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Abstract. We present new surface images of FK Com for Au-
gust 1994 and July 1995. For the 1995 images two different
inversion methods, Tikhonov regularization and the Occamian
approach, are used to check the dependence on the formal as-
sumptions. The images are found to be very similar when the
same local line profiles, models, stellar parameters and obser-
vations are used as inputs for both methods. The validity of the
maps and their temperature scales are independently checked
with photometric observations.

The maps for both years show active regions of very similar
substructures and latitudes. It seems that the same spot group
has survived on the surface of FK Com for the 11 months be-
tween the observations; however, during that time it has moved
about 0.2 in phase. The movement and evolution of the spot
groups seem to cause the photometrically observed “flip-flop”
phenomenon, which is noticed to be repeated with an average
period of 6.5 years, similar to some RS CVn-stars.
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1. Introduction

FK Com (HD 117555) is the prototype of the small class of ex-
tremely rapidly rotating G-K giants with strong emission from
the chromosphere and transition region. They do not show radial
velocity variations, indicating that they are probably not bina-
ries. In the case of FK Com, the upper limit for radial velocity
variations has been set to±5 km s−1 by McCarthy & Ramsey
(1984) and to±3 km s−1 by Huenemoerder et al. (1993). These
values give rather extreme limits for the mass of a possible com-
panion. Nevertheless, the UV-flux and the rotation rate of the
FK Com-type stars clearly exceed those of the RS CVn-binaries.
Originally, this class only consisted of three stars: FK Com, UZ
Lib and HD 199178 (Bopp & Rucinski 1981; Bopp & Stencel
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1981; Bopp 1982). Later UZ Lib has turned out to be a binary
(Bopp et al. 1983) and was excluded from the class. Some new
candidates for the class have been suggested over the years: HD
32918 (Cameron 1982), Star I-1 in NGC 188 (Harris & Mc-
Clure 1985) and 1E 1751+7046 (Fleming et al. 1987). All the
FK Com-type stars are photometrically variable by0.m1 − 0.m2
and have photometric rotation periods of a few days (Bopp &
Stencel 1981; Bopp 1982).

The spectrum of FK Com was first described by Merrill
(1948). He noted a large projected rotational velocity, Hα and
Caii H&K emission and the variability of the Hα profile. The
spectral type of the star is still not well determined, and its
estimates range from G0 III to G8 III (Rucinski 1981; Bopp
1982; Walter & Basri 1982). Small visual brightness variations
in FK Com of0.m1 with the period of2.d412 were first reported by
Chugainov (1966). During the variations in the light curve, lit-
tle or no colour variations are seen. This photometric variability
was considered by Bopp & Rucinski (1981) to be most prob-
ably caused by asymmetrically distributed spots. The value of
the photometric rotation period has been improved many times
since Chugainov’s first estimate. At present, the most accurate
value of Pphot is 2.d4002466 ± 0.d0000056 (Jetsu et al. 1993).

Dorren et al. (1984) explained the variations in the light
curve of FK Com by spots which are∼600–800 K cooler than
the unspotted surface. They also observed a rapid evolution of
the light curve which, according to them, appears to be the result
of changing spot area and longitudinal motion of the spotted
regions relative to each other. The level of the spot activity in
FK Com varies significantly even within short periods of time.
Nevertheless, the quarter of a century photometry investigated
by Jetsu et al. (1993) and Jetsu et al. (1994a) still shows no clear
periodicity, though two overall maxima in the spot activity were
detected near 1976 and 1986.

According to the photometric observations, active regions
of FK Com show a “flip-flop” effect (Jetsu et al. 1991, Jetsu
et al. 1993), which means that the dominant part of the spot-
activity shifts in longitude to the other side of stellar surface
(i.e. a longitude shift by about180◦) and remains there for a
period of time. The time interval between two shifts seems to
vary from a few years to a decade (Jetsu et al. 1991, Jetsu et al.
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1993). Recent UBVR photometry (since 1991) showed evidence
for a new “flip-flop” which is the fourth detected during 26.3
years (Jetsu et al. 1994b).

