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ABSTRACT

Context. There is considerable interest in the possible interadieiween parent stars and giant planetary companions ingglype
systems.

Aims. We shall demonstrate froflOST satellite photometry and Ca |l K line emission that there Iba@sn a persistent, variable
region on the surface af Boo A which tracked its giant planetary companion for som@ gkanetary revolutions and lies68’

(¢ = 0.8) in advance of the sub-planetary point.

Methods. The light curves are folded on a range of periods centeretie@planetary orbital period and phase dependent varialsilit
quantified by Fourier methods and by the mean absolute dmviglAD) of the folded data for both the photometry and the Ca Il K
line reversals.

Results. The region varies in brightness on the time scale of a ratdiio~ 1 mmag. In 2004 it resembled a dark spot of variable
depth, while in 2005 it varied between bright and dark. The4light curve gives a spot rotation period of 3:6.7 d compared to
the known planetary orbital period of 3.3125 d. The ampbtsgectrum of the 2005 light curve shows no marked peak atrtielo
period but the mean absolute deviatidhAD) of the light curve has a well defined maximum (half widtB.15 d) centered on the
orbital frequency. Over the 123 planetary orbits spannethbyphotometry the variable region detected in 2004 and 05 20e
synchronised to the planetary orbital period within 0.0819he Ca Il K line in 2001, 2002 and 2003 also shows enhancédeK-
variability centered o = 0.8, extending coverage to some 440 planetary revolutions.

Conclusions. The apparently constant rotation period of the variabléoregnd its rapid variation make an explanation in terms of
conventional star spots unlikely. The lack of complemegntariability at$=0.3 and the detection of the variable region so far in
advance of the sub-planetary point excludes tidal exoitatbut the combined photometric and Ca Il K line reversalltesnake a
good case for an active region induced magnetically on tHacaiofr Boo A by its planetary companion.

Key words. stars: activity — stars: individual: tau Boo — stars: edyiye — stars: starspots — stars: rotation — stars: exoglanet

1. Introduction (Gaudi et al.| 2006; Butler etal., 2006) even after the olaser

) ) tional bias is taken into account. A number of these close-com
The detection of a giant planet extremely close (0.052 A%anions are seen in transit (Charbonneaulet al. 2007) arid-th
to 51 Pegi(Mayor and Queloz 19¢5; Marcy etal. 1997) antigred spectral signatures of two of them have been deteiited
ipated the discovery of many more hot Jupiters near solakcty, HD 209458/ (Richardson et al., 2007) and HD 189733b

type stars (see for example, Marcy and Butler 2000; Butlat|et (Grillmair et al.| 20077), by the Spitzer Space Telescope.
2006). While some~20% of the known extra-solar planets

are in fact 51 Peg-like systems, this high percentage is at

least partially due to an observational bias that favoutedde 7 Boo (HR 5185, HD 120136, F7 ¥/=4.5) was announced
tion of the large reflex velocities induced by close compaif 1997 by| Butler et &l.[(1997) as a 51 Peg system with the
ions, rather than to such a truly high incidence. There is r@rge radial velocity semi-amplitude of 469 m*sand an or-

cent evidence, none the less, supporting a hot-Jupitersexcbitﬂ radius of 0.0462 AU Corresponding_to a minimum compan-
ion mass of 3.8 M, (more recently revised to 4M,,, and a

Send offprint requests to: gordonwa@uvic.ca period of 3.3125 d by Butler in_Leigh etlal. 2003). Butler €t al

