Astron. Nachr. / AN328 No. 10, 1037—-1039 (2007)J0I 10.1002/asna.200710876

The differential rotation of € Eri from MOST data *

H.-E. Frohlich**

Astrophysikalisches Institut Potsdam, An der Sternwatelt 14482 Potsdam, Germany

Received 2007 Nov 2, accepted 2007 Nov 5
Published online 2007 Dec 15

Key words methods: data analysis — methods: statistical — staraichdil (¢ Eri) — stars: rotation — starspots

From high-precision MOST photometry spanning 35 days tis@nxce of two spots rotating with slightly differing ped®

is confirmed. From the marginal probability distributiontb& derived differential rotation parameteiits expectation
value as well as confidence limits are computed directly ftbendata. The result depends on the assumed range in
inclination ¢, not on the shape of the prior distributions. Two cases haen lzonsidered: (a) The priors for angles,
inclinations of the star and spot latitudgs », are assumed to be constant oie$,, andgs; (b) the priors are assumed to
be constant overos 7, sin 31, andsin 32. In both cases the full range of inclination is conside®d< 7 < 90°. Scale-

free parameters, i. e. periods and spot areas (in case dfso#d) are taken logarithmically. Irrespective of thepshaf

the prior,k is restricted td.03 < k < 0.10 (1o limits). The inclination: of the star is photometrically ill-defined.
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1 Introduction MOST photometry of € Eri
1.000F T T T

In late-type stars with their deep convection zones nom-uni ~ %-998[

form rotation is driven by the action of the Coriolis force o.ggef

on that convective turbulence (cf. Kitchatinov & Rudiger 2 0994:_ ]
1993). Now quantitative models of differential rotatiomfo 3 ~ '
the Sun and solar-like stars are available (Riidiger & Kitch 5 0.992F 7
tinov 2005; Kilker & Riidiger 2005; Kuiker & Ridiger 2007) § 0.990 b E
which should be compared with real stars. ST

0.988 3

The outcome of these theoretical efforts is a lapping
time which is for a given main-sequence star nearly inde- 0.986f . . \ A
pendent of its rotation period (in the case of the Sun, a G2 2130 2140 2150 2160
dwarf, roughly 100 days). JD — 2451545

Precision photometry of a spotted star with spots diffe'l‘fig. 1 Thee Erilight curve with an obvious trend removed.
ing in latitude allows a direct measurement of the differen-

tial rotation parametek. It parameterizes the surface rota-

tion. With P, denoting the equatorial rotation period that  The nearby K2 dwarf is young{ 1 Gyr), rotates twice

at latitudes is Pg = Peq/(1 — k sin® 3). as fast as the Sun, and shows strong chromospheric activity

Here the MOST data (Croll et al. 2006; Croll 2006) of(cf. Biazzo et al. 2007).
the stare Eri have been reanalyzed in a Bayesian frame-
work. The motivation was to get realistic error estimates b
computingk’s marginal distribution and to find out, how% The MOST data
it depends on the chosen prior. In the essence a Bayesian
approach explores the whole likelihood mountain inte The MOST photometric satellite (Walker et al. 2003) ob-
dimensional parameter space. It looks not only to the moggrved three consecutive rotationg i in 2005. The data
probable set of parameter Valuesy but proviémtation consist of 492 data pOintS, one pOint per orbit of the satelli

values. Moreover, from a marginal distribution reliableeo The point-to-point precision of the data is 50 ppm rms (i.e.
fidence limits can be easily derived. + 0.000 05 mag). The rectified light curve (Fig. 1) spanning

35 days shows an overall variation of a hundredth of a mag-

* Based on data from the MOST satellite, a Canadian Space &gen@'tUde'
mission, jointly operated by Dynacon Inc., the UniversifyToronto In-
stitute for Aerospace Studies and the University of Brit®&flumbia, with
the assistance of the University of Vienna.
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3 A Bayesian data analysis differential rotation

SCYR T T T
1R

In the case of two circular spots the light curve is deter- 12F
mined by nine parameters: two periods, two epochs, two
latitudes, two areas, and the inclination of the star. The pa
rameters specifying limb darkening and spot rest intensity sf
are assumed to be given (cf. Croll et al. 2006).

There are nuisance parameters: an offset in the photo- _
metric zero point and a long term trend in the data. With af
these two parameters introduced shifting the light curve ve Co b
tically and even adding a trend does not alter the resuls. Th Eo,
flux error is considered a Gaussian with unknown variance. ot . . . I
Integrating away that errar, assuming Jeffreys/o prior, 000 0.05 010 015 020 025
sounds strange, but perhaps it is not so bad an assumption
and it leads to quite a simple formula for the likelihood. Theijg 2 The marginal distribution for the differential rotation-pa
likelihood function used is thereforenaean likelihood with  rameterk (Case B). Vertical lines denote expectation value and
respect to these three parameters. One can say the metthedss per cent confidence region. Additionally to the maagin
itself determines offset, slope and measurement error.  ized distribution the run afnean likelihood (dashed) is given, pro-

