar  Alto , operated by the Max 
Planckk Institu t für  Astronomie, Heidelberg, jointl y with the Spanish National Commission for  Astronomy, and 
spectraa obtained at the European Southern Observatory, La Silla, Chil i 
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amountt of mat ter and angular momentum is transferred from the pr imary to the secondary. 
Hence,, the secondary is rejuvenated and spun-up. If all rapidly rotat ing stars formed this way 
weree to become Be stars, it is expected that many of the observed Be stars would have an 
evolvedd companion: a helium star, white dwarf (WD) or neutron star (NS). Be+NS systems 
cann be observed as Be/X-ray binaries when material from the circumstellar disk surrounding 
thee Be star is accreted onto the neutron star (Van den Heuvel and Rappaport 1987; Waters 
1989).. The B e + WD systems are expected to be about ten times as numerous as the Be+NS 
systemss (Pols et al. 1991 ). They are expected to be observable as X-ray sources as well, albeit 
wi t hh lower luminosities than the Be+NS systems (Waters et al. 1989). 

Too test the hypothesis that a large fraction of all Be stars is the product of mass transfer, 
aa multi-wavelength observational campaign has been undertaken of a large sample of bright Be 
andd B stars. This sample consists of (i) the 190 08-A le /She ll stars of luminosity class III- V 
listedd in the Bright Star Catalogue (BSC, Hoffleit and Jaschek 1982), (ii ) a control sample 
off  193 randomly chosen 'normal» 08-A1 III-V , (iii ) the 54 0 8 - Al III-Ve/Shell stars from the 
Supplementt to the BSC (Hoffleit et al., 1983), (iv) the 24 08-A le /She ll stars of unknown 
luminosityy class (12 each in BSC and Supplement), and (v) 32 somewhat arbitrari ly chosen 
otherr stars. In tota l, our sample consists of 500 stars. 

Forr practically all stars high-resolution Ha spectra were obtained during three observing 
runss at Calar Alt o in Spain and three at the European Southern Observatory (ESO) in Chile 
(seee Sect. 7.2). For most stars Geneva photometry has been obtained, and for a subset also 
near- IRR photometry (Dougherty et al. 1993a; Dougherty et al. 1993b). Also, addit ional spec-
troscopicc observations were made to complement the BSC luminosity class and us i ni data. 
Al ll  observations were obtained as simultaneous as possible with X-ray observations made in 
thee course of the ROSAT All-Sky Survey. Preliminary ROSAT results are given by Meurs et 
al,, (1992). So far, no obvious Be+WD candidates were found (see Meurs et al., 1992, for a 
discussion). . 

AA by-product of this observational campaign is the discovery of six stars that hi therto were 
classifiedd as 'normal' O and B stars, but were found to exhibit Ha emission. Five of these are 
Bee stars and one is an Oe star. We found that one known Be star, HR 6621, has probably been 
misclassifiedd as such because its spectrum mimics Ha emission due to its binary nature. We 
discusss this object and other binaries with apparent Ha emission in their spectrum in Sect. 7.3. 
I nn Sect. 7.4 we show the spectra of the stars newly found to show genuine Ha emission, list 
thee H a equivalent widths, and discuss the objects individually. We use our findings to derive 
aa new est imate of the Be star frequency among stars in the BSC in Sect. 7.5. In Sect. 7.6 we 
summarizee our results. 

