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ABSTRACT

The analysis of the light curves of 48 B-type stars obseryeldpleris presented. Among
these are 15 pulsating stars, all of which show low frequencharacteristic of SPB stars.
Seven of these stars also show a few wealk, isolated higheénetgs and they could be con-
sidered as SPB/Cep hybrids. In all cases the frequency spectra are quierelift from what
is seen from ground-based observations. We suggest teas thécause most of the low fre-
quencies are modes of high degree which are predicted to $tahle in models of mid-B
stars. We find that there are non-pulsating stars withinsti@ep and SPB instability strips.
Apart from the pulsating stars, we can identify stars widtgfrency groupings similar to what
is seen in Be stars but which are not Be stars. The origin ajtbepings is not clear but may
be related to rotation. We find periodic variations in othtarswhich we attribute to prox-
imity effects in binary systems. The variations in otherstan be understood as proximity
effects in a binary system or possibly rotational modulati&/e find no evidence for pulsating
stars between the cool edge of the SPB and the hot edge 6f3heinstability strips. None
of the stars show the broad features which can be attribotstbthastically-excited modes
as recently proposed. Among our sample of B stars are two ica#lynpeculiar stars, one of
which is a HgMn star showing rotational modulation in théntigurve.
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1 INTRODUCTION

TheKeplermission is designed to detect Earth-like planets around
solar-type stars by the transit method (Koch et al. 20K@pler

will continuously monitor the brightness of over 150 000 stars for
at least 3.5 yr in a 105 square degree fixed field of view. In the
course of the mission, extremely accurate photometry will be ob-
tained. The mean top-of-the-noise level in the periodogram (which
we will call the grasslevel) for a star of magnitude 10 is about
3 ppm for an observing run of 30d, dropping to about 1 ppm after

one year. For a star of magnitude 12 the corresponding grass noise
level is about 6 ppm for one month and 3 ppm after one year. These

values apply to a frequency range 0-20' dthe noise level drop-
ping slowly towards higher frequencies. With this unprecedented
level of precision one might expect to discover new behaviour for
many stars.

Stability analyses (Cox et al. 1992; Dziembowski & Pamyat-
nykh 1993; Dziembowski et al. 1993) show that an opacity bump

due to a huge number of absorption metal lines can destabilize low-

orderp andg modes ing Cephei stars and high-ordgmodes in
slowly-pulsating B (SPB) stars. Driving of pulsations due to the
x mechanism can only occur if certain criteria are met. One of

these criteria is that the pulsation period is of the same order or

shorter than the thermal timescale. Otherwise the driving region

solar mixture (Asplund et al. 2009) requires a modest 50 percent
enhancement of Fe in the iron-opacity bump forEri models
(Zdravkov & Pamyatnykh 2008). Since there is no observational
evidence to suggest that the current metal abundances are in error
by that amount, the required opacity enhancement needs the in-
crease in metal abundance to be confined to the iron-opacity bump
region. Unfortunately, any enhancement of Fe in this region can-
not be hidden and should be detectable in the photosphere (Seaton
1999). Either a further upwards revision of the opacities is required
or some physics is missing from model calculations.
The hybrid stars provide an important test of the models be-
cause they probe a very wide frequency range. Hybrid behaviour
is more common in models using OP opacities than OPAL opac-
ities (Miglio et al. 2007). This is mainly due to the fact that the
metal bump opacity in the OP data occurs at a deeper level where
the temperature is about 20 000 K higher than in OPAL. Also, the
period gap betweepfi Cep stars and SPB stars is expected to de-
crease asincreases (Balona & Dziembowski 1999). If most of the
low-frequency modes i Cep stars have high it might explain
why such modes have low amplitudes which are difficult to detect
from the ground but are seen in space observations of these stars
(e.g. Degroote et al. 2009b).

In the past, model calculations férCep and SPB stars have
been mostly confined to modes of low spherical harmonic degree,

remains in thermal equilibrium and cannot absorb/release the heat; < 2. Wjith the precision attainable by space observations, it is

required for driving the pulsations. Another requirement is that the
pressure variation is large and varies only slowly within the driving
region. This criterion is satisfied for low radial ordemodes and

(in some models) high-ordgrmodes withl < 6 in 8 Cep stars in

the iron-opacity bump region. I Cep stars this opacity bump is
located in a relatively shallow layer where the thermal timescale is
well below 1 d. It turns out that the timescale constraint is fulfilled
only for p modes of low radial order and fgr modes withl >

6 (Dziembowski & Pamyatnykh 1993). In less massive stars, the
iron-opacity bump is located in a deeper layer and, in addition, the
luminosity is lower. Both factors contribute to an increase in the
thermal timescale. Consequently, allmodes are stable because

expected that modes of much higher values should be de-
tected. One may therefore expect that the views @ep/SPB pul-
sations from space may differ considerably from the view obtained
by ground-based observations. This is indeed the case, as will be
shown.

The iron-opacity peak also leads to the formation of a small
convective zone in the envelope of sufficiently luminous OB stars
(Stothers & Chin 1993). Itis often accompanied by an even smaller
convective zone due to partial ionization of helium. These con-
vective zones are so thin that they have no influence on the pul-
sational stability or energy transport. The convection zone due to
the iron-opacity bump is more prominent for lower surface grav-

their periods are much shorter than the thermal timescale, while ity higher luminosity and higher initial metallicity (Cantiello et al.

high radial ordey modes with low/ fulfill the timescale and pres-

2009). These thin convective zones may be connected to photo-

sure amplitude constraints and can now be driven. Thus we find two gpheric turbulence (as seen, for example in the broad spectral lines

instability regions among the B stars: the high-luminogigep in-
stability strip and the low-luminosity SPB instability strip.
A number of Cep stars, however, show low-frequency pul-

in O-type stars), spectral line variability, wind clumping and the
generation of a magnetic field.
In this context, one of the most interesting and important re-

sations characteristic of SPB stars (see e.g., Le Contel et al. 2001;sults is that obtained frorBoRoTobservations of theg Cep star

Chapellier et al. 2006; De Cat et al. 2007; Pigulski & Pajisid
2008a,b; Handler 2009). These are knowrsaSep/SPB hybrids.
In general, high radial ordgrmodes are heavily damped in B stars

HD 180642 (V1449 Aqgl). In addition to a bulk of coherent modes
with stable amplitudes, broad structures in the frequency range 9—
22 d! were detected (Belkacem et al. 2009). These structures

of high mass because they have high amplitudes in the deep lay-have been suggested to be modes with short lifetimes which are
ers just above the convective core. The temperature variation gra-stochastically excited in a thin convective envelope. In addition,

dient in this region is very large, leading to significant heat loss

and damping of the pulsations. However, the structure of the eigen-

functions plays an important role and for some modes driving in

the iron-opacity bump region exceeds damping in the inner layers.

Hence some low-frequengymodes can occur together with high
frequencyp modes in the same star.

Unfortunately, theg modes observed in some Cep stars
are usually found to be stable in the models (e.g. Dziembowski &

CoRoTobservations of the O-type star HD 46149 reveal a pattern
characteristic of stochastic oscillations, which are predicted to be
similarly excited as in B stars due to thin convective layers in the
envelope (Degroote et al. 2010b). With the outstanding precision
of Kepler observations, it is possible to search for the presence
of stochastically-excited modes in a larger sample of early B-type
stars.
Finally, of course, there is the prospect for uncovering hith-

Pamyatnykh 2008). It is also found that the observed range of insta- erto unsuspected types of variability among B stars. While it is not

bility at high frequencies is wider than can be explained. The prob-

possible to deduce the nature of stars solely from an analysis of

lem may be resolved by postulating an overabundance of iron-peakthe light curves, one may obtain some clues by classifying stars

elements in the driving region by up to a factor of four (Pamyat-

into similar groups from which a common mechanism may, with

nykh et al. 2004). The use of OP opacities and the recently-revisedfurther observations, be deduced. In this paper we confirm some

© 2010 RAS, MNRASD00, 1-20



Kepler observations of variability in B-type stars 3

of the results obtained b§oRoT(Degroote et al. 2009a), though

testing of our speculations must await further observations. 14000
In this paper we review the photometric variability of K-

pler Asteroseismic Science Consortium (KASC) targets that were 12000
identified as main sequence B-type (MSB) stars. The paper is orga-

nized as follows. Section 2 describes the selection of B-type stars 10000,
from the Kepler photometry database. Section 3 shows how stel- Tett 8000
lar parameters were derived for the selected sample. Section 4 de-

scribes the time-series analysis followed by a presentation and re- 6000
view of the different types of variability among the selected sample

(Section 5). In Section 6 we discuss the SPB @ndep variables 4000
that have been identified and compare their properties with mod-

els. The issue of stochastically-excited modes in early B-type stars

is discussed in Section 7 as well as prospects for asteroseismology

(Section 8). Spectral type

Figure 1. The effective temperatures from the KIC catalogue as a fancti
of spectral type. The line is a recent effective temperatuspectral type
2 SELECTION OF MAIN-SEQUENCE B-TYPE STARS calibration (Mamajek 2010).

by [masiyr]

Main sequence B-type stars are members of Population | which are
confined to the Galactic disk. Consequently, very few such starsare  saf ' ' \ ' T U—f . ]
expected to be located at distances larger than about 100 pc above —
and below the Galactic plane. TKeplerfield of view lies within 40 1
Galactic latitudes & < b < 20°. A mid-B star with an apparent
magnitude oft” = 10 mag at these latitudes will be about 600 pc 30r
above the Galactic plane at a distance of about 4 kpc. Clearly, only
the nearest and brightest B stars are expected to be included in the 20T @ 7
Keplerfield of view. Only some of the brightest stars in this field —
have been observed spectroscopically, which makes it very difficult or ' ‘I @ i
to select the MSB stars. 0

