Astron. Astrophys. 346, 101-110 (1999) ASTRONOMY
AND
ASTROPHYSICS

Study of FK Comae Berenices
|. Surface images for 1994 and 1995

H. Korhonen'3, S.V. Berdyugina', T. Hackman?, R. Duemmler', L.V. llyin !, and I. Tuominen®

1 Astronomy Division, University of Oulu, P.O. Box 3000, FIN-90401 Oulu, Finland
2 Observatory, P.O. Box 14, University of Helsinki, FIN-00014 Helsinki, Finland
3 Nordic Optical Telescope, Apartado 474, E-38700 S/C de La Palma, Canarias, Spain

Received 2 September 1998 / Accepted 10 March 1999

Abstract. We present new surface images of FK Com for AUE981; Bopg 198R). Later UZ Lib has turned out to be a binary
gust 1994 and July 1995. For the 1995 images two differgfidopp et al”19813) and was excluded from the class. Some new
inversion methods, Tikhonov regularization and the Occamiaandidates for the class have been suggested over the years: HD
approach, are used to check the dependence on the formaBa&18 (Cameron_1982), Star I-1 in NGC 188 (Harris & Mc-
sumptions. The images are found to be very similar when tléure(1985) and 1E 1751+7046 (Fleming et al. 1987). All the
same local line profiles, models, stellar parameters and obd&f-Com-type stars are photometrically variabled5yl — 072
vations are used as inputs for both methods. The validity of taed have photometric rotation periods of a few days (Bopp &
maps and their temperature scales are independently chec&hcel 1981; Bopp 1982).
with photometric observations. The spectrum of FK Com was first described by Merrill
The maps for both years show active regions of very similgt948). He noted a large projected rotational velocity, &hd
substructures and latitudes. It seems that the same spot gréap H&K emission and the variability of the & profile. The
has survived on the surface of FK Com for the 11 months bepectral type of the star is still not well determined, and its
tween the observations; however, during that time it has movestimates range from GO 11l to G8 Il (Rucinski_1981; Bopp
about 0.2 in phase. The movement and evolution of the s@®82; Walter & Basii 1982). Small visual brightness variations
groups seem to cause the photometrically observed “flip-flojp’FK Com of0™ 1 with the period o2!412 were first reported by
phenomenon, which is noticed to be repeated with an averadeugainov[(1966). During the variations in the light curve, lit-
period of 6.5 years, similar to some RS CVn-stars. tle or no colour variations are seen. This photometric variability
was considered by Bopp & Rucinski (1981) to be most prob-
Key words: stars: activity — stars: imaging — stars: individualably caused by asymmetrically distributed spots. The value of
FK Com — stars: late-type — stars: starspots the photometric rotation period has been improved many times
since Chugainov’s first estimate. At present, the most accurate
value of Rt is 294002466 £ 090000056 (Jetsu et al. 1993).
Dorren et al. [(1984) explained the variations in the light
curve of FK Com by spots which are600—-800 K cooler than
FK Com (HD 117555) is the prototype of the small class of efhe unspotted surface. They also observed a rapid evolution of
tremely rapidly rotating G-K giants with strong emission fronthe light curve which, according to them, appears to be the result
the chromosphere and transition region. They do not show rad#aichanging spot area and longitudinal motion of the spotted
velocity variations, indicating that they are probably not bingegions relative to each other. The level of the spot activity in
ries. In the case of FK Com, the upper limit for radial velocitf K Com varies significantly even within short periods of time.
variations has been set #65 kms~! by McCarthy & Ramsey Nevertheless, the quarter of a century photometry investigated
(1982) and tat3 km s~ by Huenemoerder et al. (1993). Thes®Y Jetsu et al[(1993) and Jetsu etial. (1994a) still shows no clear
values give rather extreme limits for the mass of a possible copgriodicity, though two overall maxima in the spot activity were
panion. Nevertheless, the UV-flux and the rotation rate of te€tected near 1976 and 1986.
FK Com-type stars clearly exceed those of the RS CVn-binaries. According to the photometric observations, active regions
Originally, this class only consisted of three stars: FK Com, UZf FK Com show a “flip-flop” effect (Jetsu et al. 1991, Jetsu
Lib and HD 199178 (Bopp & Rucinski 1981; Bopp & Stencegt al..1993), which means that the dominant part of the spot-
activity shifts in longitude to the other side of stellar surface
Send offprint requests té1. Korhonen (heidi.korhonen@oulu.fi)  (i.e. a longitude shift by abouit80°) and remains there for a
* Based on the observations obtained at the Nordic Optical Teb’eriod of time. The time interval between two shifts seems to

scope, Observatorio Roque de los Muchachos, La Palma, Canary gy from a few years to a decade (Jetsu et al. 1991, Jetsu et al.
lands, Spain.

