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ABSTRACT

Context. The launches of the MOST, CoRoT, a#epler missions opened up a new era in asteroseismology, the sfusteltar
interiors via interpretation of pulsation patterns obserat the surfaces of large groups of stars. These spacsnsisieliver a huge
amount of high-quality photometric data suitable to studsnerous pulsating stars.

Aims. Our ultimate goal is a detection and analysis of an extendethie ofy Dor-type pulsating stars with the aim to search for
observational evidence of non-uniform period spacings ratational splittings of gravity modes in main-sequencesstypically
twice as massive as the Sun. This kind of diagnostic can be tasdeduce the internal rotation law and to estimate the atafu
rotational mixing in the near core regions.

Methods. We applied an automated supervised photometric claséificatethod to select a sample of 69 Gamma Doraghi3df)
candidate stars. We used an advanced method to extragefiter light curves from the pixel data information using custonsksga
For 36 of the stars, we obtained high-resolution spectmsedth the HERMES spectrograph installed at the Mercatlastmope.
The spectroscopic data are analysed to determine the fuetdahparameters lik€, logg, vsini, and [M/H].

Results. We find that all stars for which spectroscopic estimateEpfand logg are available fall into the region of the HR diagram
where they Dor ands Sct instability strips overlap. The stars cluster in a 700iKdew in gfective temperature, lagmeasurements
suggest luminosity class IV-V, i.e. sub-giant or main-sawe stars. From th€epler photometry, we identify 45 Dor-type pulsators,
14y Dor/s Sct hybrids, and 10 stars which are classified as “possiBlgr/s Sct hybrid pulsators”. We find a clear correlation between
the spectroscopically derivadsini and the frequencies of independent pulsation modes.

Conclusions. We have shown that our photometric classification based eright curve morphology and colour information is
very robust. The results of spectroscopic classificatienimperfect agreement with the photometric classificatda show that the
detected correlation betweasini and frequencies has nothing to do with rotational modutatibthe stars but is related to their
stellar pulsations. Our sample and frequency determingtifier a good starting point for seismic modelling of slow to madiely
rotatingy Dor stars.

Key words. Asteroseismology — Stars: variables: general — Starsafimethtal parameters — Stars: oscillations

1. Introduction

* Based on data gathered with NASA Discovery misskoepler . . . .
and spectra obtained with the HERMES spectrograph, iestadt Asteroseismology is a powerful tool for diagnostics of deep

the Mercator Telescope, operated on the island of La Palmthéy stellar interiors not accessible through observationsrettse.
Flemish Community, at the Spanish Observatorio del Roquéosle Detection of as many oscillation modes as possible that-prop
Muchachos of the Instituto de Astrofisica de Canarias amperted agate from the inner layers of a star all the way up to the
by the Fund for Scientific Research of Flanders (FWO), Betgiu surface is a clue towards better understanding of steltac-st
the Research Council of KU Leuven, Belgium, the Fonds Naliontyre at diferent evolutionary stages via asteroseismic meth-
de la Recherche Scientifique (F.R.S—FNRS), Belgium, thgaRo ods. The recent launches of the MOST (Microvariability and
Observa.tory of Belgium, the Observatoire de Geneve, @wiand and Oscillations of STard, Walker etlal. 2003), CoRoT (Comarti
the Thiringer Landessternwarte Tautenburg, Germany. Rotation and Planetary Transits, Auv r n L. 2009) and
** Tables A.1 and B.1 are only available in electronic form at thKepIer (Gilliland [2010a) space missions deli\./ering high-

DS vi f U- fr (130.795)28 vi , ; ; . .
ﬁtp?/géivsgg Eﬂgﬁgjggﬁf’bﬁ;’jf;f?‘ﬂffbg r (130.795)26c via quality photometric data at a micro-magnitude precisiatttea
*++ Postdoctoral Fellow of the Fund for Scientific Research (FwodiScovery of numerous oscillating stars with rich pulsaspec-

Flanders, Belgium tra and .opened up anew era in aster(_)seismology.
t Postdoctoral Fellow of the Fund for Scientific Research (JWwO  Besides acoustic waves propagating throughout the sters an

Flanders, Belgium having the pressure force as their dominant restoring f(pee
 Aspirant Fellow of the Fund for Scientific Research (FwO)modes), some stars pulsate also in the so-called g-modes for
Flanders, Belgium which gravity (or buoyancy) is the dominant restoring force
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Table 1. Influence of the pixel mask choice on the frequency anabverlaps with the region where the Delta ScdtSct, hereafter)
ysis for KIC 08364249. The uncertainty in frequency is gignthe stars pulsating in low-order p-modes are located. Pulsator
Rayleigh limit (¥T) which amounts 0.001178 (0.0127xHz) in this  the overlapping region are expected to show both high-ageler
using our custom mask to produce the light curve but are tiatechen the outer layers. Sudiybrid pulsators are among the most inter-
using the standard mask data. The frequencies are sortetla@to  oqin g targets for asteroseismic diagnostics as the ceexie
the amplitude. of the two types of oscillation modes yields potential of €on
straining the whole interior of the star, from the core todhiger

Fi Frequency F Frequency atmosphere.

d” pHz o= pHz The first-order asymptotic approximation for non-radiat

pu

F1 18693  21.6282 3.8555  44.6083 sations developed 80) shows that, in the dase o
F,  2.0095  23.2498 6:6318 03684 model representative of a typicalDor pulsator, the periods of
Fs 1.9862  22.9802 0-6164 63895 high-order, low-degree g-modes are equally spaced. Haweve
Fa 1.8893  21.8597 3.9690  45.9208 the steep chemical composition gradient left by the shnigki
Fs 1.8633  21.5585 1.7565  20.3222 core in stars with masses above.5 M, causes sharp featuresin
Fo 1.9194  22.2069 00370 0.-4276 the Brunt-Vaisala frequency to occur, which in turn detmes
= 00202 02342 3.8788  44.8779 how the gravity modes are trapped in the stellar interiofse T
= 17523  20.2736 18684  21.6177 trapping also leads to the deviation from uniform periodcspa
. 19040 220203 0.0626 07248 ing of the g-modes of consecutive radial oraefMiglio et all

). Moreover, the rotational splitting of the g-modesiiles
a unigue opportunity to deduce the internal rotation law tnd
estimate the amount of rotational mixing that may be pagtly r
sponsible for the chemically inhomogeneous layer extéoitre

1.7759 20.5471
3.7388 43.2576
1.9380 22.4226

Fio 66323 03422
F11 1.9276 22.3029
Fi2 0.0224 0.2592

Fiz 60182 62106 6:0863  ©:9984 core. This type of diagnostic is not available for stars atitg)

Fia 17293  20.0079 60079  6:0969 purely in p-modes. Consequently, a non-uniform period isygac
Fis 66344 63672 3.9957  46.2299 together with the rotational splitting of gravity modes megent

Fis 1.8701  21.6374 1.9855  22.9723 a powerful tool for the diagnostics of the properties of theer

F,, 3.7617  43.5233 06283 63276 core and surrounding layers.

