arXiv:1003.6093v2 [astro-ph.SR] 12 Apr 2010

Astron. Nachr. / AN999, No. 88, 78927 (2010) /DOI please set DOI!

Ground-based follow-up in relation to Kepler Asteroseismic Investiga-
tion*

K. Uytterhoeven':**, M. Briquet?, H. Bruntt ®, P. De Cat, S. Frandsen, J. Gutiérrez-Sotd, L. Kiss"*,
D.W. Kurtz ?, M. Marconi 1%, J. Molenda-Zakowicz!!, R. @stensef, S. Randall'?, J. Southworth!3, R.
Szalb”, & KASC Working Groups on ground-based observations

Lab. AIM, CEA/DSM-CNRS-Université Paris Diderot; CEA, B, SAp, Saclay, 91191, Gif-sur-Yvette, France
Instituut voor Sterrenkunde, KULeuven, Celestijnenla@d2, 3001 Leuven, Belgium

LESIA, Observatoire de Paris-Meudon, 92195 Meudon, France

Royal Observatory of Belgium, Ringlaan 3, 1180 Brusselgieh

Department of Physics and Astronomy, Aarhus Universitg®B8arhus C, Denmark

Instituto de Astrofisica de Andalucia (CSIC), Apartad®3, 18080 Granada, Spain

Konkoly Observatory of the Hungarian Academy of Scienc&g11Budapest, Hungary

Sydney Institute for Astrophysics, School of Physics, @nsity of Sydney, Australia

Jeremiah Horrocks Institute of Astrophysics, UniversityCentral Lancashire, Preston PR1 2HE, UK
INAF Osservatorio Astronomico di Capodimonte, Via Moidoel 6, 80131 Napoli, Italy

Instytut Astronomiczny, Uniwersytet Wroctawski, Kopeaill, 51-622 Wroctaw, Poland

European Southern Observatory, Karl-Schwarzschild2585748 Garching bei Mnchen, Germany
Department of Physics, University of Warwick, Coventry CYAL, UK

© 00 9 O s W N =

e
w N = O

Received 01 April 2010, accepted —
Published online later

Key words stars: fundamental parameters, stars: oscillations

TheKepler space mission, successfully launched in March 2009, isgiraycontinuous and high-precision photometry of
thousands of stars simultaneously. The uninterrupted-sienies of stars of all known pulsation types are a preciouscge

for asteroseismic studies. Th&pler data do not provide information on the physical paramewish asT.s, log g,
metallicity, andw sin 4, which are crucial for successful asteroseismic modell&dgditional ground-based time-series
data are needed to characterize mode parameters in sgymaldf pulsating stars. Therefore, ground-based mulbitco
photometry and mid/high-resolution spectroscopy are eg@ed complement the space data. We present ground-based

activities within KASC on selected asteroseisidapler targets of several pulsation types.

* Based on observations made with the Isaac Newton Telesaupe
William Herschel Telescope operated by the Isaac NewtomGrwith the
Nordic Optical Telescope, operated jointly by Denmark |&id, Iceland,
Norway, and Sweden, with the Italian Telescopio Naziona#l€ (TNG)
operated by the Fundacion Galileo Galilei of the INAF (L&t Nazionale
di Astrofisica), and with the Mercator telescope, operatethk Flemish
Community, all on the island of La Palma at the Spanish Olasero del
Roque de los Muchachos of the Instituto de Astrofisica dee@as (IAC).
Based on observations made with the 1AC-80 operated on thediof
Tenerife by the IAC at the Spanish Observatorio del TeidsoAlased on
observations taken at the observatories of Sierra NevaatelP&dro Martir,
Vienna, Xinglong, Apache Point, Lulin, Tautenburg, McDleh&kinakas,
Pic du Midi, Mauna Kea, Steward Observatory, Mt. Wilson B Ob-
servatory of the Wroctaw University, Piszkéstetdé Moumt&tation, and
Observatoire de Haute Provence. Based on spectra takee aothno
(INAF-OA Bologna), Serra La Nave (INAF - OA Catania) and Agia
(INAF - OA Padova) observatories. Also based on observatamilected
at the Centro Astronomico Hispano Aleman (CAHA) at CaldioAoper-
ated jointly by the Max-Planck-Institut fur Astronomiechthe Instituto de
Astrofisica de Andalucia (CSIC). We acknowledge withntethe vari-
able star observations from the AAVSO International Dasalzontributed
by observers worldwide and used in this research.
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1 Introduction

TheKepler satellite (Boruckietal. 1997), launched in March
%009, is collecting light curves with an unprecedented long
time span of 3.5 years and a precision at the level of several
ppm (Gilliland et al. 2010) for thousands of stars simulta-
neously. Of allKepler targets, more than 5000 stars have
been selected as potential targets for seismic studieseby th
Kepler Asteroseismic Science Consortium, KASChe se-
lection of asteroseismic targets is one of the three basis ai

of the KAI (Kepler Asteroseismic Investigation). The other
two are the asteroseismic characterization of planet host-
ing stars, e.g. derivation of accurate ages, masses, aind rad
(e.g. Stello et al. 2009), and the comparison of general stel
lar properties of Main Sequence stars with those of evolved
stars.

