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Abstract—We present our analysis of many-year photometry for several dozens of chromospherically active
stars that exhibit solar-type activity (from our own observations as well as from data in the literature). Mod-
eling of the distribution of cool photospheric spots, based on the zonal model, was performed, with several
hundred models constructed. We find that, for most stars, their spots are located at intermediate and moder-
ate latitudes and that the largest spotted areas can cover from 7 to 58% of the star’s surface. We demonstrate
that a latitude drift of spots can be suspected for a number of stars, towards the equator as well as towards the
pole; however, the rate of this drift is several times lower than for solar spots. For 15 stars, we detected the
presence of activity cycles from 3 to 28 years long that reveal themselves in variations of the system’s bright-
ness as well as in variations of the total spot coverage of the star. This paper is based on a talk presented at the
memorial astrophysical workshop “Novelties in Understanding the Evolution of Binary Stars” dedicated to
the 90th birthday of Prof. M.A. Svechnikov.
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1. INTRODUCTION
Activity processes similar to those observed for the

Sun are more and more often detected at other stars,
and thus, the topic of solar-stellar physics shows active
development [1–3]. Stars of late spectral types with
convective envelopes are subject to influence of inter-
nal magnetic fields that cause a wide variety of activity
manifestations: cool photospheric spots, chromo-
spheric faculae, coronal loops, f lares, radiation in
ultraviolet, X-ray, and radio ranges [4]. Star spots, the
most obvious manifestation of stellar activity, appear
at the positions where the magnetic field, strong
enough to suppress convective motion in the layers
under the photosphere, emerges at the surface, and
thus they permit us to obtain some understanding of
the star’s magnetic field structure. Reviews of proper-
ties of active spotted stars and of their role in under-
standing stellar magnetism can be found, for example,
in the papers by Brun and Browning [1], Strassmeier
[4], Berdyugina [5] and references therein. Variations
of spot parameters with time make it possible to study
stellar activity cycles similar to the solar activity cycle
as well as to reveal the presence or absence of the so-
called active longitudes: regions where photospheric
spots are predominately found. Thus, it is very import-
ant to obtain information on the spot coverage of stars
during long time intervals, covering several decades.

Knowledge of the time dynamics of star-spot parame-
ters permits us to improve our understanding of the
theory of magnetic fields and promotes development
of the unified solar–stellar magnetism theory.

The Sun is the only star where we can study photo-
spheric spots with a high spatial resolution. For other
stars, we are limited to only indirect methods in order
to obtain information on the presence of star spots or
on their physical parameters. The method best suited
for a long-term analysis of the behavior of spotted stars
is photometry: it permits to obtain long time series of
observations for each star, covering many years. The
present paper is based on such monitoring performed
at the Crimean Astrophysical Observatory and at the
Kourovka astronomical observatory of Ural Federal
University.

Cool spots reveal themselves photometrically
through rotational modulation of the star’s brightness
with an amplitude from several hundredths to several
tenths of a magnitude [5]. Slow changes of the spot
configuration cause variations of the light curve from
one season to another, reflecting themselves not only
in changing shape of the rotational brightness modu-
lation but also in changing general brightness level of
the system. Multicolor photometric observations pro-
vide most reliable determinations of the temperature
and total area of star spots, while estimating the lati-
929
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tude distribution of spots is the most difficult task
requiring some a priori assumptions. This problem is
widely covered in the literature, different models have
been developed (see a review in the book by Gershberg
[6]).

This paper presents a generalized analysis of spot
coverage for several dozens of chromospherically
active stars with spectral types from G to K that belong
to the RS CVn and BY Dra types over time scales of
tens of years, aimed at detecting long-term variations
of photosperic spots and at the search for activity
cycles.

2. OBSERVATIONS

Our observations of active variable stars were per-
formed at two observatories: at the astronomical
observatory of the Ural Federal University using the
70-cm telescope and a multi-channel photometer that
permits simultaneous measurements of the light f lux
of two stars (the program star and the comparison
star) and of the sky background continuously, during
the whole night, and at the Crimean Astrophysical
Observatory using the 1.25-meter telescope AZT-11.
Differential photometry was obtained in the standard
U, B, V, R, and I bands of the Johnson system; stan-
dard uncertainties of the determination of the star’s
brightness and color indices do not exceed . We
published details concerning the technique of our
observations and observation results in a series of
papers [7–9].

