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Abstract. The photometric experiment on Hipparcos has led SPBs are the most interesting massive stars for seismologi-
to the discovery of, among other types of variables, a largal purposes, since they pulsate in many high-order g-modes
amount of new Slowly Pulsating B Stars. We have selectadhich penetrate deep into the stellar interior and for which
twelve bright southern stars of this sample, together with fiesymptotic pulsation theory applies. In this respect, they can
previously known Slowly Pulsating B Stars, for spectroscoplie viewed as intermediate-mass main-sequence analogues of
and photometric monitoring. These seventeen stars have splee-white dwarfs, for which seismological studies have been
tral types ranging from B 2 up to B9 and thus fully cover theery successful in the recent past (see e.g. Winget et al. 1991).
instability strip. We here present the results of a preliminafor a recent review on theoretical aspects in asteroseismology
analysis of our data and show that our sample is an extremelg refer to Christensen-Dalsgaard (1998), while Dziembowski
important one to perform seismology of intermediate-massiyE998) outlined the seismological prospects of B stars in particu-
stars. lar and pointed to the problems that still occur before successful

In particular, we find that all but one of the selected staspplication. Besides this, all the newly discovered members of
exhibit clear line-profile variability. The broader-lined Slowlythe group deserve to be studied because we have for the first
Pulsating B Stars tend to have more complex line-profile vatime a large sample of SPBs with no bias regarding spectral
ations. One of the previously known Slowly Pulsating B statgpe and periodicity.
was known to be a binary. Besides this star, another six of the se-From an observational point of view, a large disadvantage
lected Slowly Pulsating B stars turn out to be multiple systentf. SPBs is that long-term monitoring is necessary in order to
Five of these seven binaries have large rotational velocities artitain meaningful results. The beat-periods in these stars are of
complicated line-profile variations with moving subfeatures. the order of months/years and have to be covered to disentangle
is not yet clear whether or not the binarity results in a particulttre complete frequency spectrum and to perform mode iden-
spectrum of excited modes. tifcations. An advantage, however, is that many of the newly

discovered SPBs are sufficiently bright to study their variations
Key words: stars: variables: general — stars: binaries: specttmy means of line-profile studies. Moreover, accurate photometry
scopic — stars: oscillations — stars: early-type can be performed with small telescopes.

In this paper, we present a sample of SPBs that we have se-
lected for long-term photometric and spectroscopic monitoring.
The goal of our long-term projectis toimprove our knowledge of
the pulsational character of the SPBs. The observational charac-
Of the 267 new B-type variables discovered by Hipparcogristics of SPBs are still far from complete since simultaneous
some 100 turn out to be Slowly Pulsating B Stars (hereafteiotometry and spectroscopy has never been performed on any
called SPBs). Waelkens et al. (1998) have classified all thefethem. Our approach will allow us to make an inventary of
new variables and determined the position of the SPBs in tlie observed character of the pulsations in a large sample of
HR diagram. They find that the new SPBs fully cover the inst&PBs. These observational results can then be used to improve
bility strip calculated by Pamyatnykh (1999). the theoretical pulsation codes which led to the construction of
bhe theoretical SPB instability strip. Once excellent agreement

* Based on observations collected with the CAT Telescope of t . - . .
European Southern Observatory and with the Swiss Photometric Te %tween theory and observations is established, the theoretical

scope of the Geneva Observatory, both situated at La Silla in ChilemOdelS Ca_n be us'ed to perform selsmplogy of the SPBswith the
* Postdoctoral Fellow. Fund for Scientific Research. Flanders &M to derive the internal structure of intermediate B-type stars

*** Present AddressS.R.O.N. Groningen, Postbus 800, 9700 awith high accuracy.
Groningen, The Netherlands This paper is organised as follows. The selected SPBs are

' Research Assistant, Fund for Scientific Research, Flanders  described in Sect. 2, as well as the kind of data that we have

1. Introduction
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in Waelkens et al. (1998), only this time we added all the re-
cent follow-up Geneva data. Our estimates of these parameters
should therefore be preferred above those listed by Waelkens et
al. (1998).

The spectral types of the targets range from B2 up to B9.
This results in an important limitation concerning the choice
of a suitable spectral line to be used for the high-resolution
spectroscopic monitoring. In order to plan the monitoring in an
efficient way, we need to consider a spectral line with a profile
that is sufficiently deep and unblended for the whole range of
spectral types. The Sill doublet centerediat4128, 4130 A
best fulfills these conditions and was therefore chosen for the
spectroscopic runs. The high-resolution spectra are taken with
the CAT telescope of the European Southern Observatory in
Chile.