1. Introduction
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1993). Recent UBVR photometry (since 1991) showed evideritable 1.The spectral observations of FK Com used in surface imaging.
for a new “flip-flop” which is the fourth detected during 26.3The heliocentric Julian date is given for the middle of the exposure.

years (Jetsu et &al. 1994b). The S/N ratio is measured from the reduced spectra.
Because of the rapid rotation and photometrically detected
spots, FK Com-type stars, and FK Com itself, are very interestJD Phase SIN HJID Phase SIN
ing objects for surface imaging. With temperature maps moté40000+ 2440000+
information on the spot distribution can be obtained than with August 1994 July 1995
the photometric observations, and the “flip-flop” effect can s78.382 084 189 9910.467 0.18 377
investigated in more detail. Three FK Com-type stars have be#®79.392 0.27 205 9911.386 0.58 272
studied with different surface imaging techniques: FK Co®b80.386 0.68 215 9912.379 0.99 305
(Piskunov et al. 1994), HD 32918 (Piskunov etal. 1990rdter 9581.380 0.09 186 9913.383 041 354
& Dennerl[1998), and HD 199178 (Vogt 1988, Strassmei@p82.369  0.51 202 9914.394 084 389
1996, Hackman et dl. 1999). These images generally show pda3-366  0.92 229 9915405  0.26 363
or high-latitude spots along with numerous low-latitude spo 584.365 034 228 9916415 068 359
The image of FK Com by Piskunov et al. (1994) showed a lar 85.363 075 146 9917.381  0.08 408
. - 86.364 0.17 215 9918.389  0.50 311
equatorial spot of modgrate contradfl=350 K) similar to the 9587.392 060 159 9919393 092 350
result for HD 32918 (Piskunov et al. 1990). _ _ 0588.366 0.00 148 0920390 0.33 287
In the present paper we analyse new high-resolution ag¥hg 356 042 141 9921388 0.75 335

high signal-to-noise ratio observations of FK Com obtained in
1994 and 1995. New estimates of the stellar parametgrs T

logg, andvsini are obtained. Two different surface imagtrym. The zero point of the wavelength scale was adjusted using
ing techniques, Tikhonov regularization and the Occamian agmospheric lines in order to correct for small shifts between the
proach, are applied to the 1995 observations to check the QSmparison and stellar images.

pendence of the image on the formal assumptions. The reality pore information on the spectroscopic observations are pre-
of the images is tested using near-simultaneous photometrysented in TablEl1. As can be seen, the phase coverage is very
good for both seasons, and the S/N ratios achieved are quite
high, especially for 1995. The ephemeris used for the phase
calculation was given from the quarter of a century photometry
High-resolution spectral observations of FK Com have beeg Jetsu et al[{1993) and Jetsu etlal. (1994a):

obtained with the Nordic Optical Telescope (NOT, La Palma)

and the SOFINcchelle spectrograph with the medium resolutiof jpy — { (2439252.895 + 0.010)+ (1)
camera. Typically, thechelle spectra consisted of 14 orders and (2114002466 + 0¢0000056) E,

were centered at 642Y. Lo . .
L - . where the period is the long-term average photometric period,
In 1994, the slit width was 8@m, providing a resolution and the epoch is a time of the light curve minimum. This

((j)‘/ .A)‘) d(')fff 75 0,?0 I}?es kf[servat:rc]) nslg?r:ms; (;415 Sfp:Ctra t,fikl\%?hemeris is chosen for this work in order to see if the spot dis-
uring ditterent nights between the an OFAUGUSL- Tyl tion is consistent with the previously detected “flip-flop”

simultaneous photometric observations of FK Com are availa%'ﬁenomenon.
for this season. We have used B and V band observations ob-

tained between the 8th of April and 4th of July 1994 and another

setof V band observations obtained between 11th of March 195Temperature mapping
and 23rd of June 1995, both sets published by Strassmeier
(1997).