Because of the rapid rotation and photometrically detected
spots, FK Com-type stars, and FK Com itself, are very interest-
ing objects for surface imaging. With temperature maps more
information on the spot distribution can be obtained than with
the photometric observations, and the “flip-flop” effect can be
investigated in more detail. Three FK Com-type stars have been
studied with different surface imaging techniques: FK Com
(Piskunov et al. 1994), HD 32918 (Piskunov et al. 1990, Kürster
& Dennerl 1993), and HD 199178 (Vogt 1988, Strassmeier
1996, Hackman et al. 1999). These images generally show polar
or high-latitude spots along with numerous low-latitude spots.
The image of FK Com by Piskunov et al. (1994) showed a large
equatorial spot of moderate contrast (∆T=350 K) similar to the
result for HD 32918 (Piskunov et al. 1990).

In the present paper we analyse new high-resolution and
high signal-to-noise ratio observations of FK Com obtained in
1994 and 1995. New estimates of the stellar parameters Teff ,
log g, and v sin i are obtained. Two different surface imag-
ing techniques, Tikhonov regularization and the Occamian ap-
proach, are applied to the 1995 observations to check the de-
pendence of the image on the formal assumptions. The reality
of the images is tested using near-simultaneous photometry.

2. Observations

High-resolution spectral observations of FK Com have been
obtained with the Nordic Optical Telescope (NOT, La Palma)
and the SOFIŃechelle spectrograph with the medium resolution
camera. Typically, théechelle spectra consisted of 14 orders and
were centered at 6427̊A.

In 1994, the slit width was 80µm, providing a resolution
(λ/∆λ) of 75 000. The observations consist of 12 spectra taken
during different nights between the 13th and 24th of August. No
simultaneous photometric observations of FK Com are available
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
set of V band observations obtained between 11th of March 1995
and 23rd of June 1995, both sets published by Strassmeier et al.
(1997).

In 1995, the slit width was 103µm, which gave a resolu-
tion of 60 000. The observations consist of 20 spectra, taken
between the 11th and 22nd of July. For the inversions, spectra
taken during the same night, immediately after each other, were
averaged to a single spectrum, so in the temperature mapping 12
spectra with higher S/N ratios were used. Almost simultaneous
(8th of June - 10th of July 1995) photometric APT (Automatic
Photometric Telescope) observations of FK Com in the B and
V bands have been kindly provided for us by L. Jetsu and will
be published elsewhere.

All spectra were reduced with the 3A software system (Ilyin
1997). The reduction included bias, flat field, and scattered light
corrections, extraction of spectral orders, and wavelength cali-
bration. The latter was obtained using a Th-Ar comparison spec-

Table 1.The spectral observations of FK Com used in surface imaging.
The heliocentric Julian date is given for the middle of the exposure.
The S/N ratio is measured from the reduced spectra.

HJD Phase S/N HJD Phase S/N
2440000+ 2440000+

August 1994 July 1995
9578.382 0.84 189 9910.467 0.18 377
9579.392 0.27 205 9911.386 0.58 272
9580.386 0.68 215 9912.379 0.99 305
9581.380 0.09 186 9913.383 0.41 354
9582.369 0.51 202 9914.394 0.84 389
9583.366 0.92 229 9915.405 0.26 363
9584.365 0.34 228 9916.415 0.68 359
9585.363 0.75 146 9917.381 0.08 408
9586.364 0.17 215 9918.389 0.50 311
9587.392 0.60 159 9919.393 0.92 350
9588.366 0.00 148 9920.390 0.33 287
9589.356 0.42 141 9921.388 0.75 335

trum. The zero point of the wavelength scale was adjusted using
atmospheric lines in order to correct for small shifts between the
comparison and stellar images.

More information on the spectroscopic observations are pre-
sented in Table 1. 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
by Jetsu et al. (1993) and Jetsu et al. (1994a):

HJD =
{

(2439252.895 ± 0.010)+
(2.d4002466 ± 0.d0000056)E,

(1)

where the period is the long-term average photometric period,
and the epoch is a time of the light curve minimum. This
ephemeris is chosen for this work in order to see if the spot dis-
tribution is consistent with the previously detected “flip-flop”
phenomenon.