* Based on data from tHdOST satellite, a Canadian Space Agencyf1997) also noted that Boo rotates quite rapidly for a solar-
mission jointly operated by Dynacon, Inc., the UniversifyToronto type star ¢sini ~14 km s1) with a period|(Baliunas et al., 1997)
Institute of Aerospace Studies, and the University of BhitColumbia, commensurate with the orbital period of the planet, sugugst
with assistance from the University of Vienna, Austria. tidal locking.
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Following the announcement by Butler et al. (1997)%ubsequently, a numerical error was found to have led to-an in
Henry et al.|(2000) carried out intensive Stromgbeandy pho- accurate plot on which this conclusion was based. Herertbe e
tometry ofr Boo to set a limit to any transit. When they supplehas been corrected and we provide further details of therobse
mented this with photometry from the six years 1993 to 1998ations and a more in-depth analysis from which we present an
they found that the mean magnitude varied~® mmag from argumentthatthere is indeed an active region on the stardha
year to year and the semi-amplitude of any variation (iniclgd tates synchronously with the planet, somé BBadvance of the
transits) synchronised to the planetary orbital period Wh8 sub-planetary point. It is interesting to note that ShKoktial.
+90 micro mag. In addition, they had monitored Ca Il H & K us¢2005) found a similar positive advance in phage= 0.8) for
ing a narrow band filter on the Mount Wilson 100, and 60, incthe active spot on HD 179949 induced by its planet. Catala et a
telescopes for 13 years as part of the HK Project (Baliunag et (2007) speculate that, given their strong evidence fiedintial
1998). Apart from an unexplainedL16 d period not seen in ei- rotation ofr Boo, the rotation period at the stellar latitude of the
ther photometry or radial velocities, they determined affoh active region found by¥lOST must correspond to synchronism
period of 3.2 d which they graded as ‘probable’. But the anwith the planet orbit at an intermediate latitude.
plitude of the latter signal was small and they found theqaeri v Boo was originally added to th®lOST observing list as
ranged between 2.6 and 4.1 d which they felt might be thetresalpriority candidate for the detection of phased, reflecigd s
of differential rotation. nals from the planet (Green et al., 2003). It was also anester

Later, |Cuntz et al. | (2000) and__Rubenstein and ScHaefeg candidate in the search for solar-type p-modes, thegrsim
(2000) speculated that magnetic interaction between at gidiOST science goal. These will be the topics of later papers.
planet and its primary in a 51 Peg system could generate de-
tectable chromospheric activity and othdfeets such as those
seen in HD 192263 by Henry etial. (2002) and Santos|et
(2003). The interaction can be tidal god magnetic. If such The MOST satellite, launched on 30 June 2003, has been fully
planet-induced heating of the star lay in a narrow rangeesf stdescribed by Walker et al. (2003). For the 2004 and 2005 ebser
lar longitude it would track the planet. This implies thataily vations ofr Boo, the 1317.3 cm Rumak-Maksutov telescope fed
induced activity would have a period 8Pqr,/2 While magnetic two CCDs, one for tracking and the other for science, through
activity would have a period of . a single, custom, broadband filter (350 — 700 nm) which has

Shkolnik et al.|(2003) and Shkolnik et al. (2005) specificallno analog in any other photometric system. A Fabry image of
looked for signs of magnetic interaction in several 51 Peég pthe telescope entrance pupil covering some 1500 pixels was
maries by monitoring Ca Il H & K reversals in high resoluprojected onto the science CCD. Since the experiment was de-
tion spectra. They found two cases where chromospherie-acigned to detect photometric variations with periods ofuteés
ity was apparently synchronised to the planetary orbitebos: at micro-magnitude precision it does not use comparisas sta
HD 179949 (My sini = 0.98 M;, Porp = 3.09 d,a = 0.045 au) or flat-fielding for calibration. A dramatic reduction in tking
andv And (Mp sini = 0.71 My, Pop = 4.62 d,a = 0.059 au). jitter early in 2004 to~1 arcsec led to a significant improvement
Gu et al. (2005) suggested that Alfvén waves generateddy th photometric precision.
planet’s motion through the stellar magnetic field causedxan 7 Boo A has an M2 dwarf stellar companiarBoo B, which
citation focussed at the stellar surface. Unlike tidallguned is 4.2 mag fainter than, and 2.87 asec from/ A (Patience et al.
activity which is expected at the sub-planetary point (vehttie [2002). B would always have been included with A in the 54 arc-
line joining the centers of the star and planet intersecstbliar  sec diameter photometric field stop and, even if variablenoa
surface) and 180from it, the longitude of magnetically inducedhave contributed significantly to the variations we detgatehe
activity would be dictated by the stellar magnetic field getiyn  light curve because of its faintness.