In 1995, the slit width was 103m, which gave a resolu- The inversion procedure is known to be very sensitive to changes
tion of 60 000. The observations consist of 20 spectra, takiensome stellar parameters, especiallywisin ¢ and microtur-
between the 11th and 22nd of July. For the inversions, speditdence, which will determine the average temperature of the
taken during the same night, immediately after each other, weesult. We estimated some stellar parameters using all available
averaged to a single spectrum, so in the temperature mappingif@rmation and our spectral observations for 1995, which have
spectra with higher S/N ratios were used. Almost simultanedostter S/N ratios. For this, all spectra were averaged to a single
(8th of June - 10th of July 1995) photometric APT (Automatispectrum with a S/N ratio of 550.

Photometric Telescope) observations of FK Com in the B and FK Comisthe mostrapidly rotating staramong the FK Com-
V bands have been kindly provided for us by L. Jetsu and willpe stars. First estimates for itsin i ranged from 70 km's!
be published elsewhere. (Chugainov_1976) to 200knrd (Walter et al. 1984). Cur-

All spectra were reduced with the 3A software system (llyirently, values fow sin i are 1594 kms~! (Rucinski’T990) and
1997). The reduction included bias, flat field, and scattered ligt2.5-3.5 km s ™! (Huenemoerder et al. 1993). We determined
corrections, extraction of spectral orders, and wavelength calsin: of FK Com independently of the inversions with the
bration. The latter was obtained using a Th-Ar comparison spéourier transform method described by Gray (1992, p. 370).

2. Observations

eéﬁll'. Stellar parameters
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Four spectral features from three different orders were investible 2. Adopted values of the stellar parameters of FK Com.
gated: the blend of Fdines at 6419.9508 & 6421.3510A, the
Cat line at 6439.075@,, the blend of Fe lines at 7491.6498  Parameter Adopted value
& 7495.0600A, and the Cau line at 8662.141@. The final - (Unspotied) 5080 K
value of 1553 km s~! was averaged from the values obtainefggﬁg 35
from these features and was adopted for the inversion. Note thaf ; 155 kms!
with such a large value afsin i, changes in the map are noiicroturbulence 1.4 kms:
significant within the error intervak3kms™!, while possible Macroturbulence 2.0 ke
larger errors can easily be seen from the inversion by comparingination 60
the wings of the observed and calculated line profiles.
As was already mentioned the spectral type of FK Com is

determined to be between GO Il and G8 lII. According to Gl’ay The atomiC |ine parameters were requested from VALD us-
(1992, Appendix B) this interval corresponds to effective tenjng solar abundances. It seems that either these abundances are
peratures Iy from 5743 Kto 4952 K and surface gravitie® ¢ not always correct for FK Com or the line parameters contain er-
from 3.4 to 3.3. Using the stellar atmosphere models by Kuruggrs. uncertainties in the stellar parameters, e.g. elemental abun-
(1993) withlog g=3.5 we tried to fit the averaged spectrum ofjances and microturbulence, will also cause problems. How-
FK Com with many different combinations of effective temever, for surface imaging it is sufficient to get the right equiv-
perature and microturbulence. We found that the best fit candignt widths for the local line profiles. Therefore, tlog(gf)
obtained withumicro=1.4 kms™ and T#=5080 K. This effec- values of some lines were changed to be able to fit the obser-
tive temperature corresponds to the spectral type G5 1Il.  yations better. For finding the propkrg(¢f) values we used

The measurements of the Hipparcos satellite give a parallggservations of slowly rotating stars with spectral types close
of 4.27 mas for FK Com. This value corresponds to a distanggthat of FK Comy3 Gem (KO I11) andy Peg (G8 IlI). Changes

of 234 pc, which is in agreement with the results by Eggen @ thelog(yf) values were usually withie-0.1-0.2, but could
Iben (1989) who associated FK Com with a moving group anpdach+-1.0 for very weak lines.

calculated from the group modulus the distance of FK Comtobe The |ocal line profiles were calculated for 20 valuegof