We first started of by taking one Sill spectrum for each of
the candidate targets. For four stars, the Sill doublet is blended
due to large broadening, which is presumably due to a large
rotational velocity and/or a companion. Consequently, we ob-
served the Silll triplet centered around 4560 A to see if
these lines could be a good alternative to the Sill doublet. This

S S turned out not to be the case. For HD 55718 and HD 64503 we

4.4 4.9 4.2 41 find thatv sin ¢ must be larger than 200 km/s, unless the pulsa-

Log T tional broadening in these stars would be extremely large. For

HD 79416 and HD 109026 we were not able to determine the

Fig.1. Position of the considered bright southern SPBs in thgyntinuum level and we cannot give an estimate of the rota-

HR diagram (crosses: selected SPBs discovered by Waelkens (1984ha|/pulsational velocity. Both stars, however, are rapid rota-
triangles: selected Hipparcos SPBs, asterisks: Hipparcos SPBs according to the BSC (see Table 1).

have a too large line broadening for spectroscopic monitoring). The . . S
stellar parameters of the stars are listed in Table 1. The theoretical SPBThe other seventeen stars did have suitable Sill lines for

instability strip is calculated by Pamyatnykh (1999) and is based SRECITOSCOpic monitoring. We present one typical spectrum for
OPAL G93/21 opacities (Iglesias & Rogers 1996) for a compositidgtACh Of these starsin Fig. 2. Itcan be noticed from this figure that
X, Z = 0.70,0.02. No overshooting was considered. The evolutiorPOth broad and sharp lines appear in the target stars. We derived
ary tracks for 3, 4, 5, 6, 7, 8 M, as well as the instability strip, were the total broadening of the lines and list them as an upper limit
kindly made available to us by Dr. Pamyatnykh for the rotational velocity in Table 1 since at presentitis not clear
which fraction of the broadening is due to pulsation. Although

obtained for a detailed analysis. In Sect. 3, we present preliff€ €an give only upper/lower limits farsin i, it is clear that

nary results for all the targets based on Hipparcos data andJrP-tyPe pulsations are not limited to slow rotators as was up
our ground-based photometric and spectroscopic data that wirBOW thought to be the case (see e.g. Waelkens 1991). On the
gathered during the first year of our observational programnfén€r hand, most of the SPBs that we considered have rotation
A discussion of our preliminary results is given in Sect. 4. FYelocities significantly lower than the ones found for fEri

nally, our future plans for the study of these stars is given 'S (Balona 1995). ,
Sect. 5. Although the most rapid rotators among the sample form

a very interesting group of pulsators from a theoretical point
of view (see e.g. Ushomirsky & Bildsten 1998), they were no
longer considered to be good candidates for our current long-
Of the many SPBs discovered from the Hipparcos mission, #&m monitoring project. The reason is that they are a minority
have selected the brightest southern stars from the list giv&ong the candidate stars for monitoring and we would have to
by Waelkens et al. (1998) as candidates for further follow-itch to other wavelengths to obtain useful profile variations.
monitoring. Besides these stars we also considered five SABé would imply too much loss of observing time. A special
that were discovered by Waelkens (1991) from his systema@ieserving project should be devoted to these most rapid rotators
study of variable B stars. The stars that were considered f§nong the SPBs. The loss of the most rapidly rotating SPBs by
our selection test, and some of their physical parameters, 8¢ selection prevents us from deriving general properties of the
listed in Table 1. Their position in the HR diagram with respeulsational behaviour of the SPBs as a function of the complete
to the theoretical SPB instability strip is shown in Fig. 1. Theotational velocity range that occurs in these stars. On the other
effective temperature, gravity, luminosity, and mass were ediand, the group of stars that were monitored in the wavelength
mated by means of the Geneva data in the same way as outliFgtge of Sill still has a broad range in rotational velocities (see

1.5 I TR

2. Selection of the programme stars
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Table 1. Stellar parameters of the southern SPBs that were considered for long-term photometric and spectroscopic monitoring. The confirmed
SPBs are some of those discovered by Waelkens (1991) by means of ground-based photometry, the candidate SPBs are the ones selected from
the Hipparcos data, the rapid rotators are Hipparcos SPBs that turn out to have a too rapid rotation to be monitored spectroacBpically.
stands for the integration times in the case of optimal atmospheric conditions. The total broadening of the line profiles is given in the second
last column and is considered as a limit for vsini.

Star my  AT(min) SpT(BSC) log Te logg logL/Le M(Mg) vsini(km/s) freq.(c/d)

selected confirmed SPBs

HD 74195 3.6 4 B3IV 4.21 3.90 3.06 5.4 < 40 0.3575
HD 74560 4.9 10 B3IV 4.21 4.15 2.77 4.9 <45 0.6447
HD 123515 6.0 25 BOIV 4.08 4.25 1.94 3.0 <15 0.6852"
HD 177863 6.3 30 B8l 4.13 4.14 2.33 3.7 <75 0.8407*
HD 181558 6.3 30 B5V 4.17 4.16 2.52 4.2 <20 0.8078'