3. Temperature mapping

3.1. Stellar parameters

The inversion procedure is known to be very sensitive to changes
in some stellar parameters, especially inv sin i and microtur-
bulence, which will determine the average temperature of the
result. We estimated some stellar parameters using all available
information and our spectral observations for 1995, which have
better S/N ratios. For this, all spectra were averaged to a single
spectrum with a S/N ratio of 550.

FK Com is the most rapidly rotating star among the FK Com-
type stars. First estimates for itsv sin i ranged from 70 km s−1

(Chugainov 1976) to 200 km s−1 (Walter et al. 1984). Cur-
rently, values forv sin i are 159±4 km s−1 (Rucinski 1990) and
162.5±3.5 km s−1 (Huenemoerder et al. 1993). We determined
v sin i of FK Com independently of the inversions with the
Fourier transform method described by Gray (1992, p. 370).
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Four spectral features from three different orders were investi-
gated: the blend of Fei lines at 6419.9500̊A & 6421.3510Å, the
Cai line at 6439.0750̊A, the blend of Fei lines at 7491.6490̊A
& 7495.0600Å, and the Caii line at 8662.1410̊A. The final
value of 155±3 km s−1 was averaged from the values obtained
from these features and was adopted for the inversion. Note that
with such a large value ofv sin i, changes in the map are not
significant within the error interval±3 km s−1, while possible
larger errors can easily be seen from the inversion by comparing
the wings of the observed and calculated line profiles.

As was already mentioned the spectral type of FK Com is
determined to be between G0 III and G8 III. According to Gray
(1992, Appendix B) this interval corresponds to effective tem-
peratures Teff from 5743 K to 4952 K and surface gravitieslog g
from 3.4 to 3.3. Using the stellar atmosphere models by Kurucz
(1993) withlog g=3.5 we tried to fit the averaged spectrum of
FK Com with many different combinations of effective tem-
perature and microturbulence. We found that the best fit can be
obtained withvmicro=1.4 km s−1 and Teff=5080 K. This effec-
tive temperature corresponds to the spectral type G5 III.

The measurements of the Hipparcos satellite give a parallax
of 4.27 mas for FK Com. This value corresponds to a distance
of 234 pc, which is in agreement with the results by Eggen &
Iben (1989) who associated FK Com with a moving group and
calculated from the group modulus the distance of FK Com to be
238 pc. According to Strassmeier et al. (1997), the brightest V-
magnitude of FK Com (the best approximation to the magnitude
of the unspotted star) was8.m04; with a distance of 234 pc and
an upper limit to the extinction in the direction of FK Com of
E(B-V)=0.015 (Schlegel et al. 1998) an absolute magnitude of
MV ≈ 1.m2 is obtained. Compared to the range of absolute
magnitudes of G0–G8 III:1.m2 − 0.m7 (Gray 1992, Appendix
B), this is normal for the earlier part of the interval of possible
spectral types.

Some tests were also made to find a suitable value for the
macroturbulence, although this parameter does not significantly
affect the profiles because of the large rotational velocity. We
used the value 2 km s−1. Throughout this paper, an inclination
of i = 60◦ is adopted.

The stellar parameters used in the temperature mapping of
FK Com are summarized in Table 2.

3.2. Local line profiles

Errors in the calculations of the local line profiles have a strong
effect on the inversion. They easily cause artificial features in
the maps, like polar caps and belts of cool and hot spots. Local
line profiles were calculated with a code by Berdyugina (1991),
which includes calculations of opacities and intensities in the
continuum and in atomic and molecular lines. Also, number
densities of atoms and molecules are calculated under the as-
sumption of dissociative equilibrium. Atomic line parameters
were obtained from VALD (Piskunov et al. 1995), while molec-
ular line parameters were calculated in the same way as was
described by Berdyugina et al. (1998a). LTE stellar model at-
mospheres from Kurucz (1993) are used.

Table 2.Adopted values of the stellar parameters of FK Com.