Despite the large mass of the planetary companion, The observations reported here were reduced independently
Shkolnik et al. [(2005), like Henry et lal. (2000), also foundyo by RK (UBC) and DH (Vienna). In both cases, outlying data
a low level of chromospheric activity far Boo in 2001, 2002, points caused by poor tracking or cosmic ray hits were remhove
and 2003 and they could see none obviously synchroniseé to At certain orbital phasedMOST sufers from parasitic light,
planetary period. They felt that theBoo system was an excep-mostly Earth shine, the amount and phase depending on the ste
tion that proved the Alfvén wave model because tidal logkiniar coordinates, spacecraft roll and season of the yearabi t
would avoid motion of the planet relative to the permanentco the background, data are recorded for seven Fabry images ad-
ponent of the stellar magnetic field. jacent to the target. In the UBC reduction (Walker et/al., 00

¢ From spectropolarimetric observations with ESPaDONS background signals are combined in a mean and subtracted fro
the Canada-France-Hawaii Telescope, Catalalet al. (2@97) the target photometry - a procedure which simultaneously co
cently detected a magnetic field of similar magnitude to thects for bias, dark and background signals.
global solar value of a few gauss anBoo but with a more The Vienna reduction has been outlined in complete detail
complex topology. Although their phase coverage was lithiteby|Reegen et all (2006). It uses linear correlations of taagd
they found that the Stokeg profile variations were best mod-background pixel intensities with the development of a-stige
eled with a 3.1 d equatorial period, a 3.7 d polar period, and enultiple linear regression to remove only those targetatamns
inclination of the rotation axis to the line of sight40°. They which also occur in the background. The regression anglysis
pointed out that this range of rotation periods is similatitat vides the correct scaling to account for variations in thetam-
found byl Henry et al! (2000) from their long term monitorirfg oination level from pixel to pixel. The multivariate solutidhas
Ca Il H&K and clearly supports the suggestion ofteiential proved very &ective in reducing the stray light contamination.
rotation. The MOST light curves from both the UBC and Vienna re-

We (Walker et al., 2006) reported an active photometric reluctions gave essentially identical light curves for bdf£and
gion ont Boo synchronised to the orbital period of the planet005. There was a brief observing run in 2006 covering less th
based on photometric observations with tiécrovariability two planetary revolutions. Early in 2006 the tracking CCB-sy
and Oscillations of STars (MOST) satellite in 2004 and 2005. tem of MOST failed due to a particle hit. Since then, both sci-

A MOST photometry and light curves
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Fig. 1. MOST light curves forr Boo from 2004 and 2005. The solid points are means from eatl18 minMOST orbit. Individual
observations are shown in grey. More details in Table 1 ard Téhe dashed vertical lines indicate zero phase (plan@idsn
observer and primary) of successive planetary orBits 38.3125 d).

Table 1. MOST Observations of Bootis

year dates total dutycycle exp cycle o? o

HJD — 2451545  days % sec sec mmag mmag
2004 1552.4t01563.9 115 90 25 30 0.12 0.40
2005 1937.4t01959.0 21.6 90 25 30 0.10 0.35

arms errors for data binned at tOST 101.413 min orbital period.
b rms errors for the unbinned data.

ence and tracking have been carried out with the Science C@By gaps> 3 hours. The reduced duty cycle is largely due to
system. The 2006 observationsoBoo were among the first rejection of outliers during South Atlantic Anomaly (SAAg-
in which the single Science CCD was used simultaneously feages and high stray light phases. For the analyses in thés,pa
tracking and science. The 2006 data-set included a half dpy glata were binned at thiglOST orbital period of 101.413 min.
when time began to be shared by chopping to an alternate fiditjure 1 displays full light curves for each year where tirme i
During the half day gap the electronic board changed tempgiven as JD-2451545 (heliocentric). The orbitally binnedad
ature and, because of the long settling time, caused the phte the solid circles while the individual observations faiat,
tometric rms errors to double compared with 2004 and 20Q%rey points. The vertical dashed lines correspond to zeasgh
Consequently, the 2006 data have not been included in this pahen the planet lies directly between the observer and ke p
per. mary) of the planetary orbital period (3.3125 d). The cortgle
The light curves discussed in the rest of this paper and diight curves can be downloaded from the MOST Public Archive

played in Figure 1 are all based on the Vienna reduction as feWWw.astro.ubc.gélOST. The formal rms point-to-point pre-

feel that it provides the more appropriate background elimi cision in the individual observations, and the satellitbitat
tion. meansg, are also listed in Table 1.