selected Hipparcos SPBs

HD 24587 4.7 10 B6V 4.14 4.21 2.33 3.8 < 40 1.157¢°
HD 26326 54 15 B4V 4.18 4.10 2.67 4.5 <30 0.533¢
HD 53921 5.5 20 BOIV 4.14 4.24 2.26 3.7 < 65 0.6054
HD 55522 5.9 25 B2IVIV 4.24 4.15 2.96 5.5 < 85 0.3664°
HD 69144 51 15 B2.5IV 4.20 3.81 3.13 5.6 <70 0.4146°
HD 85953 5.9 20 B2l 4.27 3.89 3.41 6.7 <45 0.2662
HD 92287 5.8 20 B3IV 4.22 3.99 2.99 5.3 < 80 0.2148
HD 131120 5.0 15 B7I/II 4.26 4.10 3.13 6.1 < 65 0.6374
HD 138764 5.2 15 B6IV 4.15 4.18 2.40 3.9 <30 0.7945
HD 140873 5.4 15 B8l 4.14 4.36 2.17 3.6 < 80 1.1515
HD 169978 4.6 10 B7-8lll 4.10 3.89 2.51 3.8 <90 1.1686°
HD 215573 5.4 15 B6IV 4.14 4.18 2.36 3.8 <15 24

rapidly rotating Hipparcos SPBs

HD 55718 5.9 25 B3V 421 4.01 2.94 5.2 > 200 1.4267
HD 64503 4.4 8 B2.5V 4.25 4.12 3.03 5.7 > 200 1.7985
HD 79416 5.5 20 B8V 4.14 4.15 2.41 3.9 ? (BSC:384) 0.3237
HD 109026 3.8 5 B5V 4.21 4.00 2.93 51 ? (BSC:188) 0.3664

! main frequency found by Waelkens (199%)frequency found from the Hipparcos and the Geneva photométitye main frequency is
connected with orbital motiort; a different frequency is found in the Hipparcos, Geneva, and radial-velocity’d&éguency found from the
Hipparcos photometry

HD215573

HD92287

HD85953

./ /) HD74560

[ Hp181558
" HD177863
77H5169978
HD140873
H5138764
THD131120
\ | \ [ W Fig. 2. One arbitrarily chosen spectrum of
W ‘ N the Sill doublets centered around 4230
4198 o8 4130 for each of the 17 SPBs that were selected

4132 41 for extensive photometric and spectroscopic
Wavelength A (&) Wavelength A (&) monitoring

HD74195
—~1iD69144
" HD55527

Normalised Flux
Normalised Flux

Table 1), ranging from 0 up to 90 km/s. This range should allowaelkens (1991), for long-term photometric and spectroscopic
us to find out if there is some correlation between the occurermoenitoring (see Table 1). The targets in this smaller sample
of certain pulsation modes and rotation. are still well spread across the instability domain (see Fig. 1).

We finally have selected twelve bright southern Hippaf®ur sample thus allows us to obtain a general overview of the
cos SPBs, together with five bright ones previously found Ipulsations in the complete temperature range of SPBs.
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As already mentioned, we started our spectroscopic mon- HD 74195, f=0.35751 c/d
itoring in 1996 and we were allotted telescope time with the o5
CAT up to March 1998. The ground-based photometric data. gf | |
the seventeen targets are gathered with the Swiss Telescopg of B .o
the Geneva Observatory situated at La Silla in Chile. The dedi- 29 [ ° ce. 00 7
cated photometric monitoring was almost entirely performed ﬁ Pes o o %ee, Ce o
the course of 1997 but for many of the targets earlier data are . | e e
available as well. The number of data points available until July T T
1997 for the twelve Hipparcos SPBs ranges from 46 up to 228. 0 0.2 0.4 0.6 0.8 1
For a description of the Geneva data of the five SPBs discovered Phase
by Waelkens (1991), we refe_r to his paper. A . Fig. 3. The radial-velocity data of HD 74195 folded with the main fre-

We here present the basic results for the variability denv:aggency found from photometric data

from the Hipparcos data and from respectively six months and
one year of devoted ground-based photometric and spectro-
scopic follow-up monitoring. More specifically, we consider .
spectroscopic data obtained between March 1996 an Februdry Confirmed SPBs
1997 while all Geneva photometric observations obtained e first describe the results for the five previously known SPBs
til July 1997 are considered. A more thorough analysis will Bfat we took from the paper by Waelkens (1991). We here omit
performed once all the planned data have been accumulated@@thhotometry for these objects since Waelkens (1991) already
reduced. This will be the subject of subsequent papers.  gevoted a lot of attention to their photometric behaviour.

