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ABSTRACT

Context. Stellar activity cycles are the manifestation of dynamo process running in the stellarmt&hey have been observed from
years to decades thanks to the measurement of stellar magnetiepooxihe surface of the stars, such as the chromospheric and
X-ray emissions, and to the measurement of the magnetic eld with spectropolarimetry. Hoalkoéthese measurements rely on
external features that cannot be visible during, for example, a Maunder-type minimum. With the advagtaifdervations provided

by space asteroseismic missions, it has been possible to penetrate the starsyatieeistpcbperties. Moreover, the acoustic-mode
properties are also perturbed by the presence of these dynamos.

Aims. We track the temporal variations of the amplitudes and frequencies of acoustic modes allowirgeasctofor signature of
magnetic activity cycles, as has already been done in the Sun and in the CoRoT target HD 49933.

Methods. We used asteroseimic tools and more classical spectroscopic measurements performed with the NARk#dokaoe-

ter to check that there are hints of any activity cycle in three solar-liks staserved continuously for more than 117 days by the
CoRoT satellite: B 49385, HD 181420, and HD 52265. To consider that we have found a hint of magnetic activity in a star we
require nding a change in the amplitude of thenodes that should be anti-correlated with a change in their frequency shifts, as well
as a change in the spectroscopic observations in the same direction atethseismic data.

Results. Our analysis gives very small variation in the seismic parameters preventimgnusiétecting any magnetic modulation.
However, we are able to provide a lower limit of any magnetic-activity changeeithttee stars that should be longer than 120 days,
which is the length of the time series. Moreover we computed the upper limit féingief-sight magnetic eld component being 1,

3, and 0.6 G for HD 49385, HD 181420, and HD 52265, respectively. More seismic and spectroscopic data would bieodtalies

a rm detection in these stars.

Key words. asteroseismology — methods: data analysis — stars: solar-type — stars: activity -estarat g

1. Introduction Stellar activity cycles have been measured for a long time
(e.g.,Wilson 1978 Baliunas & Vaughan 1983aliunas et al.

The physical processes behind the dynamos producing magn&885 Hall et al. 2007 mostly thanks to variations related
activity cycles in stars have not yet been explained perfectly the presence of starspots crossing the visible stellar disk
(e.g.,Browning et al. 2006Lanza 2010and references there(e.g., Strassmeier 2099 Indeed, in many cases, these cycles
in). Observing many stars showing magnetic cycles could hejgre in a range of 2.5 to 25 years. Based on emission prox-
for better understanding their dependence with the stellar propes, Batalha et al (2002 could estimate that about two-thirds
ties and the place occupied by the Sun in this context. Moreovef,the solar-type stars lie in the same range of magnetism as
the features on the surface of thtars, in particular their mag- the Sun (minimum to maximum) with one-third of them be-
netism, are extremely important for understanding the charaizg more magnetically active.dRently, spectropolarimetric ob-
teristics of stellar neighbourhoods and, therefore, the propertisvations of cool active stars unveiled the evolution of mag-
and conditions in the exoplanets systems (®ipas et al. 2010 netic topologies of cool stars across their magnetic cycles,
and references therein). witnessed as polarity reversals of their large-scale surface eld
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(Fares et al. 20Q%etit et al. 200 More recently, other short Table 1. Frequency range used to compute the averaged frequency shift
activity cycles have also beentdeted using chromospheric ac-andAmax of the 3 stars.
tivity indexes (Metcalfe et al. 201)) With all this information, it

has been suggested that the length of the activity cycle increases star Frequency range for  Frequency range for

proportionally to the stellar rotational periods along two distinct frequency shiftsy{Hz) Amax (UHZ)

paths in main-sequence stars: the active and the inactive starsjp 49335 600—1300 550-1500