The r Boo light curve observed bilOST evolves rapidly
and changes in shape in as little as one stellar rotationlighie
2.1. Visual inspection and Fourier Analysis curves show peak to peak excursions002 mag - something
difficult to track from a ground based observatory - but typical
A log of the MOST observations of Boo in 2004 and 2005 is of the year to year changes seen by Henry et al. (2000). In 2004
given in Table 1. The 2004 run covered nearly 4 planetary dhere is a clear set of four minima of variable depth whichuocc
bits while that in 2005 covers nearly 7. In neither set weezah at roughly the same planetary orbital phase. In the longieigst
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of observations in 2005, there are three or possibly fouinman 00015
which resemble those in 2004 and occur at the same planetary® ...
bital phase. For the remaining two or three planetary rdimis
there is either a maximum or no obvious deviation at that @ha:
Figure[2 shows the Fourier spectra for both light curvesttueye
with their respective window functions. The window functis
the Fourier spectrum in which every data point is set to lethwer
providing a measure of the frequency resolution. A lineandr
was removed from the 2005 data before performing the trans-ooos -
form. The vertical dashed line indicates the planetarytatpie- = '
riod of 0.302 cycle d* (3.3125 d). The amplitude spectrum for_ ***[™
2004 shows a marked peak at 0.287048 ¢ d?! (3.48+0.7 d) ' )
where the error is based on the FWHM of the peak. There
peaks of much lower significance in 2005.

Figure 3 shows the light curves folded on a double cycle ‘ . ‘ .
of the planetary orbital period of 3.3125|d (Leigh et al., 200 05 rase 1250 05 Lo
where zero phase corresponds to the planet being directly be ) ‘
tween the observer and the primary. 0.05 phase means ara shb{g- 3. The MOST light curves ofr Boo from 2004 and 2005
by solid points and the satellite orbital means by openesr(the Phased separately and together to two cycles of the planetar
errors are smaller than the points in all cases). In 2004atiost orbital period of 3.3125_d. The solid points are 0.05 phasarme
minimum ~1 mmag near phase 0.8 is obvious, while in zooyglues and the open plrcles are sa}ellltg orbital meansr&rr
there are both shallow minima and also a maximum at phase 8'8 smaller than the sizes of the points in all cases. Zersepha
with peak to peak variationsl mmag. Enhanced variability cancorresponds to the planet lying directly between the olesemd
also be seen within the 2004 minimum. the primary.
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reference is the mean of the entire data-setMid; values for

0.0008 N — each phase bin are calculated from:
L | n
0.0007 |- 4 MAD, = n;lz datay, — mean|
0.0006 . L
| | We use a phase minimum o$¥2452892.864D-2451545=
0.0005 | | 1347.864 d - the sub-planetary point), and calculateMA®
2 L { signal using th&1OST data binned every orbital period (the large
2 0.0004 | 4 solid points of Figure 1).
= L 1 We calculated theVIAD signal for a range of periods for
£ 0.0003 4 the 2004, 2005, and 2004 & 2005 data. For evdAD signal
© - 1 we searched for the most significant box-shaped increasein t
0.0002 1 MAD curve. To quantify the strength of such a bump we used
ALY A S _ 1 the edge ffect box-fitting least squares (BLS) signal-to-noise
0.0001 =il (Hty i\ it A 7 statistic of Kovacs et all (2002). Alternative means of mfifg-
P LA OV AN N ] ING the strength of a feature in tHéAD curve are expected to
0.0000 05 10 15 20 o5 give similar results. The BLS signal-to-noise statisticdgange

of periods for the 2004, 2005 and 2004 & 2005 data is shown

in Figure 4. 20000 period steps were used. The BLS algorithm

was restricted to search for box-shaped signals with durati

in phase from 0.25 to 0.45. We tested the range in periods from

Fig. 2. Amplitude spectra for th&1OST = Boo light curves from 2.6 to 4.1 d reported by Henry etldl. (2002) from Ca Il H & K

each of 2004 (dots) and 2005 (solid). The vertical dashesl lippservations.