Parameter Adopted value

Teff (unspotted) 5080 K
log g 3.5
v sin i 155 km s−1

Microturbulence 1.4 km s−1

Macroturbulence 2.0 km s−1

Inclination 60◦

The atomic line parameters were requested from VALD us-
ing solar abundances. It seems that either these abundances are
not always correct for FK Com or the line parameters contain er-
rors. Uncertainties in the stellar parameters, e.g. elemental abun-
dances and microturbulence, will also cause problems. How-
ever, for surface imaging it is sufficient to get the right equiv-
alent widths for the local line profiles. Therefore, thelog(gf)
values of some lines were changed to be able to fit the obser-
vations better. For finding the properlog(gf) values we used
observations of slowly rotating stars with spectral types close
to that of FK Com:β Gem (K0 III) andµ Peg (G8 III). Changes
in the log(gf) values were usually within±0.1–0.2, but could
reach±1.0 for very weak lines.

The local line profiles were calculated for 20 values ofµ =
cos θ from the disk centre to the limb. Spectra were calculated
for temperatures ranging from 3500 K to 6000 K in steps of
250 K and with gravitylog g = 3.5.

3.3. Inversion techniques

The main idea of surface imaging is to trace distortions appear-
ing in the observed line profile due to the presence of spots
on the stellar disk and moving due to stellar rotation. An as-
sumption on the nature of those spots is the main part of the
model calculations. FK Com is suggested to have temperature
inhomogeneities on its surface, which is also supported by the
photometric observations. Therefore, considering the intensity
of radiationI(X(M), λ, µ) emitted by the stellar surface from
the pointM in the directionµ at the wavelengthλ, let us de-
fineX(M) as a local characteristic ofM which determines the
intensityI. This characteristic can be the chemical abundance,
effective temperature, magnetic field, etc. Here,X(M) repre-
sents the effective temperature of the model used for the calcula-
tion of the local line profile at the pointM . Integration over the
stellar disk, given rotational phaseφ and a set of wavelengths,
results in the residual fluxrλ(φ) which contains information
on the temperature distribution on the stellar surfaceX(M)
and, therefore, is to be compared with the observed residual
flux robs

λ (φ). Thus, the integration determines the model for the
subsequent inversion. A comparison of the residual fluxes de-
termines the discrepancy functionD(robs

λ , rλ), which, in fact,
is the negative of the logarithm of the likelihood function. By
minimizingD, one can obtain a unique solution with minimum
variance, but, nevertheless, it is not feasible due to noise in the
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 stable
solutions. Then, searching for the unique and stable solution
is a so-called ill-posed inverse problem, and there are different
approaches and methods developed for solving it.

In the present study two different inversion methods have
been applied to the same observations for obtaining surface
temperature maps of FK Com: the Tikhonov regularization
(Piskunov 1991) and the Occamian approach (Berdyugina
1998).

3.3.1. Tikhonov regularization

The Tikhonov regularization method was applied to the surface
imaging problem as a first inversion technique with minimiza-
tion by Goncharsky et al. (1977). Here, it is presented in the
formulation given by Piskunov (1991), where more details can
be found.

When the model for the inversion is defined as above, the
discrepancy functionD has to be defined as well. Here, it is
adopted as the negative of the logarithm of the likelihood func-
tion for a Gaussian probability function:

D(X) =
∑
φ,λ

ωφλ
(rλ(φ) − robs

λ (φ))2

NφNλ
, (2)

whereωφλ are the weights taking into account differences in the
errors of the observations of the individual phases and wave-
lengths,Nφ is the number of phases andNλ is the number of
wavelengths. In the discrepancy function the summing is done
over all available rotational phases and wavelengths. As was
mentioned, minimizingD by varying X(M) is an ill-posed
problem due to the presence of noise, so additional constraints
must be applied to get a unique and smooth solution. In the
case of the Tikhonov regularization this additional constraint is
a regularization functional.

In the regularization the original problem is replaced by
another, which has a unique solution. This new function also
approximates, in a certain known way, the realX(M). The
regularization problem can be expressed in the form:

Φ(X) = D(X) + Λ · R(X), (3)

whereΛ is a Lagrange multiplier andR(X) is the regularization
functional, which makes the solution unique. The value ofΛ
should be selected so that ifX(M) minimizesΦ then the rms
deviation of the fit of the profiles is of the order of the noise in
the observations. In practice, however, we will have to deal with
systematic errors in the calculated line profiles and observations
(although all effort is done to minimize these). The value ofΛ
will influence the temperature differences in the resulting map
and especially the artifacts produced by errors. In this study we
try to choose the value ofΛ in such a way that the resulting map
is consistent with the photometric observations.