238 pc. According to Strassmeier et al. (1997), the brightest A5 ¢ from the disk centre to the limb. Spectra were calculated

magnitude of FK Com (the best approximation to the magnitugig temperatures ranging from 3500 K to 6000 K in steps of
of the unspotted star) was'04; with a distance of 234 pc and250 K and with gravitylog g = 3.5.

an upper limit to the extinction in the direction of FK Com of

E(B-V)=0.015 (Schlegel et d.”1998) an absolute magnitude of . ,

My ~ 1™2 is obtained. Compared to the range of absoluteS: INversion techniques

magnitudes of GO-G8 Il11™"2 — 07 (Gray[1992, AppendiX The main idea of surface imaging is to trace distortions appear-

B), this is normal for the earlier part of the interval of possiblgyg in the observed line profile due to the presence of spots

spectral types. on the stellar disk and moving due to stellar rotation. An as-
Some tests were also made to find a suitable value for §@nption on the nature of those spots is the main part of the

macroturbulence, although this parameter does not significanigdel calculations. FK Com is suggested to have temperature

affect the profiles because of the large rotational velocity. Wehomogeneities on its surface, which is also supported by the

used the value 2 kns. Throughout this paper, an inclinationphotometric observations. Therefore, considering the intensity

of i = 60° is adopted. _ ~ of radiationI (X (M), \, u) emitted by the stellar surface from
The stellar parameters used in the temperature mappingi¥ point) in the directiony at the wavelength, let us de-
FK Com are summarized in Tatilé 2. fine X (M) as a local characteristic ff which determines the
intensity. This characteristic can be the chemical abundance,
3.2. Local line profiles effective temperature, magnetic field, etc. Hex&, M) repre-

_ ) ) _ sents the effective temperature of the model used for the calcula-
Errors in the calculations of the local line profiles have a strogign of the local line profile at the poirt/. Integration over the
effect on the inversion. They easily cause artificial features dfe||ar disk, given rotational phaseand a set of wavelengths,
the maps, like polar caps and belts of cool and hot spots. Loggdylts in the residual flux,(¢) which contains information
line profiles were calculated with a code by Berdyugina (1991 the temperature distribution on the stellar surfacg\/)
which includes calculations of OpaCitieS and intensities in t%d’ therefore, is to be Compared with the observed residual
continuum and in atomic and molecular lines. Also, numbgx s (). Thus, the integration determines the model for the
densities of atoms and molecules are calculated under theﬁﬁjsequent inversion. A Comparison of the residual fluxes de-
sumption of dissociative equilibrium. Atomic line parameterigrmines the discrepancy functidi(r{"*, ry ), which, in fact,
were obtained from VALD (Piskunov et al. 1895), while molecs the negative of the logarithm of the likelihood function. By
ular line parameters were calculated in the same way as Wgimizing D, one can obtain a unique solution with minimum
described by Berdyugina et &l. (1998a). LTE stellar model gfariance, but, nevertheless, it is not feasible due to noise in the
mospheres from Kurucz (1993) are used. data. On the other hand, any “reasonable” fitting of the data (i.e.
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somehow smoothing the noise) results in many different stabiiere|| <7 || is the length of the gradient vectdt? (X) mea-
solutions. Then, searching for the unique and stable solutisures the smoothness &f(M). The resulting map provides
is a so-called ill-posed inverse problem, and there are differéné smoothest possible solution which is able to reproduce the
approaches and methods developed for solving it. observations within the observational errors.

In the present study two different inversion methods have
been applied to the same observations for obtaining surfag:
temperature maps of FK Com: the Tikhonov regularization
(Piskunov 1991) and the Occamian approach (Berdyugimbe Occamian approach was recently developed by Terebizh
1998). (19954 1995b) as a new approach to inverse problems, which
does not use any artificial constraints for obtaining a unique and
stable solution. It was applied to the surface imaging problem
by Berdyugina[(1998).
The Tikhonov regularization method was applied to the surface Inthe present realization of the Occamian approach, the dis-
imaging problem as a first inversion technique with minimizarepancy function is the negative of the logarithm of the likeli-
tion by Goncharsky et all (19777). Here, it is presented in th®od function for the Poisson probability function. In the case
formulation given by PiskunoV (1991), where more details carf high signal-to-noise observations the latter approaches the
be found. Gaussian function, and it is never negative for lower signals.