Fig 18463  21.3612 4.0189  46.4982 This idea was worked out in full detail for white dwarfs by
Fio 1.8314  21.1890 4.0152  46.4561 Brassard et al. (1992) and applied to such type of objects by,
F, 01402  1.6217 19365 224055 ) developed similar methodology for gravity modes of

20058  24.2480 main-sequence pulsators. Recenitly, Bouabidlet al. (2a18) s
: ' ied the dfects of the Coriolis force and of filusive mixing on
1.8825 21.7808

high-order g-modes iy Dor stars, adopting the traditional ap-

Fa 2.0642 23.8824
Fas3 3.9474 45.6710

R T s I S I I o - TS s I~ I s IS o = s I s I s s B

Far 66260  6:3613 19114 22.1148 proximation. The authors conclude that rotation has noifsign
Fas 60207 03434 1.9454 225081 cant influence on instability strips but does allow to fill e

Foe  1.8577  21.4941 3.8523  44.5715 betweens Sct-type p- and’ Dor-type g-modes in the frequency
F»; 20796  24.0613 1.8885  21.8505 spectrum of a pulsating star by shifting the g-mode fregigsnc
Fs  1.8926  21.8978 1.7235  19.9408 to higher values. Bouabid et|al. (2013) also conclude theatith
Fe 0.1168  1.3508 1.7716  20.4972 viations from a uniform period spacing is no longer periadlic

Fs 1.8754  21.6979 3.9916  46.1826 oscillating around a constant value, but as far as we areeawar
F,, 00648 07498 1.9871  22.9907 this th(_eoretlcal descnptpn was not yet applied tp data. _

F, 20495  23.7128 292176  25.6579 A first concrete application of detected period spacings to

main-sequence stars was done by Degrootel et al. [(2010)] base

on CoRoT data of the Slowly Pulsating B (hereafter called SPB

star HD 50230. Among some hundreds statistically significan

Given that gravity modes have high amplitudes deep insats st frequencies, the authors identify eight high-amplitudaksein

they allow to study properties of the stellar core and neagby the g-mode regime showing a clear periodic deviation froen th

gions far better than acoustic modes. mean period spacing of 9418 s. They link this deviation with
In this paper, we focus on the class of main-sequence, ndne chemical gradient left by the shrinking core and coirstra

radially pulsating stars named after the prototype star 8amthe location of the transition zone to be at about 10 per cent

Doradus ¢ Dor, hereafter), whose multiperiodic variable naturef the radius. Additionally, the authors suggest an extréang

was first reported b ns_(1992) Dor stars are assumedaround the convective core to occur. Another indicationmda-

to pulsate in high-order, low-degree gravity modes drivgn huniform period spacing was reportedlby Papics bt al. (2pfi2h

the flux blocking mechanism near the base of their convectitree SPB3 Cep hybrid pulsator HD 43317. The authors detect

zones|(Guzik et al. 2000; Dupret et lal. 2005). These stars hawo series of ten and seven components in the g-mode regime

masses ranging from 1.5 to 1.8,MAerts et al 0) and A7— showing mean period spacings of 6339 and 6380 s, respec-

F5 spectral type$ (Kaye etlal. 1999). They are usually nedtip tively. Given that the two values of the period spacing aneoeit

odic pulsators exhibiting both low-amplitude photomettitd the same, the authors conclude that both series belong to the

spectroscopic variability with periods between 0.5 and $sdasame value of degrdebut have diferent azimuthal numbers.

(Kaye et all 1999)y Dor stars are grouped in a region close télowever, they do not present any physical interpretatiothef

the red edge of the classical instability strip in the Hgrtmeg- observed period spacings, claiming that the detected mardes

Russell (HR) diagram. The theoreticalDor instability strip inthe gravito-inertial regime, and thus full computatiovith re-
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spect to the rotation of the star, rather than approximati@sed Table 2. Journal of spectroscopic observations. N gives the num-
on a perturbative approach are required. ber of obtained spectr¥, — visual magnitude. All spectra have
The class ofy Dor-type pulsators should contain both starbeen taken in 2011. The stars are sorted according to the KIC

with a shrinking and expanding core during their main-segee number.
evolution, and seismic probing of the core holds the poabtui

discriminate between those two scenarios. Based on thg-anal KIC Designation \Y N  Observed
sis of almost 11 500 light curves gathered with the CORoT®pacy,710504 TYC3134-1158-1 11.8 4 May — August
mission, I 10) confidently detect)y3Bor stars  g3448365 BR-383623 99 2 May—June
and 25y Dor/s Sct hybrid pulsators with about 50 stars still be- 4547348 TYC3124-1108-1 114 4 May — August
ing candidates of either of the class. For five out oh3Bor 04749989 TYC3139-151-1 96 2 May—June
stars, the authors detect regular patterns of period dh 04757184 TYC3139-499-1 117 4 May — August
high-order gravity modes ranging from 650 to 240 retehs114382  TYC3140-1590-1 11.6 4  July — August
) extends the Sample up to 95 and)52Dor and hybrld 05522154 TYC3125-2566—1 10.4 3 May-June
pulsators, respectively, and attempts to interpret the@epac- 95708550 TYC3139-428-1 11.9 4  July — August
ings from the previous study. The author finds that the oleserv gg185513 TYyC3127-2073-1 119 4 May
spacings are too short to be due to high-ofderl modes and  pg425437 TYC3128-1004-1 115 3 May
concludes that these spacings are either coincidentalodie®t (g468146 HD 226446 100 2 July
rather poor Rayleigh limit of CORoT data or need some othepgs7g174 TYC3129-3189-1 11.7 4  May — August
explanation. Recently, Maceroni ef al. (2013) studied dip®c 06935014 TYC3128-1500-1 10.9 5 May —June
ing binary, CoRoT 102918586, withyaDor pulsating compo- 07023122 BDR423281 10.8 4 May—July
nent based on space photometry and ground-based speplyosc@7365537 BDR-42 3365 92 3 May
The authors detect a nearly equidistant frequency spading 7380501 TYC3144-1294-1 125 4  July — August
about 0.05 d* (0.58uHz) which was found to be too small to 07867348 TYC3130-1278-1 11.0 4 May
be due to the stellar rotation. The corresponding mean gheriopg364249 — 1129 4  July — August
spacing of 3110 s was found to be consistent with the theoretpg375138 BR-44 3210 11.0 4  May— August
cal spacings of = 1 high-order g-modes based on the modelspg378079 TYC3148-1427-1 125 3  August
computed without convective overshooting. Neither of the t 08611423 TYC3132-580-1 11.6 4 May—June
studies present a detailed modelling of the deviation froen t 08645874 HD 188565 99 2 July
constant period spacings, however, and both rely on cosgari 09210943 TYC3542-291-1 11.8 3  May — August
with theoretically predicted mean values of the period B 09751996 TYC3540-1251-1 11.0 4 May
for an F-type star. This encourages us to start this worky thi¢ 10080943 TYC3560-2433-1 11.7 4  August
aim of studying in more detail the frequency contentyddor 10224094 TYC3561-399-1 125 4  July — August
stars observed in th€epler data, which have a much more suit- 11099031 TYC3562-121-1  10.0 4 July
able Rayleigh limit to unravel the filerent structures observed 11294808 TYC3551-405-1 11.7 4 May — August
in their amplitude spectra. 11721304 TYC3565-1474-1 11.7 4  July —August
Our ultimate goal is to deduce with high precision the ex-11826272 BDR493115 10.2 3 May - August
tent of the stellar core and mixing processes near the core fd1907454 TYC3550-369-1 11.7 4  May — August
v Dor-like stars burning hydrogen in their cores. This regsir 11917550 TYC3564-346-1 11.1 4 May — August
the selection of a large enough sample of slowly to moderatel11920505 TYC3564-2927-1 9.9 2 May
rotatingy Dor stars and this paper is devoted to this purposel2066947 TYC3564-16-1 10.2 3  May—July
Both photometric and spectroscopic data have been accaniced 12458189 TYC3555-240-1 116 4  May — August
are described together with the data reduction processige 12643786 TYC3554-1916-1 11.6 4 May — August