The Tikhonov regularization functional is

RT (X) =
∫ ∫

‖ 5X(M) ‖2 dσ, (4)

where‖ 5 ‖ is the length of the gradient vector.RT (X) mea-
sures the smoothness ofX(M). The resulting map provides
the smoothest possible solution which is able to reproduce the
observations within the observational errors.

3.3.2. Occamian approach

The Occamian approach was recently developed by Terebizh
(1995a, 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).

In the present realization of the Occamian approach, the dis-
crepancy function is the negative of the logarithm of the likeli-
hood function for the Poisson probability function. In the case
of high signal-to-noise observations the latter approaches the
Gaussian function, and it is never negative for lower signals.
The mean information principle has been used for testing the fit
to the data as was proposed by Terebizh & Biryukov (1994).

In the Occamian approach the choice of the solution is based
on the analysis of all available information, namely the obser-
vations and the model. Possessing such information, one can
build the Fisher information matrixF , whose eigenvectors and
eigenvalues determine the error ellipsoid. The directions of the
axes of the ellipsoid, the eigenvectorsV , define a new reference
frame with the coordinatesY which are linear combinations of
the unknown parametersX:

Y = V T X, X = V Y. (5)

The new coordinatesY comprise the so-calledprincipal compo-
nentsof the solution. Small eigenvalues ofF indicate principal
components with relatively large errors of the inverse solution,
and the error ellipsoid is extremely elongated in these direc-
tions. Moreover, in case of a lack of data some of the eigenval-
ues become zero, and the corresponding parameters are linearly
dependent. Therefore, only a part of the principal components
Y (p) completely exhausts the available information onX. Y (p)

are estimated instead ofX, while those principal components
lacking enough information are assumed to be zero. Then, the
transform

X̃ = V Ỹ (p) (6)

leads to the desired unique and stable solutionX̃. Thus, the
solution in the Occamian approach is that which statistically
satisfactorily fits the observed data with a minimum set ofỸ (p).
Then, the solution is unique because of the choice ofp and stable
because of removing those principal components which contain
no significant information but noise. Therefore, the solution in
the Occamian approach is searched under the condition of max-
imum simplicity and consistency with the observational data.
The inverse Fisher information matrix gives estimates of the
variances of the solution.

4. Images

The spectral lines from the 6416–6444Å region have been cho-
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 components
are Fei (6420Å, 6421Å and 6430Å), Feii (6432Å) and Cai
(6439Å). The iron blend near 6420̊A was situated near the edge
of the CCD frame, which made the continuum correction dif-
ficult. There were also some problems in finding a good fit for
the Cai 6439Å line.

Three maps are obtained in total. Maps 1 and 2 were calcu-
lated using the FORTRAN77 code INVERS7-8PD, originally
written by N.E. Piskunov, with some changes made by T. Hack-
man. Map 3 was calculated with an implementation of the Oc-
camian approach written by S. Berdyugina.

4.1. Year 1994

Map 1 is obtained for the August 1994 data using the Tikhonov
regularization. The surface image and the fits to the spectro-
scopic observations are shown in Fig. 1. The mean deviation of
the spectroscopic observations from the model is 0.618%, which
corresponds to a S/N ratio of about 162. The larger deviation
of the calculations in comparison to the observations is mainly
caused by some systematic errors in the model line profiles. The
atmospheric line near 6433̊A may also cause some additional
errors if it is not completely excluded from the inversions. The
temperature range in the map is from 3926 K to 5615 K. The
coolest feature in Map 1 consists of two spots which are sit-
uated close to phases 0.0 and 0.1 at latitudes of 60–70◦. The

temperature of this feature is∼ 1200 K cooler than that of the
unspotted surface. There are other cool regions at phase 0.75 and
0.25. The regions at 0.75 are much larger than the one at 0.1 and
situated at the equator and near the pole. They are cooler than
the unspotted surface by about 500 K and 900 K, respectively.
The spot at 0.25 is situated at high latitudes and has a moderate
temperature contrast of∼ 900 K. There are also some hotter
regions seen in the map. These features are probably caused by
errors in the line profile calculation (e.g. wrong line parameters
or missing lines) and noise in the data.