7.22 T h e Observa t i ons 

A tt Calar Alto , H a spectra were taken for ~260 stars with declination 6 > —10°, and at ESO for 
~3000 stars with 8 < +10° (~60 objects were observed from both hemispheres). The Calar Alt o 
observationss were made with the coudé spectrograph of the 2.2 m telescope. The f/3 camera and 
RCAA CCD were used, giving a wavelength coverage of 130 A and a resolving power of 25 000. 
Thee ESO observations were made with the 1.4 m Coudé Auxiliary Telescope using the Coudé 
Echellee Spectrograph. The short camera and RCA CCD were used, giving 60 A wavelength 
coveragee and a resolving power of 5000O. The integration times of most observations were 
chosenn such that the signal-to-noise ratio in the continuum near H a was ~100. 
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Att the time of writing, all ESO spectra have been reduced, as well as the Calar Alto spectra 
off  the control sample of non-Be stars. The reduction procedure was standard: bias and dark-
currentt subtraction, flat-field correction using both internal and dome flats, optimal extraction 
off  the spectra (see Home 1986); for these high signal-to-noise spectra the main advantage is the 
efficientt elimination of cosmic ray incidences), and wavelength calibration using Th/Ar spectra. 
Whenn necessary the spectra were corrected for the occurrence of telluric H2O. For this purpose 
wee used the water vapour lines listed by Moore et al. (1966). The procedure was as follows: 
first,, the equivalent widths, full widths at half maximum and relative wavelength shifts were 
measuredd for the strongest lines in a spectrum; next, the average relative strength with respect 
too the values given by Moore et al. (1966) was determined; and finally, this value was used to 
correctt the spectrum for all water vapour lines. For the representation in the figures, the spectra 
weree normalised by taking the ratio with a straight line fitted to two points in the continuum 
(forr some ESO spectra, especially of late-type B stars, the wavelength coverage is somewhat 
tooo small to be able to correctly define the continuum; unfortunately, no other observational 
possibilityy was available at the time). 

7.33 Stars wit h apparent Ha emission due to binarit y 

Whilee searching the spectra of the comparison sample of non-Be stars for Ha emission, it became 
clearr that an apparent emission profile can be caused by the superposition of two absorption 
profiless from two components of similar spectral type in a binary system. For one star, HR 3343 
(B3V),, the binary nature was obviously thee cause of apparent Ha emission, since also the nearby 
CIII  lines were doubled (see Fig. 7.1). For five other stars we found the binary nature also caused 
thee apparent Ha emission. 

Sincee an Ha emission profile can so easily be mimicked, we decided to check the known 
Southernn Hemisphere Be stars in our sample. We found that the apparent Ha emission profile 
off  HR 6621, classified as B4lVe in the BSC, was in fact due to its binary nature. Below, we wil l 
brieflyy discuss all seven objects. 

H RR 1690, H D 33647 (B9Vn). At first sight, we appear to see a single absorption core, 
filledfilled with a small, single-peaked emission in the spectrum of this star (Fig. 7.1). However, 
thiss system is a spectroscopic binary with a period of 21.4 days. The masses are listed as 
3.00 and 2.7 M 0 (Wolff and Preston 1978). The observed separation between the absorption 
coress corresponds to about 110kms~x, which is consistent with the orbital parameters given. 
Therefore,, we conclude that the apparent emission is due to the binary nature. 

H RR 2895, H D 60312 (B9V). For this star, the shape of the Ha profile is not as similar to 
Bee emission profiles as is the case for the other stars. Rather, it immediately suggests a binary 
naturee of this object. The BSC lists a component at 0?3, with a magnitude difference of 1™2. 
McAlisterr et al. (1990) list a component at 0"055. However, the observed velocity difference of 
aboutt 170 km s- 1 between the two absorption cores is inconsistent with such large separations. 
Hence,, the primary of the visual double is probably a double-lined spectroscopic binary itself. 

H RR 3343, H D 17801 (B3V). Eggen (1975) remarks that this is a close binary. The BSC 
givess V = 6.6 for both components. From the spectrum of this star (Fig. 7.1) it is clear that it 
iss double, as the CII lines (to the right of Ha) are also doubled and as the separation between 
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Figur ee 7.1: Ha profiles of the binary stars 

thee absorpt ion cores is comparable for all lines (about 8 0 k m s_ 1) . The similarity in strength of 
thee two sets of lines is consistent with the components being about equally bright. 
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Tablee 7.1: The new Be stars 

HR R 

1037 7 
2806 6 

5953 3 
6427 7 
6747 7 

8967 7 

HD D 

21362 2 
57682 2 

143275 5 
156398 8 
165174 4 

222304 4 

Spectral l 
Type e 
B6Vn n 
09V V 

B0.3IV V 
B9.5V+A6III I 
BOHIn n 

B9V V 

V V 

5.58 8 
6.43 3 

2.32 2 
6.65 5 
6.14 4 

5.30 0 

B-V B-V 

-0.04 4 
-0.19 9 

-0.12 2 
0.20 0 
0.00 0 

-0.06 6 

vsint t 
(kms"1) ) 
355 5 

181 1 

434 4 

178 8 

Obs.. Date 

200 Aug 90 
55 Nov 90 

311 Oct 90 
299 Aug 90 
300 Aug 90 
233 Aug 90 
311 Aug 90 
44 Jan 91 

Site* * 

CA A 
ESO O 
CA A 
ESO O 
ESO O 
CA A 
ESO O 
CA A 

(A) ) 
-3.88 8 

0.075 5 
0.80 0 
3.67 7 
3.89 9 
1.60 0 
1.79 9 
7.59 9 

aa CA: Calar Alto, Spain; ESO: European Southern Observatory, La Silla, Chili. 