Fortunately, in preparation for the mission, Sloan Digital Sky
Survey (SDSS)-likgriz, D51 (510 nm) and 2MASS H K pho- gt ‘ |
tometry was obtained for most stars (Batalha et al. 2010). Effective
temperatures, surface gravities and radii derived from this photom- | n 1
etry are included in th&epler Input Catalogue (KIC}. It should
be noted that the above filters do not include the Balmer-jump band a0k -
which is essential for the characterization of hot objects. Since ef-
fective temperatures are crucial for selecting B-type stars, we plot- 4ot .
ted the effective temperatures for stars with known spectral types s sl . .
to test the validity of the KIC calibration. The results shown in S0 40 30 20 0 0 10 20 30
Fig. 1 indicate that the KIC temperatures are not very reliable for Mo CO8 S [Mas/yr]
'.3 Star§ and are usually largely underestimated (see also MOlenda_Figure 2. The UCAC3 proper motions of a selected sample of presumably
Zakowicz et al. 2010; Lehmann et al. 2010). The recently re- \1sg stars (filled and open circles). For comparison, the lonaof ex-

leasedSALEXdatabasei(t t p: / / gal ex. st sci . edu/ GR6/) cluded hot subdwarfs (squares) and white dwarfs (diamoasds)dawn. The
can also be useful in distinguishing between B-type and later stars, eleven MSB stars which are likely members of Gould Belt are shaith

although there is, as yet, few matches with B stars inkbpler open circles. Four stars that lie outside the figure are shaitn appro-
field (see also Section 3.2.2). priate symbols. The large circle with a radius of 6 maslyis centered at

In order to maximize our chances of finding main sequence ((ka cos o, ps,0) = (—4.3~5.4) masyr*.
B-type stars in th&epler database, we used the following selec-
tion criteria: (i) all stars classified as B type in the HD or other
catalogues and (i) all stars with effective temperatures greater than
10 OQO .K n t_he .KIC' This was supplem(_ented by recent spectro- smaller than 10000 K. These criteria resulted in a list of 72 pre-
scopic investigations of stars in ti&@pler field, such as those of

. sumably MSB stars.
Lehmann et al. (2010) and Catanzaro et al. (2010). These selection . '
Proper motions can be used to further refine our sample

criteria will inevitably lead to the inclusion of hot compact stars, .
mainly hot subdwarfs and white dwarfs. We therefore used the list of stars. We used proper motions from the UCAC3 catalogue
y ) (Zacharias et al. 2009) to identify and exclude probable non-MSB

of compact objects compiled by @stensen et al. (2010) and e“m". stars. All but seven stars in our sample are listed in this catalogue.

nated all objects that were classified by these authors as non-malr\:ig. 2 shows the location of the selected stars in the proper-motion
diagram. As can be seen from the figure the MSB stars, espe-
cially the brightest stars (with small error bars), form a well-defined

1 http://archive.scsi.edu/kepler. clump centered at(pq cos8)o, pso) = (—4.3-5.4) masyr'.

sequence stars. Several objects were excluded because their effec
tive temperature derived by Lehmann et al. (2010) appeared to be

© 2010 RAS, MNRASD00, 1-20
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Figure3. The M, parameter as a function ¢§—1) colour index for a sam-
ple of MSB stars, white dwarfs and subdwarfs from the list sfésen et
al. (2010). The symbols have the same meaning as in Fig. 2. Lyngsos
denote MSB stars with known MK spectral types. The dasheg liith the
adopted ratiod, /E(g — i) = 2.222 is drawn to separate MSB stars from
compact stars.

The center of the clump is consistent with the average proper mo-

tion of the young population in the direction of tikepler field

of view as can be judged from proper motions of open clusters
(Kharchenko et al. 2003). However, there is a sample of eleven
bright stars, shown with open circles in Fig. 2, which fall well out-

can be seen that the three groups are quite well separatef}, by
particular, the dashed line in Fig. 3 separates MSB stars (above the
line) from hot subdwarfs (below the line). The separation is verified
by the location of MSB stars with good MK spectral classification
which we know are certainly not compact objects (larger symbols
in Fig. 3). Stars belonging to Gould Belt have different proper mo-
tions and are located far from the clump of MSB stars in Fig. 2. It
is therefore not surprising that they might have a latggrand in-
deed, KIC 11973705 which is a known MSB star (see Table 1), lies
on the fringe of the Gould Belt distribution and below the dashed
line. The spectrum of KIC 12258330, another star below the line,
shows that it is an MSB star (Table 1).

All stars falling below the dashed line in Fig. 3 except for these
two stars were excluded from our sample as they are unlikely to be
MSB stars. In addition, we excluded seven very faint stars with
magnitudes in the range 14.5-17.0 mag which do not have proper
motions in the UCACS catalogue. It is unlikely they are MSB stars
as they would lie at a very great distance from the Galactic plane.
We are then left with a sample of 48 MSB stars for detailed fre-
guency analysis. These stars are listed in Table 1. We have to stress,
however, that even though the selection of our target stars was done
in a consistent way, we cannot exclude the possibility that some
MSB stars might have been overlooked.

3 DETERMINATION OF FUNDAMENTAL
PARAMETERS

Stellar parameters are required in order to place the stars of Table 1
in the theoretical HR diagram. We cannot use the KIC parameters
for reasons already discussed, but fortunately more reliable values
of the effective temperature ., and surface gravityog g, may

be derived from spectroscopy (Section 3.1). Narrow-band photom
etry can also be used to derive the effective temperatures and lumi-

side the clump but are classified as main sequence B8 or B9 starsnosities (Section 3.2). In addition, spectroscopic observations allow
Their magnitudes and proper motions are consistent with member-estimates of the projected rotational velocityin ¢, which can be

ship of the Gould Belt which happens to cross Keplerfield of
view (see Elias et al. 2009, and references therein).
The three groups of hot stars we are considering here (MSB

used as a constraint in the interpretatioriKeplerlight curves.

stars, hot subdwarfs and white dwarfs) show different spreads in 31 Spectroscopy

proper motions (Fig. 2). In particular, white dwarfs have the largest
proper motions. The proper motions of hot subdwarfs are smaller,
but still larger than for MSB stars. However, proper motions alone

In columns 2, 3 and 4 of Table 2, we givendT, log g andwv sin , re-
spectively, as derived from spectroscopic follow-up observations.
The entries include the published results of Lehmann et al. (2010)

are not sufficient to distinguish between the three groups. For ex- and Catanzaro et al. (2010). New spectral classifications for some
ample, some hot subdwarfs are to be found among the clump of gpiacts were also obtained with the B&C spectrograph using a

MSB stars in Fig. 2. Statistically, the larger the proper motion, the
nearer the star. We may therefore use proper motioas an ap-
proximate indicator of the distancé®). From this, we may define

400/mm grating R ~ 550,\ = 362-690 nm) attached to the Bok
telescope at Kitt Peak observatory. These observations were done
on June 14-16 and July 28-30, 2008. The @ndlog g were de-

a quantity which is related to the absolute magnitude. This is use- rjyeq by fitting model atmosphere grids to the hydrogen and helium
ful because it is the absolute magnitude which best discriminates jines visible in the spectra as described by @stensen et al. (2010).

between the three groups of stars.
We may define a paramet#f,, as an indicator of the absolute
magnitude of a star:

M, = g+ 5log(Ap/(mas yr)),

whereg is a Sloan-likeg magnitude taken from the KIC catalogue
and Ay is the difference in proper motion from the center of the
clump in Fig. 2. In order to avoid singularity in calculatifg,, , the
lower limit for Ay was set to 1 mas yr. The definition ofM,, is

a slight modification of the parameter called “reduced proper mo-
tion” by @stensen et al. (2010) for a similar purpose. A plodf

as a function of thég — ) index from the KIC is shown in Fig. 3. It

Metal-line blanketed LTE models of solar composition as described
in Heber et al. (2000) were used. Formal fitting errors gm and
log g are about 200K and 0.05 dex respectively, while the system-
atic errors are probably about 5 percent for both parameters. Be-
cause of the low spectral resolution, the projected rotational veloc-
ity could not be determined angsini = 0 was assumed during
the fitting procedure.

For five targets (KIC 3865742, 6954726, 8057661, 8087269
and 10536147), at least one high-resolution spectfra-(81 000,
A = 370-1000 nm) was obtained with the Echelle SpectroPolari-
metric Device for the Observation of Stars (ESPaDONS) attached
to the Canada-France-Hawaii Telescope (CFHT) at Mauna Kea

© 2010 RAS, MNRASD00, 1-20



Kepler observations of variability in B-type stars 5

Table 1. List of 48 main sequence B-type stars discussed in this p@perduration of the short-cadence (SC) and long-cadencg i for each star is
given. The SDSg — 7 index and thel/,, parameter is discussed in the text. The notation FG means withdrequency groupings while Rot implies the
variability could be due to rotation.