For all the program stars, we revealed rotational
brightness modulation due to the presence of cool
photospheric spots. The shape of the light curve, its
amplitude and mean level show changes from one sea-
son to another that may be due to slow variations of the
spot configuration. An analysis of photometric varia-
tions in the U, B, V, R, and I bands demonstrates that
all stars feature reddening at the photometric mini-
mum of rotational modulation, confirming that the
modulation is due to cool photometric spots, as it was
demonstrated in [6].

To plot long-term light curves for the program
stars, we used not only our own observations but also
data of photometric observations of the same stars
from the literature; a sample of such light curves is pre-
sented in Fig 1. The dashed horizontal line shows the
level of the historically highest brightness during the
whole interval of observations. The vertical bars are
brightness variations for each epoch of observations,
derived from data on the rotational modulation; dots
are episodic observations (if available). The photo-
metric data were taken from [8–28] and from sources
referred to in these papers.

m0 01.
3. METHODS USED TO DETERMINE 
PARAMETERS OF STELLAR 

PHOTOSPHERIC SPOT COVERAGE

We modeled spot coverage of photospheres using
our own observations of the star as well as all photo-
metric data available in the literature. In this model-
ing, we used the zonal spot coverage model developed
in the Crimean Astrophysical Observatory [29]. In
variance with the traditional scheme that considers
one or two spots on a star, our model considers general
characteristics of the spotted region as a whole and
describes the photometric behavior of spotted stars
using the concept of numerous small spots located in
two latitude belts, similar to royal latitudes on the Sun.
Unlike the previous version [30], our model now per-
mits to consider simultaneous presence of two active
longitudes on the star where spots are formed. It was
demonstrated in several studies [4, 5, 31] that simulta-
neous presence of two active longitudes was rather
often observed for spotted stars of all spectral types
and luminosities, including the Sun. It is important
that modeling in the frame of this scheme considers
the long-term behavior of the star during previous
decades, permitting to estimate the star’s highest
brightness for the whole time interval of its photomet-
ric observations and to consider this value, with a high
probability, as the star’s brightness in a state free of
spots.

The whole system of spotted areas on the star was
represented with two spotted belts, symmetrical with
respect to the equator. They occupy regions with lati-
tudes from ±ϕ0 to ±(ϕ0 + Δϕ), with the density of spot
coverage f(l) that varies along the longitude from unity
at the star’s primary brightness minimum to certain
vales f1 and f2, respectively in the seasonal maximum
and secondary minimum, so that 0 < f1 < f2 < 1. In the
process of modeling, we use three extreme points of
the light curve for each season: the local maximum
and the primary and secondary brightness minima
(respectively ΔVmax, ΔV1, and ΔV2), referred to the
maximum brightness of the system during the whole
time interval of observations, Vmax (column 3 in
Table 1 and horizontal dashed lines in Fig. 1). Our
computations use observations in the B, V, R, and I
bands of the Johnson system, permitting us not only to
correctly separate the geometric effect of the spot cov-
erage from the temperature one but also to consider
latitude effects in the spot distribution [26]. We did not
use data in the U photometric band: for all types of
spotted stars, the light in this band is distorted with the
chromospheric activity. Assumptions concerning the
energy distribution in the spectrum of the cool spot
play in important role in the computations. We assume
that this energy has the same distribution as in the
spectrum of a star of a later spectral type. Other
important input model parameters are the inclina-
tion i of the star’s rotation axis, its photospheric tem-
perature Tphot, and surface gravity log g (needed for the
ASTRONOMY REPORTS  Vol. 67  No. 9  2023
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Fig. 1. Long-term brightness diagrams for stars with chromospheric activity. A vertical bar shows the range of the star’s brightness
variation from minimum to maximum for a given epoch of observations. Solid curves show activity cycles. 
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choice of limb darkening coefficients). These parame-
ters were taken from the literature [10–28].

The desired characteristics in our model are dis-
tances of the spotted belts from the equator ±ϕ0, the
width of these belts Δϕ, filling factors f1 and f2, con-
trast of spots in one of the bands (for example, βV).
From these parameters, we determine the mean lati-
tude of spots ϕ = ϕ0 + Δϕ/2, the area of spots as a
ASTRONOMY REPORTS  Vol. 67  No. 9  2023
fraction of the whole surface of the star S = (2π)–1 ×
, where the integral over

longitude is taken from 0 to 2π, and the temperature
difference ΔT between the quiet photosphere and
spots.