The sample of stars is introduced in S&¢t. 3. Photometric- cha*Kepler magnitude
acterization of the sample is given in Sddt. 4, the resulthef
spectroscopic analysis of all stars for which spectra aadable

are outlined in Sedtl5. The conclusions and an outlook fioiréu

_ . For the analysis, we use all data that was publicly avail-
research are given in Seict. 6.

able by the time of the analysis (Q0-Q8) and &iepler Guest
Observer data (Gm{d: Z(ﬂll). LC data are well-slite
for our analysis as the corresponding Nyquist frequency of
24.47 d' (283.12uHz) is well above they Dor-typical oscil-

We base our analysis on high-quality photometric and specttation periods that lie between 0.5 and 3 days. Instead ofusi
scopic data. The light curves have been gathered bidpter  the standard pre-extracted light curves delivered throdgs T
space telescope and are of micro-magnitude precision. atae dMikulski Archive for Space Telescopes), we have extratied
are acquired in two dierent modes, the so-calleahg (LC) and light curves from the pixel data information using custonsk®
short (SC) cadences. In both cases exposure time is 6.54 shaked on software developed by one of us (SB, Bloemen et al.,
which 0.52 s is spent for the readout. The LC integrate over 2ih prep). Contrary to the standard masks, which only use pix-
single exposures giving a time-resolution of 29.42 min vglsr els with the highest signal-to-noise/k§ ratios, our masks con-
one data pointin the SC mode contains 9 exposures correspdath as many pixels as possible with significant flux. Thetligh
ing to a 58.85-s time resolution. The data are released in queurves obtained by including these lowgiNJixels have sig-
ters ¢ 3 months of nearly continuous observations), the perioddicantly less instrumental trends than the standard tightes.
between spacecraft rolls needed to keep its solar panets- porabldd shows the influence of the proper mask choice on the fre
ing towards the Sun. More information on the charactessifc quency analysis of one of oyDor stars. The fifteen crossed out
the SC and LC data can be found.in Gilliland et al. (2010b) atolw frequencies present in the standard pre-extractetidigive
Jenkins et al. (2010), respectively. are gone from the data when we extract the light curve from

2. Observations and data reduction
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Fig. 1. The target sample representation. The plot illustratefeduencies we consider as independent ones for all 69 $tats the diferent
Y-scales for the two panels.

the pixel data using a custom mask. An appropriate removal This classification procedure only uses information derivem
the instrumental fects is essential foy Dor stars pulsating in the Kepler light curve, not stficient to distinguish all variabil-
high-order g-modes that show up in the low-frequency domaity types. Therefore, we refined the classification in a sdcon
One must thus cautiously mterpret frequenues deducmilﬁne stage by using 2MASS colour information. This way, we could
&Q10; discriminate between pulsating stars showing the samedf/pe
Al variability in their light curves, but residing atftirent locations
We acquired hlgh resolution spectroscopy for the brighita the HR diagram (e.gx Dor versus SPB pulsators).
est targets with the HERMES (Highfiiciency and Resolution In total, we selected 69 Dor candidate stars. Figulé 1 rep-
Mercator Echelle Spectrograph, Raskin etlal. 2011) spectresents the entire sample by showing all frequencies weaems
graph attached to the 1.2-m Mercator telescope (La Palmaa,independent ones (cf. Sectidn 4) for all 69 targets. Tta to
Canary Islands). The spectra have a resolution of 85000 angmber of shown frequencies is 344, which results from about
cover the wavelength range from 377 to 900 nm. Typigil S5 individual peaks per object. Such low number of indepehden
ratios measured atl 5500 A are about 40 for each spectrummodes is plain statistical and does not mean that there dye on
An overview of spectroscopic observations is given in Tble 5 independent, non combination frequencies per star. Irsafiy
The spectra have been reduced using a dedicated pipelif@ently large set of frequencies, it is not expected to finoen
The data reduction procedure included bias and stray-ight than~10 (depending on the criteria used to search for combina-
traction, cosmic rays filtering, flat fielding, wavelengthilsa- tion frequencies) independent modes to occur as there isigo w
tion by ThArNe lamp, and order merging. The normalisation t distinguish for the high-order combination and lower &mp
the local continuum has been performed in two steps: firditby tude modes. Most of the frequencies in [Elg. 1 are clearlyedu
ting a “master function” (cubic spline connected througmeo in the low-frequency region below 3.51(40.50uHz). There
tens of carefully selected continuum points) that accofamtihe is also a clear contribution in the high-frequency domainisT
artificial spectral signature induced by the flat field praged points to the fact thay Dor/§ Sct hybrid pulsators have been
The spectral signature of the flat field lamps is attenuated Imgluded into the sample as well.
red blocking filters|(Raskin et al. 2011) which induces a #jec Figure2 illustrateKepler light curves and amplitude spec-
spectral signature in the reduced merged spectra. And deaontra of six selected stars: KIC 02710594, 03448365, 03744571
correction for small-scalefects by selecting more “knot points” 04547348, 04749989, and 10080943. The first four targets be-
at wavelengths free of spectral lines and connecting thetim wiong to the same class ¢f Dor-type variable stars and exhibit
linear functions. At this phase, all spectra are correatedfeir similar variability in their light curves, though with sombat
individual radial velocities (RVs) as the position of théested different beating patterns caused by the closely spaced individ
“knot points” is fixed in wavelength. For more information orpeaks in the low frequency domain. A much higher frequency
the normalisation procedure we refer to Papics et al. (P12 contribution is easily recognizable in the light curvesto two
other stars, KIC 04749989 and 10080943, suggesting théchybr
nature of these objects. Indeed, lots of high and moderate am
plitude peaks characteristic of p-mode pulsations shovn uipe
Our selection ofy Dor targets is based on an automated simgh frequency domain in the corresponding amplitude spect
pervised classification method, applied to the enffrepler of these stars.
Q1 dataset of about 150000 light curves. For detailed infor- Table[3 presents photometric characterization and classifi
mation on the method, we refer to_Debosscher et al. (201&ation of all 69 stars in our sample. The first column gives the
Basically, we summarize the main characteristics of eagtt li KIC-number of the star, the second and the third columns rep-
curve by means of a uniform set of parameters, obtained fromesent the total frequency range in‘énduHz, accordingly. In
Fourier decomposition. These include, e.qg., significagqdien- the nextthree columns we give the amplitude range in mmag and
cies present in the light curve, their amplitudes and thelir r frequency of the highest amplitude peak bothihanhduHz, ac-
ative phases. Statistical class assignment is then pegfbby cordingly. The total number of statistically significanéduen-
comparing these parameters with those derived from a trginicies as well as the photometric classification accordindiéo t
set of known class members for several types of variabls.staype of variability are given in the last two columns. Despur

3. The target sample




A. Tkachenko et al.: Selection of a sample ofy6Por stars for asteroseismology

Time (days) Frequency (uHz)
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Fig. 2. Light curves (left) and amplitude spectra (right) of sedecstars. From top to bottom: KIC 02710594, 03448365, 0374464547348,
04749989, and 10080943. The y-scale of the left panel reptegliterential magnitude after subtraction of the correspondiegn value for
each target. Note mmag scale for KIC 04749989.