3.1.1. HD 74195

3. Results for the individual targets . . . .
g This star 6 Vel) pulsates in at least five modes, of which the

In this section, we describe the results of our very basic analysiain one has a frequency of 0.35751 csd/el was already
of the different kinds of observations for each of the targeteported to be a line-profile variable by Waelkens (1987) more
In doing so, we first of all consider the Hipparcos photometitjian 10 years ago, but a systematic spectroscopic study was not
from which the stars were classified as candidate SPBs. Tdeformed so far. We gathered 54 spectradbel during the
main period found from the Hipparcos data was already listéickt four runs. The radial velocities derived from our data are
by Waelkens et al. (1998). A detailed frequency analysis of tfided with the main photometric frequency in Fig. 3. It can be
Hipparcos photometric data of the new SPBs with the specifieen from this figure that the same frequency dominates both the
aim to search for multiperiodicity will be presented elsewhegghotometric and the spectroscopic behaviour. This is confirmed
(Cuypers et al., in prep.) and is omitted here. Instead, we shbywa period search on the radial-velocity data. We find a peak-
the phase diagrams based on the Hipparcos photometry fortth@eak variation of some 7 km/s. In view of the fact that the
selected stars and confront them with those obtained from #tar undergoes at least five modes and that the total broadening
ground-based Geneva photometry. For the latter, we searcbéthe lines is limited to 40 km/s we must be dealing with a slow
for the main frequency in the Geneva V filter. rotator.

We next compare the phase diagrams based on the photom-
etry with the radlal—'veloc[ty qlata. Thg latter are dgnved from thﬁfl_z_ HD 74560
observed line-profile variations, which we obtained in March,
April, and July 1996, and in February 1997. The radial velocityY Vel is the other known SPB for which Waelkens (1987) al-
was calculated by means of the first moment of the line profilesady has reported line-profile variations. The star has at least
(for a definition, see e.g. Aerts et al. 1992) and thus represémee pulsation modes of which the dominant one has a fre-
the true mean disc velocity weighted with limb darkening. Thguency of 0.64472 c/d (Waelkens 1991).
reason to prefer the first moment above e.g. the centre of a Gaus-Our radial-velocity data clearly point out the presence of
sian fit to the lines is that the latter is a bad approximation aflonger period, as can be seen on the top panel of Fig. 4. We
the radial velocity in the case of asymmetric profiles. We uséidd that the data are best represented by a sine fit with a period
the average values of the first moment of the two Sill linesf some 8.8 days and a rather large amplitude of 8 km/s. Since
For most stars, the time spread of the spectroscopic data is stikkh a variation is not clearly found in the extensive set of pho-
insufficient to determine the periods in an accurate way. \Wametric data it cannot be due to a large-amplitude low-degree
therefore postpone a detailed frequency analysis based onphlsation. Moreover, the period is longer than the ones predicted
line-profile variations until all the planned data are available.for SPBs by theoretical models (Moskalik, 1995). We therefore

The results for the individual stars are given in the followinguggest that this star is a single-lined spectroscopic binary. With
subsequent sections. A summary of the results can be foundhia data presented here, we are not able to derive an accurate
Figs. 3-14. All the phases used in these figures were calculadebital solution. As shown below, more target SPBs turn out to
with respect to the reference epdth= HJID 2400 000. be binaries and a special paper will be devoted to the deduction
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Hb 74560 3.1.4. HD 177863
- The star HD 177863 turns out to be a single-lined spectroscopic
< binary. The radial-velocity data result in a standard deviation of
§ 26 km/s, far too large to be due to pulsation. We again refer to
B De Cat et al. (in prep.) for a description of the orbital motion.
- Besides the clear evidence for orbital motion in our data, we
find that the star has broad Sill lines (see Fig. 2) that show a lot
of asymmetries due to intrinsic variability.
Q One main period emerges from both the Geneva and the
§ Hipparcos photometry. A second small-amplitude variation was
3 also clearly found in the Geneva data by Waelkens (1991). We
= were not able to find this second frequency in the Hipparcos
photometry.
Phase 3.1.5. HD 181558

Fig. 4.Phase diagrams of the radial-velocity data of HD 74560. The teaelkens (1991) has found three modes in this star, of which the
panel is constructed with the main frequency found in the data, whilgain one has a significantly larger amplitude than the two others.
the lower panel shows the phase diagram for the main photomeffigis main frequency of 0.80783 c/d is easily recovered from the

frequency after prewhitening with 0.113 c/d

Vg (km/s)

HD 181558, f=0.80783 c/d

Hipparcos data, but the other two small-amplitude modes are not
detected by Hipparcos.

Our spectroscopic data show that the star has sharp lines with
a total broadening that is limited to some 20 km/s. Although we
only gathered 12 spectra spread over 5 days until February 1997,
we clearly find that the main variation in the radial velocity

—20 . corresponds to the frequency found from the photometry. A
o5 phase plot of the radial-velocity data folded with 0.80783 c/d
is shown in Fig.5. We find a peak-to-peak variation of some
-30 ‘ N ‘ 10km/s.
0 0.2 0.4 0.6 0.8 1

Phase
. ) ) ) 3.2. Hipparcos SPBs
Fig. 5. The radial-velocity data of HD 181558 folded with the main

frequency found from photometric data We next turn our attention to the candidate SPBs that were iden-
tified as such by means of the Hipparcos photometry.

of the orbital parameters based on the complete spectroscc?ic
data sets (De Cat et al., in prep.). :2.1. HD 24587