corresponds to the frequency of the planetary orbit, 0.302 ¢ As can be seen in Figuré 4, the most signifidsiD range

The two window functions are shown in the insert. in periods displayed in the 2005 light-curve is approxirhate
3.15 - 3.4d (within the period range reported [by Catala et al.
2007). The most significaMAD range in periods displayed in
2004 occurs at longer periods: 3.4 - 3.7 d, which does not ex-
clude the orbital period. For the combined 2004 & 2005 data th
most significanMAD range in periods is 3.26 - 3.49 d. The ap-

3. MAD Analysis parent beating phenomenon apparent in the 2004 & 2005 data
is due to the one-year gap between our observations. For the

To properly quantify the apparent activity as a functionlodpe, 2004 data, as the signal is strongly sinusoidal, we argue tha

especially in 2005, we calculate the mean absolute dewiatithe Fourier Transform analysis discussed ab@ell) is a much

(MAD) signal. We use the following formalism to calculate théetter indicator of the most significant period for the oledr

MAD signal. The index of the individual phase bins [1 to 20} is modulation, rather than tHdAD signal.

andn; is the total number of data points in each bin wheisthe We repeated the aboWdAD analysis over a wider range of

index of the signal values in each phase bin [hjoThe mean periods so as to rule out tidal-interactions, and longen tegtri-

frequency [c/d]
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Fig.4. TheMAD box-fitting least squares (BLS) signals calculated for ayjesnf periods at the same vertical scale for 2004 (top),
2005 (middle), and 2004 & 2005 (bottom). The vertical dadiedin each panel indicates the 3.3125 d orbital period efafanet,

7 Boo b. The apparent beating phenomenon displayed in the EBD5 (bottom) panel is due to the one-year gap between our
observations.

2004 & 2005 7
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Period (d)

Fig.5. The MAD box-fitting least squares (BLS) signals calculated for aearange of periods for the combined 2004 & 2005
data-sets. The vertical dashed line indicates the 3.312Bithbperiod of the planet; Boo b, while the vertical dotted lines indicate
the Y2 (~1.66d), 23 (~ 2.21d), 43 (~ 4.42 d), and R (~ 4.97 d) harmonics and subharmonics of this orbital peribe. dpparent
beating phenomenon is due to the one-year gap between aenvahiens.

ability. For this extendetAD analysis 30000 period steps werdancement in 2004 with the combined data showing the most

tested with periods from 1.0 to 10.0 d. These results are dabvious dfect.

played in Figurés. As can be seen in this figure the most sig-

nificant MAD signal is near that of the planetary period. Th . .

apparent beating phenomenon, due to the one-year gap lmetw Sé Synchronism of the 2004 and 2005 Light curves.

our observations, is again obvious. The other peaks in §usdi The independent phasing to the planetary orbital periothef t

that approach the significance of the main peak are all near 2004 dark spot and the variable region in 2005 is fhisiently

monics and subharmonics of the main peak, and for this reagrécise to make a Convmcmg case for synchronism with tae-pl

are not believed to be significant. etary period. The spot in 2004 occurs at approximately 0.875
In Figurel[6 theMAD signals forr Boo are plotted separately+0.05 in phase, while the 2005 variable region (determineah fr

and together from 2004 and 2005 phased to the planetarabrbiigure[6) is at phase 0.8280.05. But, there were 406.6 days

period of 3.3125 d. This shows the increased activity in 20Q®tween the firsMOST observation of Boo A in 2004 and the