H RR 4993, H D 114911, rj  Mu s (B8V). The spectrum of this star appears to have an 
absorptionn profile with a central, single peaked emission (Fig. 7.1). The BSC reports that 
thiss star is the primary of a visual double with a secondary of spectral type A0 at 60 . This 
secondary,, of course, cannot be the component seen in the spectrum presented here. Batten et 
al.. (1989) list the primary as a spectroscopic binary with a period of 20.0052 days, and a radial 
velocityy amplitude of 56.5kms_1. This is consistent with the observed separation of about 
1200 km s- 1 between the absorption cores in our Ha spectrum. Hence, our spectrum provides 
noo indication of a Be nature. 

H RR 5115, H D 118285 (B8IV) . The separation between the absorption cores in the spec-
trumm of this star is about 190kms_1. Andersen and Nordstrom (1977) list this object as a 
doublee lined spectroscopic binary (SB2) with equal components. Andersen and Nordstrom 
(1983)) determined radial velocities for three spectra. For one they could determine the veloc-
ityy difference between the two components. They found --'150 km s- 1, of the same order as 
observedd here. Based on their spectra, they remark M2/M i = 0.97  0.07. The system is a 
ROSATT X-ray source with logLx = 30.4  0.4ergs-1 (for an adopted distance of 220pc, see 
Meurss et al. (1992). 

H RR 6621, H D 161756 (B4lVe). This star, which is listed as a Be star in the BSC, is an 
eclipsingg binary with a period of 2.61862 days (Waelkens and Rufener 1983). At the time of our 
observationn (1 Sep. 1990, 2:28 UT, corresponding to <j>  = 0.72; Waelkens and Rufener 1983), 
thee separation between the absorption cores (see Fig. 7.1) was about 275 km s- 1. Hence, with 
Kepler'ss law we find a total mass for the system of about 6 M©. (Waelkens and Rufener (1983) 
mentionn that the radial velocities determined by Buscombe and Martin (1960) are not phased as 
expectedd relative to the photometric variations. However, Buscombe and Morris (1960) do not 
mentionn the double-lined character of the spectrum, and they probably determined velocities 
fromm the combined line profiles.) 

Thee only reference in the literature to a Be star classification was made by Hoffleit (1956). 
Shee classified the star as B3V(e?). Therefore, we conclude that the Be classification of this star 
inn the BSC is most likely wrong. 
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Figuree 7.2: Ha profile of the 07.5II((f))/08.5III((f)) star HR 6672 

H RR 7109, H D 174853 ( B 8 V n n ) . This object is classified as a SB2 with equal components 
off  spectral types B8 (Hube et al. 1988; Hube and Mart in 1991). The nn spectral classification is 
probablyy due to unresolved double lines on classification plates (Hube et al. 1988). The system 
iss eclipsing and has a period of 1.391113 days. The masses of both components are 3.28 MQ 
(Hubee and Mart in 1991). As can be seen in Fig. 7.1, the line profile is as expected of a binary 
star.. The two absorption components seem similar in strength, consistent with two components 
off  similar spectral type. The core-to-core separation of about 215 km s- 1 is consistent with the 
orbi tall  parameters. 

7.44 S t a rs w i t h genu ine H a emiss ion 

Amongg our 193 H a spectra of stars listed as 'normal' O and B stars in the BSC, we found 
fourteenn stars showing genuine H a emission. For four of these the BSC already mentioned in 
thee remarks section that they had Ha in emission (HR 2501, HR 6779) or that they had a shell 
spectrumm (HR 6175, HR 7326). For the remaining ten, we made a full l i terature search. I t 
tu rnedd out that three more stars had already been identified as Be stars: HR 7446 (Irvine and 
Irvine,, 1979), HR 7739 (Barker 1983) and HR 8107 (Hirata et al. 1986). For one other star, 
HRR 6672, listed as 08 I I I in the BSC, we found that its spectral type was given as 07.5II((f)) 
byy Walborn (1972) and as 08.5III((f)) by Conti and Leep (1974). Hence, for this star the 
H aa emission is probably due to its radiation-driven wind, and not to a Be-like nature. For 
comparisonn with the Be spectra, we show the Ha profile of HR 6672 in Fig. 7.2. 