advanced data reduction procedure (cf. Selclon 2), for therma order) combinations of the low frequency g-modes. There are
ity of the stars, low-frequencyQ.1 d* or 1.2uHz) individual ~several objects marked with superscript “*” in Tafle 3 foriath
contributions have been detected. As stated by Balona [f201dassification is uncertain in a sense that some low-anggitu
the amplitudes of such low frequencies affeeted by the in- high-order (typically, higher than 6-8) combination fremaies
strumental &ects, even in the case where the frequencies repheve been detected in the high frequency domain as well. Such
sent oscillation modes of the stars. We are aware of thatrarsd thigh-order combinations, however, can be a plain matheadati
do not take these low-frequency contributions into accedm@n coincidence and we thus put some “uncertainty mark” on these
classifying the targets. Assignment of a star to a certaiibid- targets and are aware of the fact that they can also exhihjt ve
ity class (¢ Dor or hybrid pulsator) has been made also by takew-amplitude p-modes.

ing the information on combination frequencies into acadof

Sectiorf#). As such, the detection of individual peaks irhigg

frequency domain is not by itself afigcient condition for the 4. Frequency analysis of the Kepler light curves

star to be classified asyaDor/6 Sct hybrid pulsator — the peaks

in the p-mode regime must be independent modes and not (Idw the extraction of frequencies, amplitudes and phases of
pulsation modes from th&epler light curves, we used the
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Table 3. Photometric classification and characterization of thepdanargets. The stars are sorted according to the KIC number

KIC Freq range Ampl range Freigh N Class KIC Freq range Ampl range Friigh N Class
d? uHz mmag at uHz d? uHz mmag at uHz
02710594 [0.03:3.00] [0.35:34.73]  [0.14:6.14] 1.3553 6BA0 157 y Dor 07746984 [0.01:4.10] [0.12:47.42] [0.03:2.51] 1.3517 6B94 109 y Dor
03222854 [0.01:5.87] [0.12:67.89] [0.05:4.16] 1.0575 2BB2 194 y Dor 07867348 [0.01:13.99] [0.12:161.90] [0.03:2.16]  1.16993.5860 166 v Dors Sct hybrid
03448365 [0.01:3.46] [0.12:40.08] [0.19:7.44] 1.5001 36B5 148 vy Dor 07939065 [0.03:6.29] [0.35:72.76] [0.13:10.35] 1.7282 .9948 161 + Dor*
03744571 [0.01:2.90] [0.12:33.59] [0.05:7.86] 0.9912 4BB5 204 y Dor 08364249 [0.01:5.89] [0.12:68.09] [0.01:3.86] 1.8693 62B2 198 v Dor
03952623 [0.01:24.47] [0.12:283.11] [0.03:2.29] 2.5707 9.7229 218 vy Dor/s Sct hybrid | 08375138  [0.01:6.31] [0.12:73.06] [0.03:5.12] 2.0778 0202 379 vy Dor
04547348 [0.02:2.62] [0.23:30.30]  [0.13:8.44] 1.2249 1785 178 y Dor 08378079 [0.01:1.88] [0.12:21.80] [0.01:1.59] 0.5254 78® 220 v Dor
04749989 [0.02:22.76] [0.23:263.36] [0.01:0.52]  3.1157 6.0892 115 + Dors Scthybrid | 08611423 [0.02:2.48] [0.23:28.65]  [0.11:2.99] 0.8297 983 98 1y Dor
04757184 [0.02:5.08] [0.23:58.73] [0.02:11.30] 1.2647 .6B27 153 y Dor 08645874 [0.01:24.25] [0.12:280.55] [0.01:5.58] 1.84761.3769 248 1y Dor/s Sct hybrid
04846809 [0.01:2.27] [0.12:26.21] [0.11:2.75] 1.8131 9780 105 y Dor 08693972 [0.01:1.82] [0.12:21.09] [0.02:5.81] 0.4833 9% 381 1y Dor
05114382 [0.03:3.75] [0.35:43.35] [0.03:3.66] 0.9542 0uD2 99 yDor 08739181 [0.01:3.25] [0.12:37.62] [0.02:18.00] 0.8605 95860 202 vy Dor
05254203 [0.02:4.45] [0.23:51.52] [0.05:9.33] 1.2572 G5u60 166  Dor 08836473 [0.01:9.50]  [0.12:109.91] [0.02:1.44] 1.8834 .7813 217 v Dors Sct hybrid
05350598 [0.02:4.49] [0.23:51.94] [0.02:0.90] 2.1585 OF40 139 y Dor 09210943 [0.02:5.29] [0.23:61.25]  [0.03:2.36]  2.1908 32§5 176 v Dor
05522154 [0.01:18.61] [0.12:215.36] [0.02:1.56] 3.0101 4.8269 103 y Dor/s Sct hybrid | 09419694  [0.06:2.86] [0.69:33.10] [0.21:14.34] 1.0328 .9198 122 vy Dor
05708550 [0.01:2.70] [0.12:31.21] [0.06:2.71] 1.1155 9080 209 vy Dor 09480469 [0.01:4.58] [0.12:52.97] [0.10:7.00] 1.9948 (0B®1 205 vy Dor
05772452 [0.01:2.11] [0.12:24.43]  [0.20:11.96] 0.7039 1480 96 y Dor 09595743 [0.01:3.54] [0.12:40.89] [0.13:7.04] 1.7299 04@6 96 1 Dor
05788623 [0.01:1.86] [0.12:21.48] [0.43:9.57] 0.7790 130 114 +y Dor 09751996 [0.04:7.01] [0.46:81.16] [0.08:2.43] 1.2846 8629 81 yDor
06185513 [0.03:9.76] [0.35:112.93] [0.01:0.69] 2.2458 .9B83 145 v Dors Scthybrid | 10080943 [0.05:21.07] [0.58:243.78] [0.04:1.99]  1.05932.2563 257 + Dor/s Sct hybrid
06342398 [0.01:2.67] [0.12:30.85] [0.04:7.27]  1.0745 4B25 145 y Dor 10224094 [0.01:3.02] [0.12:34.95] [0.04:2.78] 1.0124 7IB1 160 + Dor
06367159 [0.02:19.07] [0.23:220.67] [0.12:3.92] 0.5247 .0760 177 vy Dor/s Sct hybrid | 10256787  [0.01:3.10] [0.12:35.90] [0.05:6.71] 1.0775 48B7 257 vy Dor
06425437 [0.03:2.21] [0.35:25.52]  [0.54:15.63] 0.8968 .3766 80 y Dor 10467146 [0.01:3.82] [0.12:44.15] [0.02:3.42] 0.9550 O#B9 253 + Dor
06467639 [0.01:22.39] [0.12:259.03] [0.03:3.40]  1.7361 0.0868 197 v Dors Scthybrid | 11080103 [0.02:4.17] [0.23:48.20]  [0.08:11.97] 1.2414 .3682 170 v Dor
06468146 [0.02:14.93] [0.23:172.71] [0.03:1.17] 1.5457 7.8839 160 1y Dor/§ Sct hybrid | 11099031 [0.01:11.93] [0.12:137.98] [0.01:1.51] 0.91820.6241 325 vy Dor*
06468987 [0.01:9.83] [0.12:113.78] [0.02:4.45] 19990 .12B8 275 y Dor' 11196370 [0.01:6.14] [0.12:71.08] [0.03:2.71] 2.8416 &IB9 275  Dor
06678174 [0.05:4.97] [0.58:57.49] [0.01:3.17] 1.1283 0637 149 vy Dor 11294808 [0.01:6.94] [0.12:80.34] [0.01:2.34] 2.2248 7288 344 vy Dor*
06778063 [0.01:23.81] [0.12:275.50] [0.04:0.93] 18.007Q@08.3414 164 & Scty Dor hybrid | 11456474  [0.01:4.34] [0.12:50.21] [0.03:4.12] 1.4715 0PB1 273 vy Dor
06935014 [0.01:2.67] [0.12:30.85] [0.04:5.47] 1.2067 9821 333 y Dor 11668783 [0.01:4.79] [0.12:55.38]  [0.01:3.13] 0.6280 6B2 225 + Dor
06953103 [0.02:3.85] [0.23:44.49] [0.77:33.79] 1.2876 .89%1 125 +y Dor 11721304 [0.01:1.94] [0.12:22.47] [0.11:4.35] 0.7905 4849 239 vy Dor
07023122 [0.01:5.86] [0.12:67.79] [0.04:13.02] 1.8760 .7P58 259 vy Dor 11754232 [0.01:8.19] [0.12:94.70] [0.03:2.13] 0.9196 6B®6 129 vy Dor/s Sct hybrid
07365537 [0.01:18.40] [0.12:212.86] [0.01:7.77]  2.9257 3.8802 399 y Dor' 11826272 [0.01:2.76] [0.12:31.96]  [0.06:11.93] 0.8337 6486 214 + Dor
07380501 [0.01:4.14] [0.12:47.85] [0.02:2.27] 0.9633 1449 279 vy Dor 11907454 [0.01:4.33] [0.12:50.10] [0.05:4.35] 1.1872 7B%8 246 vy Dor
07434470 [0.01:14.42] [0.12:166.83] [0.01:3.79] 1.6987 9.6541 259 + Dors Scthybrid | 11917550 [0.01:3.07] [0.12:35.53]  [0.08:9.18]  1.2877 89&5 219 v Dor
07516703 [0.02:3.65] [0.23:42.22] [0.03:1.43] 1.8271 13D6 252 y Dor 11920505 [0.01:2.83] [0.12:32.77]  [0.25:13.03] 1.1988 .8¥B0 162 + Dor
07583663 [0.01:4.62] [0.12:53.49] [0.06:6.28] 1.0448 0829 242 vy Dor 12066947 [0.01:6.68] [0.12:77.23] [0.01:2.96] 2.7243 538 226 vy Dor*
07691618 [0.01:2.00] [0.12:23.14] [0.03:2.63] 0.8219 08% 251 y Dor 12458189 [0.01:8.05] [0.12:93.15]  [0.02:4.31] 1.0396 OPB7 294 + Dor'
12643786 [0.01:4.88] [0.12:56.44] [0.13:16.86] 1.6129 .6882 185 vy Dor