(Saar & Brandenburg 19986hm-Vitense 200/ HD 52265 1300-3200 1250-3700
Most of the activity-cycle studies are based, however, on HD 181420 900-2300 900-2300

proxies of the surface magnetism at dient wavelengths. This
could be a problem because solar-like stars carestrom pe-
riods of extended minima as happened to the Sun during the
Maunder minimum or between cycles 23 and 24. Nevertheless,
during this unexpectedly long minimum, there was seismic eWiave a good trade-doetween having good enough resolution in
dence for the start of a new cycle in 2008 whereas the classit# acoustic modes and enough subseries to study a hypothetical
surface indicators were still at a low lev&8dlabert et al. 2009 cycle. We had checked with solar observations (using the Global
Fletcher et al. 2010 Besides thisBeer et al(1998 have shown Oscillation at Low FrequencyGabriel et al. 1995Garcia et al.
that during the Maunder minimum while no sunspots were vigd09 instrument aboard the Solar Heliospheric Observatory)
ible on the surface, internal changes seemed to be going that the di erences between dérent lengths of subseries are
Therefore, having complementary diagnostics on the internvegll within the uncetainties. In each of the subseries we used,
magnetic activity of the stars could help better understand tiglividual p-mode frequencies were extracted with a maximum
coupling between internal ancternal manifestations of mag-likelihood estimatorfAnderson etal. 1990We tted Lorentzian
netic phenomena. pro les with a local approach on successive serie$ of 0, 1,

It is now well known that the frequencies of the solar acougnd 2 modesRalabert et al. 2004
tic (p) modes change with the solar activity level ($&eodard The background was tted using a Harvey-like pro le de-
& Noyes 1985 Pallé et al. 198p These changes ipmodes are scribing the granulation (e.gHarvey 1985 Mathur et al.
induced by the perturbations of the solar structure in the ph@a111. The amplitude ratio between the= 0, 1, and 2 modes
tosphere and just below it (e.g5oldreich et al. 1991Chaplin  was xed to 1, 1.5, and 0.5 respectivelg4labert et al. 201)a
et al. 200}. Therefore, the variation in the mean values of sewnd only one linewidth was tted per radial order. For HD 52265,
eral globalp-mode properties with the magnetic cycle —with difthe rotational splitting and the inclination angle of the star were
ferent geometrical weights — will be sensitive to overall changegd to the values given irBallot et al.(2011). For the other
in the structure of the Sun and not to a particular spot crossifigh stars, HD 181420 and HD 49385, because of less reliable
the visible solar disk. estimates in these parameters, no splitting and no inclination

The advent of long and continuous asteroseismic measus@gle were tted, i.e. only one Lorentzian pro le was used to
ments, provided by the recent spacecrafts, such as CoRaddel each of the modes as is commonly done in cases where
(Convection Rotation and planetary TransBaglin et al. 2006 the linewidth of the modes is too big to properly disentangle
Michel et al. 2008 or Kepler(Borucki et al. 2010Chaplin et al. the splitting or else when the signal-to-noise ratio is low (e.g.,
2011h for a description of the solar-like observations done witllathur et al. 2011 The mode identi cation #1 fronBarban
this instrument), allows us to study magnetic activity cycles bt al.(2009 and fromDeheuvels et a(2010 were respectively
means ofp-mode frequencies and amplitudes, as has alreagifed. Tablel summarizes the frequency range used to compute
been done for the Sun using Sun-as-a-star observations (alfk,averaged frequency shift of each star. It is important to note
Anguera Gubau et al. 1992iménez-Reyes et al. 2004This  that we also used cross-correlation techniqiradl¢ et al. 1989
technique has already been used successfully on HD 4993&acia et al. 2010to compute the frequency shifts in a global
solar-like star observed by CoRoG#rcia et al. 201,Balabert way. The results of both methods are quantitatively the same
etal. 2011h. These same observations can also be used to stwglshin their uncertainties. For the sake of clarity we therefore de-
the surface magnetism with starspot proxi@saicia et al. 2010 cided to show the frequency shifts obtained by the rst method
Chaplin et al. 2012aor with spot-modelling techniques (e.g.alone.