Table 2 presents determination errors of spotted
area parameters, dependent upon input model param-

+ 0 0sin – s( ( ) ) (in d)j Dj j f l l
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Table 1. Main spot parameters for program stars

Star Sp
Vmax,
mag

No. of 
epochs

ΔТspot,
K

ϕ, deg Smax, % δϕ, deg/year R
(ϕ, S)

Pcyc, years

LQ Hya K1V 7.75 166 800 35–51 29.5 –0.9…–1.7 — 18, 11.2, 15, 6.75, 5.2
EQ Vir K6V 9.25 15 960 2.2–5.7 14.6 — 0.74 —
EK Dra G1V 7.48 82 2300 46–64 23.6 –1.6…–2.0 –0.73 27, 12, 9.2, 6.5, 4.5
DX Leo K0V 6.98 137 1480 38–54 17.0 –2.2…–2.6 –0.56 14, 3.2
OU Gem K3V + K5V 6.73 24 1850 18–20 16.1 — —
V833 Tau K5V 7.88 67 950 20–29 58.6 0.8 0.75 20, 6.4
BY Dra K7V + K8V 8.00 125 950 2.7–21.5 56.0 1.2…1.6 0.95 13.7, 9, 2.7
BE Cet G2V 6.352 33 1570 52.6–55.2 11.4 — — 6.7, 9.1
CC Eri K7V + M0V 8.70 17 830 3.8–17.0 35.1 — 0.74 —
V838 Cen K1V + K1V 8.85 11 970 5.8–12.4 36.6 — 0.87 —
AG Dor K1V + K5V 8.55 11 1300 1.2–7.3 21.8 — 0.90 —
DE Boo K2V 5.93 15 1200 0.4–2.5 7.1 0.2 0.92 —
CG Cyg G9V + K3V 9.98 39 2100 0–7 18 0.8 0.93 17
BH Vir G0V + G5V 9.54 26 2300 32–34 26 — — 23
WY Cnc G5V + M2V 9.38 37 1700 1–7 21 –0.2 0.96 —
BI Cet G6IV/V + G6V 8.08 14 2250 26–52 47 — — —
IN Com G5III/IV 8.81 40 600 39–55 22 0.6 –0.50 7; 20
MS Ser K2IV + G8V 8.11 19 1300 23–49 24 –2.5 –0.76 —
V711 Tau K1IV + G5V 5.63 255 1300 30–46 41 –1.9 — 16.5; 5.5
V478 Lyr G8V + M3V 7.625 25 1850 18–27 10 — –0.65 6.7
IL Hya K1III/IV + G0V 7.20 48 1500 40–58 43 — –0.54 13
EI Eri G5IV 6.92 61 1200 40–57 36 –1.0…–2.9 — 16
BY Cet G7V + K5V 8.08 9 2100 2–4 12 — — —
AR Psc K1IV + G5/6V 7.24 39 600 7–17 40 — 0.73 —
V1355 Ori K2IV/V + G8V 8.97 28 1500 40–56 34 — – —
HU Vir K1IV 8.55 58 1650 6–12 27 0.8 0.78 6
YZ Men K1III 7.52 8 900 23–27 46 — — —
IM Peg K2III 5.55 43 1500 6–13 29 1.1…–0.9 0.89 10.1; 28.2
eters. Thus, errors of the parameters ϕ0 and Δϕ can
reach 10°, being mainly determined with uncertainties
in the estimates of the angle i and of the coefficient
dB/dV. Errors of the filling parameters f1 and f2
depend mainly on uncertainties in the extreme points
of the light curve and of the angle i; as a rule, they do
not exceed 0.04. The spotted area S is estimated with
an uncertainty not worse than 10%. The error in the
determination of spot temperature is due to uncer-
tainty in the coefficients dВ/dV, dR/dV, dI/dV, which
are determined from multicolor photometric observa-
tions; the uncertainty of 0.01–0.05 in the photometry
gives the error of 50–80 K in the temperature.

Some of our program stars are binaries; like in most
other studies, we assumed that the spotted star was the
primary component of the system [19, 33–37]. As it
was demonstrated, for example, in [38], the tempera-
ture and luminosity of the secondary components of
the studied short-period RS CVn systems are lower
than for the primaries by an amount that large that the
activity of the secondary component is not able to pro-
duce the observed photometric effect. The luminosity
difference of the components is still higher for classical
RS CVn systems. Thus, when modeling the spot cov-
erage, we primarily considered the dilution effect from
the secondary, i.e., subtracted its contribution from
the combined brightness of the star.