KIC 2MASS SC LC g? (g—19)“ M, Classification Sp. type Notes
number number [d] [d] [mag] [mag] [mag]
3240411 19310672+3819417 9.7 322.1 10.08 — — Hybrid B2V
3756031 19350581+3852500 — 3216 9.86—0.47 10.44 SPB $Sct? B5V-IV?
3839930 19130682+3859204 — 3216 10.68—0.51 12.82 SPB —
3848385 19233702+3859363 — 444 8.86 —0.35 10.65 Rot + ? B8Y GALEX mags.
3865742 19411999+3856436 — 3216 10.96—0.43 11.03 FG B
4276892 19400775+3920382 25.9 44.4 9.06—0.35 11.89 Bin + ? B8—AG SB1?%, FUV GALEX mag.
4581434 19455619+3939557 30.0 33.4 9.12—0.20 14.90 Bin/Rot B9-AS sB14
5130305 19563429+4014532 — 3216 10.07-0.36 13.51 Rot BI IV-\P
5217845 19555093+4023268 — 3216 9.35-0.27 12.32 Bin + Rot B8.5 11t binary®
5304891 19551942+4029573 30.0 44.4 9.07-0.31 12.98 Rot B4-B&
5458880 19390756+4037365 28.9 311.1 7.63—-0.53 9.05 Bin/Rot BOIIF, BO.511f
5479821 19572477+4038084 — 3216 9.74-0.42 12.63 Bin + Rot/? B5.5V
5786771 19214208+4105482 30.0 44.4 9.01-0.41 14.13 Rot B9-AS
6128830 19334968+4128452 28.9 44.4 9.09—0.46 12.19 Rot B6 HgMHA
6954726 19344680+4226081 — 3216 11.72—0.52 13.62 FG B&: Be star, Sth166
7599132 19155121+4312084 33.4 321.6 9.22-0.44 15.08 Bin B8.5V
7974841 19463656+4345480 27.1  44.4 8.05—0.41 14.88 Rot/SPB B8V
8018827 19115652+4353258 33.4 — 7.90-0.45 12.52 Rot B9 FUV GALEX mag.
8057661 20001799+4349558 — 3216 11.62—0.05 12.80 Hybrid OBH* Be star, KW97 41-38
8087269 19110975+4359571 30.0 321.6 11.94-0.47 14.99 FG GALEX mags.
8161798 19213515+4403022 — 3216 10.33-0.44 12.94 Bin B8 GALEX mags.
8177087 19422573+4401183 33.4 311.1 7.90—0.50 11.16 SPB B5V, B71lI b
8324268 19565014+4416159 — 3111 7.81-0.42 13.00 Rot BO9V,B8pSil V2095 Cyg,a2 CVn star
8351193 19012177+4423115 30.3 33.4 7.40—0.51 12.73 Rot B9V
8381949 19484697+4421208 — 3216 10.97-0.36 12.51 Hybrid OB-k
8389948 19565533+4420307 31.1 321.6 9.13-0.27 15.52 Rot B9.5 V-1V
8459899 20021338+4426469 30.7 44.4 8.58—0.42 10.73 SPB B2If,B4.5IVP SB2?
8488717 19172024+4433508 — 3216 11.62—0.39 14.09 Rot/Bin B9
8692626 19324040+4452514 30.0 44.4 8.27-0.23 14.96 Rot + ? [BIT
8714886 19591018+4451448 — 3216 10.86—0.25 13.49 Hybrid/FG GALEX mags.
8766405 19455212+4455071 33.4 321.6 8.71-0.45 9.74 FG B5V,B71Il? SB2?
9655433 19372486+4618390 — 3111 1r93 — — § Sct A3:" B7° NGC 6811 #114, B66
9716301 19371376+4625257 27.1 321.6 11.68+0.02 14.07 FG A%, B9° NGC 6811 #34, B22
9716456 19372852+4624183 — 3216 12.00—0.04 13.77 Bin+Rot AT, B9° NGC 6811 #99, B29
9964614 19480282+4653445 — 3216 10.70—0.45 14.72 Hybrid —
10130954 19102372+4709441 9.7 322.1 10.85-0.66 12.81 Bin/Rot B FUV GALEX mag.
10285114 19440272+4721169 9.7 322.1 10.99-0.59 14.27 FG B
10536147 19291192+4744430 322.1 322.1 11.33-0.64 13.81 Hybrid —
10658302 19150768+4754190 30.7 44.4  12.86-0.62 12.86 SPBIFG B GALEX mags.
10797526 19274936+4810363 110.2 — 8.09-0.61 13.96 SPB OB ¢
10960750 18522875+4824141 27.1 321.6 9.67 — — Hybrid B4B2.5VP SB1
11360704 19460296+4907596 — 3216 10.51—-0.56 13.68 FG —
11454304 19252435+4918562 9.7 33.4 12.69-0.62 15.55 SPB B GALEX mags.
11817929 19353836+5002354 9.7 33.4 10.15—0.60 12.74 cst B
11973705 19464258+5021013 9.7 322.1 9.15-0.03 16.67 Bin + SPB ¥ Sct B8.5 V-IV? SB2?, § Sct
12207099 19221039+5048401 — 3216 10.11—0.47 13.99 Bin B9 llI-11P SB2?%°, GALEX mags.
12217324 19440458+5053578 30.0 44.4 8.10-0.53 11.98 Rot AD?
12258330 19255755+5054033 30.7 321.6 9.25-0.62 15.82 FG B5V, B5.5V-IV?

Source of information® KIC, ® Lehmann et al. (2010, Sato & Kuji (1990),4 Catanzaro et al. (2010),Guetter (1968)/ Hill & Lynas-Gray (1977),
9 Stephenson (1986}, Downes & Keyes (1988),Bartaya (1983)) MacRae (1952 Hardorp et al. (1964Y,Grenier et al. (1999)7* HD catalogue,
" Becker (1947)¢ Lindoff (1972),” @stensen et al. (20103 Svolopoulos (1969}, Dworetsky et al. (1982),

Note: * Keplermagnitude.

(Hawaii) on 2010 July 25, 31 and 2010 August 4. Keplerlight to OB-type stars). A full analysis of these spectra, together with
curves of the majority of these objects show characteristics similar a detailed analysis of thekepler light curves, will be presented
to those of Be stars (cf. Section 5.3). Apart from the confirmed Be elsewhere (Guéirrez-Soto, in preparation).

star KIC 6954726, none of these stars showed emission lines. These

spectra were used only to derivevain ¢ value by applying the

Fourier transform method to the He I, Mgl and Silll lines (Gray

1982, see also Siom-Diaz & Herrero 2007 for a recent application

© 2010 RAS, MNRASD00, 1-20
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Table 2. The determination of the stellar parameters (effective teaiper T.¢, surface gravitylog g, projected rotational velocity sin ¢ and reddening
E(B — V)) for the objects of Table 1 for which ground-based followalyservations are available. Errors in these parameterswvame ig brackets. We give
the results obtained from spectroscopy in columns 3-5, fron®ren photometry in columns 6—7 and from spectral energyilalision fitting in columns
8-9. For each object, theg(L/LG) given in column 9 was derived from the leftmost values gf Bndlog g.

Spectroscopy Stmgren photometry SED fitting
KIC Ter log g (cgs) vsini  Teg log g (cgs) Tost E(B-V) log(L/Le)
number K] [dex] [kms '] [K] [dex] K] [mag] [dex]
3240411 20980(880) 4.01(12y 43(5)* 20550 3.94 21000(8 800) 0.09(10) 3.56
3756031 15980(310) 3.75(6)* 31(4)* 16310 4.19 16 000(1 600) 0.10(3) 3.21
3839930 16500 4.2¢ — 17160 4.51 18200(7 000) 0.10(9) 2.75
3848385 — — — 11680 3.76 12200(800) 0.13(3) 2.37
3865742 19500 3.7¢ 133(10)* 20190 4.20 19400(1 800) 0.17(2) 3.76
4276892 10800(600) 4.1(2)° 10° 9510 4.21 10400(600) 0.11(4) 1.87
4581434 10200(200) 4.2(2)0 200 9130 4.43 10200(2 200) 0.17(17) 1.62
5130305 10670(200) 3.86(7)* 155(13)* 10190 4.38 11 .000(600) 0.11(3) 2.13
5217845 11790(260) 3.41(10y 237(16)* 11740 3.76 12 000(600) 0.19(2) 2.92
5304891 13100(708) 3.9(2)® 180 11530 3.81 11 800(600) 0.14(2) 2.56
5458880 — — — 24070 3.18 27600(5 400) 0.18(5) 4.65
5479821 14810(350) 3.97(9)* 85(8)* 17580 4.43 17 600(3400) 0.16(5) 2.76
5786771 10700(500) 4.2(2)0 200° 9630 4.39 10600(1 000) 0.06(6) 1.73
6128830 12600(600) 3.5(3)® 150 — — — 2.96
6954726 — — 160 — — — —
7599132 11090(140) 4.08(6)* 63(5)* 10560 4.39 11 600(2 200) 0.13(11) 1.95
7974841 — — — 10820 4.41 11 800(1 200) 0.13(5) 1.85
8018827 — — — 10410 4.37 11200(1000) 0.10(5) 1.79
8057661 — — 49(5f 21360 4.23 20600(2 800) 0.40(3) 3.55
8087269 14500 3.9¢ 27110 — — — 2.80
8161798 12300 4.0¢ — 12460 4.61 12200(800) 0.08(3) 2.29
8177087 13330(220) 3.42(6)* 22(2)* 13380 3.79 13400(1000) 0.10(3) 3.20
8324268 — — — 14330 4.46 14 400(2 000) 0.12(4) 2.47
8351193 — — — 10210 4.61 11 .000(400) 0.02(2) 1.64
8381949 24500 4.3¢ — 21000 3.82 22 400(7 400) 0.24(7) 3.61
8389948 10240(340) 3.86(12)* 142(12* 9690 4.33 10400(1 800) 0.16(13) 2.03
8459899 15760(240) 3.81(5)* 53(4)* 15950 4.09 16 000(2 000) 0.14(4) 3.10
8488717 11000 4.0¢ — 10160 4.44 11200(1 400) 0.10(7) 2.03
8692626 — — — 9826 4.71 9400(1200) 0.12(12) 1.52
8714886 19000 4.3¢ — 18505 4.49 18000(3400) 0.26(5) 2.98
8766405 12930(220) 3.16(8)* 240(12)* 14050 3.74 14 400(1 800) 0.11(4) 3.46
9964614 20300 3.9¢ — 19471 3.75 23400(7 400) 0.14(10) 3.61
10130954 19400 4.0¢ — 18663 3.96 19600(5 200) 0.05(6) 3.38
10285114 18200 4.4¢ — 16229 4.16 16 400(4 200) 0.07(7) 2.76
10536147 20800 3.8¢ 195(10¢ — — — 3.79
10658302 15900 3.9¢ — — — — 3.02
10797526 — — — 20873 3.22 23600(5 600) 0.13(5) 4.15
10960750 19960(880) 3.91(11y 253(15)* 20141 3.85 21800(8000) 0.06(8) 3.56
11360704 20700 4.1¢ — 17644 3.89 18200(5 400) 0.11(7) 3.66
11454304 17500 3.9¢ — — — — 3.25
11817929 16000 3.7¢ — 12732 4.02 13000(1 800) 0.02(5) 3.28
11973705 (11150 (3.96)* 103(10)* 11898 4.25 11 800(3 800) 0.31(26) (2.11)
12207099 <11000* <3.1¢ 43(5)* — — — (3.17)
12217324 — — — 10192 4.23 11 000(600) 0.03(3) 1.81
12258330 14 700(200) 3.85(4)* 130(8)* 16436 4.35 16 600(3400) 0.05(6) 2.89

Source of information® Lehmann et al. (2010¥,Catanzaro et al. (2010) Kitt Peak observations, CFHT observation.