Finally,, we are left with five new Be stars and one new Oe star. These are listed in Table 7.1, 
togetherr with some basic stellar parameters (taken from the BSC) and the H a equivalent width 
WWaa.. The calibrated, normalized Ha spectra are plotted in Fig. 7.3. Below, we discuss the 
individuall  objects in detail. 

H RR 1037, H D 21362 ( B 6 V n ) . For this object we see a clear double-peaked emission profile, 
whichh rises to about 50% over the continuum level (Fig. 7.3). Despite the rather poor S/N ratio, 
i tt is clear that the violet peak is slightly stronger than the red peak. The peak-to-peak separation 
iss 5.77 A, which corresponds to 265 kms"1 . The rotat ional velocity of 335 k m s- 1 (BSC) is very 
highh for a B star, but well within the range found for Be stars. Abt (1978) lists the spectral 
typee as B5V. Abt and Cardona (1984) list this star as a single star. Massa (1975) does not find 
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Figuree 7.3: Ho profiles of the new Be stars 

anyy Ha emission for this object. Also, the a-index of Cester et al. (1977), characterizing the 
strengthh of the Ha absorption line, does not give a clear indication of emission. 
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H RR 2806, H D 57682 ( 0 9 V ) . This steur 's spectrum shows a single-peaked emission profile, 
whichh rises to ~ 3 0% over the continuum level. The FWHM is about 120 km s- 1 . We have 
twoo spectra of this star, one taken at Calar Alt o on October 31st (Fig 7.3, lower curve), and 
onee at ESO on November 5t h (top rurve). From October 31st to November 5t h , the strength 
off  H a increased. Furthermore, the asymmetry in the red flank observed on October 31st has 
disappeared:: the November 5 t h profile is symmetric. 

Slettebakk (1982) used this star as a secondary standard for his spectral type classification 
andd Slettebak (1985) used it as a standard for spectral classification and rotational velocity 
determinat ionn of the Be stars in NGC 663 and h and x Persei. Previous JHKL photometry for 
thiss star (Whi t tet and Van Breda 1980), d id not show any IR excess at near-IR wavelengths. 
Leithererr (1988) obtained a H a equivalent width of 1.9A, smaller than for any of the other stars 
off  similar spectral type he observed. Given the Be nature shown by our spectrum, the mass-loss 
ra tee he determined on the basis of his Ha equivalent width seems questionable. 

H RR 5 9 5 3, H D 143275, S Sco (B0 .3 IV ) . As can be seen from Fig. 7.3, this star is a Be star 
wi t hh emission on the flanks of an absorption core. Slettebak (1982) used this star as a pr imary 
s tandardd for his spectral type classification and Slettebak (1985) used it as a standard for 
spectrall  classification and rotat ional velocity determination of Be stars in southern clusters. He 
mentionedd it as a standard, non-Be star. A n earlier Ha spectrum taken by Heasley and Wolff 
(1983)) does not show any emission. According to the BSC it is a spectroscopic binary with a 
200 day period. (However, unlike the binary spectra previously discussed, the H a emission in 
thiss s tar cannot be due to the superposition of the spectra of two non-Be components.) 

H RR 6427, H D 156398 (B9.5V- | -A6I I I ) . In spite of the binary nature of this star, the 
prominentt H a emission must be due to the fact that the primary is a Be star. Unfortunately, 
noo rotat ional velocity da ta are available. From Fig. 7.3 we see a double peaked emission profile 
wi t hh a peak-to-peak separation of about 230 km s- 1 , and a deep absorption core. The latter 
mightt indicate a shell spectrum, but it could also be due to the secondary, which is fainter by 
onlyy 0?*3 and which is expected to have approximately the same radial velocity as the primary, 
givenn the separat ion of 0V2 between the two components. 