The most successful current technique for studies
of stellar surface inhomogeneities is that of Doppler
mapping, based on studying small deformations of
photospheric line profiles in the presence of surface
inhomogeneities. However, such studies require a high
signal-to-noise ratio and a good spectroscopic resolu-
tion within a line and thus can be applied by far not to
all stars. By now, only some 80 objects of several hun-
dred known spotted stars have been studies using the
ASTRONOMY REPORTS  Vol. 67  No. 9  2023



CHARACTERISTICS OF LONG-TERM SPOT ACTIVITY 933

Table 2. Relation between determination errors of spotted-area parameters and uncertainties of model input parameters

Parameter ± ϕ0, deg Δϕ, deg f1, f2 βV ΔT, K S, %

Tphot, K 250 1 2 0.01 0.01 70 1.5
0.5 <1 <0.1 <0.01 <0.01 5 <0.1

Vmax, mag 0.01 1 1.5 0.04 <0.01 10 1
ι, deg 10 5 6 0.02 0.05 80 6
dB/dV 0.05 6 10 0.02 0.04 80 10
dR/dV 0.02 3 5 0.01 0.04 60 7
dI/dV 0.01 2 4 0.01 0.03 50 3

log g
Doppler mapping method. In our list, such observa-
tions are available, at least for a single season, for
11 objects (IM Peg, II Peg, V711 Tau, LQ Hya,
EK Dra, AG Dor, IN Com, V1355 Ori, IL Hya,
EI Eri, HU Vir). Usually their results do not contra-
dict our computations of the spotted area but often
predict warmer spots, possibly because of the
method’s lower sensitivity to lower spot temperatures.
Note that this method can predict the presence of
ASTRONOMY REPORTS  Vol. 67  No. 9  2023

Fig. 2. Examples of variations of the mean latitude of the spotted
with spots versus time, for four short-period RS CVn systems: A
relation between the mean latitude of spotted areas, for all epoch
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high-latitude spots for most stars, while our methods
tend to predict low- and intermediate-latitude spots.
Alekseev and Kozlova [39] plotted synthetic light
curves in the BVRI bands for published Doppler maps
of LQ Hya and demonstrated that, while the extreme
light-curve points were reproduced with an accuracy
worse than , the dB/dV, dR/dV, and dI/dV coef-
ficients they derived were reproduced with an accu-

m0 03.
 belt in the northern hemisphere and of the total area S covered
R Psc, IL Hya, EI Eri, and BY Cet. The middle panel shows the
s of observations, and total area of spots. 

S, %
10 15

3020

EI Eri

S,
 %

��
�,

 d
eg

0

0

10

5

10

15

2

8
6
4

Year
1985 1990 1995 2000

BY Cet

BY Cet

S, %
20 30 40

3020

AR Psc

S,
 %

��
�,

 d
eg

0
10

20

30

40

35

55
50
45
40

Year
1990 199519851980 2000

IL Hya

IL Hya



934 KOZHEVNIKOVA et al.

Fig. 3. Examples of variations of the mean latitude of the spotted belt in the northern hemisphere and of the total area S covered
with spots versus time, for four BY Dra stars: DE Boo, LQ Hya, EQ Vir и EK Dra. The middle panel shows the relation between
the mean latitude of spotted areas, for all epochs of observations, and total area of spots. 
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racy worse than 0.10. Thus, Doppler mapping is often
unable to produce good agreement with photometric
observations.

Unfortunately, many-year regular Doppler obser-
vations are available only for a handful of stars. In our
sample, these are 4 stars only: IM Peg (regular obser-
vations started in 1996 [40]); II Peg (mapping started
in 1992 [41]); V711 Tau (since 1981 [42]); and LQ Hya
(studied since 1991 [43]). For these variables, we are
able to follow long-term variations of areas and mean
latitudes of the spotted regions due to activity cycles of
the stars. Note that the cycle durations are already
known from photometric observations and coincide
with those we found.

4. RESULTS AND CONCLUSIONS
Our modeling of spot coverage for twenty-eight

chromospherically active stars of the RS CVn and
BY Dra types over time intervals from 11 to 52 years
demonstrates that photometric behavior of all the pro-
gram stars is successfully described with the zonal
model of spots that permits to consider simultaneous
presence of spots at two active longitudes of the star.
The parameters we determined for spotted areas of all
the stars are collected in Table 1. For each star, the
Table presents its spectral type Sp; its historically
brightest magnitude Vmax; the number of epochs we
analyzed; the temperature difference between spots
and unspotted photosphere ΔТspot; the variation range
of the mean spotted-belt latitude ϕ for the star’s
northern hemisphere; the historically largest spotted
area of the star Smax, in percents of the star’s total sur-
face area; the rate of the latitude drift of the spots δϕ;
the correlation coefficients R(ϕ, S), provided that
the spot latitudes were found dependent on their area;
and the activity cycles Pcyc.