To fully exploit the excellentepler light curves for

asteroseismic means and to reach the science goals of the
KAI, additional information from ground-based multi-coio

1 http://astro.phys.au.dk/KASC
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photometry and high-resolution spectroscopy is indispenisepler space light curves. For solar-like oscillators, mode
able (see, e.g., Uytterhoeven et al. 2009; Uytterhoevef20@entification relies on the regularity of the frequency-pat
The KASC subWorking Groups on ground-based observeern in the power spectrum (e.g. Mathur et al. 2010). This
tions (GBOsWG) take care of the organisation of groundnethod is not directly applicable to larger amplitude pul-
based observations in support of tkepler space data. In sators, for which a combination of non-linear effects, rota
this paper we outline the importance of these efforts and viien, and convection selects the observed modes in a way
present an overview of the ground-based activities carri¢igiat is not yet fully understood (e.g. Miglio et al. 2008;
out within KASC to date. Suarez et al. 2005, 2009; Degroote et al. 2010). For these
targets, the identification of the mode parameters assatiat
with the frequencies observed Igpler requires ground-
2 Keplq and the need for ground-based based multi-colour and spectral time-series analysis (e.g
observations Briquet et al. 2009; Uytterhoeven et al. 2008; Poretti et al.
) _ 2009). Information on the degréef the modes can be de-
The need for ground-bas&gpler support data is motivated jyeq from the amplitudes and phases in the different pho-
by two main objectives: 1) the characterization of & (ometric passbands (e.g. Bruntt et al. 2007; De Cat et al.
pler targets in terms of fundamental stellar parameters, §b07; Handler et al. 2006). The values of bétand az-
the identification of mode parameters from multi-colour angh,uthal numbern can be extracted from the line-profile
spectral time-series observations for selected pulsators \,ariations visible in time-series of high-resolution spac
(e.g. Uytterhoeven et al. 2004; Zima et al. 2006; Briquet

2.1 Characterization of asteroseismic targets et al. 2005; Telting et al. 2010). Consequently, dedicated

_ o ) ground-based time-series are needed to complement the ac-
Crucial for a successful asteroseismic modelling are gtro'aurately derived frequencies (frokepler data) with mode

constraints on basic stellar parameters, such as efféefive 53 meters and to perform a subsequent seismic modelling.
perature {er), gravity (og g), metallicity (A//11]), and the Multi-epoch spectroscopy is also precious in the study

projected rotational velocity(sin 7). TheKepler ‘white light of binaries with a pulsating component. First, through the
space data do not provide information on any of these b%) '

! pectra it is possible to derive constraints on the compo-
sic stellar parameters, nor on the spectral types of the 35y 1 a5qes (e.g. Tango et al. 2006; Vuckovic et al. 2007;
gets. The latter are essential to correctly classify thesst

. f bulsati | d \ui F reevey et al. 2009; Desmet et al. 2010), which is valuable
In terms of pu satlo_n. class and evo utionary status. For afit,rmation for seismic models and models on stellar struc-
these reasons, additional input is needed.

. ) ture and (binary) evolution. Second, in the case of double-
Afirst effortto complle a catalogue of stellar parameterf,oq spectroscopic binaries it is possible to disentatigle

for all Kepler stars, derived from ground-based photometry,mponent spectra (Harmanec et al. 2004) and to study the

has been undertaken by Latham et al. (2005), resulting in ths_nrofile variability of the disentangled components in

Kepler Input Catalogue (KIC). The KIC values are deriveqy| getail (Uytterhoeven et al. 2005). The disentanglirig o

from Sloan photometry with the purpose of distinguishing, o component contributions is a real advantage #eer
giant stars from dwarfs and are optimised for the charactefjor's combined light.

zation of F, G, K, and M dwarfs. Unfortunately, the accuracy

of the derived parameters is not good enough for the char-

acterization of more massive or peculiar stars and is too lody Observational challenges

for seismic modelling. Consequently, more accurate values

are needed. The ground-based follow-up of thousands of KASC targets
This problem motivated the GBOSWG to organise a sy4s obviously very challenging and requires a long-term pro-

tematic characterization afl asteroseismic KASC targets.Ject and a large scale collaboration involving tens of tele-