When the model for the inversion is defined as above, tlide mean information principle has been used for testing the fit
discrepancy functiorD has to be defined as well. Here, it id0 the data as was proposed by Terebizh & Biryukov (1994).
adopted as the negative of the logarithm of the likelihood func- Inthe Occamian approach the choice of the solution is based

§.2. Occamian approach

3.3.1. Tikhonov regularization

tion for a Gaussian probability function: on the analysis of all available information, namely the obser-
her i vat_ions an_d the_model. _Possess_ing such information, one can
D(X) = Z%A (ra(@) —r37*(¢)) ’ ) b_und the Fisher |nfo_rmat|on matnk“,_ Wh(_)se eigenvectors and
Y NyNy eigenvalues determine the error ellipsoid. The directions of the

axes of the ellipsoid, the eigenvectdfsdefine a new reference
wherew,, are the weights taking into account differences in tHeame with the coordinates which are linear combinations of
errors of the observations of the individual phases and wavbe unknown parameters:
lengths,N,, is the number of phases aid, is the number of - _ VTX, X = VY. (5)

wavelengths. In the discrepancy function the summing is done ) ) o
over all available rotational phases and wavelengths. As wHe new coordinatels comprise the so-callgafincipal compo-

mentioned, minimizingD by varying X (M) is an ill-posed nentsof the solution. Small eigenvalues Bfindicate principal
problem due to the presence of noise, so additional constraffRg"Ponents with relatively large errors of the inverse solution,
must be applied to get a unique and smooth solution. In tARd the error ellipsoid is extremely elongated in these direc-

case of the Tikhonov regularization this additional constraint#@ns- Moreover, in case of a lack of data some of the eigenval-
a regularization functional. ues become zero, and the corresponding parameters are linearly

In the regularization the original problem is replaced byeépendent. Therefore, only a part of the principal components
another, which has a unique solution. This new function al o” completely exhausts the available |n.for.mat|on)érﬁf(P)
approximates, in a certain known way, the réa(Af). The are estimated instead &f, while those principal components

regularization problem can be expressed in the form: lacking enough information are assumed to be zero. Then, the
transform
®(X)=D(X)+ A R(X), QR x=—yyw® (6)

whereA is a Lagrange multiplier anB(X) is the regularization leads to the desired unique and stable solufionThus, the
functional, which makes the solution unique. The value\of solution in the Occamian approach is that which statistically
should be selected so thatXf(1/) minimizes® then the rms satisfactorily fits the observed data with a minimum satgf.
deviation of the fit of the profiles is of the order of the noise ifthen, the solution is unique because of the choigesnid stable
the observations. In practice, however, we will have to deal wii¢cause of removing those principal components which contain
systematic errors in the calculated line profiles and observatidgissignificant information but noise. Therefore, the solution in
(although all effort is done to minimize these). The value\of the Occamian approach is searched under the condition of max-
will influence the temperature differences in the resulting mapum simplicity and consistency with the observational data.
and especially the artifacts produced by errors. In this study Wee inverse Fisher information matrix gives estimates of the
try to choose the value df in such a way that the resulting map/ariances of the solution.
is consistent with the photometric observations.

The Tikhonov regularization functional is 4. Images

- ) The spectral lines from the 6416—6484egion have been cho-
RY(X) = // I 7 X (M) ||* do, (4)  sen for the inversions. Due to the rapid rotation of FK Com this
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Fig. 1. The image of FK Com obtained with the Tikhonov regularization for the year 1994 (Map 1). A grid of 40 latitudes and 80 longitudes
across the stellar surface is used in the map. Calculated and observed spectral lines are shown by thick and thin lines, respectively. Photometric
observations are plotted with squares, and curves calculated from the map are presented by lines.