The result, especially the star's inclinatiendepends Viding an impression how the goodness of fit varies witfThe
on the prior distribution functions. In the following it isa Mismatch hints at the non-Gaussianity of the likelihood mtain
sumed that rotational frequencies as well as spot areas fif Lewis & Bridle 2002).
small compared with the star), i.e. parameters missing a C
characteristic scale, have constant priors if taken |digari . 'nc.l'nct'on . .
mically. Two cases are considered: In Case A the prior is  0.025F ]
assumed constant over the inclinatioand the spot lati- [ LX\

10F

P(k)

0.30 0.35

tudess;, andg; as in the Croll (2006) paper. In Case Bitis  0.020}
assumed constant overs 4, sin 31, andsin s, respectively. .
An inclination prior constant overos : means that nothing = 0-015¢
is a priori known about the orientation of the rotationakaxi * f
A latitude prior constant oveiin 3 takes into account that 0.010¢
there are more possibilities to locate by chance a spot near .

the equator than near the poles. °~°°5;‘ ]
In order to explore the likelihood mountain over a nine- [
. : . 0.000 1 1 1
dimensional parameter space the Markov chain Monte Car- 0 20 40 60 80
lo (MCMC) method (cf. Press et al., 2007) has been applied. i [deq]

The results should be therefore best compared with the anal-

ysis of the MOST data by Croll (2006), who has employeaig- 3 The marginal distribution for the inclinatioh(Case B).
that MCMC technique Vertical lines denote expectation value and the 68 per cent ¢

A set of 64 Markov chains was generated. Each ch fld_ence region. The high-solution is suppressed by the chosen

has performed (07 steps. After a burn-in period of 1000 1o

steps every 1000th successful step has been recorded to sup-

press the correlation between successive steps. For modieé prior. Most important is the restriction of the incliimat

ing light curves Budding’s star-spot model (1977) has beeno values betweeh5° and40° in the “Wide Prior” Case of
used. the Croll MCMC analysik Here the whole rangé? < i <

90°, is taken into account. It includes a second peak in the
likelihood mountaini ~ 72°,6; ~ 61°, 8> ~ 73°. This
high- solution is even more probable, by a factor of 4.6,

-7 1 Y~ S ~ o ~ o
Expectation values and modes as well as er@nfidence ther?t:h?o?tlr?wérsﬂlu“?r;i(Z&54 e ;d14 ,tﬂlz ~|3v5 )- y
limits are presented in Table 1, augmented by the solutio%\oe aryto the Lrofl solution the second spotis always vis

of Croll (2006; his “Wide Prior” Case). The Case-B prob-I o .
By fitting spectroscopic measurements (2000/2001) to

ability distributions for the parameteksand: are shown ) -
in Figs. 2 and 3, respectively. Especially the inclinatian p & SPOUPlage model Biazzo et al. (2007) find two spots but

rameteri proves ill-defined by photometry alone. There id2rger than ours. By the way, this could be due to the lower
no strong correlation betweerandk (Fig. 4). temperature contrast between spot and photosphere these

) Th? differences bet\’\(een the MO casgs Aand B are mar: The marginalized likelihood of, the last plot of his Fig. 3, indicates
ginal, i. e. the outcome is rather insensitive to shape of  that inclinations beyond0° are not ruled out.

4 Results
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Table 1 Results: Given are thexpectation values, the modes (Case B) ahderrors. Period$ are in days, epochs are with regard to
E =HJD —2451545. Note that for Caseiand; are both bi-modal. To give only one interval, for once the 9@$tfidence region is
chosen.

Parameter Case A Case B Croll 2006
Mean Mean Mode Mode

0° < i < 90° 15° < < 40°
Differential rotation % 0.08870:04% 0.08975:04% 0.053 0.058T0 0%s
Inclination i 46°67325 44°6™ 18 36° 25091126
1st latitude B 352142 332019, 25° 1695179
2nd latitude Ba 5192721 4808718 48° 24081131
1st radius o 57109 52621000 4.9° 593121
2nd radius Y2 7°78198° 72491997 6.6° 6o8tL4
1st period Pyo| 113481003 11.34970057 11.35 11.357005
2nd period P, | 11.553%0920  11.55419019 11.555 11.5579:02
1st epoch Ep | 2130431520 2130417535 2130.37 | 2130.4370:39
2nd epoch Eo | 2126471001 2126467510 2126.46 | 2126.477013

k—i correlation 5 Conclusions

0.35F - - - - -
0.30F 4 As expected, witl).03 < k£ < 0.10, the estimated differen-
; ] tial rotation parametéet proves smaller than that of the Sun
0'25;_ E (ko =~ 0.2). The horizontal shear 8.017 < §Q < 0.056
0.20F ] rad/d, the lapping time 130 d. An independent estimate of
x ; ] the star’s inclination would exclude either the lawelution
015 E or the highs one and would help to constraineven more.
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