The first aim is to gather for all targets at least one higticopes and instruments. Some observational facts:

resolution spectrum, and preferably two spectra, to derive e With a 2m-class telescope only about 14 targets can

the spectral typelog g, Te, [M/H], vsini (Sousa et al. be observed per night, in either multi-colour filters or with

2008; Frasca et al. 2006; Niemczura et al. 2009), and $pectroscopic instruments. For smaller telescopes the num

extract information on the stellar environment and possibber of observable targets per night is even fewer. To observe

binarity. The second aim is to obtain more accurate photall 5000+ targets at least once, more than 8@ar observ-

metric data, in Strdmgren or Johnson passbands, to derieg nights are needed. In case we want to obtain a spectrum

accurate values dbg g, T.¢, absolute magnitudé)//H], and colour information for each star, the total amount of

and interstellar reddening (e.g. Bruntt et al. 2004). observing time is doubled, i.e. more than 720 nights!
e TheKepler targets are relatively fainf; magnitudes
22 Ground-based time-series range between 7 and 16, which makes spectroscopic moni-

toring very challenging. For spectral characterizatioigaal-
For stars more massive than the Sun and for eclipsing b®-noise ratio (SNR) of at least 50 is needed. A time-series
naries, ground-based time-series are complementary to #red abundance analysis require high-resolution-(40 000)
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ture of pulsation classes have been and are being prepared.
For the semester running from October 2009 to August 2010
. a total of 44 nights of photometric observations and 45 sight
of spectroscopy, with 13 different instruments, has been a-
warded for the characterization ¢fDor, ¢ Sct, 5 Cep, Be,
solar-like, roAp, and Slowly Pulsating B (SPB) stars, and
stars in clusters (see Table 1 in Uytterhoeven et al. 2010).
Fig.1 World map with the observatories involved in the KASCThe photometric instruments involved are: BUSCA@2.2m,
ground-based observations indicated by dark grey dots. Calar Alto (D); Stromgren photometer@1.5m, San Pedro
Martir (MX); Stromgren photometer@0.90m Sierra Nevada
spectra with SNR> 80, or preferably SNR- 100. To reach (E); CQD@l.Om RRC, Piszkestet6 (H); CAMELOT@IAC',
O§O, Teide (E); WFC@INT, La Palma (E). The spectroscopic

the proposed SNR for the fainter targets is not trivial. FQ - Coude@2m. T 5 D). car3@2.7
example, for a high-resolution spectrograph on a 2m-cladiptruments are: Cou e@2m, Tautenburg (D); cs23@2.7m,

telescope the integration times to reach a SNR value of LMC dDSEaRlﬁA(éJSSA)l\;ABFOSC%HS’ZIm’ Aéi??:%agézlgs%g?-r
80, and 100, are 10 min, 20 min, and 45 min, respectivelyfé’?n ; @Mercator, La Palma (E); N @ -5m,
aV = 10 star. The corresponding exposure times fot a Catania (1); spectrograph@2.12m, San Pedro Martir (MX);

11 star are tripled. To reach SNR100 is hence only feasi- SOPHIE@:.LQZm, Haut(.a.Provence (F).
ble when several shorter exposures are combined together. !N @ddition, an ambitious proposal to observe 95% of
These values teach us the following: 1) It is very time cordll _KASC asteroseismic targets with the mult|—f|ber,_ multi-
suming to obtain spectra of sufficient quality for the fainteCPject spectrograph LAMOST@4m telescope at Xinglong
KASC targets. 2) Because of the trade-off between puls@Pservatory (CN) has been submitted.
tion period and exposure time, spectroscopic time-sereesa  ® Characterization of K giants: A total of 13 nights
only feasible for bright targetd{ < 9.5). 3) We preferably has been awarded since 2009 for the characterization of
need larger telescopes 2m-class mirror), equipped with a K giants with FIES@NOT, La Palma (E). High-resolution
high-resolution spectrograp®(> 40 000). Unfortunately, Spectra of giant stars in the cluster NGC6811 will be ob-
such telescope — instrument combinations are scarce.  tained with ESPaDOnS@CFHT, Mauna Kea (USA).

e Characterization of compact sdOB pulsatorsin to-
tal, 28 nights of spectroscopic observations have been car-
ried out/are scheduled for the characterization of compact

. . OB pulsators, with three different instruments: IDS@INT

To date, a total of more than 530 observing nights has beﬁﬂd ISIS@WHT, La Palma, (E), and the B&C spectrograph

awarded to the GBOsWG on 36 different instruments he 2.3m Bok tel S 4 Ob USA
31 telescopes on 23 observatories in 12 countries. Figur@ the 2.3m Bok telescope, Stewar servatory ( )-

gives an overview of the observatories that are, to date, |A ditional spectra have been collected with FIES@NOT,

cluded in the KASC ground-based observational proje a Palma, (E).