*possiblyy Dor/s Sct hybrid
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Table 4. Fundamental stellar parameters. N gives the numberadogram. This way, the frequency uncertainty is determmed
individual spectra, error bars arevleonfidence level.

KIC Ter logg  vsini MH] N
K dex kms? dex

02710594 68303 3.559%5 76.0%%  -0.22%2 4
03448365 6978% 4.000% 88.0%5  -0.03%% 2
04547348  7060% 4.009% 65339 02093 4
04749989 73202 4.3293 191.2195 4000912 2
04757184 73243 4.250% 32137  -0455% 4
05114382 720019 4.44040 66550 00892 4
05522154 71983 4.5393% 156.675) —0.20933 3
05708550 7013 4.019%5 64.445 00794 4
06185513  7228% 4.3097% 76.1120  —0.10%% 4
06425437 700070 4.039% 48.2%%  4+0.0792 3
06468146  7150% 3.89%4 64.5%0  +0.07%14 2
06678174  7100% 3.9204 42135 01794 4
06935014  7010% 4.069% 65449  +0.02%12 5
07023122  7314% 42793 5063  -0.1693 4
07365537  7320°  4.4293 144729 -0.05%% 3
07380501 672845 3.620085 50445  -0.15%% 4
07867348 69702 35894 16527 01493 4
08364249 69503 3.89°9%0 1315120 _0.09%7 4
08375138  7114% 4.2593 130580 01130 4
08378079 708 3.1997% 10214 03732 3
08611423  711§% 4.083% 20432 01138 4
08645874  7170% 3.85%% 19.5%6 002910 2
09210943  707G3% 4.499% 71580  _0.03%2 3
09751996 69333 3.6004 11715 02702 4
10080943 — — — — 4
10224094 703030 3.82947 23.7°28 -0.07%11 4
11099031  6795% 3.9793 96530  4+0.120% 4
11294808 6875 3.939% 87.8120  40.079Z 4
11721304 719819 4.250%5 26530 008910 4
11826272 69483 3.7993 28.23% +0.000% 3
11907454 704819 4.27942 105639 -0.03%2 4
11917550 69905y 3.9393% 74055  -0.095; 4
11920505  710Q3 4.049% 59528  4+0.019% 2
12066947 73980 4.599% 122572 012010 3
12458189  6898% 3.999% 67.579  4+0.0892 4
12643786 71603 42098 7258 01992 4

*Spectroscopic double-lined binary (SB2)

the frequency resolution given by the Rayleigh limiT 1the
errors in amplitudes and phases are the formal errors frem th
least-squares fitting. We keep iterating until the commaisigd
significance level of 4.0 in /8l is reached (Breger etlal. 1993),
where the noise level is computed from a 3" ¢34.7 uHz)
window before prewhitening the frequency peak of interest.
However, there are several objects (typically those focless
than three quarters of data are available) for which “onlgba-

ple of dozens of peaks can be detected following this stahdar
criterion, resulting in a fairly bad fit of the observed lighirve.

In these few cases, we exceed the lower limit /N &nd iterate
until the value of 3N=3.0is reached, making sure the model fits
the observations well.

For every star in our sample, we check for evidence of non-
linear dfects in the light curve by looking for low-order combi-
nation frequencies. We assume that any combination frexyuen
should have lower amplitude than the parent frequenceesiti.
should appear in a list which is sorted according to ampéitud
below the frequency(ies) it is formed of. We allow up to three
terms when computing the sum gdaddifference combination
frequencies, assuming that harmonics can enter the cotidrina
as well (e.qg.,E=2f1+f,-f3 or fi=f1-3f,+f3). The frequency of in-
terest is accepted to be a combination of the independent fre
qguency if the diference between the combination and true values
is less or equal to the Rayleigh limit. For example, the aabjt
frequency fis assumed to be a combination of the independent
frequenciesfand £, when, e.g.|fi—(2f1+f2)|<1/T.

Table B.1 summarizes the results of the frequency analysis
for all 69 stars. The total time span of the observations hod t
Rayleigh limit can vary from star to star and is indicatedha t
parenthesis following the star designation. The table tst fre-
quencies (both in @ anduHz) and corresponding amplitudes
(in mmag), JN, the corresponding lowest order combination,
and the number of combinations that can be built of indepeinde
frequencies only. The latter number obviously needs magokaex
nation. Each frequency in the list (except for the highegplam
tude peak which is assumed to be independent), is first consid
ered to be a possible combination term of the higher-angsitu
parent frequencies. In the first step, we check for all pdssib
combinations of the parent frequencies (all frequenciatstthve
higher amplitudes than the one in question) capable of sepite
ing within the Rayleigh limit the frequency in question. Antp
the whole variety of the obtained combinations (the numifer o
which will be the larger the lower is the amplitude of the fre-
guency in question), we select those that involve the indepe
dent frequencies only. The total number of such combinati®n
given in the last column of Table B.1 designated “N”. A valdie o
zero in this column means that the frequency of interest cén o
be represented as a combination of the frequencies whiat-the
selves are combinations of the independent peaks. In peacti
this means that the frequencies with the numbe@Nan only be
represented as very high-order (typically, higher tharco®)bi-
nations, which is basically just a mathematical coincigeacd
has no physical meaning. The independent frequenciesgine hi
lighted in Table B.1 in boldface whereas their second- aind-th
order combinations are shown in italics and with the supgisc