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-
spheres and disk integration. Systematic errors in the fluxes of
the B and V-passbands are corrected by comparison with tabu-
lated values for the atmospheric models (Buser & Kurucz 1992)
and the empirical formula for B-V for GK giants (McWilliam
1990).

Unfortunately, for August 1994 no simultaneous photomet-
ric observations could be found, only those of 2 months before
or 8 months after the spectroscopic observations are available.
The light curves calculated from the 1994 map are plotted in
Fig. 1 with the photometric observations obtained 2 months be-
fore the spectroscopic observations. Both calculated curves, V
and B-V, show the main minimum close to the one in the obser-
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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 shows
also another minimum at the phase 0.25. This minimum cannot
be seen in the photometric observations; in fact, there is a max-
imum observed at that phase. More discussion about the light
curve is in Sect. 5.2.

4.2. Year 1995

4.2.1. Tikhonov regularization

Map 2 and fits to the spectroscopic observations are shown in
Fig. 2. The mean deviation of the spectral observations from the
model is 0.460%, which corresponds to a S/N ratio of∼ 217.
The temperatures in Map 2 are between 3853 K and 5660 K.
Two cool regions are seen in the map at latitudes of 60-70◦. The
region at the phase 0.25 is∼ 1200 K cooler than the unspotted
surface and consists of two spots. The region close to the phase
0.6 is∼ 900 K cooler than the unspotted surface and has no
significant substructure. Both V and B-V calculated from the
map correspond quite well to the observed curves. The spot
configuration in Map 2 produces the light curve minimum at
phase 0.4, as observed. The mean deviation of B-V is 0.019,
which is close to the mean error of the observations (0.014).
Since B-V is very sensitive to changes in the temperature, the
good correlation between the observed and calculated curves
indicates that the average temperature for the visible stellar disk
at each phase is correct.

4.2.2. Occamian approach

Map 3 is obtained with the Occamian approach. Here, we used
the same observations, local line profiles and stellar parameters
as for Map 2, but the formal approach and the inversion code
were different.

A grid on the stellar surface of 3◦ in longitudes and 6◦ in
latitudes was chosen. With the adopted inclinationi = 60◦ it
gives 3000 temperature parameters which have to be estimated.
The total number of wavelength points in the profiles for all
available phases was 7932. This can be considered sufficient
for restoring most of the stellar surface according to the test cal-
culations by Berdyugina (1998). Indeed, the number of principal
components containing significant information on the solution
is about 2800, that is close to the total number of the parameters.
Note that the parameters corresponding to the latitudes less than
−30◦ cannot be determined with an acceptable accuracy due to
negligible projected areas. In fact, they keep the values of the
first approximation of the solution.

The mean deviation of the spectral observations from the
model is 0.448%, which corresponds to a S/N ratio of∼ 223,
virtually identical to the values obtained from Tikhonov regular-
ization. The main feature seen in Map 3 (Fig. 3) is the group of
two cool spots at the phases 0.2–0.3 (∆T=1400 K) with some ex-
tension of less contrast spots (∆T=800 K) to the phases 0.4–0.6.
The temperature scale and spot structure determined from the
spectroscopic observations reasonably fit the photometric obser-
vations, as well. The error distribution over the stellar surface
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Fig. 3.The image of FK Com obtained with the Occamian approach from the 6416–6444Å region (Map 3). The image is shown with a coordinate
grid of 30◦. Other notations are as in Fig. 1.

deduced from the Fisher information matrix shows a decrease
of the accuracy towards lower latitudes (error map in Fig. 3).
Thus, the higher latitudes show more real structures than the
lower latitudes, and this is true for any approach.

5. Discussion

5.1. Spot properties and evolution

Using different methods for the inversion allows us to study the
effects of the different algorithms on the result. The images for
1995 obtained with the Tikhonov regularization (Map 2) and
the Occamian approach (Map 3) show a similar spot structure
with the same mean latitudes and longitudes. The temperature
scales of the images are also similar, and the spot contrast of
about 1200–1400 K is supported by the comparison with the
photometry as well. Since the local line profile calculations,
stellar parameters, models, and the observations were the same
for both methods, and S/N of the observations was high enough,
the significance of the formal assumptions and details of the
algorithms appear to be reduced. Therefore, using the Tikhonov
regularization for the 1994 observations with the same other
inputs seems to be sufficient for studying the spot evolution
between the years 1994 and 1995.