Here we present the highlights of the observations on tar- ® Characterization of § Sct stars: Several Italian in-

get characterization278 nights, 26 different instrumentsStruments and telescopgs have been used to obtain .spectra
on 17 observatories) and time-series analys256 nights, for 19 KASC ¢ Sct stars in 2009: BFOSC@1.52m, Loiano

15 different telescopes on 13 observatories). For a dtaild), FRESCO@0.91m, Catania (I), SARG@TNG, La Paima

overview of the awarded observing time we refer to UyttefE), and AFOSC@1.82m, Asiago (I). Physical parameters

hoeven et al. (2010). of these targets have been derived by Catanzaro et al. (2010)
e Characterization of Solar-like stars: Since 2004,a  ® Characterization of Be stars: Two KASC Be candi-

project has been running to characterize KASC solar-likgates were observed in 2008 and 2009 with different spec-
stars (MolendaZakowicz et al. 2007, 2008, 2009b). In to-troscopic and photometric instruments, during a total gifiei
tal, 104 nights of spectroscopic and 10 nights of photometights, with the aim to characterize and describe their Be
ric observations have been performed with the following ifdature. At least six more observing nights are awarded in
struments: SARG@TNG, La Palma (E), FRESCO and t910. The instruments and telescopes involved are: 1.3m
single-channel photometer@0.91m, Catania (1). Also, an if¢lescope, Skinakas (GR), ALBIREO@1.52m and photome-
terferometric project is ongoing with PAVO@CHARA atter@0.9m, Sierra Nevada (E), and ALFOSC@NOT, La Pal-
Mt Wilson Observatory (USA) to measure angular diam™a (E).
eters for some of the brighest Kepler targets. In addition, e Spectropolarimetric characterization: To investigate
observations are scheduled with FIES@NOT, La Palma (E)agnetic signatures, spectropolarimetric observatioas a
and a total of 30 hours has been awarded with ESPaDOrganned for selected solar-like, RR LyrSct, and Be stars
@CFHT, Mauna Kea (USA), and NARVAL@TBL, Pic Du with ESPaDOnS@CFHT, Mauna Kea (USA).
Midi (F), in high-resolution £ = 80 000) mode. e Time-series of pulsators in clusters:A large pho-

e Characterization of several pulsation classesSev- tometric multi-site campaign was carried out in 2009 on
eral observing proposals for the characterization of a mixae cluster NGC 6866 and a similar observational effort is

4 QObservations
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being organised for the cluster NGC 6811 in 2010. Theational Office for Research and Technology through the ldung
cluster NGC 6866 is known to host at least thfe&act and ian Space Office Grant No. URK09350 and the ‘Lendulet’ pro-
two ~ Dor candidates (MolendZakowicz et al. 2009a), and gram of the Hungarian Academy of Sciences.

there are 12 known Sct stars in NGC 6811 (Luo et al.

2_009). The goal .of the project is to perform mode iden_tiReferenCes

fication with multi-band photometry. We refer to Table 2 in

Uytterhoeven et al. (2010) for an overview of the involve®orucki, W.J., Koch, D.G., Dunham, E.W., Jenkins, J.M.: 299
instruments and telescopes. The following nine observato- ASP Conf. Ser. 119, 153

ries are included in the multi-site campaign: Apache Poifriquet, M., Lefever, K., Uytterhoeven, K., Aerts, C.: 2008N-
(USA), Teide (E), Sierra Nevada (E), Catania (I), Loiano RAS 362, 619

(), Vienna (A), Biatkow (PL), Piszkéestet6 (H), and Xing Brlq;gt, M., Uytterhoeven, K., Morel, T., et al.: 2009, A&AD6,

9B
long (CN). Bruntt, H., Bikmaey, I. F., Catala, C., et al.: 2004, A&A 4883

» Time-series of RR Lyr stars and CepheidsMulti- gy, 1., Suarez, J.C., Bedding, T., et al.: 2007, A&A 4619
colour time-series of RR Lyr stars and Cepheids will be olatanzaro, G., Ripepi, V., Bernabei, S. et al.; 2010, MNR&AS:
tained during a total of 21 nights in 2010 with SLT@0.4m  mitted
and LOT@21.0m at Lulin Observatory in Taiwan. In addiCreevey, O., Uytterhoeven, K., Martin-Ruiz, S., et al020A&A
tion, follow-up observations of selected promising tasget 507, 901
are being performed in the framework of AAVSONet. ~ De Cat, P., Briquet, M., Aerts, C., et al.: 2007, A&A 463, 243