Lomb-Scargle periodogram (Scaigle 1982) and a consecutivg respectively.

prewhitening procedure. A detailed description of the wehrb-

cedure can be found in, e.g., Papics étal. (2012b).
In our case, at each step of the prewhitening procedure, Wee author simulated thousands of light curves having aimil

optimize the amplitudes and phases of the modes by medusrandom power spectrum as the main-sequence SPBssPapic

of least-squares fitting of the model to the observationdevhi2012&) concluded that one has to restrict to the low-ongetd

the frequencies fixed to those obtained from the Scargle pehie 3rd) combinations when interpreting the light curveshas

[Papics[(2012a) investigated the problem of occurring com-
bination frequencies in the light curves §epler B-type stars.
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Fig. 3. Distribution of efective temperatures (top left), surface gravities (toptligorojected rotational velocities (bottom left), andtatkicities
(bottom right) of the sample targets.

higher-order combination peaks are likely mere coinciéghan the spectroscopic classification with the one based on tiieade
having any physical meaning. This is the reason why we cdoy/Debosscher et al. (2011).

sider only low-order (2nd and 3rd) combination peaks asrttavi
physical meaning while we are rather sceptical with respect
all other, higher-order combinations.

5.1. Fundamental parameters and position in the HR
diagram

For estimation of the fundamental parameters of the stasise
5. Spectroscopic analysis the GSSP code (Tkachenko etlal. 2012; Lehmannl et al.] 2011).
] _ ) The code relies on a comparison between observed and syn-

As mentioned in Sedi] 2, for half of the stars in our sample, wgetic spectra computed in a grid ®fg, logg, vsini, [M/H],
obtained high resolution (R85 000) spectroscopic data. Atleaspnd microturbulent velocity, and finds the optimum values of
two spectra have been obtained for each star in order to ch@gkse parameters from a minimumyif. Besides that, individ-
for possible RV variations due to binarity. Besides the btya yal abundances of fierent chemical species can be adjusted in
check, a collection of N independent spectra allows to &®ee the second step assuming a stellar atmosphere model of a cer-
SN by roughly a factor of VN by combining the single mea-tain global metallicity. The grid of atmosphere models hesrb
surements and building an average spectrum. The gaifNisS computed using the most recent version of the LLmodels code
very important given that we aim for estimation of the fundgShulyak et al. 2004) in [-0.8;0.8] dex, [4 500, 22 000] K, and
mental stellar parameters lik@fective temperatur@es, surface [2.5, 5.0] dex range for metallicity,fiective temperature, and
gravity logg, projected rotational velocitysini, and metallicity surface gravity, respectively (Tkachenko et al. 2012 '%n
[M/H]. spectra are computed using the SynthV cdm 1996)

As for the second half of the sample stars, their observationhich allows to compute the spectra based on individual ele-
are planned for the summer next year whenkKlapler field is mental abundances, to take vertical stratification of a éb&m
best visible on La Palma, Canary Islands. Besides that, see atlement angr microturbulent velocity into account.
plan more extensive spectroscopic monitoring of the stars f The errors of measuremenifTonfidence level) are calcu-
which more than just a couple of measurements would be émted from the? statistics using the projections of the hypersur-
sential (e.g., spectroscopic binaries for which a precibital  face of they? from all grid points of all parameters onto the pa-
solution and possibly decomposed spectra in the case ofeloulbameter in question. In this way, the estimated error bailsidte
lined binaries (SB2) can be derived given that good orbltalge any possible model-inherent correlations between thenpara
coverage is provided). In the following, we describe theultss ters. Possible imperfections of the model like incorreotrat
of our spectrum analysis of 36 of the sample stars and compédega, non-LTE fects, or continuum normalization are not taken
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d Fig. 5. vsini versus independent frequencies for the sample stars. Open
triangles refer to the dominant oscillation mode for eaer, she two
other symbols represent all other independent frequerfeiksd boxes

gnd open circles refer tp Dor and hybrid pulsators, respectively. The
Solid black line shows linear fit to all data points (there tmee fre-
quencies between 18 (208.26) and 21 (242.9%)(dHz) in thes Sct
domain), the red dashed line represents a linear fit to tlygiémecies in
they Dor range after removing theSct frequencies.

Fig. 4. Location of 36 stars (see Talile 4) and $hBor ands Sct (soli
lines) theoretical instability strip§ (Dupret ef Al. 2006)the HR dia-
gram. Dashed thin and thick lines representtior instability regions
computed withe = 2.0 and 1.5, respectively. Open circles refer to th
hybrid pulsators.

into account. In a recent study by Molendakowicz et al.
(2013) the use of dierent methods and codes to derive atmo-

spheric parameters for F, G, K, and M-type stars is compareg, . | - |
and led the authors to conclude that the realistic accuratlye £ ¢
determination of atmospheric parameters for these typssd £ .
is+ 150K inTeg, £ 0.15dex in [F¢H], and 0.3 dexin log, even 8 12—+ a, . 8
. . .. . . =}
though error calculations for individual programs miglhguiein - = - -
smaller errors. Hence, we are aware of a possible undeeestirg g o i
tion of errors in Tabl&l4. 3 .. ’
Given the rather low 8! of our spectra (typically, below 80 § s B Y1 P
for the average spectrum), we decided to fix the microturiiule§ 4 +— - .
velocity ¢ to the standard value of 2 kmisand optimise the & §
global metallicity (which is a scaling of all chemical elemte = 0 ! , ,
heavier than hydrogen and helium by the same factor) instead 0 50 00 150 200

evaluating individual abundances of chemical elementsle[4
summarizes the results of the spectroscopic analyses &the
stars in our sample listing the KIC-numbé&i, logg, vsini, Fig. 6. Same as Figl5 but for the amplitudes. The solid black linevsho
and [M/H] values, as well as the number of individual spectra linear fit to all data points, the red dashed line represetitsear fit
used for building the average spectrum. after removing two stars withsini>150 km s* from the sample.
Figure[3 shows distributions of the four fundamental pa-
rameters of the sample stars. The majority of the targetsufab
66 %) have fective temperatures in the range between 6 9@assification mainly on the position of the stars accordinipe
and 7200 K though a few objects show slightly higtmver derived temperatures as the luminosity errors can stillrizew
(+ 200 K) temperature values. The distribution of the suestimated due to the uncertainties in the empirical retatio
face gravities suggests that all but one stars are luminosit Figure[4 shows the position of the stars in the HR diagram
class IV-V sub-giant or main-sequence stars, which togethegether with they Dor ands Sct theoretical instability strips.
with the above mentioned temperature regime, perfectly fithe latter are based on Dupret et al. (2005, Figures 2 and 9).
the classical definition of thes Dor stars group (see, e.g.The edges of thé Sct instability region have been computed
Kaye et all 1999; Aerts et al. 2010). The largest majorityhef t for the fundamental mode and a mixing-length parameter of
targets, within the error of measurements, show solar metal = 1.8 (solid lines). The borders of the Dor instability re-
licities though a couple of stars exhibit slightly depletmckr- gions computed witlr = 2.0 and 1.5 are shown by dashed thin
all chemical composition compared to the Sun. Our sammed thick lines, respectively. All stars but one are nicdlyse
is dominated by slowly (sini<30 kms?) and moderately tering in the region of the HR diagram where theDor-type
(30<vsini<100 kms?) rotating stars, only seven objects havg-mode pulsations are expected to be excited in stellaridnse
vsini values above 100 knmts KIC 08378079 is the only “outlier” located the top left (towla
The derived values of ¢ and logg allow us to place the highertemperatures and more luminous objects) oftber in-
stars into the log (ILo)—logTer diagram and classify them by stability region in the diagram (cf. Figuké 4). Given that au-
evaluating their positions relative to theDor andé§ Sct the- erage spectrum is of very lowi$ and thus the error bars in both
oretical instability strips. The luminosity of each stasshH@en temperature and luminosity are large for this faMt £ 12.5)
estimated from an interpolation in the tables by SchmidieKa star, it can safely be considered agy ®or-type variable from
(1982) using our spectroscopically derivegry and logg. The our spectroscopic values @z and logg.
errors in luminosity were evaluated by taking the errorsathb As an overall conclusion, our spectroscopic classification
Ter and logg into account. However, we base our spectroscopperfectly agrees and thus confirms the photometric one lased