The latitudes where the spots are seen are about 60◦-70◦.
This is in accordance with numerous results of surface imaging
of rapidly rotating stars of different types. Nevertheless, sur-
face imaging of FK Com-type stars by different authors gave
contradictory results. The image of FK Com by Piskunov et
al. (1994) showed a large equatorial spot with moderate con-
trast (∆T=350 K). Similarly, imaging of HD 32918 revealed an
equatorial belt of spots (Piskunov et al. 1990). The same kind of
differences can be seen in the images of the third FK Com-type
star HD 199178 (Vogt 1988, Strassmeier 1996, Hackman et al.
1999). Strassmeier (1996) showed that the dominating latitude
of the spots is very sensitive to the microturbulence and os-
cillator strengths chosen for the line modelling. The extremely
large rotational velocities of the stars require especially careful
line modelling. The absence of numerous small, high contrast,
randomly distributed spots in our images can be considered as
indication of a proper modelling of the line profiles.

The coolest regions in the images for both years have a
very similar structure and are situated at the same latitudes. The
regions are seen near the phases 0.1 and 0.3 in 1994 and 1995,
respectively. The high resolution and S/N of our spectroscopic
observations allowed resolving two spots with mean latitudes
of about 70◦and 60◦. This structure is well repeated in both
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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
a year, which could be interpreted as to be caused by differential
rotation. There is also some similarity between the spots at phase
0.25 in 1994 and at 0.45 in 1995. They have the same latitude
of about 60◦ and similar location relative to the coolest region.
Again, if it is the same feature in both seasons, then it has moved
about 0.2 in phase during a year. Other cool features seen in the
maps seem to have no counterparts, even if we account for the
+0.2 shift in phase.

Summarizing the above discussion, one can notice that the
spots at the latitude of 60◦ shifted 0.18 in phase, while the spot at
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 the
higher latitudes rotate faster than the lower ones. Of course,
more images are needed to confirm such a rotation. Having new
observations, we intend to continue the study of the star and
trace the evolution of the spots more thoroughly. Nevertheless,
comparison of the present images of FK Com with the published
photometric observations can help us understand the so-called
“flip-flop” effect.

5.2. The “flip-flop” effect

Although, the first photometric observations of FK Com have
been published in 1966, regular observations have started only
in 1980. We combine all available observations from that time
in Fig. 4, considering phases of photometric minima calculated
with the ephemeris given by Eq. (1). The data are from Jetsu et
al. (1993), Jetsu et al. (1994b), Strassmeier et al. (1997), and
references therein. From the photometry one can see that the
minimum is moving between the two active longitudes found
by Jetsu et al. The periods are indeed different for different
epochs, as Strassmeier et al. found, and they are between the
two extreme values: 2.d39596 and 2.d40470, as determined from
Fig. 4. The period of 2.d4002466 found by Jetsu et al. is believed
to correspond to the mean rotational period of the star, and de-
viations from it show the internal motion of the spots on the
stellar surface. As seen from Fig. 4, the occupation of a given
active longitude lasts about 1–2 years, and moving to the other
longitude also takes about 1–2 years. One can notice that there
is a possible cycle in action of the active longitudes. The data
by Strassmeier et al. show a distinct decrease in the phase of the
minimum from 1.0 to 0.4 in 1993–1995, which was preceded by
an increase of the phase from 0.4 to 1.1 during 1990–1993. The
estimated length of the cycle of 6.5 years reasonably fits the ear-
lier observations of 1966–1990 as well. With such a cycle one
can expect that during 1996–1998 the minimum should have
moved from 0.4 to 1.0, again upwards. The question is, whether
spots migrate themselves across the stellar surface or their areas
evolve in a certain way resulting in the shifting of the minimum.
The former means that spots with large life-times (more than six
years) can have their own motions in both directions, towards

Fig. 4.The photometric minima of FK Com. Crosses are data from Jetsu
et al. (1993), Jetsu et al. (1994b), and circles are data from Strassmeier
et al. (1997).

the stellar rotation and also in the opposite direction. The latter
means that two active longitudes are periodically active, and the
migration of the minimum is only the visible effect of spotted
area evolution. Then, the life-times of the spots are not certain
because of their permanent evolution. The answer can be found
in a set of surface images of the star.