H RR 6747, H D 165174, V 9 86 O ph (BOlI In) . We have two spectra of this star, one taken 
att Calar Alt o on August 23r d (Fig. 7.3, bot tom curve) and one at ESO on August 31st (top 
curve).. The Ha profiles are similar in shape, with some emission visible on the red flank of the 
profile,, and wi th some asymmetry in the absorption core. 

Thee broadening seen in our spectrum does not seem consistent with the very high rotat ional 
velocityy of 4 3 4 k m s_ 1 l isted in the BSC for this star. However, Watson (1972) found us int = 
2900 k m s- 1 . Th is value was confirmed by Lloyd and Pike (1988) and is consistent wi th the 
broadeningg seen in our spectrum. 

Lyndss (1959) found regular photometric variations with a period of ^ 0 ^ 3, and has classified 
thee star as a /? Cephei star. The variations were confirmed by Jerzykiewisz (1975) and Cuypers 
ett al. (1989). For a /? Cephei star, this object has a very high rotational velocity (regardless 
whichh value is taken), which led Lloyd and Pike (1988) to remark that stars like this one blur 
thee boundary between /? Cephei and Be stars. (In general the two groups should not be strictly 
separated,, as H a emission has also been detected in (3 Cephei itself (e.g. Karpov, 1934), which, 
byy definition, implies that /3 Cephei is a Be star. 
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Thee system is a spectroscopic binary with P = 25"?56  0?02, 2K = 35  l k m s "1 and 
ee = 0.23  0,04 (Fullerton et al. , 1985). In the two spectra we have, the absorption cores 
aree shifted with respect to each other by about 1.1 A, or ~50kms_ 1. This seems more or less 
consistentt with the orbital parameters given the large uncertainty in the velocity determinations 
causedd by the deformations in the profile. 

HR8967,, HD 222304 (B9V). The BSC lists this star as being part of a spectroscopic binary. 
Thee star has a moderate vsint' of 178 km s- 1. The spectrum shows a double peaked emission, 
welll  inside the absorption core (Fig. 7.3). Since the emission is double peaked, it cannot be due 
too the binary nature of this star. The peak separation is about 3.97 A or about 180kms_1. 
Thee a index of Cester et al. (1977) does not indicate any clear Ha emission. 

7.55 The Be star frequency 

Inn this section we will use our findings to derive a new estimate of the frequency of the Be 
phenomenonn among the stars in the BSC. We limi t ourselves to stars of spectral type B only, 
i.e.. we exclude the O and A stars that show Be-like properties. We notice a priori that any 
estimatee of the Be star frequency is rather uncertain, both because the limiting magnitude of 
thee sample, and hence the sampled volume, may be different for b and Be stars, as Be stars 
aree intrinsically somewhat dimmer due to circumstellar extinction, and because surveys for Be 
starss were often biased in the sense that stars with Be characteristics such as rapid rotation or 
rapidd variability were observed preferentially (e.g., Irvine and Irvine, 1979). 

Amongg the 1759 B stars listed in the BSC, 1528 have luminosity class III-V . Of these, 
1855 have an 'e' or 'Shell' classification, which indicates a frequency of Be stars among all non-
supergiantt B stars of about 12%. We have observed 172 of the 1343 stars classified as non-Be. 
Off  these eleven turned out to be Be stars. Given these 11 new Be stars, one expects (90% 
confidence)) 86^32 new Be stars among all 1343 stars classified as non-Be, indicating a Be star 
frequencyy of ~18%. This corresponds to a 95% confidence lower limit of 54 to the number of 
neww Be stars, or a lower limi t to the Be star frequency of 15.6%. The 99% confidence lower 
limi tt is 14.9%. 