spectroscopic vsini (km/s)




A. Tkachenko et al.: Selection of a sample ofy6Por stars for asteroseismology

7T 800 sive studies by Balona & Dziembowski (2011) and Chang et al.
604 . 1700 (2013) focusing on the Sct stars but these authors do not
100 presentsini-frequency correlations in their papers. N&ni-
o~ 07 - . . . &~ frequency distributions obtained based on the data fron0B20
2 w0+t 15 2 and[Uytterhoeven et hl[ (2011) are illustrated in Figlrer?. |
2 I . . 4400 & both cases, linear fits (solid lines in both panels) show a neg
=R T '. CTC Js0 2  ative trend, though with dierent slopes: it is steeper for the
E 2.t e . i 1,0 €  |Uytterhoevenetal.[(2011) data than for those from R2000.
ol S ey e - However, the reliability of the correlation shown in the toot
_.;i____g . T L L panel of Figur€l7 is not convincing because of too few objects
ot ———+—o that could be retrieved from the samplelof Uytterhoevenlet al
0 50 1001502000250 300 (2011). Comparison of the R2000 distribution (cf. Figiuréop,
spectroscopic vsini (km/s) panel) with the one we obtained for theéor stars in this paper
70 ——————T————T—————T———= 800 (cf. Figure[®), reveals opposite behaviour: for th®or stars,
601 ) 1700 the frequencies of oscillation modes are found to increashex
L 1 vsini increases whereas they decrease or, at most, remain con-
~ S0+ 7600 &~ stantfor thes Sct stars.
2 ol . 150 2 From Figureb, it is clear that not only the dominant mode
g 1 ) . Jaso &  frequencies (open triangles) but also all the other indeégen
5 M0E . ls0 & frequencies (filled boxes and open circles) show a corosiati
& 20-“ &  with vsini. If the correlation was due to rotational modulation,
. B 1200 one would expect only the dominant, rotation frequency tmsh
0T . . . 100 dependence ownsini. Since we observe several independent fre-
0 R N I quencies for each star and they all show similar behaviotir wi
0 50 100 150 200 250 respect tovsini (cf. Figure[$), we conclude that the observed
spectroscopic vsini (km/s) correlation is due to stellar pulsations rather than roteti mod-

. . ) ) ulation. Moreover, besides the above mentioned correldtio
Fig. 7. Frequency of the dominant mode as a functionvefni for  the rotation frequency, one would also expect the rotatiowoal-

6 Sct stars from the catalogues lof Rodriguez tial. (2000, @00 |jjation to show up with series of harmonics of that frequenc
Uytterhoeven et al! (20111, bottom). The solid line repréesenlinear m%m q y

function fit to the shown data points. Detailed informationiodivid- (see_e.g. | (includi 1h3). We]: thus phepke? how many har-
ual stars is provided in Table A.1. monics in total (including those of combination frequestiger

star could be detected and present the distribution in Eigur
(top). Though there is a clear peak at three harmonics per sta
the information derived from th&epler light curves only (cf. the distribution is rather random, revealing stars showipgo
Sect[B). A second important conclusion for future astésosie @ couple of dozens of harmonics in their light curves. The ma-
modelling is that most stars are slow to moderate rotatofs. [Ority of these detections are harmonics of (very low-artople)
course, the estimated value of the projected rotationajcj@l combination frequencies which is Ilkely to be jUSt a mathema
is not a measure of the true rotational period of a star but #al coincidence rather than having any physical meanieg (s
lows to put some constraints (lower limit) on the stellaatimn  Papics 2012a). Indeed, none of the stars show a series -of har
frequency. monics but rather single peaks for combination frequenties
We also checked for a possible correlation between the sp#tis reconsidered our distribution including only harnosrof
troscopically derived value afsini and photometric frequenciesthe independent frequencies now (see Figlire 8, bottom)eThe
of the independent pulsation modes for each star. The falistri iS & clear peak at three harmonics per star and the largegterum
tion is illustrated in Figurgl5. There is a clear trend inwtsini-  Of the detected harmonics per object decreased from theopiev
frequency diagram implying that the independent mode feagu 29 to the present 9. A careful look at the independent fregjeen
cies are higher for the largersini. The correlation becomesand their harmonics showed that the latter are homogeneousl|
even stronger if we include the three frequencies fromstBet  distributed among all independent frequencies and thene is
domain that we detected for two of the shown stars (solidkblastar showing a long series of harmonics of a single independe
line to be compared with the dashed, red line in Figure 5). Fequency as one would expect for rotational modulation.
completeness, in Figufé 6, we also presentthiai-amplitude
distributio.n _forthe sample stars. Though a n_egative.tr@mdvs 6. Discussion and conclusions
up when fitting all the data points linearly (solid line) stalmost
gone when the two stars withsini>150 kms* are removed Non-uniform period spacings of gravity pulsation modes is
(dashed line). Thus, we conclude that tre@ni-amplitude cor- a powerful tool for diagnostics of the properties of the in-
relation presented here is at best weak and is not a chasticterner core and its surrounding layers. We aim for the applica-
of y Dor stars. tion of the methodology described by Miglio ef al. (2008) and
To check whether a similarsini-frequency correlation is Bouabid et al. [(2013) (for the first practical applicatioees
also characteristic of Sct stars, we used the data from th®egroote et al. 2010) tg Dor-type pulsating stars. This paper
catalogues of Rodriguez et al. (2000, hereafter calledOBRO is the first step towards this goal.
and Uytterhoeven et al. (2011). All stars for whigkini mea- Based on an automated supervised classification method
surements are available were selected, resulting in 189&nd(Debosscher et al. 2011) applied to the entiepler Q1 dataset
objects extracted from R2000 ahd Uytterhoeven et al. (201&f about 150 000 high-quality light curves, we compiled a sam
respectively. The full list of the retrieved objects is give ple of 69y Dor candidate stars. We presented the results of fre-
in Table A.1. We are also aware of the two recent extegquency analyses of thi€epler light curves for all stars in our
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8 I . Fig. 9. Distribution of the highest amplitude frequency detectethie
r 1 Fourier spectra of the sample stars.
z 6 1
4 T sators. In our case, this fraction is about 35% if we conslder
5 K 1 “possibley Dor/s Sct hybrids” as being indeed hybrid pulsators
I and about 20% if we exclude them. An extrapolation of the re-
ol - - - - - - - - sults obtained by Uytterhoeven ef al. (2011) for a sub-sampl
o+ 2 3 4 5 6 7 8 9 of 41 targets to the entire sample, led the authors to the con-