region contains three broad blends, where the main componedataperature of this feature is 1200 K cooler than that of the
are Fa (6420A, 6421A and 643Q), Ferr (6432A) and Ca  unspotted surface. There are other cool regions at phase 0.75 and
(6439A). The iron blend near 6428 was situated near the edged.25. The regions at 0.75 are much larger than the one at 0.1 and
of the CCD frame, which made the continuum correction digituated at the equator and near the pole. They are cooler than
ficult. There were also some problems in finding a good fit féine unspotted surface by about 500 K and 900 K, respectively.
the Ca 6439A line. The spot at 0.25 is situated at high latitudes and has a moderate
Three maps are obtained in total. Maps 1 and 2 were caltemperature contrast ef 900 K. There are also some hotter
lated using the FORTRAN77 code INVERS7-8PD, originallyegions seen in the map. These features are probably caused by
written by N.E. Piskunov, with some changes made by T. Haakrrors in the line profile calculation (e.g. wrong line parameters
man. Map 3 was calculated with an implementation of the Ocor missing lines) and noise in the data.
camian approach written by S. Berdyugina. The photometric observations are not used as computational
constraints in the inversions, but V and B-V can be calculated
from the maps. We calculate B and V magnitudes in a similar
way as the line profiles, using the same stellar model atmo-
Map 1 is obtained for the August 1994 data using the Tikhongpheres and disk integration. Systematic errors in the fluxes of
regularization. The surface image and the fits to the specttibe B and V-passbands are corrected by comparison with tabu-
scopic observations are shown in Fig. 1. The mean deviationlated values for the atmospheric models (Buser & Kufucz 1992)
the spectroscopic observations from the modelis 0.618%, whatd the empirical formula for B-V for GK giants (McWilliam
corresponds to a S/N ratio of about 162. The larger deviati@890).
of the calculations in comparison to the observations is mainly Unfortunately, for August 1994 no simultaneous photomet-
caused by some systematic errors in the model line profiles. Trieeobservations could be found, only those of 2 months before
atmospheric line near 6433may also cause some additionabr 8 months after the spectroscopic observations are available.
errors if it is not completely excluded from the inversions. THehe light curves calculated from the 1994 map are plotted in
temperature range in the map is from 3926 K to 5615 K. THrg.[1 with the photometric observations obtained 2 months be-
coolest feature in Map 1 consists of two spots which are sfbre the spectroscopic observations. Both calculated curves, V
uated close to phases 0.0 and 0.1 at latitudes of 6044t and B-V, show the main minimum close to the one in the obser-

4.1. Year 1994
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Fig. 2. The image of FK Com obtained with the Tikhonov regularization for the year 1995 (Map 2).

vations, i.e. near the phase 0.75. The calculated V-curve shal&.2. Occamian approach
also another minimum at the phase 0.25. This minimum cannot _ . . . .
be seen in the photometric observations; in fact, there is a m%qps:rlnseoc?gzgigt\iz‘:\z tnjecglcii(; aem';’g}iEgp;gcsr:é:?;reég?nﬁgi
imum observed at that phase. More discussion about the Iig'? ' P P

curve is in SecE 512 g for Map 2, but the formal approach and the inversion code

were different.

A grid on the stellar surface of°3n longitudes and 6in
latitudes was chosen. With the adopted inclinatioa 60° it
gives 3000 temperature parameters which have to be estimated.
The total number of wavelength points in the profiles for all
Map 2 and fits to the spectroscopic observations are showrairailable phases was 7932. This can be considered sufficient
Fig.[2. The mean deviation of the spectral observations from tfoe restoring most of the stellar surface according to the test cal-
model is 0.460%, which corresponds to a S/N ratie-0217. culations by Berdyugina (1998). Indeed, the number of principal
The temperatures in Map 2 are between 3853 K and 5660d6mponents containing significant information on the solution
Two cool regions are seen in the map at latitudes of 60-Be is about 2800, that is close to the total number of the parameters.
region at the phase 0.254s 1200 K cooler than the unspotted Note that the parameters corresponding to the latitudes less than
surface and consists of two spots. The region close to the phas$@° cannot be determined with an acceptable accuracy due to
0.6 is~ 900 K cooler than the unspotted surface and has megligible projected areas. In fact, they keep the values of the
significant substructure. Both V and B-V calculated from thiirst approximation of the solution.
map correspond quite well to the observed curves. The spot The mean deviation of the spectral observations from the
configuration in Map 2 produces the light curve minimum ahodel is 0.448%, which corresponds to a S/N ratie-0223,
phase 0.4, as observed. The mean deviation of B-V is 0.048tually identical to the values obtained from Tikhonov regular-
which is close to the mean error of the observations (0.014ation. The main feature seen in Map 3 ([Eig. 3) is the group of
Since B-V is very sensitive to changes in the temperature, tin@ cool spots atthe phases 0.2-Q\JIE1400 K) with some ex-
good correlation between the observed and calculated curi@ssion of less contrast spotST=800 K) to the phases 0.4-0.6.
indicates that the average temperature for the visible stellar didhe temperature scale and spot structure determined from the
at each phase is correct. spectroscopic observations reasonably fit the photometric obser-
vations, as well. The error distribution over the stellar surface