nearg = 0.8. There is a similar but less wellférentiated en- final observation in 2005, equivalent to nearly 123 plaryetev-
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olutions. If the spot and the variable region from 2004 an@520  BecauseVOST detected but a single ‘spot’ with a unique
are the same then they are synchronised with the orbitadghbefi period it is not possible to say anything abouffefiential ro-
the planet P = 3.31245 d) to better than 0.04% of the planetargation of the primary from the photometry but, both Henrylet a
period. (2000) and Catala et al. (2007) have presented good evidence
differential rotation from Ca Il H & K photometry and magnetic
field variations. The presence of a global stellar magnesid fi
5. Call K line activity implies regeneration by dynamo action for which the engine i

. - ._generally assumed to befiirential rotation (see for example
As part of the search for chromospheric activity synchreis Ossendrijver 2003). Given that spots like those on the San ar

to planetary orbital periods in 51 Peg systems, Shkolniklet d ; . -

. . : xpected to gradually migrate and appear &edént latitudes,
(2005) observed Ca Il H & K reversals on fifteen nights f06uloevidencegthat theyvarigble region ﬂgs persisted for thare
7 Boo over four semesters in 2001, 2002 (2 semesters) W Jears 68in advance of sub-planet point suggests that it owes

2003. The K line residuals from an overall mean are plotted : - ;
a function of orbital phase in Figure 7lof Shkolnik et al. (2R0 ?Ot:&sr':ence and rotation period to the planet rather thelfas

Like |Henry et al. [(2000), they found the general level of ehro . . L )
mospheric activity to be low with no obvious enhancement syn 1he existence of only a single ‘spot’ significantly in advanc
chronised to the orbital period. ofthe s_ut_)—pl_angtary pomﬂiectlvely rules outthe pos_sﬂ:_nhty that
Here, we look instead for enhanceatiability which might the act|V|ty is tldally induced and_makes magngth .|nterm:t
mimic that seen in white light blOST. In Figurel7MAD val- the most likely candidate. The rapidity of the variability stel-
ues for the residual K line emission are shown averaged ol@f rotational time scales makes interpretation in termeaof-
two phase bins: one during the photometrically determireed &/€ntional stellar spot groups unlikely, but the weaknesthef
tive period, phases 0.6 to 1.1, and the other outside of #set signals presented here does not allow us to totally rulefeatt t
0.1 to 0.6. The error bars span twice the average measurenR4§sSibility. Regardiess, we feel the most plausible exqtian
error within each bin. Despite the average intensity legetlie for the observed modulation of the light curve is an actigoe
K line differing from year to year, no attempt was made to a”gaﬁagnencally induced on the star by the planetary companion
the average annual values. There appears to be a significant i
crease invariability in the 0.8 phase centered bin relative to the
other. sof 2004 ‘ ‘ ‘ ‘
If the enhanced variability of the residual Ca Il K line re-"
versal intensities in the 0.8 centered phase bin in factlteesu
from the same variable region detecteddST onr Boo, than
this result supports the conclusion that there was sigmifica 0
enhanced chromospheric and white light variability someé 68 %°— ' ' ' '
ahead of the sub-planetary point for four years or some 440 og 70
bital revolutions.
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6. Conclusions Lor )

combined
Boo and dfer a unique opportunity to look for the subtle photo-# 2° WW
metric dfects of star-planet interaction in this 51 Peg-type syss zo
tem. 00 ‘ ‘ ‘ ‘
To the eye, the 2004 curve (Figure 1) shows a persistent, pe- 08 Lo 08 o