From the present surface images it is clear that the pho-
tometric minimum is caused by a combination of the active
regions rather than one separate spot. The spot structure is no-
ticed to survive for 11 months and move about +0.2 in phase
during that time. We found that the simultaneous photometry
for the year 1995 is well reproduced by the maps, while the
non-simultaneous photometry for the year 1994 cannot be fit-
ted well enough. Having available photometric observations ob-
tained between April and June 1994 and between March and
June 1995, so on average 70 days before and 250 days after
our spectra, we plot them together with the calculated curve
in Fig. 5. As can be seen the earlier light curve shows the mini-
mum at the phase 0.75, and the later one has the minimum at 0.4,
which was steadily observed during the first half of 1995. The
curve calculated from the map shows the main minimum near
the phase 0.75 and a secondary minimum at the phase 0.25, both
minima are weaker than in the observations. It seems that Map 1
presents the star at some intermediate stage when the activity is
switching from one active longitude to the other: the active re-
gion at the phase 0.75 becomes weaker and the one at 0.25 takes
over. At the same time spots are moving in phase. Such a be-
haviour implies that both effects, spot migration and evolution
of their areas, are responsible for the periodic phase shifts of the
light curve minima shown in Fig. 4. Note that originally only
spot migration was supposed for “flip-flops”. Probably, the dif-
ferential rotation could play some role in the specific evolution
of the active regions as well.

Similar structures and a similar behaviour have recently
been found for the RS CVn-type binary star II Peg also studied
with surface imaging (Berdyugina et al. 1998b). Two active lon-
gitudes have been revealed from the images, which were seen
in photometric observations as well. They existed on the sur-
face at least seven years, and the larger active region evolved
from one active longitude to the other within about one year,
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Fig. 5. The behaviour of the light curve during 1994 and early 1995.
The solid line is the V curve calculated from the spectra taken in August
1994, pluses are photometric observations from April-June 1994 and
squares are photometric observations from March-June 1995 (photom-
etry from Strassmeier et al. 1997).

showing the effect of switching activity between the active lon-
gitudes. This effect was mainly caused by spotted area evolution
rather than spot migration. Such a behaviour was found to be
periodic in II Peg and three other RS CVn-stars (Berdyugina &
Tuominen 1998) with cycles of 9–18 years. The structure of two
active longitudes and periodical switching of their activity on
RS CVn-stars and FK Com appears to be determined by a simi-
lar magnetic dynamo acting in the underlying layers of the stars.
It is interesting that RS CVn-stars are binaries, while FK Com
is probably a single star. However, Bopp & Stencel (1981) and
Bopp (1982) suggested that FK Com can be the endproduct of a
coalescing process of a close binary system, explaining its fast
rotation. If so, then binarity can play some role in establishing
the active longitude structure and its behaviour. New surface im-
ages of FK Com-stars and other active stars, single and binary,
could clarify the situation.

6. Conclusions

With high-resolution and high S/N observations new surface
images of FK Com for the years 1994 and 1995 are obtained.
The following conclusions can be drawn.

1. The surface maps obtained with the Tikhonov regulariza-
tion and the Occamian approach are found to be very similar
when the same local line profiles, models, stellar parame-
ters and observations are used as inputs for both methods.
The main spot structures and the temperature scales of the
maps can reproduce the almost simultaneous photometric
observations.

2. The comparison between images from 1994 and 1995 shows
a strong evidence for a spot group that has survived on the
surface of FK Com during the 11 month period and moved
about +0.2 in phase in that time. The motion of the two
spots within the group suggests the presence of differential

rotation with the higher latitudes rotating faster than the
lower latitudes.

3. The earlier established “flip-flop” phenomenon is caused
by a combination of many spots rather than by one separate
group of spots. The spots are moving and evolving in area
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-
stars.
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