Mosser etal. 200Mathur etal. 2010p To extract the maximum amplitude per radial Mo&gax,

In this work, we study the temporal variations in the p-modge ;sed the method described Kathur et al.(20108, fully
characteristics of three of the highest signal-to-noise ratio solgdztaq with thekepler targets Huber et al. 2010Hekker et al.
like stars observed by CoRoT during more than 117 continuodi§s 1 verner et al. 2011Mosser et al. 2012 Brie y, we rst
days: HD 49385Deheuvels et al. 2030HD 181420 Barban gy piract the background model (one Harvey-law function as ex-
etal. 2009, and HD 52265Rallot et al. 201). In Sect. 2we de- pjained previously) tted including a white noise component
scribe the methodology followed in this paper to analyse both thg 1, the power density spectrum (PDS). We then smooth the
asteroseismic and spectroscopic observations. Then, in Secbgs gver 3x . Where is the mean large separation ob-
we discuss the results obtained éarch of the three stars studied;zined with the A2Z pipelineNiathur et al. 2010p Finally, we

Finally, we give our conclusions in Sect. 4. t a Gaussian function around the-mode bump giving us the
maximum height of the modes. This powfax, iS converted
into a bolometric amplitudeAmax, by using the method based
onKjeldsen et al(2008 and adapted to CoRoT hiichel et al.

2.1. Asteroseismic parameters (2009, following the formula,

2. Methodology and data analysis

Acoustic-mode parameters were obtained from the analysis of
subseries of 30 days, shifted every 15 days, therefore, only every 4 (Ppaxx )

other point is independent. We chose this length of subseried¥oax T R 1)
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where the response functiélsc for CoORoOT observations given 2.2. Spectroscopic analyses

by Michel et al.(2009 is N .
y (2009 To complement the seismic studies, we observed our sample of

5 three stars with the NARVAL sgrtropolarimeter placed at the
Rosc = 7.134+ (596.8 x 10°%°) x (T, S$5777) Bernard Lyot, a 2 m telescope at the Pic du Midi Observatory
+13x 10%8 x (Te §5777%. ) (Auriere 2003. T_he ir]strl_JmentaI setup (in _its polarimetric
mode) and reduction pipeline are strictly identical to the one de-
scribed byPetit et al(2008. With the adopted instrumental con-
The frequency interval used in this analysis is de ned in the lagjuration, it was possible to perform the simultaneous recording
column of Tablel. We used dierent frequency ranges whenof a high-resolution spectrum in unpolarised and circularly po-
we computed the frequency shifts and when we computed tlagised light. Except for a fraction of the data sets collected for
maximum amplitude of the modes. Indeed, for measuring thb 52265 and HD 181420, the available spectroscopic material
frequency shift, we tted individual modes. We needed a higis not contemporaneous to the CoRoT runs.
signal-to-noise ratio to have lower uncertainties in the frequency We used the unpolarised spectrum to estimate the stellar
shifts leading to a very narrow frequency range. To measure &tromospheric emission in the cores of the G spectral line.
maximum amplitude per radial mode, we t a Gaussian functioywe employed the same approach as the one us@édight et al.
over thep-mode bump and thus, generally, we needed a mug¥004 to calculate an activity proxy calibrated against Mount
broader frequency range. Wilson S-index measurements.