Phase (3.3125d)
riodic dark ‘spot’ causing-1 mmag dimming, roughly synchro- _. .
nised to the planetary orbital period. A similar intermittespot T 19-6: The MOST MAD signals forr Boo from 2004 and 2005

is seen in the longer run of 2005. We have tried to quantify tR412Sed separately and together to two cycles of the planetar
effects in this paper. A Fourier transform of the 2004 light eunpProital period of 3.3125 d. Error bars are smaller than thatpo
(Figure 2) gives a period of 3.50.7 d but no signal of similar N all cases. Zero phase corresponds to the planet lyingtbjire
strength in 2005. However, the obvious activity in 2005 saw Petween the observer and the primary.
well defined maximum in th&1AD values (half width~0.15 d)
centered on the planetary orbital frequency of 3.3125 duféig ) ) o ]
4). The spot in 2004 and the variable region defined by the max- Based on the cyclical dwell time or visibility of the active
imum MAD signal in 2005 both precede the sub-planetary lofigion in 2004 and the inclination of the rotation axis of 40
gitude on the primary by68° (¢ = 0.8) when the light curves suggested by Catala et al. (2007), the active region appebes
are phased to the p|anetary orbital period (Figureﬂ & 6) closer to a latitude 0£30° than to the equator. If Erue, this would
If the variable region has in fact persisted over the 123-plal¢nd support to the contentioniof Catala €tial. (2007) theetty
etary orbits covered by the 2004 and 2005 light curves then i€ region has developed at a latitude in synchronousiootat
active spot would be synchronized to the planetary orbiéal pWIth the planet. For the moment, this remains speculatidi un
riod to within 0.0015 d (Figure 4). TheBoo A Ca Il K line in  We have a k_Jetter understandmg of the excitation mechar_hism.
2001, 2002 and 2003 also displayed enhanced K-line vaitiabilWill be very important to continue attempts to map the maignet
centered o = 0.8 (FigureT) which potentially extends the defield on the primary and its variations.
tection to some 440 orbital periods suggesting that thisdeéd Taken together, we feel that théOST photometry and the
areally long lived feature. monitoring of Ca Il H & K over four years make a credible case

The MOST light curves presented in this paper from 2004 and, 7o
2005 are the ‘most’ continuous and accurate ever obtaired fo 5 s,
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B. A., Gavel, D. T., Max, C. E., Bauman, B. J., Olivier, S. Sizifowich, P.,
0.005- Acton, D. S. 2002, ApJ, 581, 654

+ Reegen, P., Kallinger, T., Frast, D., Gruberbauer, M., liubg Matthews, J. M.,

S Punz, D., Schraml, S., Weiss, W. W., Kuschnig, R., Jfisltp Walker, G. A.
g 0.004- H., Guenther, D. B., Rucinski, S. M., Sasselov, D. 2006, MNIRB67, 1417
oo Richardson, L. J., Deming, D., Horning, K., Seager, S., idgton, J., 2007,
X Nature, 445, 892

8 Rubenstein E. P., Schaefer B. E., 2000, ApJ, 529, 1031

2 0003 Santos, N. C., Udry, S., Mayor, M., Naef, D., Pepe, F., Quelnz Burki, G.,
< Cramer, N., Nicolet, B. 2003, A&A, 406, 373

Shkolnik E., Walker G. A. H., Bohlender D. A. 2003, ApJ, 59092
0,002k Shkolnik, E., Walker, G.A.H., Bohlender, D.A., Gu, P.-G.jister, M. 2005,
' ApJ, 622, 1075
Walker, G.A.H., Matthews, J.M., Kuschnig, R., Johnson, Rucinski, S.,
Pazder, J., Burley, G., Walker, A., Skaret, K., Zee, R., GicS., Carroll,
000 —— 01 05 o6 07 08 o8 I il K., Sinclair, P., Sturgeon, D., Harron, J. 2003, PASP, 10231
: : : : “Orbital Phase : : : Walker G. A. H., Matthews, J.M., Kuschnig, R., Rowe, J.F.,e@ther, D.
B., Moftat, A. F. J., Rucinski, S.M., Sasselov, D., Seager, S.,8iiol
Fig.7. Average mean absolute deviatioddAD) for the com- E., Weiss, W. W. 2006, in Arnold L., Bouchy F., Moutou C., e@spc.
bined 2001, 2002 (2 data sets), and 2003 integrated Ca lleK lin Haute-Provence Observatory Coll,, Tenth Anniversary oP8g- B: Status
flux residuails from Shkolnik et’ Al (2005) (see their Fi 7 of and Prospect for Hot Jupiter Studies. Frontier Group,isPar. 267
Ut guDe (httpy/www.obs-hp.fiwww/pubgColl51Pegproceedings.html)
phased to the 3.3125 day orbital periodroBoo b. One phase walker, G., Croll, B., Kuschnig, R., Walker, A., RucinskiMg, Matthews, J.M.,
bin corresponds to the photometrically active period fobgd  Guenther, D. B., Mfiat, A. F. J., Sasselov, D., Weiss, W. W. 2007, ApJ, 659,
MOST, ¢ = 0.6 — 1.1, and the other to the less active peripd, 1611
= 0.1 - 0.6. The error bars are double the average measurement