Our modeling demonstrated that the mean lati-
tudes of spotted areas ϕ were between 0° and 64°. For
some stars, we found data on their high-latitude activ-
ity: for example, for the star IL Hya, the upper bound-
ary of spots reached 81° in 1996. For nine stars, two
spotted belts symmetrical with respect to the equator
ASTRONOMY REPORTS  Vol. 67  No. 9  2023
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Fig. 4. Variations of the position of maximum spot coverage longitudes with time for BH Vir, CG Cyg. and WY Cnc. Straight lines
are mean positions of active longitudes. The filled symbol corresponds to the dominating mean longitude and the open symbol,
to the secondary longitude. 
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merge into a single belt (the distance from the equator
to the spotted belts being ϕ0 = 0° for all the epochs).
These are three systems consisting of dwarf compo-
nents: CG Cyg, WY Cnc, BY Cet; two subgiant com-
ponents: HU Vir and IM Peg; and the BY Dra-type
dwarfs: СС Eri, BY Dra, EQ Vir, and AG Dor. A half
of the stars show a latitude drift of spots, towards the
equator as well as towards the pole for different time
intervals. This behavior can be considered a rough
analog of the solar Maunder “butterfly” diagram, as it
was first suggested by Livshits et al. [44]. The absolute
value of the suggested latitude spot drift rate is, as a
rule, lower than the corresponding value for solar
spots by a factor of 2–3, but it agrees with estimates for
several dwarf stars of the G and K spectral types [45].
The spotted area S varies between 7 and 58% of the
star’s total surface for different epochs of observations.
Examples of variations of spot parameters with time,
found in the frame of the zonal model, and depen-
dences of the mean latitude of spotted regions on their
area are shown in Fig. 2 (for RS CVn stars) and Fig. 3
(for BY Dra stars).

Eighteen stars show a correlation or an anti-cor-
relation between the latitude of the spotted regions and
their area. For four systems featuring an increase of the
area of spots during the increase of their latitude for
the whole studied time interval (32–50 years), the cor-
ASTRONOMY REPORTS  Vol. 67  No. 9  2023
relation coefficient R(ϕ, S) is very high: CG Cyg
(R = 0.93), WY Cnc (R = 0.96), IM Peg (R = 0.89),
BY Dra (R = 0.95). An increase of the area with
decreasing latitude, similar to the pattern known for
sunspots, is detected for six systems, but the correla-
tion coefficients are lower: MS Ser (R =–0.76),
IN Com (R = ‒0.50), V478 Lyr (R = –0.65) и IL Hya
(R = –0.54), EK Dra (R = –0.73), DX Leo (R =
‒0.56). Thus, the correlation is stronger for those stars
that show increasing spot area during the decrease of
their latitude in the whole studied time interval.

We demonstrated for several stars that their spots
were observed at two preferred, so-called active, lon-
gitudes, i.e., the heaviets-spotted regions are located
at the preferred active longitudes. For some of the
stars, these regions are fixed during the whole studied
time interval and separated approximately by 180° (see
Fig. 4). The pattern observed for other stars is like that
for WY Cnc: maxima of the spot distribution drift with
time but remain separated by approximately a half of
the orbital period. For all the systems, from time to
time, activity switches from one longitude to the other
one: this is the so-called “flip-flop” effect first
detected for stars of the FK Com type and later, for
RS CVn systems [46]. The presence of two preferred
active longitudes can indicate a non-symmetrical
character of stellar magnetic fields.
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Periodic variations of photometric brightness and
spot latitudes suggest the presence of activity cycles for
15 stars, with cycle duration from 2.7 to 28 years:
CG Cyg, BH Vir, AR Psc, V478 Lyr, IN Com,
V 711 Tau, EI Eri, Il Hya, AD Leo, EV Lac, FF And,
V1005 Ori, GT Peg, and DT Vir. The activity cycles
reveal themselves in synchronous variations of the area
and latitude of spots with time as well as in variations
of the star’s total photometric brightness. The derived
cycle lengths agree with the earlier known cycles of
these active stars derived from variations of their opti-
cal brightness as well as from the analysis of their chro-
mospheric and X-ray radiation: from several years to
dozens of years [47–49]. We found no qualitative dif-
ference of the long-term spot coverage variations
between RS CVn systems and BY Dra dwarfs or
between binary and single stars.
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