3.2 Photometry measurements were obtained at different times fiprobserva-
tions.

A set of standard stars, selected to span the whole parameter
Standard Stimgren-Crawforduvby/3 photometry was obtained  range of the targets in terms @f — y), m1, c1, 8 andE(b — y),
with the 2.1-m telescope at McDonald Observatory. A stan- were observed for transforming the measurements into the stan-
dard two-channel photoelectric photometer was used in 2010 Au- dard system. Transformation equations, used in the context of a
gust/September in single-channel mode. Apertures of 14.5 dhd 29 larger observing program, were adopted from Handler (2010, in
were used depending on the brightness of the target and sky backpreparation). To maximize the number of objects for which stellar
ground. As the filter wheel can only hold four filters at oneeby parameters can be estimated, we applied the calibration of Balona

3.2.1 Stdmgren photometry

© 2010 RAS, MNRASD00, 1-20
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(1994) to the de-reddened 8ingren data to obtain.f andlog g

(see columns 5 and 6 in Table 2). As can be seen from Table 2, the
results are, for the most part, in good agreement with the spectro-
scopic values.

3.2.2 Spectra energy distribution (SED) fitting

Values for T.g¢ were determined by fitting Kurucz (1993) model
atmospheres with solar metallicity to the combined set of SDSS,
2MASS and Stimgren colours. The calibration zero points for
Stromgren and SDSS were derived from the dedicated Vega model
from Castelli & Kurucz (1994) and the 2MASS zero points were
taken from Cohen et al. (2003). Wherever possible, the photometry
was extended with values from Droege et al. (2006), Ofek (2008)
and Thompson et al. (1978). A grid search was performed, within
the effective temperature range 8 000—-30000 K in steps of 200 K

4.3 4.2

log Teg

3.9

and the surface gravity range between 3.5 and 4.5 dex (cgs), in step$rigure 4. The theoretical3 Cep and SPB instability strips (from Miglio

of 0.25 dex. For each combination ofsTandlog g, the model at-
mosphere was reddened according to the reddening law of Cardelli
et al. (1989) using?y = 3.1. The colour exces#;(B — V'), was
determined by an iterative procedure usiyigminimization. The
confidence interval for J& was chosen to encompass all values for
which x? was below twice the minimal value. Equal weights were
given to all data points in thg? minimization procedure. The value

for log g cannot be obtained by this method.

We tried to make additional use of the near- and far-ultraviolet
photometry from theGalaxy Evolution Exploresatellite (Martin
etal. 2005). The GALEX satellite was designed to image light from
faint moderate- and high-galactic latitude objects in both near- and
far-UV (NUV and FUV, respectively) imaging cameras by means
of a beam-splitter. The latest General Release (GR6) delivery to
the Multi-Mission Archives at Space Telescope Science Institute
(MAST)? in 2010 showed an overlap of some 60 percent oKiae
pler field of view (FOV), which is far more than was delivered in
previous releases. The GALEX GR6 catalog were cross-matched
with KIC stars at MAST for coordinate separations of less than
2.5 arcsec on the sky, resulting in FUV and/or NUV magnitudes
for ten targets in Table 1. The SED fitting was redone including
these GALEX magnitudes but did not lead to better results. Al-
though GALEX-determined colours hold out great promise for dif-
ferentiating among hot stars in tikeplerfield, so far only explo-
rations have been carried out to calibrate spectral types (Bianchi
et al. 2007). Unfortunately, these are insufficient for our purposes

3.3 Luminosity

From the definition of surface gravity, and eliminating the radius
using the luminosity and effective temperature, we have

log(L/L) =log(M/M) — logg + 4log Ter — 10.605

High-dispersion spectroscopy gives valuedaf T.s¢ andlog g,

but we needog(M /M) in this formula to calculate the luminos-
ity. To do this, we used the relationship expresdisgf M /M ) in
terms oflog T, log g and [Fe/H] in Torres et al. (2010) (setting
[Fe/H] = 0.0). Since the values of.# andlog g as derived from
the spectra are probably more accurate than those obtained fro

2 Support for the MAST is provided by NASA through a grant frone t
Space Telescope Science Institute, which is operated bigbeciation of
Universities for Research in Astronomy, Inc., under NASA Cact NAS5-
26555.

© 2010 RAS, MNRASD00, 1-20

et al. 2007) showing the location dfepler targets for which the stellar
parameters were derived from ground-based follow-up obsens (Ta-
ble 2). Large filled circles ar&epler SPB3 Cep hybrids. Open circles
are Kepler SPB stars and the asterisks are stars with frequency group-
ings. The small filled circles are non-pulsatidgplerstars and the cross is
KIC 11973705. The squares with filled circles are two CP sfine filled
square is V1449 Aql. The location of the empiriéaScuti instability strip
as determined froniepler 6 Sct stars is indicated by the contour in the
bottom right corner. The errorbars at the bottom left-hamher indicate a
typical standard deviation of 300 K in effective temperatame 0.5 mag in
absolute magnitude.

the Stdmgren/Balona calibration and SED fitting, the(L/L )
values were derived from the spectroscopic determinations where
possible. Failing this, values determined framby S photometry
and the Balona (1994) calibration were used. The adopted values
of log(L/L ) are given in the last column of Table 2. As men-
tioned before, the spectroscopic and photometric values are in good
agreement.

Comparison of the resulting positions in the HR-diagram with
knowng Cep and SPB stars and with the instability strips for modes
of low and high degree is shown in Fig. 4.

4 DATA AND FREQUENCY ANALYSIS

Following each quarter of a 370-epler solar orbit, the tele-
scope is rolled to keep its solar panels facing the Sun. Choices and
changes of targets are made on the basis of these “quarters”. Most
data are obtained in long cadence (LC) with integration times of
29.4 min. For 512 targets data are obtained in short cadence (SC)
mode with sampling times just under 1-min. Characteristics of LC
mode are described in Jenkins et al. (2010b) and characteristics of
SC mode in Gilliland et al. (2010). An overview of thkeplersci-

ence processing pipeline is given by Jenkins et al. (2010a). The
duration of the quarters are as follows:

QO: 10 days (2009 May 2—2009 May 11),

Q1: 33 days (2009 May 13-2009 June 15),

Q2: 89 days (2009 June 19-2009 September 16),

mQB: 89 days (2009 September 18—-2009 December 16),

Q4: 90 days (2009 December 19—2009 March 19).

These observations provide a unique opportunity to study the
incidence of pulsation at the lowest amplitude levels. The median
noise leveloy, in the periodogram depends on the stellar magni-
tude,V, and on the duration of the rui¢t. We find that a relation
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L number of very closely spaced frequencies. The restriction imposed
by the Scargle method is thus excessively debilitating in this case.
Frescura et al. (2008) showed that when the FAP is determined
by Monte Carlo methods, independent frequencies are not needed,
allowing the periodogram to be sampled on arbitrary frequency
grids. They also showed that oversampling of the periodogram in
the frequency domain has no deleterious effect on frequency de-
termination. We computed FAPs fétepler quarters Q2—Q4, us-
ing the methods detailed in Frescura et al. (2008). The FAPs de-
termined by this method are shown in the bottom panel of Fig. 5,
where they have been superimposed on a heavily prewhitened pe-
] riodogram (with 40 frequencies) of KIC 11360704 for illustrative
purposes. The non-prewhitened periodogram for this star is shown
in the top panel of Fig. 5. In this figure, the two lowest FAP levels
lie so close to the frequency axis in this plot that they can not be
usefully displayed. The FAP levels can therefore be more clearly
————— e FAP-DOOO seen when plotted in Fig 5, lower panel. This shows the extremely
______________________ high statistical significance of practically all the visible peaks in
FAP - 0001 ] the top panel of Fig. 5, and of many dozens of peaks still present
in the lower panel of Fig. 5. A detailed analysis of the statistical
properties of th&eplerdata is in preparation and will be published
o 0 separately.
Frequency [4'] The data used here are from the short commissioning run (QO)
and the first four quarters (Q1-Q4). Data for some stars are avail-
Figure 5. lllustration of the dete'rmination of the false alarm proligbi able for all these runs, a total observing duration of over 320 d in
(FAP) for KIC 11360704. The periodogram based on the Q2-@statstore long cadence. Periodograms using the long-cadence data have far
and after pre"‘.’h'ten'ng of 40 frequencies is shown in the v Bottom better resolution and are more useful in determining the frequencies
panel, respectively. € . . 9 d
and amplitudes. SC observations were mostly used to search for
frequencies above 24.5 ¢, the Nyquist frequency for the LC data.
We did not find frequencies higher than the long-cadence Nyquist
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of the form: frequency in any star except for KIC 11973705. The duration of
_ the observing run for each star in short- or long-cadence mode is
1 m) = 0.2(g — 8.0) — 0.5log(At/d) + 0.9,
og(o/ppm) (g ) og(At/d) + indicated in columns 3 and 4 of Table 1.
where o\ describes the median noise level of tkepler peri- The MAST Kepler archival database provides for corrected