After prewhitening with this new period, the data seem to B§e considered only 12 spectra of this star so far, so we were un-
consistent with the main period found in the photometry (Fig. 4ple to determine a frequency from the radial velocities. The
lower panel). We find a pulsational peak-to-peak variation apqpparcos and Geneva photometry both lead to a main fre-
a total line broadening comparable to the ones foun@¥el.  quency of 1.1570 c/d. This star has one of the shortest periods
in our sample. A plot of the phase diagrams of all the data for
this frequency is shown in Fig. 6. It is not yet clear if the main
. ) ) o photometric frequency is also dominant in the spectra. Remark-
This S_PB was known as a single-lined spectroscopic b'”‘f‘ryWE_Ble is the large peak-to-peak variation in the radial velocity:
a period of 26 days (Evans et al. 1967), but our data give €¢sme 20 km/s. We also note that the radial velocity data were
dence for the presence of the companion in the high-resolutigitained during two separate runs and that the three largest ra-
spectra. We refer to De Cat et al. (in prep.) for a complete dgz| velocities were recorded during a different run than the

scription of the highly excentric orbit. There is no evidence @fiher velocities. We therefore tentatively suggest that this star
the binarity in the Geneva and Hipparcos photometry and €, spectroscopic binary.

latter data sets point towards the same main pulsation mode with
frequency 0.68521 c/d. Together with HD 215573, HD 123515
has the sharpest lines among our sample with a total broaderﬁr%z' HD 26326

that is limited to some 15 km/s. It is also the coolest among th‘ﬁe Hipparcos and Geneva photometry lead to the same main

SPB sample. A time series of the profiles that were gathergdquency of 0.5339 c/d for HD 26326. As for the previous star,
during 1996 is shown in Aerts et al. (1998).

3.1.3. HD 123515
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HD 24587, f=1.1570 ¢/d HD 26326, f=0.5339 c/d
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Fig. 6. Phase diagram of the Hipparcasy), Geneva ifriddle, and Fig. 7. Phase diagram of the Hipparcdsy), Geneva rhiddle, and
radial-velocity pottom) data of HD 24587 for the frequency 1.1570 c/dadial-velocity potton) data of HD 26326 for the frequency 0.5339 c/d

we obtained only 12 spectra so far. Phase plots are showr8i@.5. HD 69144
Fig. 7. The main variability in the radial velocity seems to b

dominated by another frequency, but this should be checked Xe star_HD 69144 tur_ns out FO be a singl_e-lined ;pectrqsgopic
more follow-up spectra. The peak-to-peak variation is Iimiterl%l ary with a short orbital period. The radial-velocity variation
to 3KkmYs. as a standard error of 33km/s. In fact, the main frequency

found in the Hipparcos and Geneva photometry is not related to

intrinsic variability but is twice the orbital frequency. This star
3.2.3. HD 53921 could therefore be misclassified as an SPB on the basis of the
hrg__‘eriod found from the Hipparcos data. On the other hand, theline

For HD 53921, we find one common main frequency in t file sh in Fig. 2 is clearl i dai id
Hipparcos, Geneva, and radial-velocity data. Phase diagra[?{%'eS own In Fig. 2 1S clearly asymmetric and gives evidence

for this frequency are given in Fig.8. The phase plots Sho%the presence of moving subfeatures. That such features are

that both the Geneva photometry and the spectra indicate %eed F’rese”t becomes clea.r when we look at a time series of
presence of other frequencies. Although the line profiles hal] obtained spectra. The profiles that were gathered for this star

rather complex variations with small moving subfeatures, iInthe course of 1996 are already shown in Aerts etal. (1998) and

find a rather large peak-to-peak variation of some 10 km/s. THE will not rgpeat.such afig”fe here. .A” this clearly .ShOV\.’S that
star is situated on the blue edge of the instability domain (s\@! are dealing with a pulsating star in a short-period C|rcul_ar
Fig. 1). orbit. We refer to Aerts et al. (1998) and to De Cat et al. (in
prep.) for respectively a preliminary and a definite description
of the orbit and of the residual radial velocity after the orbital

3.2.4. HD 55522 motion has been subtracted.

The Hipparcos and Geneva data of HD 55522 lead to the same

main frequency of 0.3664 c/d. The amplitude of the photomet3¢2.6. HD 85953
variability is fairly large. Surprisingly, the line profiles do no
give evidence of this frequency, as can be seen on Fig. 9.
radial-velocity variation is complex and we did not find a cle
period in the 29 spectra we considered so far. This is presuma%l
due to the rather rapid rotation that smears out the variabil y
due to pulsation in the line profiles. Indeed, this star has t
broadest lines of all the single stars in the sample.