For each star we also calculated a starspot proxy, as de-For the Sun, the variations in the S index ai@04, while
scribed inGarcia et al(2010 andChaplin et al(20113, i.e., we the associated uncertainties itelsar measurements are typi-
computed the standard deviation of the light curve of each sutlly 10°. Therefore the uncertainties are one order of magni-
series, which gives some information on the uctuation of thiéide smaller than the S-index variations for a star like the Sun.
brightness of the star. We assumed that this modulation is dudttis sensitivity is enough to detect a stellar cycle that is similar
starspots crossing the visible stellar disk. Indeed, the photomd®@yhe one observed in the Sun.
of these CoRoT targets is dominated by the stellar signal and not In a highly sensitive search for Zeeman signatures generated
by the photon noise. Taking as an example HD 52265, the méy-a large-scale photospherield, we extracted from each po-
sured level of the photon noise i€.5 ppnt/uHz (Ballot et al. larised spectrum a mean photospheric line pro le with enhanced
2011),i.e. 88ppm inthe ux, which is three to four times lesssignal-to-noise ratio, using the cross-correlation method as de-
than the dispersion we had measured with the magnetic proxyed by Donati et al.(1997). The line-of-sight component of
However, the starspot proxy could be more perturbed than tife magnetic eld was then calculated with the centre-of-gravity
globalp modes. If a large spot crosses the visible stellar disk, éechnique Rees & Semel 1979
the one hand, it will induce a more or less signi cant uctuation
in the light curve hence in the starspot proxy. On the other hand,
the globalp modes will not be aected because they are sensB. Results
tive to the global magnetic eld of the star. As a consequenceg,
there could be a mismatch between the evolution of the starsgolt' HD 49385

proxy and thep modes. HD 49385 is a G-type star that is more evolved than the Sun,
To follow the time evolution of structures in the frequencyo it is placed in the HR diagram at the end of the main se-
domain all along the length of the observations, we analysed tijigence or lying shortly after it. The ective temperaturéle ,
time series with the wavelet tooTgrrence & Compo 1998.iu  is about 609% 65 K, and it has a projected rotational velocity of
et al. 2007. In our case, we took the Morlet wavelet, which isini = 2.95-2km s°1. The seismic analysis of the CoRoT data
the product of a sinusoid and a Gaussian function and we cpitevides a mean large spacing, = 56.3uHz, and the fre-
culated the wavelet power spectrum (WPS). By collapsing tlygiency of the maximum amplitude of thpemode bump, max
WPS along the time axis, we obtained the global wavelet powefr1013uHz (see a detailed compilation of the parameters of the
spectrum (GWPS). With this technique, we were able to traskar inDeheuvels et al. 2030
the temporal evolution of the starspots and look for any increase Unfortunately, for this star the analysis of the light curve
in the activity level while we could verify the presence of angoes not provide with certainty the surface rotation period, any
harmonic of the rotation at lower frequency. Indeed, the wavel@iore than the rotational splittings of the acoustic modes do not
analysis reconstructs the signal by putting most of the powgrovide the internal rotatioeheuvels et a(2010 explain that
in the fundamental harmonic reducing the leakage on the ovitere might be a hint of the rotation peridé,;, at around ten
tones. An example of the use of this technique of studying the stays. However, the WPS shown in Fig.does present some en-
lar activity cycle and the rotation period of the Sun during the lakenced power around 29 days as well, with much higher power
three cycles (using a combination of real data and simulatioriean the peak at about ten days. Unfortunately, the cone of in-
can be seen iWazquez Rami6 et a(2011)). In that analysis itis uence, which shows the region where the WPS is reliable, is
shown how the main signature in the WPS is the rotation peritab close to this value, so longer observations would be needed
at 26 days instead of the rst overtone at3 days, which is the to con rm such periodicity. We note that this longer rotation pe-
most important peak in the power spectrum of the Sun at low freed is compatible with the spectroscopisini when we use
qguency for photometric and Doppler velocity observations (etie seismic parameters combined with theetive temperature
cept during the minimum activity periods where no signal of thgiven above and a radius Bf= 1.96R obtained from the scal-
rotation can be measured above the general background levie).relations based on solar valué§dldsen & Bedding 1995
We computed the 95% con dence level for the GWPS to quaktuber et al. 201)L Indeed, with this longer rotation rate, a wider
tify the detection of a peak. The 95% con dence levels wemange of stellar-inclination angles (&80 ) are allowed than
obtained as described in Sect. 5Tarrence & Compd1998 if the rotation of ten days is considered. A period of 29 days
knowing that the GWPS has & distribution. also agrees with the Skumanich lagk{imanich 1972 which
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