clusion that many ofy Dor andé Sct pulsators are moderate
_ (40<vsini<90 kms?) to fast ¢sini>90 kms?) rotators. Our
Fig. 8. Distributions of the total number of the detected harmo(tims) sample consists of mainly slow to moderate rotators with the
and those formed of independent frequencies only (bottom). vsini distribution peaking at the value of 65 kirtgcf. Figure3,
bottom left). The major conclusion that Uytterhoeven et al.
(2011) made concerning Dor ands Sct theoretical instability
sample. For each star, we checked the results for evidences@ips was that they have to be refined as the stars with charac
non-linear &ects in the light curve by looking for low-orderteristic type of pulsations seem to exist beyond the resmact
combination frequencies. All our stars show at least sévefastability regions. The studies preformed|b
second-order and third-order combination frequenciesud (2010){ Tkachenko et al. (2012, 2013) led to S|m|Iar conolms
ing harmonics) suggesting that non-linedéieets are common AISOI@ [(2012), who studied a large number of the CoRoT
for y Dor-type pulsating stars. light curves, found thag Dor stars mainly cluster at the red edge
From theKepler light curve analysis, we identified 46Dor  of the § Sct instability strip, with a significant fraction of them
stars, 14 hybrid pulsators, and 10 stars marked as “possihi/ing cooler temperatures however, wheré&cty Dor hy-
y Dor/é Sct hybrids” and showing low amplitude, high-ordeprid pulsators fill the whole& Sct instability region with a few
(typically, higher than 6-8) combinations in the p-modeimeg stars being beyond its blue edge. The author also conclhdgs t
of the Fourier spectrum. A more detailed study of the amplirom the position of the studied objects in the HR diagramareh
tude spectra would be needed for these ten stars to classify t is no close relation betweenDor stars and hybrid pulsators. In
correctly. According to the highest amplitude frequensyribu-  this paper, we found that all stars for which fundamentahpar
tion (cf. Figurel®), they Dor-type g-mode pulsations dominateeters could be measured from spectroscopic data, residwe in t
our sample and there is only one star, KIC 06778063, where gected range of the HR diagram, clustering inside the-theo
peak in the p-mode regime is the dominant one in the data. reticaly Dor instability region. Our results are based offet
Additionally, high-resolution spectroscopic data haverbe ent i.e., much stricter, selection criteria than thoseiadph the
obtained for half of our stars with the HERMES spectrograpbove mention papers, i.e. the morphology of the light cslime
(Raskin et all 2011) attached to the 1.2-m Mercator telescopombination with a spectroscoples determination rather than
All 36 stars for which spectra have been acquired fall in® tha poorTe; estimate or colour index alone. This implies that our
¥ Dor instability region confirming the photometric classific sample is much “cleaner” and not contaminated by stars with
tion as eithery Dor- or of y Dor/§ Sct hybrid-type pulsating other causes of variability than pulsations.
stars. The ffective temperatures are distributed within a narrow [Balona et al.[(2011) suggested that the pulsation and ootati
window of 700 K, the surface gravities distribution suggdst periods must be closely related. Given that in Uytterhoeteai.
minosity class IV-V sub-giant or main-sequence stars. ldeng2011) vsini values were obtained for a very limited number
the applied method of photometric classification as deedrib  of stars, the authors did not look for any correlations betwe
IDebosscher et al. (2011), proves to be very robust. vsini and pulsation perigétequency. In our case, we have found
\Uytterhoeven et all (2011) presented a characterizati@n o& clear correlation between the spectroscopically demadi
large sample of A- to F-type stars based Kapler photom- and the photometric frequencies of the independent patsati
etry and, where available, ground-based spectroscopy.nmanodes (cf. Figurgl5) in a sense that the modes have higher fre-
the stars showing Dor, § Sct, or both types of pulsations inquencies the faster is the rotation. This correlation iscaoised
their light curves, the authors identified about 36% as lijwi- by rotational modulation of the analysed stars but is vadid f

harmonics
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they Dor g-mode stellar oscillations. These findings are in pewtglio, A., Montalban, J., Noels, A., & Eggenberger, P. 800ANRAS, 386,
fect agreement with the results of the recent theoreticak g 1487

[Bouabid et al. ; ; olt_andaiakowicz, J., Sousa,_S.G, Frasca, A., et al., 2013, MNRASsted
I I‘(2'Q13)’ who showed that the rotation shifes ﬂglélplcs, P. 1. 2012a, Astronomische Nachrichten, 333, 1053

g-mode frequencies to higher values in the frequency SpCtrp4ics’ p 1 Briguet, M., Baglin, A, et al. 2012b, A&A, F4A55

of a pulsating star, filling the gap between th8ct-type p- and Raskin, G., van Winckel, H., Hensberge, H., etal. 2011, A&26, A69

v Dor-type g-modes. Comparison with th&ct stars reveals thatRodriguez, E., Lopez-Gonzalez, M. J., & Lopez de Coc20B0, A&AS, 144,

they behave in the opposite way, namely they show decreasisré %?e 1., 1082, ApJ, 263, 835

frequ.ency as thGSI_nI increases. We also chec_ked fov sini- Schmid{—KaIer, Th. 71982’, in Léndolt—Bt')rnstein, ed. K. 8iébrs, & H. H. Voigt

ampl_ﬂude correlation for ouy Dor stars but did not get any —(springer-Verlag), 2b

convincing results. Shulyak, D., Tsymbal, V., Ryabchikova, T., Stutz, C., & ¥&iW. W. 2004,
Compared to the study hy Uvtterhoeven etlal. (2011) whereA&A, 428, 993 , _ _ )

a large sample of 750 A- to F-type stars has been analysed M. D., Fanelli, M., Kinemuchi, K., & Kepler Science @& 2011, Bulletin

f which about 21% were found not to belong the clasg bior of the American Astronomical Society, 43, #140.02

0 r g the SB Tassoul, M. 1980, ApJS, 43, 469

or ¢ Sct nor to the hybrid pulsators, 12% were identified as bfhoul, A., Degroote, P., Catala, C., et al. 2013, A&A, 5512A1

nary or multiple star systems, and many objects were foundTigchenko, A., Lehmann, H., Smalley, B., Debosscher, J.,e8i% C. 2012,

be constant stars, our sample is much more homogeneous arlNRAS, 422, 2960

does not include “bias”, i.e., all selected stars are meitgeic 2?2%'?'1‘363/2;3359“"13””' H., Smalley, B., & Uytterhoeven, 013,

ulsators. Compared to the §ample of CoRoT stars compiledfympal, v. 1996, M.A.S.S., Model Atmospheres and SpecBynthesis, 108,
%é:éiér [(2012), nearly continuol&epler observations spread 198

over several yearsfier an order of magnitude higher frequenc ytltlfrhogve,\r/ll. ﬁf{ Moy? AK-, GrLgahcf;ne, tA-I, eztoa(;éZglAlS,ékc?fggéMZS
resolution which allows to resolve the frequency spectrme a, & g:rt', o' f‘Nate%’fr: s E_"Jsccle';']%ns:b‘_e ca otal, 1001, A8, 326
makes the detection of frequency and period spacings pessib
Hence, our sample selection and frequency analyis a good
starting point for seismic modelling gfDor stars.
In follow-up papers, we plan to present the detailed fre-
quency analysis results for all individual stars as well apec-
troscopic analysis of the fainter stars in the sample, irtead
to seismic modelling based on the observational results.
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