odograms quite well. A more practical measure of detection thresh- and uncorrected data. We used both corrected and uncorrected data,
old, however, is the level of the top-of-the-peaks in the periodogram depending on a star and the observing quarter. Before the data were
(the grass level), which is approximately equal to (34 For our subjected to an analysis of the frequencies, the time sequence was
sample of B stars and full Q0—Q4 coverage this detection threshold examined and corrected for trends and discontinuities in the light
is typically equal to about 1 ppm for the brightest stars and about curve. To a large extent this is an automated procedure in which
15 ppm for the faintest. a smooth curve is fitted to the time series and residuals examined
In order to determine whether a peak in the periodogramis sig- for systematic departures indicative of discontinuities. At the same
nificant requires the calculation of a false alarm probability (FAP) time, points which are clearly outliers are rejected. While this auto-
which is related to the periodogram noise level. A determination of mated procedure worked satisfactorily in most cases, the data cor-
the FAP, strictly valid only for equally-spaced data, was obtained rected in this way were visually examined and the corrections done
by Scargle (1982). Scargle’s FAP requires the existence of a setby hand if deemed unsatisfactory. Owing to various instrumental
of frequencies at which the periodogram powers are statistically effects, such as aperture changes, sudden pointing deviations, long-
independent. The existence of these is guaranteed only when theerm drifts and many other effects, the data contain signals which
data are evenly spaced in time. Although tepler data are al- do not belong to the star. Some of the signals lead to characteristic
most consistently evenly spaced, the time series is interrupted for peaks in the periodogram which have been tabulated bigepéer
scheduled spacecraft rolls. Further, observations of individuad sta team and are well-known. Nevertheless, the behaviour at low fre-
will contain odd outlier points that need to be eliminated before quencies is still poorly understood. In analyzing these data, we take
calculating the periodogram. Inspection of quarters Q2—Q4 of the the view that frequencies below about 0:2'dshould be regarded
Kepler data (see below) show that approximately 5 percent of the with suspicion.
evenly-spaced data set is lost in this way. The conditions required It should be noted that while these corrections are often sub-
for Scargle’s FAP are therefore not strictly met. jective in nature, they only affect the low frequency range. Fre-
Even if the Scargle conditions had been met, Scargle’s method quencies above 0.5d are hardly affected at all by the corrections
would require us to calculate the periodogram powely at the and comparison of frequencies done independently by different au-
natural frequencies. This restricts candidate pulsation frequenciesthors are in good agreement. One might also question the level at
to the Scargle grid. The resolution of this grid is much poorer than which a certain peak is deemed to be significant. In some analyses
that allowed by the length of th€eplerdata set, sacrificing preci-  the Lomb-Scargle false alarm criterion (Scargle 1982) was set to
sion in the pulsation spectrum. Preliminary determinations of the some level, above which peaks are regarded not to be significant.
pulsation spectra of the stars discussed in this paper show a largdn others, the local signal-to-noise level was calculated and the peak

© 2010 RAS, MNRASD00, 1-20
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Figure 6. Fourier frequency spectra #fepler LC data for seven SPB/Cephei hybrid stars. Two periodograms are presented for sachcalculated for
original data (left) and after prewhitening with a numbed{gated) of low-frequency terms (middle). The periodogrameevealculated up to the Nyquist
frequency (24.5 d1) for the LC data. The panels on the right show histograms ogited frequency spacings (HFS) plotted as a function ofisgad f.
The numbers in a spacing bin are normalized to the highest bin.

deemed significant only if it exceeds a certain factor. These deci-5 RESULTSOF THE ANALYSIS
sions do not affect the periodogram, but only the set of frequencies
which are thought to be real. In this paper, the frequencies we will
be discussing are certainly significant by any criterion.

The periodograms and light curves of the stars in Table 1 were ex-
amined and deductions made which are described below. It is, of
course, difficult to deduce the true nature of the star just from the
periodogram. Nevertheless, with this information supplemented by
the stellar parameters that were derived for most stars under inves-

~ Characteristic frequency spacings in the periodogram, if they (jgation, we have made an attempt at understanding the true nature
exist, clearly provide information about the star. In order to detect ¢ qetected variations.

characteristic frequency spacings we calculated histograms of all
possible frequency separations between unique frequency pairs af-
ter the frequencies were extracted. It is necessary to impose some 4 SPB/ Cephei hybrids
frequency and amplitude restrictions in using this method. Thiswas
done by attributing arbitrary weights to the spacings. The weights When we examined the periodogramsKafpler B stars we were

depend on the amplitudey;; = log(A; - A;), whereA; and A; immediately struck by their strange appearance. In ground-based
denote amplitudes of the two terms that form a spacing-and observations, and even observations frM®ST and CoRoT a
is the weight attributed to the spacinyf;; = |f; — f;|. A bin (3 Cep star is easily recognizable in having distinctive peaks in the
of 0.01 d ! was used in these histograms which will be hereafter high-frequency domain. It has long been assumed that the typical
abbreviated as HFS. frequencies fops Cep stars are in the range 4—20"'dwith perhaps

© 2010 RAS, MNRASD00, 1-20
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Figure 7. Top The same as in Fig. 6 but for SPB staBsttom Frequency spectra for three stars with a small number of eetéerms.
a few low-amplitude peaks in the region 0.5-2'dwhich charac- of Fig. 6 show frequency spectra prewhitened with the strongest

terize typicalg Cep/SPB hybrids. The SPB stars, on the other hand low-frequency modes in order to reveal the high frequency peaks
show distinct peaks in the low-frequency domain and no frequen- more clearly. One assumes that the low frequencieganodes
cies much higher than 2 or 37d. Here we assume that stars with  while the few isolated high frequencies may be normahodes.
frequencies exceeding 3.5 Hcan be regarded as belonging to the However, this assumption may not be correct because the effect of
B Cep group since this frequency is the approximate boundary be- rotation may scatter some low-frequencgnodes into the high fre-
tweenp and g modes in non-rotating stars on the zero-age main quency domain (as measured by the obserever). For example a sec-
sequence. We realize this is an arbitrary number, but we chose ittorial mode of low intrinsic frequency havirig= 20 and azimuthal
simply for classification purposes. numbern = 20 may well appear at a frequency of 10-20 gince

The periodograms dfepler pulsating B stars are completely the rotational frequency perturbation is proportionahtf where
different. They show a very large number of peaks in the low- Q, the rotational frequency, could be around ™ dn some stars.
frequency domain, but with some isolated low-amplitude high- The detected amplitudes are very small and except for the
frequency peaks. Nothing like this has ever been seen before anddominant period in KIC 10960750 do not exceed 700 ppm. As was
we need to ask ourselves how such stars should be classified. Theyndicated above, however, the 320-day |d¢eplerdata are of un-
are not typicalg Cep stars because the scattered high-frequency precedented precision in which the noise level is only several ppm.
peaks usually have very low amplitudes and the periodogram is The number of significant modes that can be extracted is there-
dominated by a forest of low-frequency peaks. They are not typi- fore very large and greatly exceeds the number of frequencies in
cal SPB stars either because SPB stars do not have low-amplitudeground-based observations of hybrid stars. The histograms of fre-
high-frequency peaks. They do not resemble any of the known hy- quency spacings are shown in the right-hand panels of Fig. 6. These
brids which are reallys Cep stars with a few isolated, weak, low- histograms basically reflect the structure of the periodogram in a
frequency peaks. A possible solution to the strange appearance ofdifferent way and are quite interesting for tracing similarities be-
the periodograms is discussed in Section 6. tween one star and the next. It is interesting to note the presence

There are seven stars in our sample that we will call Of & 2f harmonic of the prominent high-frequency peakfat=
SPBJ3 Cephei hybrids to stress that the dominant modes are the 10-449 d* in KIC 10960750.
SPB-likeg modes (Fig. 6) compared to ti#eCephei/SPB hybrids Of the seven SPB/ Cep hybrids, KIC 3240411, 8057661,
where the3 Cepheip modes have the highest amplitudes. The peri- 10536147 and 10960750, have known values sifi: (Table 2).
odograms of the two types of hybrids are very different. Since low The first two stars have low projected rotational velocities typical
frequencies dominate in all sevé&epler stars, the middle panels  of SPB stars, but the last two stars have higin . There are very
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few SPB stars known from ground-based observations in which dence for two broad peaks, at about 1.5 and 3.dt may perhaps
vsini > 100 km s*. In spite of the pronounced difference in  be classified as one of the stars with characteristic frequency group-
projected rotational velocities between these two pairs of stars, weings discussed below.
can find no obvious difference in either the appearance of the peri-
odograms or their associated frequency spacing distributions. . .