85953 is one of the few stars for which at least two fre-
aquencies are found in the Hipparcos photometry: 0.2662 c/d
0.2190c/d. These frequencies correspond to periods that
among the longest found for the stars in the our sample. The
in frequency 0.2662 c/d is also recovered in the Geneva pho-
tometry and in the radial velocity. Phase plots for this frequency
are shown in Fig. 10. The peak-to-peak variation of the radial
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HD 53921, f=0.6054 c/d HD 55522, f=0.3664 c/d
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Fig. 8. Phase diagram of the Hipparcasy), Geneva ifriddle, and Fig. 9. Phase diagram of the Hipparcdsy), Geneva rhiddle, and
radial-velocity pottom) data of HD 53921 for the frequency 0.6054 c/dadial-velocity potton) data of HD 55522 for the frequency 0.3664 c/d

velocity amounts to some 10 km/s. The line-profile variations

are rather complex, as can be seen on Fig. 2. a first frequency of 0.2148 c/d. This frequency is also recovered
HD 85953 is the hottest star among our target list. It is tHeom the Hipparcos data after prewhitening with twice the or-

only star that is situated in the common instability strip of thieital frequency. It is also found in the residuals of the radial-

SPBs ands Cep stars. As such, it is possible that short-periagtlocity after subtraction of the orbital radial velocity (De Cat

p-modes are excited in this object, besides the long-periodeg-al. in prep.). A phase plot of the Hipparcos and Geneva data

modes for which we have found evidence so far. The simulfar 0.2148 c/d can be found in Fig. 11.

neous occurence of p- and g-modes in a star is very interesting

from atheoretical_point of vjevy. At.hor_ough analysis of our tot%_é_& HD 131120

data set should give us an indication if p-modes are also excite

in this star. For HD 131120 we recover the same main frequency of
0.6374c/d in the Hipparcos and Geneva photometry and in
3.2.7. HD 92287 the radial velocity (see Fig.12). The photometric amplitude

amounts to 22 mmag peak-to-peak in the Geneva filter, while the

HD 92287 was considered as an SPB candidate by Waelkeadial velocity has a large peak-to-peak amplitude of 9.2 km/s.
& Rufener (1985), who recovered the same main frequenthe profiles are broad and seem to be dominated by a single
of 0.681 c/d in their photometric data of two different seasongeriod. A sine fit to the radial velocity curve for the frequency
However, they regarded the amplitude too small to be signifi-6374 c/d explains already 90% of the variability. The time
cant, especially since much additional noise was present in Hpgan of the data is 332 days and we considered 59 spectra so
data. Therefore, the star was no longer included in their tardgat HD 131120 is the only SPB so far for which we are able
list of SPBs. to determine the phase difference between the photometric and

The frequency found by Waelkens & Rufener is close to thbe radial-velocity variation in an accurate way. This difference
one deduced from the Hipparcos photometry and turns outi$d.28 for the Geneva V filter.
be connected with the orbital motion of this star. Indeed, our It is fairly interesting to find an SPB with a single mode,
line-profile variations lead to a standard deviation of 40 kmgsnce theoretical considerations predict multiperiodicity in these
for the radial velocity and clearly indicate binarity. The orbitadtars. Moreover, this star is an interesting object because it is
period of the circular orbit is 2.9 days. the second hottest in the sample (contradicting the spectral type

In the meantime, more Geneva data have been accumuld@@&dl/1ll listed in the BSC) and is also situated close to théep
and a period analysis of the data available until July 1997 revemstability domain. A more detailed analysis of our full data set
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= A I T . 1 Fig. 11. Phase diagram of the Hipparcdsy) and Genevahottorn)
>§ 15 b ° . - data of the binary HD 92287 for the main frequency of the intrinsic

variation found from the Geneva data. The Hipparcos data lead to a
frequency connected with the orbital motion

HD 131120, f=0.6374 ¢/d
Phase

Fig. 10. Phase diagram of the Hipparcdsyf), Geneva rhiddle), and 4.92

radial-velocity potton) data of HD 85953 for the frequency 0.2662 c/d~
4.95

arcos

4.98
should reveal whether or not the star is multiperiodic and if so,g&

the secondary pulsation modes consist of p- or g-type pulsations.5.01

3.2.9. HD 138764

>

This star is an SPB with sharp line profiles and thus a slow ré-
tator. The frequency that we find in the radial velocity differs

from the one found in the Hipparcos and Geneva photometry, 7 504
although the main photometric frequency of 0.7945c/d also ex- |- || N S 507
plains a large part of the variability in the radial-velocity curve I S
(63%, see Fig. 13). HD 138764 exhibits one of the largest photo- | W2 ‘. i
metric peak-to-peak variation of the Hipparcos SPBs. It is also I g e .
one of the few SPBs for which multiperiodicity was found irﬁé . o * e o
the Hipparcos photometry. The second frequency is 0.6371 c/d. oo : o0 o