error within each bin.

for variability resulting from an active region induced nagj-
cally on the surface of Boo A by its planetary companion.

Acknowledgements. The Natural Sciences and Engineering Research Council
of Canada supports the research of B.C., D.B.G., J.M.M.,JAV, S.M.R..
Additional support for A.F.J.M. comes from FQRNT (QuébeR)K. is sup-
ported by the Canadian Space Agency. W.W.W. is supporteddyAtistrian
Space Agency and the Austrian Science Fund (P17580). DHpjosted by the
Austrian Fonds zur Forderung der wissenschaftlichendporsgy, project num-
ber P17580-N02

References

Baliunas, S., Henry, G. W., Donahue, R. A., Fekel, F. C., S&nH., 1997,
ApJ, 474, 1119

Baliunas, S. L., Donahue, R. A., Soon, W., Henry, G. W. 19898 3$P Conf. Ser.
154, The 10th Cambridge Workshop on Cool Stars, StellareBystand the
Sun, ed. R. A. Donahue & J. A. Bookbinder (San Francisco: ASE3

Butler R. P., Marcy G.W., Williams E., Hauser H., Shirts P19ApJ, 474, L115

Butler R. P., et al. 2006, MNRAS, 646, 505

Catala, C., Donati, J.-F., Shkolnik, E., Bohlender, D.,ofda, E. 2007 MNRAS,
374,142

Charbonneau, D., Brown, T. M., Burrows, A., Laughlin, G. 20Brotostars and
Planets V, B. Reipurth, D. Jewitt, and K. Keil (eds.), Unsigr of Arizona
Press, Tucson, 701

Cuntz M., Saar S. H., Musielak Z. E. 2000, ApJ, 533, L151

Gaudi, B. S., Seager, S., Mallen-Ornelas, G. 2005, ApJ, 623,

Green, D., Matthews, J., Seager, S., Kuschnig, R. 2003, 291,590

Grillmair, C. J., Charbonneau, D., Burrows, A., Armus, Lta®er, J.,
Meadows, V., Van Cleve, J., Levine, D. 2007, ApJ, 658, L115

Gu, Pin-Gao, Shkolnik, E., Li, Shu-Lin Liu, Xiao-Wei, 200Bstronomische
Nachrichten, 326, 909

Henry G. W,, Baliunas S. L., Donahue R. A., Fekel F. C., Soor20Q0, ApJ,
531, 415

Henry G. W,, Donahue R. A., Baliunas S. L. 2002, ApJ, 577, L111

Kovacs, G., Zucker, S., Mazeh, T. 2002, A&A, 391, 369

Leigh C., Collier Cameron A., Horne K., Penny A., James D.200NRAS,
344,1271

Marcy, G. W., Butler, R. P., Williams, E., Bildsten, L., Gah, J. R., Ghez, A.
M., Jernigan, J. G. 1997, ApJ, 481, 926

Marcy, G.W., Butler, R.P. 2000, PASP, 112, 137

Mayor, M., Queloz, D. A. 1995, Nature 378, 355

Ossendrijver, M. 2003, Astronomy and Astrophysics Revigaime 11, Issue
4,287


http://www.obs-hp.fr/www/pubs/Coll51Peg/proceedings.html

	Introduction
	 MOST photometry and light curves
	Visual inspection and Fourier Analysis

	MAD Analysis
	Synchronism of the 2004 and 2005 Light curves.
	Ca II K line activity
	Conclusions