4.2. Year 1995

4.2.1. Tikhonov regularization
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Fig. 3. The image of FK Com obtained with the Occamian approach from the 6416756"43@410n (Map 3). The image is shown with a coordinate
grid of 3¢°. Other notations are as in Hg. 1.

deduced from the Fisher information matrix shows a decrease The latitudes where the spots are seen are abcu760

of the accuracy towards lower latitudes (error map in[Hig. 3Jhis is in accordance with numerous results of surface imaging
Thus, the higher latitudes show more real structures than tiferapidly rotating stars of different types. Nevertheless, sur-
lower latitudes, and this is true for any approach. face imaging of FK Com-type stars by different authors gave
contradictory results. The image of FK Com by Piskunov et
al. (I994) showed a large equatorial spot with moderate con-
trast (AT=350 K). Similarly, imaging of HD 32918 revealed an
equatorial belt of spots (Piskunov etlal. 1990). The same kind of
. , , . differences can be seen in the images of the third FK Com-type
Using different methods for the inversion allows us to study the. . Lip 199178 (Vodt 1988, Strassméier 1996, Hackman et al.
effects of the different algorithms on the result. The images ). Strassmeief (1996) showed that the dominating latitude
1995 obtained with the Tikhonov regularization (Map 2) angk the spots is very sensitive to the microturbulence and os-
the Occamian approach (Map 3) show a similar spot structiigaor strengths chosen for the line modelling. The extremely
with the same mean latitudes and longitudes. The temperaiyig e (qrational velocities of the stars require especially careful

scales of the images are also similar, and the spot contrasf9l o delling. The absence of numerous small, high contrast,
about 1200-1400 K is supported by the comparison with g, oy distributed spots in our images can be considered as

photometry as well. Since the local line profile calcuIation;;ndic‘,mOn of a proper modelling of the line profiles
stellar parameters, models, and the observations were the SaM&e coolest regions in the images for both years have a

5. Discussion

5.1. Spot properties and evolution

inputs seems to be sufficient for studying the spot evolutioR anout 70and 60. This structure is well repeated in both
between the years 1994 and 1995.
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seasons. It seems that the coolest region in both maps is the >
same feature, it has just moved about 0.2 in phase between the
summers of 1994 and 1995. The distance between the two spots + +
in the active region appears to increase by 0.04 in phase during -0 - F H O 7
ayear, which could be interpreted as to be caused by diﬁeren@al T @
rotation. There is also some similarity between the spots at phgse +
0.25 in 1994 and at 0.45 in 1995. They have the same latituder 5| 4 t + i
of about 60 and similar location relative to the coolest region. o+
Again, ifitis the same feature in both seasons, then it has moved
about 0.2 in phase during a year. Other cool features seen in the g ‘ ‘ ‘ ‘
maps seem to have no counterparts, even if we account for the 19580 1984 1088 1992 1096 2000
+0.2 shift in phase. )
Summarizing the above discussion, one can notice that ﬁi
spots at the latitude of 8&hifted 0.18 in phase, while the spot agt al. (1997).
70° shifted 0.23 in phase during about a year from August 1994 -
to July 1995. If this behaviour is interpreted as being caused

by differential rotation it implies that in the polar region thehe stellar rotation and also in the opposite direction. The latter
higher latitudes rotate faster than the lower ones. Of courggeans that two active longitudes are periodically active, and the
more images are needed to confirm such a rotation. Having n@\gration of the minimum is only the visible effect of spotted

observations, we intend to continue the study of the star aga evolution. Then, the life-times of the spots are not certain

trace the evolution of the spots more thoroughly. Nevertheleggcause of their permanent evolution. The answer can be found
comparison of the presentimages of FK Com with the publishgfl set of surface images of the star.