0 L 1 L 1 L 1 L 1 L
3.2.10. HD 140873 0 0.2 0.4 0.6 0.8 1

Phase

HD 140873 is listed as a spectroscopic binary with an orbital

period of 39 days in the BSC. We indeed find a standard dewvfdd- 12. Phase diagram of the Hipparcomy), Geneva iiddle),

tion of 17 km/s in the radial velocity and clear shifts of the lined"d radial-velocity lfotton) data of HD 131120 for the frequency

in the spectra, confirming its binary nature. The Sill line prcp—'6374 c/d

files are very broad (see Fig. 2). At first we thought that a very

strong bump passed through the lines, but this turns out to®at et al. (in prep.) for an analysis of the complete spectroscopic

the Sill line of the secondary. Indeed, there is a clear signatui@a set and the determination of the orbital parameters. In the

of the secondary in our spectra. We find some 10 sharp lif@eneva photometry, we find a one-day alias of the frequency

that originate from the companion. As such, HD 140873 is tlietermined from the Hipparcos data. We adopt the Hipparcos

second double-lined spectroscopic binary in our sample.  result of 1.1515 ¢/d here, because it is based on a larger number
We obtained 29 spectra during the first year of monitoringf data points. The Hipparcos data lead to a possible second

This is not sufficient to resolve the orbital period. We refer to Dieequency of 1.1413 c¢/d but the reality of this mode has to be
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HD 138764, f=0.7945 c/d confirmed by our complete Geneva data set before we state
definitely that the star is multiperiodic.

Together with HD 24587, HD 140873 has a main pulsation
mode with a period shorter than a day. All other SPBs in our
sample have pulsation periods longer than a day. There is no
signature of the binarity in the photometry.

p

Hipparcos H

3.2.11. HD 169978

The star HD 169978 is the only star in our sample of which
we have some doubts about its SPB nature. Indeed, our radial-
velocity data clearly point out that it is a single-lined spectro-
scopic binary with a very short orbital period of 1.7 days. The
orbitis circular (see De Catetal., in preparation). The frequency
5ttt found in both the Hipparcos and the Geneva photometry is twice
i ] the orbital frequency. Unlike in the case of HD 69144, the line
. . profiles do not show clear asymmetries or moving subfeatures.
. . o o te T The star could thus very well be misclassified as an SPB by
Ee e | Waelkens et al. (1998). On the other hand, there is some indi-
cation of a few secondary candidate periods in the Hipparcos
T B E photometry, but the amplitudes are all very small. A detailed
analysis of the complete Geneva and radial-velocity data should
Phase allow us to decide whether or not this star is another SPB in a
Fig. 13. Phase diagram of the Hipparcomp), Geneva ihiddie, binary. If this is the case, then it is a very interesting object from

and radial-velocity Ifotton) data of HD 138764 for the frequency@ Point of view of tidal effects since th? two stars must be very
0.7945c/d close to each other. It is moreover a fairly rapid rotator.

Geneva V

Vigq (km/s)

3.2.12. HD 215573

HD 215573 HD 215573 is the only star for which we find a clearly different
frequency in both photometric data sets. Moreover, the radial

5.22 ‘

— . .
| f=0.5439 c¢/d

N velocities give rise to yet another main period. The phase di-
T 525 ¢ agrams of the data for the most significant frequency in each
S 5028 L of them are shown in Fig. 14. The Hipparcos frequency is the
S s | only one that can be trusted so far since the Geneva and spec-
= 534 | ] troscopic data are not yet numerous enough to definitely accept

: ] the periodicity found from them. On the other hand, the radial
=37 5 49}59 C‘/d N . velocities are not compatible with the Hipparcos period but they
- i ' . ] 5'28 do seem to exhibit a_clear va_riatio_n. We have to await our com-
o . ©o. . . I plete data sets obtained during different seasons to disentangle
2 IR L e 7531 the frequency spectrum of this star. We are in any case dealing
© - ot -+ 5.34 with a slow rotator.
- -4 5.37
30—t | 1 | 1 | 1 | —
_ f=0.620 c/d 4. Discussion of the preliminary results
B o5 |- K ° oo | Our spectroscopic data gathered in the course of the first year of
= . follow-up monitoring have revealed the existence of line-profile
f e . ] variability, with time scales expected from theoretical calcula-
20 F . tions of SPB-type pulsations, in the five previously known SPBs
. 0‘2 : 0‘4 : 0‘6 : 0‘8 — and in eleven of the twelve candidate SPBs that were discov-