KIC 8057661 (KW 41-38, Kohoutek & Wehmeyer 1997), an- 23 Starswith frequency groupings
other SPBB Cep hybrid, is included in the catalogue of objects There is one certain Be star in our sample, KIC 6954726 =
with Ha emission (Hardorp et al. 1964). However, recent spectra StHo 166 (Stephenson 1986; Downes & Keyes 1988; &utiz-
do not show any emission in the Balmer lines and the spectral lines Soto et al. 2010). Its projected rotational velocity (160 km,sTa-
are relatively narrow (J. Guirez-Soto, in preparation). It may be  ple 2) is moderate, so that it is probably a rather low-inclination Be
therefore a Be star seen at low inclination which temporarily does star. Its periodogram (top panels of Fig. 9) shows a high-amplitude
not show Hx emission. peak at 1.027 d' and three broad peaks (0.1, 0.9 and 1:7)d
The HFS for this star shows maxima for separatidns ~ 0.2,
0.8 and 1.5d". In fact, the light curve of this star is dominated by
quasiperiodic long-term variability which was subtracted at the pre-
The next group of eight stars we discuss here are stars that can bgrocessing phase. The frequency spectrum for this star seems to be
called ‘normal’ SPB stars because they show only low-frequencies, characteristic of Be stars. For instance, very similar groupings were
being devoid of the isolated high frequencies in the stars discusseddiscovered in several Be stars observed byMI@&ST(Walker et al.
above. Their frequency spectra are shown in Fig. 7. The three fre- 2005; Saio et al. 2007; Cameron et al. 2008) @wiRoTsatellites
guency spectra shown at the bottom of Fig. 7 are for stars where the(Huat et al. 2009; Diago et al. 2009; Neiner et al. 2009; &utiz-
number of detected modes is too small to calculate a reliable HFS. Soto et al. 2010). These groupings are usually interpreted in terms

5.2 SPB stars

Only three stars from this group have knownini values of high radial ordery modes that have frequencies in the corotat-
which are low in all three cases: 31 km'sfor KIC 3756031, ing frame smaller than the rotational frequency (Walker et al. 2005;
22 kms! for 8177087 and 53 km's for 8459899. These values  Dziembowski et al. 2007; Cameron et al. 2008). Another explana-
are quite typical for ground-based SPB stars. tion is that these short-term variations are due to surface or circum-

In two stars, KIC 8177087 and 10797526, the formal solution stellar inhomogeneities (Balona 2009) where the second and third
comprises of a large number of low-frequency terms. These two broad peaks are interepreted as the rotational frequency and its first
stars are, however, among the brightest in our sample. For all otherharmonic. A combination of both effects is also a possibility. In
bright stars ¢ < 8.5 mag) a similar increase of amplitude towards both hypotheses, the separation of the broad peaks is interpreted as
low frequency is observed. We therefore conclude that this increasethe rotational frequency).
of the noise towards low frequencies is due to the instrumental ef- Seven other stars from our sample show frequency spectra
fects caused by the fact that the stars are close to the bright limit of which, to some extent, are similar to that of KIC 6954726, i.e.,
Keplerobservations. they show at least three frequency groupings as judged from their

There are several high-frequency terms in the frequency spec-HFS (Fig. 9). None of these stars is known as a Be star. In the HR
trum of KIC 3756031. They are barely visible in Fig. 7 because diagram (Fig. 4), they cover the range of effective temperature cor-
their signal-to-noise does not exceed 4.5 (amplitudes 8-16 ppm),responding to B2—B8. Projected rotational velocities are available
though this is still significant. The star is located in the middle of for four of these stars and are moderate to high, ranging between
the SPB instability strip wherg mode instability is not expected. 133 and 271 km's' (Table 2). For comparison, the mean projected

There is another star which may perhaps be regarded as arvelocities of B6-B9 main sequence stars ranges from 73 km s
SPB candidate, KIC 11973705. The frequency spectrum of the LC (B9-9.5 IV) to 144 km s'! (B6-B8V) (Levato & Grosso 2004).
data (upper panel of Fig. 8) clearly shows multimode behaviour in The critical rotational velocity for these mid- to late-B stars is about
two frequency regions: below 10°d and over 18 d* with only 400 km s!. The mean equatorial velocities of Be stars is about
some small-amplitude terms in between. There are SC data avail-350 km s'. Our sample of these stars is too small to draw any re-
able from QO which, however, lead to much poorer frequency res- liable conclusion, but it would be indeed interesting to verify if the
olution. In particular, the group of modes around3'ds not well rotational velocities of stars in this group are systematically higher
resolved in the SC data. Nevertheless, the data are useful to showthan the mean for B-type stars.
that high frequencies extend beyond the Nyquist frequency of the If either of the hypotheses proposed for the short-term vari-
LC data (fx = 24.5d1). For example, the peak #f = 20.68d! ability in Be stars is also valid for stars with period groupings, the
in the LC data (Fig. 8) is not real; the true frequency of this mode spacing between frequency groupingsf...x, can be interpreted
is fi = 28.26 d' as we see clearly from the SC data. The LC as(. Thus it may be possible to estimate the rotational frequency
frequency is mirrored with respect fi: f1 — fn = fx — fi1. independently of spectroscopic observations s i. As a result,

The star was found to be a double-lined spectroscopic bi- the inclination of the rotation axig, can be derived. In a pulsating
nary by Lehmann et al. (2010). The variability of KIC 11973705 star, knowledge of might help in mode identification and calcula-
is dominated by an almost sinusoidal variation with peridd= tion of the visibility of the modes. The values &f f,,.x from the
3.3857 d and semi-amplitude of about 3560 ppm (Fig. 10). This is HFS for all eight stars shown in Fig. 9 are presented in Table 3.
very probably the orbital period or half this period. The high fre- We note that for two stars, KIC 8766405 and 12258330, two differ-
quencies probably belong to the A-type stas( = 8 000—9 000 K, ent values ofA f1,.x were derived. The former shows a very com-
Lehmann et al. 2010) which is therv&sct variable. One could in- plicated HFS consisting of broad peaks with superimposed much
terpret the low frequencies as SPB pulsations of the B-type primary, narrower ones, the HFS for the latter has a double peak.
but since many Sct stars have low frequencies Dor-type vari- We suspect that the origin of the frequency grouping in these
ability), these could equally well belong to the A-type companion. stars could be rotation, though the sample at our disposal is too

The frequency spectrum of KIC 10658302 shows weak evi- small to verify this idea.
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Table 3. A fmax derived from the HFS for eighitepler B-type targets. 2010). All but KIC 8018827 show variability with the peak-to-peak
amplitude of less than 30 ppm. This very small amplitude may
KIC  Afmax KIC A frmax be due starspots or other inhomogeneities in a rotating star. If the
number  [d!] number [d1] starspots migrate with respect to each other this could explain am-

plitude modulation in the light curves. Amplitude modulation is

2322;32 8;3 5521:5310114 0 520'2‘(; 576 present in the five stars mentioned above. Their frequency spec-
. . an . . . . L
8087269 159 11360704 505 tra (Fig. 10) show residual power in the vicinity of the subtracted

8766405  0.88 12258330 2.24 and 2.95 main periodicity and its hgrmoni_cs. KI_C 8018827 is exceptional be-
cause the strongest residual signal is observed at a frequency of
2.269 d!, i.e., about 10 percent less than the dominant frequency.

Similar variability can also be seen in stars that have longer
54 Starswith variations dueto binarity or rotation periods, e.g., KIC 5304891 and 8389948. For stars whetei is
known, an additional argument in favour of rotation as the cause
of variability is the fact that the observed periods are consistent
with v sini. With the assumption that the main periodicity corre-
sponds to the rotation period, the minimum radius can be estimated:
Rmin = Protvsini/2w. The values ofR..i, are given in Table 4
for all stars that have measuredini. We note that the radii of

About a half of stars in our sample (23) show much less compli-
cated light curves. Their variability can be understood in terms of
proximity effects in a binary system, the presence of surface in-
homogeneities and rotation or the combination of both. With the
photometric precision of th&epler data, one may expect to de-

tect weak proximity effects such as light reflection, deformation

of components and Doppler beaming (Zucker et al. 2007), even in late B-type stgrs on.the main sequence range from at??’“‘dlﬁ R
low-inclination systems. The light curves of these stars are shown 3.5 Ro. On this basis, rotation as the cause of variability seems to

in Figs. 10 and 11. The periods and amplitudes of the main period- be excluded for KIC 11973705, the Ionger_ period of KIC 5479821
icity (A1) and its second harmoniclg) are given in Table 4. Here and also perhaps for KIC 5217845. The first star and the last star

we have included KIC 11973705, the binary in which the compan- are knqwn binaries, so we suspect that their variability originates
ion is ad Scuti variable. from this cause.

None of the light curves of stars in this group shows evi- KIC 5479821 is one of two stars (Fig. 11) which shows two
dence of eclipses. A thorough discussion and analysis of the bi- non-sinusoidal periodicities. If the longest period in these two stars
nary light curves is beyond the scope of this paper and would is attributed to orbital effects, the shortest period needs to be inter-
probably require time-series radial velocity observations. Nonethe- preted differently. Rotation is one possibility, but if this is the case,
less, four stars from this group (KIC 4276892, 4581434, 5217845 the systems are strongly non-synchronously rotating. Contamina-
and 12207099) are known (or suspected) to be binaries (Table 1).tion or multiplicity cannot be excluded either. Variability caused
Without corresponding radial velocity observations we cannot be DY rotation and binarity are not mutually exclusive. In short-period
sure that the photometric period corresponds to the orbital pe- binaries, synchronization of the orbital and rotation period can be
riod. We also suspect that other stars showing very regular vari- €xpected, but because B-type stars are relatively young, some devi-
ability with relatively large amplitudes, especially those that have ations from full synchronization is possible. In this context, we note
double-wave light variations, are probably binaries as well. These that KIC 5217845, which is a binary (Lehmann et al. 2010), has a
include KIC 5458880, 7599132 and 8161798 (Fig. 10) and also light curve which is strongly modulated with a period of about 6
KIC 5479821 and 9716456 (Fig. 11). days.

The longest period detected in our sample is 12.9 d in Among the stars discussed in this section there are two chem-
KIC 4276892, a suspected SB1 binary (Catanzaro et al. 2010). Bi- ically peculiar (CP) stars. KIC 8324268 (HD 189160, V2095 Cyqg),
naries with longer orbital periods may have a photometric signature was discovered as a CP Si star by Zirin (1951). Its photometric vari-
in theKeplerdata, but if the amplitude is too small it will probably  ability was detected iklipparcosdata, but the period could not be
be mistaken for an instrumental trend. derived. InKepler data the star shows strictly periodic variability

There are several variables (KIC 4581434, 5130305, 5786771, with a period of almost exactly 2 days (Fig. 10, Table 4) and only
8018827, 8351193) with periods in the range of 0.4-0.6 d. Among very small amplitude modulation of about 0.2 percent. The period
these, only KIC 4581434 is known to be a binary (Catanzaro et al. is assumed to be the rotational period as in otife€Vn stars.
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Figure 9. The same as in Fig. 6 but for eight stars showing frequencypings.