photometric observations can help us understand the SO-Ca”edFrom the present surface images it is clear that the pho-

& 4.The photometric minima of FK Com. Crosses are data from Jetsu
al. [1993), Jetsu et al. (1994b), and circles are data from Strassmeier

“flip-flop” effect. tometric minimum is caused by a combination of the active
regions rather than one separate spot. The spot structure is no-
5.2. The “flip-flop” effect ticed to survive for 11 months and move about +0.2 in phase

during that time. We found that the simultaneous photometry
Although, the first photometric observations of FK Com havgy the year 1995 is well reproduced by the maps, while the
been publIShed in 1966, regulal’ observations have started qﬁﬁ‘{]_simunaneous photometry for the year 1994 cannot be fit-
in 1980. We combine all available observations from that timgd well enough. Having available photometric observations ob-
in Fig.[d, considering phases of photometric minima calculatggined between April and June 1994 and between March and
with the ephemeris given by E@I(1). The data are from Jetsuighe 1995, so on average 70 days before and 250 days after
al. (1993), Jetsu et al. (1994b), Strassmeier ef al. (1997), &t spectra, we plot them together with the calculated curve
references therein. From the photometry one can see thatjfigig[§. As can be seen the earlier light curve shows the mini-
minimum is moving between the two active longitudes foungium at the phase 0.75, and the later one has the minimum at 0.4,
by Jetsu et al. The periods are indeed different for differefghich was steadily observed during the first half of 1995. The
epochs, as Strassmeier et al. found, and they are betweenctiige calculated from the map shows the main minimum near
two extreme ValueSfl29596 and ?40470, as determined fromthe phase 0.75and asecondary minimum at the phase 0.25, both
Fig.[. The period of 24002466 found by Jetsu et al. is believeghinima are weaker than in the observations. It seems that Map 1
to correspond to the mean rotational period of the star, and @esents the star at some intermediate stage when the activity is
viations from it show the internal motion of the spots on th&itching from one active longitude to the other: the active re-
stellar surface. As seen from Fig. 4, the occupation of a givgibn at the phase 0.75 becomes weaker and the one at 0.25 takes
active longitude lasts about 1-2 years, and moving to the othger. At the same time spots are moving in phase. Such a be-
longitude also takes about 1-2 years. One can notice that thesgiour implies that both effects, spot migration and evolution
is a possible cycle in action of the active longitudes. The dajgtheir areas, are responsible for the periodic phase shifts of the
by Strassmeier et al. show a distinct decrease in the phase oﬁ@q curve minima shown in Fig]4. Note that originally only
minimum from 1.0t0 0.4 in 1993-1995, which was preceded %Ot migration was Supposed for “f|ip_f|ops”_ Probab|y, the dif-

an increase of the phase from 0.4 to 1.1 during 1990-1993. fBgential rotation could play some role in the specific evolution
estimated length of the cycle of 6.5 years reasonably fits the estrthe active regions as well.

lier observations of 1966-1990 as well. With such a cycle one gjmilar structures and a similar behaviour have recently

can expect that during 1996-1998 the minimum should haygen found for the RS CVn-type binary star Il Peg also studied
moved from 0.4 to 1.0, again upwards. The question is, wheth@th surface imaging (Berdyugina etlal._1998b). Two active lon-
spots migrate themselves across the stellar surface or their agg@fles have been revealed from the images, which were seen
evolve in a certain way resulting in the shifting of the minimump photometric observations as well. They existed on the sur-
The former means that spots with large life-times (more than $ice at least seven years, and the larger active region evolved
years) can have their own motions in both directions, towarflgm one active longitude to the other within about one year,
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—0.3 1770 doys bbfore the spectio rotation with the higher latitudes rotating faster than the

250 d fter th t .
x cys otter fhe spectr lower latitudes.

resulting in the photometric minimum being near the active
longitudes.

4. The flipping between the active longitudes is repeated with
an average period of 6.5 years, similar to some RS CVn-

—0.2 é, calculated from the spectra . i i .
TE « 3. The earlier established “flip-flop” phenomenon is caused
5 . x x by a combination of many spots rather than by one separate
e L . U group of spots. The spots are moving and evolving in area
Fox X x
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