ered by means of the Hipparcos photometry. Our ground-based
Phase follow-up data of the latter objects are thus fully compatible
F|g 14.Phase diagram of the Hipparcdem’ Geneva m|dd|e, and W|th their C|aSSificati0n as SPBs for a” but one of them, the
radial-velocity potton) data of HD 215573 for the main frequency ofone exception being a binary star with an orbital period of the
the variation, which is different in each data set. The used frequenatgsler of days. A frequency analysis of the radial-velocity varia-
are indicated in each panel tions shows that the dominant frequency in the spectra coincides
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with the frequency derived from the Hipparcos and the Geneibean 13 500 K. We did discover a few photometrically variable
photometry for most of the selected stars. B8 — B9 stars with periods in the range of 0.1-0.4 days by means
Smith (1977) was the first one who detected line-profilef the Hipparcos data. These stars are situated below the theoret-
variability with periods somewhat less than a day in a group wfal SPB instability strip and have periods that are shorter than
8 stars with spectral types ranging from O8 to B5. These stén®se predicted by theory. A forthcoming paper will be devoted
were chosen as targets because they surroungi@ep stars in to the photometric variability of these stars. We also plan to
the HR diagram. Smith et al. (1984) labeled them as “53 Perivestigate whether or not these stars are line-profile variables.
stars according to the best studied member of the group. In the
meantime, it has pecome clear tha‘F the coglest Iine—pr_ofile V‘?S!'Future plans
ables among Smith’s sample are situated in the SPB instability
strip and fulfill all the conditions to be a member of this estalf\t present, we are still completing the reduction process of all
lished class of high-order g-mode pulsators. Our current stuidig gathered follow-up photometric and spectroscopic data. In
indicates that all SPBs exhibit line-profile variations. The hottel§ital, we will have covered 21 weeks spread over ayear with pho-
(i.e. O-type) 53 Per stars among Smith’s list have a different, rfefetry and some 10 weeks spread over two years with spectra.
yet well understood, pulsational nature. We refer to Fullertdris should allow us to derive the periods and the character of at
et al. (1996) for an overview of the occurence of line-profileast the dominant modes more accurately in the near future. We
variability among O-type stars. plan to identify the modes with both the moment method (Aerts
Interestingly, many of the Hipparcos stars that were o996), which is an accurate identification technique based on
servedtendto be broader-lined than the previou3|y known Spm,(?-profile variations in the case of slow to moderate rotators,
and these stars present more subfeatures in their line profiifdd with the method of photometric amplitudes (Heynderickx
For the fastest rotators we find that the rotation periods are€fal. 1994). Other follow-up observations can then be planned
the same order of magnitude as the pulsation periods, implyiggcording to the first results.
that the theoretical framework to study these pulsations must be We also mention that we recently have been allotted tele-
based on a rotating star, i.e. cannot rely on velocity expressi&@§9pe time by the Observatoire de Haute-Provence in France
in terms of one spherical harmonic. for a similar spectroscopic monitoring programme devoted to
The star HD 85953 is situated in the hot-temperature p# brightest northern candidate SPBs discovered by Hipparcos.
of the SPB instability strip, in the lowest part of the instabiliyf hese observations have started in February 1998 and will be
domain of the3 Cep stars. Variable stars that appear in the corgompleted by the end of 1998.
mon instability domain of the SPBs antiCep stars are good  Another interesting issue of our study is the inclusion of
candidates for the appearance of both p- and g-modes. It is B@th a\ Eri star and a shell star in our target list. Taking into
clear to us yet whether or not HD 85953 also exhibitSep- accounttheir Be characteristic, both stars are slow rotators with
like pulsations (i.e. p-modes), besides the long-period g-mogni<200km/s. We did not describe the preliminary results
that we were able to detect so far. We should be able to mdRe these stars here, since they were not classified as SPB by
more definite conclusions about this once the gathering of dlyaelkens et al. (1998) because of their different nature. On the
data has been completed. The same remark is also relevanftper hand, they were both found to be variable B-type stars with
HD 131120, although itis situated close to, and notini@ep Periodsinthe SPBrange from the Hipparcos mission and they do
strip. exhibit line-profile variations that are at first sight not markedly
HD 123515 was already known to be an SPB in a binadifferent from those of the SPBs described in this paper. In this
Our spectra show that four of the candidate SPBs found B§nse, the comparison between their variability and the one of
Hipparcos and two previously known SPBs also belong tota€ SPBs can give important clues to the understanding of the
multiple system. We have not been able yet to determine tB& nature of the stars. We will devote a special paper to the
orbital parameters for all the binaries, but we do find that apalysis of our complete gathered data set for these two objects.
least three of them have orbital periods of the same order of Our final aim is to disentangle the frequency spectrum of
magnitude as the pulsational periods. A more thorough analyl§ SPBs and to identify the modes. If we succeed in doing so,
should point out whether or not the binary nature of these stéf{portant issues such as the determination of accurate masses,
has an influence on their pulsational behaviour. the extent of convective overshooting, and the internal rotation
It also turns out that the most complicated line-profile varidaw can be determined with high precision. Hipparcos provides
tions occur in the binaries with a large rotational velocity, whiles With an opportunity to select a sample of intermediate-mass
all stars with limited broadening do not exhibit moving bumpgarly-B type stars for which we can obtain such results. In this
This suggests that it is the rotation, and not the binarity th@spect, the discovery of the large amount of SPBs by Hipparcos
results in a particular spectrum of observed excited modes. iS an important step towards the understanding of the internal
Baade (1989) has undertaken a search for line-profile vagtructure of massive stars.
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