The other CP star is KIC 6128830, a HgMn star (Catanzaro should lead to vertical stratification, no horizontal surface abun-
et al. 2010). The light curve is nearly sinusoidal with a period of dance patches are expected. However, recent observationsgHubr
about 4.84 d and peak-to-peak amplitude of 3600 ppm. The photo- et al. 2010) indicate the presence of a weak longitudinal magnetic
metric period, if assumed to be the rotational period, is consistent field in the HgMn star AR Aur.
with vsini = 15 kms™! (Table 4), which is typical for the slowly
rotating HgMn stars (Abt et al. 1972). Light variations in HgMn As shown in Fig. 4, stars from this group are mostly late
stars have only recently been detecte@a@RoTobservations (Ale- B-type stars falling outside both th& Cephei and SPB instabil-
cian et al. 2009) and line profile variations are known only in very ity strips. This may explain the lack of variability other than that
few stars (Hubrig et al. 2008; Briquet et al. 2010). The light varia- related to rotation or binarity in these stars. Those that are lo-
tion implies an inhomogeneous distribution of various elements in cated within the instability strips are either CP stars or do not
the atmospheres of HgMn stars which challenges our understand-show variations that can be interpreted as due to pulsations. Only
ing of the nature of these stars. HgMn stars were known not to have K|C 5479821, which is located in the SPB instability strip, shows a
strong magnetic fields (Awgre et al. 2010) and, while diffusion  single peak at 5.709'd and amplitude of 8 ppm which is difficult
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Figure 10. Phase diagrams (left panels) and frequency spectra of tlieiads (right panels) after removing the dominant periogisiiown in the left panel.
In the phase diagrams the means in 0.01 phase intervals angl@tisal. The long ticks at the top of frequency spectra iadi¢he frequency of the principal
periodicity and all its detected harmonics below 10'dThe ordinate in all panels is given in ppm.

to understand. The variability in KIC 11973705 has already been 4276892 (1.29 and 1.45d), 7974841 (0.28 and 0.527d), and
discussed. 8692626 (6.09 d').

Finally, we are left with two stars, KIC9655433 and
On the other hand, there are frequencies that cannot be eas11817929, which we have not yet discussed. The former is the only
ily explained in four late B-type stars: KIC 3848385 (0.31') one from our sample which shows no evidence of variabilitfén
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Figure 11. The same as in Fig. 10, but for two stars, KIC 5479821 and 978,6#8h two non-sinusoidal periodicities detected in thigint curves.

Table 4. List of the parameters of 24 B-type stars with variations edyzimarily by binarity and rotation.

KIC Period Aq As vsini Ruin Notes
number [d] [ppm] [ppm] [kms'] [Rol
3848385 0.9689(7) 9.5(7) 3.1(7) — —
4276892  12.85859(6) 581.4(5)  1194.6(5) 10 253 SB1?
4581434  0.502901(8) 19.2(5) 11.6(5) 200 1.98 SB1
5130305  0.464508(7) 17.5(4) 4.8(4) 155 1.41
5217845 0.839114(2) 5643(9) 38(9) 237 3.91 binary
5304891  0.98750(3) 345(14)  37.7 (14) 180 3.49
5458880  3.51193(4) 2710(16) 4675(16) — —
5479821  1.7011778(4) 13998.4(19)  3429.5(19) 85 2.84
... 5.430956(19) 3043.2(19) 86.1(19) 9.07
5786771  0.403879(6) 28.1(5) 3.6(5) 200 1.59
6128830 4.84129(3) 1688.5(18) 205.9(18) 15 1.43 CcP
7599132  1.303685(3) 8890(20) 8458(20) 63/50 1.61/1.28
7974841  2.8426(5) 107.9(26) 41.1(26) — —
8018827  0.3978805(9) 437.3(4) 415.2(4) — —
8161798 2.2029818(4) 13208(4) 39551(4) — —
8324268 2.0091295(4) 13185.7(7) 990.0(7) — — CP
8351193 0.56767(4) 1.90(24) 2.10(24) — —
8389948  1.00602(3) 12.98(26) 4.50(26) 142/130 2.81/2.57
8488717  3.25485(7) 287.7(12) 45.2(12) — —
8692626  1.6483(3) 4.86(27) 1.23(27) — —
9716456  1.8132861(7) 859.0(11)  4455.4(11) — —
.. 1.115234(25) 84.6(11) 17.3(11) — —
10130954  2.246541(10) 406.7(5) 106.5(5) — —
11973705 3.38570(8) 3558(14) 33(14) 103 6.85 SB2
12207099  1.42256744(14) 16159.4(7) 3283(7) 43 1.20 SB2?
12217324  6.557(7) 53.3(8) 4.1(8) — —

pler data. The latter is a member of the open cluster NGC 6811 and vations are constructed for modes witki 3. From the ground we
shows the frequency spectrum characteristi¢ 8€t stars. Its spec-  only see modes of high amplitude, and these tend to be modes with
tral type is very poorly known (Table 1) and we suspect that it may [ < 2 because cancellation effects render modes with higheis-

be an A-type star. ible in photometry. The amplitude limit for ground-based observa-
tions is typically a few millimagnitudes, but féteplerphotometry

the detection limitis only a few ppm. At this level, the visible range
of I must be considerably increased. Cancellation effects are severe
up tol = 4, but for higher values dfthe decrease in visibility with

1 is much smaller (Balona & Dziembowski 1999). It is possible that
with Keplerdata, pulsations with values b&s high as 20, or even
higher, may be visible. Why a particular mode should be selected in
preference to another is, at present, an unsolved problem and there
is no reason to suppose that only modes of low degree are present
in these stars. Clearly, we cannot limit the comparison with models
to low values ofl.

6 MODESOF HIGH DEGREE IN B-TYPE STARS

We have seen that there are several B stars ilkémer data base
which are clearly SPB or SPB/Cep hybrids according to our defi-
nition. We have already remarked on the vastly different appearance
of the periodograms which are so different from those in ground-
based observations of these stars. This requires an explanation.
We see from Fig. 4 that all of the SPBCep hybrid stars are
within the 8 Cep instability strip, with KIC 8714886 just cooler
than the red edge, but within the SPB instability strip. The instabil- One of the puzzling aspects of th&epler SPB/5 Cep hy-
ity strips generally discussed in the context of ground-based obser-brids is the fact that their frequency spectra are dominated by
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low frequencies. On the other hand, ground-based observations ofof stochastic oscillations in B stars would follow a similar depen-
SPB/3 Cep hybrids are dominated by the high frequencies with dence if the modes are excited in the Fe-bump region.
only a few low-frequency SPB-type modes. Balona & Dziem- Confirmation of the existence of stochastically excited modes
bowski (1999) have studied the excitation of modes of Hig in massive stars is clearly of great interest. One of the problems
B-type stars. They find that for a given valueldhere are two sep-  facing such an investigation is that it is not a simple matter to dis-
arate frequency ranges where unstable modes may occur: a fange ainguish between self-excited and stochastic modes, as well as non-
SPB-like low frequencies and a high-frequengyGep like) range. pulsational light variations. If oscillations occured in the same fre-
In the high-frequency range only modes of Ibare excited, while quency range as theCep pulsations, as they do in V1449 Aqgl, then
in the low-frequency range modes of higaire excited. These high-  one cannot immediately eliminate the Fe busmmechanism as the
degree modes are trapped in the outer layers. excitation mechanism for these modes. The suspected stochastic
In zero-age main sequence stars the region of SPB-type low- modes seen in theoRoTobservations appear as wide structures in
frequency instability is present for stars with 4llog(Tes/K) < the periodograms of V1449 Agl and HD 46149. They can either be

4.4 (B7 to B1) and reaches its maximum extentfer 8. As the star interpreted as a large number of self-excited modes driven by the
evolves, the SPB-type region extents further to hotter temperaturesx mechanism (possibly beating with a rotation period unresolved
up tolog Texr = 4.5 (09, BO), reaching its maximum extent for in the measurements) or as single modes that change amplitude and

10. The low-frequency region is still present, though smaller, for phase stochastically. It is not possible to distinguish between these
I = 24. It turns out that the maximum extent of the instability strip two explanations unless further information is available.

for low-frequencyg modes forl up to 24 more or less coincides In Belkacem et al. (2009) the evidence is presented as a time-
with the SPB instability strip for low shown in Fig. 4. It therefore frequency diagram in which the constant amplitude of a nearby

covers almost the entire B star region. Thus it is not surprising to self-excited mode is contrasted with the variable amplitude of the

find that most of the stars observed Kgpler show many low- modes thought to be stochastically excited. These authors find that

frequency modes. In all likelihood, these grenodes with highl. the stochastic modes are organized as regularly spaced patterns in

They are not seen from the ground because of their low amplitudes.the periodogram, which is stated to be signature of these modes.
It would seem that none of the stars observeKbpler are Regular spacing applies only in the asymptotic limit of high fre-

in the region of the HR diagram whepemodes are predominantly  quencies and occurs for both stochastic and self-excited modes. The
excited. The hottest stars in our sample all lie on the cool side of the claimed modes in V1449 Agl may well be stochastically excited,
p-mode/s Cep instability strip as can be seen in Fig. 4. The high- but unfortunately it cannot be proven at this stage. What lends cre-
frequency modes are perhaps only weakly driven and have verydence to such an hypothesis, however, is that there is a prediction
low amplitudes. Of course, rotation also plays a big role, especially of where stochastic modes are expected to occur in the HR diagram
for modes of highl which can be perturbed to higher and lower among the B stars (Cantiello et al. 2009). It would certainly be im-
frequencies in proportion to the rotational frequency. The peculiar portant to search for wide structures in the periodograms of the
appearance of the periodograms of these stars thus has a logicaKeplerB stars to determine if such stars conform to this prediction.