. . . Degroote, P., Aerts, C., Baglin, A., et al.: 2010, Nature, 42D
e Time-series of SPBs and hybridy Dor/d Sct pul- pe o\ “Freamat, Y., Baudin, F., et al.: 2010, MNRAS 44118

sators: For the multi-colour photometric monitoring of hy- prasca A, Guillout, P., Marilli, E., et al.: 2006, A&A 45301
brid v Dor/é Sct pulsators 14 nights have been awarded iilliland, R.L., Brown, T.M., Christensen-Dalsgaard, ét, al.:

2010 with the 0.90m telescope at Sierra Nevada observa- 2010, PASP 122, 131

tory (E). In addition, seven and eleven nights have been &landler, G., Jerzykiewicz, M., Rodriguez, E., et al.: 2008\-
located for the spectroscopic monitoring of selected SPBs RAS 365, 327

and~ Dor hybrids with CE@2.1m at McDonald observaarmanec, P., Uytterhoeven, K., Aerts, C.: 2004, A&A 422130
tory (USA), and HERMES@Mercator, La Palma (E), re1_atham, D.W., Brown, T.M., Monet, D.G., et al.: 2005, AAS 37,

\ 1340
spectively. Luo, Y.P., Zhang, X.B., Luo, C.Q., Deng, L.C., Luo, Z.Q.: 200

NewA 14, 584

: : Mathur, S., Garcia, R.A., Regulo, C., et al.: 2010 A&A 511, 6A4
5 Future plans and call for your contribution Miglio, A., Montalban, J., Noels, A., Eggenberger, P.: 2008\-

. .. RAS 386, 1487
The ground-based observational and organisational 8ffof cndazakowicz. J. Frasca. A. Latham D.W. Jerzykiewicz

of the KASC GBOsWG have been very successful so far, \.2007 acA 57, 301

with already more than 530 observing nights awarded. ThigolendaZakowicz, J., Frasca, A., Latham, D.W.: 2008, AcA 58,
very important task of supportingepler from the ground 419

revives the use of small/mid-sized telescopes, which ig-a sMolendaZakowicz, J., Kopacki, G., Steslicki, M., Narwid, A.:
nificant benefit for all the national observatories involved ~ 2009a, AcA 59, 193

Given the large scale of the project, and the tremendou@'ggdgfgkowmzv J., Jerzykiewicz, M., Frasca, A: 2009b, AcA
amountof observing time needed, the KASCis puttingheqyy " =" e o6 £ willer, A - 2009, CoAst 158, 146
pressure on ground-based telescopes in the Northern hegg

: : . . retti, E., E. Michel, R. Garrido, et al.: 2009, A&A 506, 85
sphere, especially on the ones equipped with a high-reso Susa, S.G., Santos, N.C., Mayor, M., et al.: 2008, A&A 4878 3

tion spectrograph. Therefore, any help is welcome! Pleasgello, D., Chaplin, W.J., Bruntt, H., et al.: 2009, ApJ 70889
contact us if you have access to (further) telescopes afdarez, J.C., Bruntt, H., Buzasi, D., 2005, A&A 438, 633
want to join the project. Moreover, we also need more ofpuarez, J.C., Moya, A., Amado, P.J., etal.: 2009, ApJ 68011
servers and helping hands in the reduction and analysis@ﬂ_gov \SVH]-vgatV'S' J., 'ke'agdv et al.t: 2|00§61M0N2A8?538735884
the flood of ground-based data, to be able to timel roviq? Ing, J.H., Istensen, k., Dreiro, et al.. U109, Ap

. 9 yp é/tterhoeven, K., Telting, J.H., Aerts, C., Willems, B.(20 A&A
analysis results. The large amount of data also calls for 427 593
!arge da;abase, accessible to all observers involved mShBytterhoeven, K., Briquet, M., Aerts, C., et al.: 2005, A&&2,
information, to keep track of the observed targets, and t0 ggg
avoid duplication. The seismic and non-seismic infornratiouytterhoeven, K., Mathias, P., Poretti, E., et al.: 2008,A0&89,
provided by the GBOsSWG, in combination with the excel- 2213
lent Kepler space photometry, promise a bright future fobytterhoeven, K.: 2009, CoAst 158, 156
asteroseismology. Uytterhoeven, K., Poretti, E., Mathias, P., et al.: 2009 Alonf.

Proc. 1170, 327
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