AA possibly more accurate estimate can be made by including the results of other sources 
forr Be star classifications. For this purpose, we checked the 'Remarks' sections of the BSC and 
itss Supplement for all B stars. We found that for seventeen stars 'Ha in emission' or 'Shell 
spectrum'' was mentioned (of these, three were part of our sample of non-Be stars; the fourth 
onee mentioned in Sect. 7.4 is an Oe star). In addition, we checked two compilations of Be stars 
thatt have appeared since the fourth edition of the BSC was published: the 'Catalogue of Be 
stars'' (Jaschek and Egret 1983) and 'Release 5 of the Bright Be Stars Observing Programme' 
(Harmanecc et al. 1983). In these, we found eight more Be stars (one in our sample), bringing 
thee total number of Be stars to 210. All 25 extra objects are listed in Table 7.2. Of the 1318 
'normal'' B stars left, we observed 168, among which we found 7 new Be stars. (As we did 
nott do a full literature search for all B stars, this number of course has to include the two Be 
starss for which a literature search showed they were already known, but which are not listed in 
Tablee 7.2.) Given these numbers, we expect 55+24 new Be stars (90% confidence), equivalent to 
aa 95% confidence lower limit of 31. After correction for the one misclassified Be star (HR 6621, 
seee Sect. 7.3), this indicates a Be star frequency of ~17%. The lower limit to the Be star 
frequencyy is 15.7% at the 95% confidence level, and 15.2% at 99% confidence. 
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Tab l ee 7.2: List of known Be stars without an 'e' or 'Shell' classification in the Bright Star 
Cataloguee and its Supplement 

HR R 
542 2 

1047 7 
1051 1 
1289 9 
1659 9 
1761 1 
1962 2 
2501 1 
2648 8 
2656 6 
3659 9 
4262 2 
5736 6 

HD D 
11415 5 
21455 5 
21551 1 
26356 6 
32990 0 
34959 9 
37971 1 
49131 1 
52918 8 
53240 0 
79351 1 
94650 0 

137432 2 

Source* * 
S,JE E 
JE E 
S,Hea a 
S,Hea a 
S,e,Hea a 
S,e,JE,Hea a 
S,JE E 
e e 
e,JE,Hea a 
e e 
e e 
e e 
S S 

HR R 
5781 1 
6002 2 
6779 9 
7040 0 
7326 6 
7446 6 
9076 6 
9098 8 

HD D 
138769 9 
144708 8 
166014 4 
173370 0 
181181 1 
184915 5 
224686 6 
225132 2 
63988 8 
65930 0 
70084 4 

214167 7 

Source* * 
S S 
Hea a 
e,Hea a 
S,e,JE,Hea a 
S S 
Hea a 
JE E 
Hea a 
JE E 
JE E 
S S 
JE E 

aa The following abbreviations are used: S: BSC/Sup. remarks 'Shell star '; e: BSC/Sup. remarks 
' H aa in emission'; J E: listed in the 'Catalogue of Be stars', Jaschek and Egret 1982; Hea: listed 
i nn 'Release 5 of the Bright Be stars Observing Programme', Harmanec et al. 1983. 

Thee lower limi t to the Be star frequency is perhaps more meaningful than the most likely 
number,, as one expects that the 'real' Be frequency wil l still be underestimated. This is due 
too the fact that individual Be stars vary in the amount of t ime the Be signature is actually 
shown.. Some have shown H a emission, whenever observed, though the strength may vary 
considerably,, while others tu rn off for any length of t ime: weeks, months, years. Jaschek et 
al.. (1980) give a five-group classification method of Be stars, which is based on differences in 
spectrall  characteristics and in the timescales of variation. The stars of groups I- I V are stable, 
i nn the sense that over a period of 20 years emission lines were always observed in the spectrum. 
Groupp I stars have very strong Balmer emission lines, and Fell is also in emission. Stars 
belongingg to groups II-TV have much weaker Balmer emission lines. The group V stars lost 
theirr emission feature at least once during the 20 year period, changing from B to Be or vice 
versa.. Approximately 25% of all Be stars have a 'group V ' denomination. Hence, one expects 
thatt a sizeable fraction of all Be stars wil l not show emission. (In our own observations 14% 
off  the known Be stars did not have any apparent emission.) I t seems likely that the Be stars 
whichh are hardly ever active have not yet been found, and that only a lower limi t to the Be star 
frequencyy is meaningful. 

7.66 S u m m a ry and Conc lus ions 

I nn our survey of B and Be stars, we found 5 new Be stars and one new Oe star, confirmed the 
Off  classification of one other star, and found that one star has been misclassified as a Be star 
becausee of its binary nature. We showed spectra of the newly found emission-line stars, as well 
ass of 7 B-type binary stars, whose profiles mimic emission profiles. 
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Wee determined that, given the number of Be stars found in our sample of non-Be stars, the 
lowerr limi t to the fraction of Be stars among all BIII- V stars in the BSC is 15% at the 99% 
confidencee level. 
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