explanation in terms of excitation of high-degree modes and their We visually examined the periodogram GbRoT observa-
location on the cool side of the Cep instability strip. tions of V1449 Agl to familiarize ourselves with the broad struc-
In Fig. 4 we also show the location #fepler B stars which tures. We then looked for similar structures in the periodograms of

do not pulsate. As already mentioned, some of these stars maythe pulsating stars shown in Fig. 6, but nothing resembling them
be binaries, but there is nothing that clearly distinguishes pulsat- could be found. All the stars have well-resolved peaks in the re-
ing and non-pulsating stars. In ground-based observations, the SPByion 10-24 d. Moreover, the background noise level conforms
stars nearly all have sini < 100 km ™!, which is not a selec-  to the relationship discussed in Section 4 except for KIC 3865742
tion effect and suggests that high rotation suppresses pulsation. Theand KIC 10960750 where it is about a factor of 3 or 4 higher than
Kepler sample of pulsating and non-pulsating stars comprise both expected for the stellar magnitude and length of the time series.
slow and rapid rotators, so rotation does not appear to be a factor.For both stars this is a result of the huge number of low frequen-
We note that some of these non-pulsating B stars are within the cies. There are at least 600 signals with frequencies less thah 6 d
SPB strip and two are within or close to tBeCep instability strip. in theKeplerlight curves of these two stars.

This indicates that the instability strips are not pure, i.e. that stars KIC 5458880 has an effective temperature and luminosity
need not pulsate even if they are located within the instability strip. very similar to V1449 Aql (T = 24 500K,log g = 3.45, Morel

& Aerts 2007). It has a strange double-wave light curve which we
have interpreted as a proximity effect of a binary. The periodogram
shows a noise level which increases towards low frequencies with
no clear evidence of distinct frequencies, except at the binary pe-
As we mentioned in the introduction, one of the most interesting riod and its harmonic, down to a level of about 10 ppm. There is
results from space observations @fCep stars was the possible certainly no sign of broad structures. The peaks we examined have
discovery of completely unexpected modes with short lifetimes amplitudes of about 10 ppm, i.e., an order of magnitude smaller
in CoRoTobservations of the B1.511-11}3 Cep star V1449 Aq| than those found in V1449 Aq|.

(Belkacem et al. 2009) and in the O-type star HD 46149 (Degroote Our conclusion is that the existence of stochastic modes in B
et al. 2010b). Features in the periodograms of V1449 Agl were stars is not yet proven and that theplerstars show no indication
found in the range 9—-227d and were interpreted as stochastic of the presence of these modes. If the modes do exist, this result
modes excited by turbulent convection just below the photosphere may simply be due to the fact that thkeplerstars in whichs Cep

in the thin Fe and He convective zones (Cantiello et al. 2009; Belka- pulsations are seen are too cool to have a sufficiently active con-
cem et al. 2010). The occurrence of convection in the region of iron vection zone. The occurrence of stochastic oscillations relies on the
opacity bump depends strongly on the luminosity and metallicity of occurrence of convection in the iron opacity bump region. Since we
the star (Cantiello et al. 2009). One thus expects that the occurrencecannot yet explain the occurrence of constant stars withigg tbep

7 STOCHASTIC EXCITATION OF MODES
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instability strip, it is also possible that a star may not pulsate even observations, this may explain why so many low-frequency modes
if it is in a location in the HR diagram where stochastic driving is are visible in theKepler data. Although the presence of low- and
expected to be efficient. high-frequency modes place these stars in the same class as the
ground-based SPB/Cep hybrids, it is not clear whether this clas-
sification is meaningful in the context of space observations. We
call the hybrids observed gepler SPB/3 Cep hybrids to empha-
size the dominance of modes in the SPB region.
In order to model the frequencies in the SPB or SP8&p hybrid We also find that though nearly all 48 B stars in our sample
candidates, it is necessary to know the spherical harmonic degreeare variable at some level, there are certainly stars within the SPB
1, of at least a few frequencies. Because of the profound effect of 35 well as the cooler side of the Cep instability strip which are
even low rotation, it is usually necessary to identify axisymmetric not SPB stars by the usual definition of these stars. This indicates
modes where the frequency shift due to rotation is at a minimum. that there are mechanisms which restrict pulsations in B stars. Such
Mode identification is usually derived either from multicolour phO- mechanisms may be rotation (WhICh appears to inhibit pu|sations in
tometry or high resolution spectroscopy. All candidate stars except SPB stars), magnetic fields and chemical stratification. It would be
KIC 3839930 have amplitudes which are too low to be detected important to determine which (if any) of these factors are responsi-
from the ground, hence mode identification will not be possible in ble for dampmg of pu|sati0r‘|s by a comparative Study of pu|3ating
the foreseeable future. Failing this, some progress might be madeand non-pulsating stars. We may also conclude from these observa-
by searching for regularities in period or frequency spacings. tions that the3 Cep instability strip is not pure, i.e., there are stars
At high frequencies, frequencies of modes with the saare in the 8 Cep instability strip that do not pulsate at all (KIC 5458880
repeated at approximately regular intervals. The frequency differ- and 10130954). This conclusion is strengthened by the B0.5 IV star
ence between successive modes of the dathe = vy, — v, 1y, HD 51756 for which the variations observed in t8@RoTlight
is called thdarge separationln the absence of rotation, the pattern  curve are interpreted as due to rotational modu|ati0r‘|'|('j?,a1 al.,
is approximated by the asymptotic relation submitted). There are also many stars within the SPB instability
strip which do not seem to pulsate.
We have not found any indication of pulsating star situated
between the hot end of tldeSct instability strip and the cool end of
the SPB instability strip. This conclusion is not only a result of the
study of B stars reported here, but also follows from a study of main
sequence A stars in theepler field not reported here. Degroote
et al. (2009a) found a number of such stars. One star that show clear

8 PROSPECTSFOR ASTEROSEISMOLOGY

1
Uni & Av(n + El +¢e)—1I(l+1)Do
wheree is a constant sensitive to the surface layers Bads sen-
sitive to the sound speed gradient near the core (Tassoul 1980).
At low frequencies, there is again a regularity, this time in the
period, P. The pattern is approximated by the asymptotic relation-

ship in the periodspP:
l
P~ (TL+ é + S)Po/\/l(l + 1)7

where P, and e are constants (Tassoul 1980). For a givethis
means that modes of consecutive radial ordersare equally
spaced in period and that the spacing for the 1 mode isv/3
larger than forl = 2. The above relationship is the basis for the

high-amplitude) Sct pulsations, KIC 11973705, is almost certainly
a B star with & Sct companion.

We have identified a group of stars which show a structure
in the periodogram consisting of unresolved frequency groupings
which may or may not be due to pulsation. The light curve shows a
period corresponding to the mean frequency of the first broad peak
(not counting the lowest frequencies) with a strongly modulated

amplitude. The structure of the periodogram in many cases resem-

which, unfor’[unate|y’ is also affected by rotation. In effect, any reg- bles that of Be stars, but those stars with spectra show that they are
ularity that is found is likely to reflect frequency or period spacings Not Be stars. Moreover, a similar structure is found amisepler
caused by rotational mode splitting rather than a regularity pre- A and F stars as well.

dicted by the asymptotic formulas. So far, evidence for such period We have looked for the broad structures see@aRoTobser-
spacings in the asymptotic regime has been observed only once irvations of the3 Cep star V1449 Agl and the young O-type binary
one main-sequence B-star, i.e. for the B3 star HD 50230 Degroote HD 46149. They were interpreted as solar-like stochastic modes by
et al. (2010a). From the deviations from uniform period spacing it Belkacem etal. (2009) and Belkacem et al. (2010), respectively. We
could be deduced that about 60 percent of the initial hydrogen hasare unable to find such structures in Keplerstars, but this may be
been consumed and that there is a smooth gradient of the chemicaPecause they are too cool. A problem is that it is not really possible
composition in the layer covering the convective core. to distinguish between quasi-periodic (non-pulsational) variations,
stochastic oscillations and closely-spaced unresolved self-excited
oscillations. A conclusive demonstration that stochastic modes are
present in B stars is not possible in principle with existing data.
However, it is possible to test the hypothesis that convectively-
Kepler observations of 48 main sequence B stars show that 15 driven stochastic modes occur within a certain region in the HR di-
of them pulsate with frequencies typical of SPB stars. Of these agram by comparing the location of stars with broad features in the
stars, seven show isolated, weak, high frequencies indtiiep HR diagram to the predictions. If the comparison supports the hy-
range. The frequency spectra differ considerably from those seenpothesis, then the concept of stochastic pulsations in B stars would
in ground-based SPB/Cep hybrids and can be understood if most certainly become more acceptable. At this stage, such a comparison
of the low-frequency modes are of high spherical harmonic degree. is not possible wittKeplerdata.

Models show that low-frequency modes of high spherical harmonic Finally, we have detected variability in many stars which we
degree], up tol = 24 are excited in stars spanning practically the suspect may be proximity effects due to binarity. In other stars, the
whole main sequence band in B stars. Since we expect to see famodulated light curves are more easily explained in terms of mi-
more modes of highin Keplerobservations than in ground-based grating starspots. We have also detected periodic light variations in

frequency ratio method of mode identification (Moya et al. 2005)

9 CONCLUSION
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two chemically peculiar star&epler observations of B-type stars

Schiminovich D., Seibert M., Small T., Szalay A. S., Wyder

have produced some surprises as well as new opportunities for a T. K., Welsh B. Y., Yi S. K., 2007, ApJS, 173, 659

better understanding of these stars.
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