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ABSTRACT

A number of models of the zonal spottedness of stars with solar-type activity show a certain correlation between
starspot temperatures and temperatures of quiet photospheres.
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No stellar surface inhomogeneities can be seen from Earth.
The very existence of starspots and their physical parameters
can be ascertained only with the help of particular indirect
studies. In the first quantitative model of stellar spottedness,
on the basis of the light curve of the red dwarf binary sys-
tem FF And Krzeminski (1969) “gathered” all the inhomo-
geneities into one spot, placed it into the center of the stellar
disk, and, postulating the temperature of a spot to be 350 K
lower than that of the quiet photosphere, estimated its size.
In the subsequent years, a number of works were carried out
determining four parameters for stars with one presumable
spot: starspot coordinates, their sizes, and temperatures.

Then the two-spot models were widely applied in which
after subtracting from the light curve of the first spot the
parameters of the second one were searched; there were also
attempts to feel the third spot. But this direction proved to
be dead-end. The point is that after establishing physical
identity in activity of flare red dwarfs and the Sun (Gershberg,
Pikel’ner, 1972) one would expect some similarity in the
spottedness nature of these objects, whereas the mentioned
models with the primary and secondary spots in no way could
approach the pattern of solar spottedness.

The first reliable statistical characteristics of spot param-
eters of flare red dwarfs were obtained in the framework of
the proposed and developed in Crimea zonal model of stel-
lar spottedness (Alekseev, Gershberg, 1996a, b, c, 1997).
This models suggests that – by analogy with the Sun – spots
are located on stars along two bands parallel to the equator,
whereas the rotation of a star with inhomogeneous distribu-
tion of spots in longitude yields the photometric effect that is
identical to the effect of continuous spottedness bands with
variable width. The objective is a search for four parameters
of these bands: their distance to the equator, their width, the
parameter of inhomogeneity in longitude and temperature.
The first calculations of the zonal models resulted particu-
larly in the fact that the spotted regions have temperatures
from 4000 K for solar-type stars and 2500–3000 K for the
coolest M dwarfs, whereas the differences in temperatures of

the undisturbed photospheres and spots reach 2000 K for hot
and 300 K for cool stars (Alekseev, 2001).

Red points in Figure 1 show the results of calculating
zonal spottedness of stars with solar-type activity to this day
(Alekseev, Kozhevnikova, 2017, 2018); they cover 26 ob-
jects. In figure to the left – the temperatures of spots for
different photosphere temperatures, to the right – differences
in the temperatures of quiet photospheres and spots for dif-
ferent photosphere temperatures. The red line is the nearest
second-order approximation

𝑇spot = (−8.69 · 10−5) (𝑇phot)2 + 1.252 𝑇phot − 409.2 (1)

constructed through the points. Their mean square deviation
from the curve amounts to 280 K. When drawing the third-
order curve nearest to these points the value of their mean
square deviation somewhat decreased – up to 230 K, but an
abrupt non-monotony of this curve makes it inappropriate to
replace (1).

Regardless of the Crimean results, Berdyugina (2005) in
a comprehensive survey on sunspots and starspots consid-
ered the available methods for estimating their temperatures,
which along with photometry and colorimetry of the studied
stars include the results of Doppler imaging, modeling of
molecular bands and the ratio of spectral line depths. The
author obtained a dependence of the spot temperature on the
photosphere one, which was qualitatively similar to ours, for
29 stars of different spectral types and luminosity classes. In
Fig. 1, the blue diamonds show her results for dwarf stars.
As for AB Dor and BY Dra variables, Berdyugina provides
two temperature estimates for each obtained by using the
same method (Table 6 in the mentioned review), and we av-
eraged these estimates. As a result of two different methods –
Doppler imaging and analysis of molecular bands of TiO –
two substantially different estimates of the temperature of
spots were presented for EK Dra. Based on all these values,
the blue line is drawn by means of the least square procedure
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Fig. 1. Dependence of the spot temperatures on the photosphere temperatures. Red circles and the line are the calculations of Alekseev,
Kozhevnikova (2017, 2018) and their square approximation (1). Blue diamonds and the line are the data of Berdyugina (2005) for dwarf stars
and approximation (2). The green line denotes the approximation of Herbst et al. (2021), the pink line – calculations of Johnson et al. (2021)

𝑇spot = 0.4926 𝑇phot + 1251. (2)

The mean square deviation of points from the line is
340 K.

Berdyugina performed calculations using a narrower in-
terval of photospheric temperatures than the zonal model
calculations. But the red and blue lines in Fig. 1 practically
coincide on the overlapping interval of these temperatures.

Herbst et al. (2021) somewhat changed the method of
Berdyugina and calculated starspot temperatures for almost
the same sample of stars with photosphere temperatures rang-
ing from 3300 to 6400 K. Their results are represented by the
green line in Fig. 1. This line practically coincides with our
red line up to the photosphere temperatures of 4900 K, then
it begins to go upward, and the divergence of about 5500 K
reaches approximately 500 K. According to the estimates of
Herbst et al. (2021) the corresponding width of the error band
is from 470 K (M stars) to 680 K (G stars).

Johnson et al. (2021) calculated the starspot tempera-
tures for four photospheres from M2 to G2 using the one-
dimensional stellar atmosphere models with magnetic fields
taken into account. Their results are shown in Fig. 1 by the
pink line which is systematically higher by 400 K than all the
considered lines.

Our conclusion that the photosphere temperature deci-
sively determines the temperature of spots can be confirmed
by the following circumstance. In 1974–1992, the observa-
tions of EV Lac used for constructing stellar zonal spotted-
ness models were carried out at CrAO (Alekseev, Gershberg,
1996b). The spottedness pattern proved to be very different
in various years: the maximal width of the spottedness band
was in the range between 16.5 and 6.1 degrees, whereas the
minimal one – between 0.00 and 0.94 of the maximal width.

Nonetheless, the mean spot temperature for all epochs calcu-
lated from 19 models turned out to be practically constant:
3052 ± 33 K. We calculated these zonal spottedness models
for EV Lac using the stellar temperature of 3300 K given
by Pettersen (1976). For such a photosphere temperature the
ratio (1) yields a spot temperature of 2776 K, which is 276 K
lower than its model calculations and corresponds to the
derived above mean square deviation of model calculations
from the approximation (1).

In the coming century, when studying stellar spottedness
the Doppler imaging has widely been applied in which on the
basis of high-resolution spectral observations the spottedness
regions are localized over the whole stellar surface (Strass-
meier, 2009). However, it can only be applied to fairly bright
stars with considerable axial rotation, whereas the purely
photometric method of zonal spottedness is free from these
restrictions and can arguably yield the correct statistics of
stellar spottedness depending on spectral and evolutionary
characteristics of the analyzed objects.

Thus, the consideration of Fig. 1 and difficulties with
deriving initial data for using not Crimean methods allows
us to recommend the curve (1) for the direct estimation of
starspot temperatures based on effective temperatures of stel-
lar photospheres. Consequently, the spot temperature can be
excluded from the number of sought-for parameters of stellar
spottedness determined by the solution to the system of non-
linear equations both in zonal models and while resolving
light curves in one band or determining massively the areas
of starspots in cosmic photometric surveys.
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