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Changing stellar activity cycles
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We investigated continuous long-term photometric datasets of thirteen active stars, Ca II variability of one single main-
sequence star, and 10.7cm radio data of the Sun, with simple Fourier- and time-frequency analysis. The data reflect the
strength of the activity manifested in magnetic spots. All studied stars show multiple (2 to 4) cycles of different lengths.
The time-frequency analysis reveals, that in several cases of the sample one or two of the cycles exhibit continuous changes
(increase or decrease). For four stars (V711 Tau, IL Hya, HK Lac, HD 100180) and for the Sun we find that the cycle
length changes are strong, amounting to 10–50% during the observed time intervals. The cycle lengths are generally longer
for stars with longer rotational periods.
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1 Introduction

The magnetic cycle lengths of active stars vary on the time-
scales from 1–2 years to decades. Most of the stars which
are studied long enough show multiple cycles, however,
the lengths of the datasets pose natural limits for their de-
tectability. A cycle can be considered real when at least two
full cycles complete during the observed time interval. At
present, long continuous datasets exist spanning between
16–30 years (cf. Table 1), and with the help of photographic
databases that can be further extended (see e.g. HK Lac, by
Fröhlich et al. 2006). Thus, we have now datasets that are
long enough to study the time behaviour of the shorter (few
years to about 10 years) cycles.

In this paper we concentrate on the changes in the
strength of the activity which is measured as changes of the
emerged flux from the stars.

2 Data and method

For the present study we used all published photometry of
the objects listed in Table 1 (see Oláh et al. 2000 and Oláh &
Strassmeier 2002 for details), supplemented with new pho-
tometry by the Vienna APT (Strassmeier et al. 1997). For
HD 100180 we used the Ca II flux monitoring results (Frick
et al. (2004)). In case of the Sun the sunspot numbers for
the last 200 years, and the 10.7 cm solar radio flux (DRAO,
Canada) as good proxies of the solar activity, were analysed.

We carried out time-series analysis of the datasets using
the program package TIFRAN (Time-FRequency ANalyis,
Kolláth 2006) to check whether the cycle lenghts are stable
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Table 1 Program stars with their rotational periods (in case of
binaries Prot ≈ Porb) and the time base of the datasets, in years.

Star Prot Time Star Prot Time
(days) Base (days) Base

AB Dor 0.515 18 UX Ari 6.437 29
LQ Hya 1.601 23 HU Vir 10.388 17
V833 Tau 1.788 18 IL Hya 12.905 28
EI Eri 1.947 26 HD 100180 ≈14.3 34
FK Com 2.400 25 XX Tri 23.969 21
V711 Tau 2.838 30 HK Lac 24.428 49
UZ Lib 4.768 16 IM Peg 24.649 28

Sun 27.25 55

or show variability in time. The package can use several dif-
ferent time-frequency distributions, from which we chose
the Choi-Williams kernel function that gives good time-
frequency resolution. For further details see, e.g., Kolláth &
Buchler (1997). This analysis needs uninterrupted, equidis-
tant data, therefore our measurements were averaged (and if
it was necessary, interpolated) for every 90 or 120 days. This
way the rotational modulations of the stars were averaged
out, and we could concentrate on the long-term variability.

Simple one dimensional Fourier analysis, a standard
tool searching for activity cycles, was also performed for all
datasets. The resulting cycle periods agree well with those
from the time-frequency analysis in case of constant cycle
lengths, however, discrepant results obviously arise when
we deal with changing cycles.
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Fig. 2 (online colour at: www.an-journal.org) Time-frequency analysis for 15 active stars including the Sun. Horizontal axes show
time, vertical axes give cycle frequencies and periods from 1 year (top, 0.00274 c/d) to infinite (bottom, 0 c/d). For legibility, 1, 1.8 and
5.5 years are marked in the right side of the figure. The stars are plotted in the order of increasing rotational periods. Note that cycle
lengths are generally longer for longer rotational periods.

3 Results and discussion

It is well known that the ≈11-year Schwabe sunspot cycle
is not constant. Its time variability is plotted as an example
in Fig. 1, where it is well seen, that the cycle length is de-
creasing. In the same time the long-term (Gleissberg) cycle
seems to increase, though the dataset used for this example
is not long enough (200 years) to demonstrate this well. A
better picture of the time-variability of the Gleissberg cycle
is found in Oláh & Strassmeier (2002) where a 500 years
long dataset of sunspot numbers was used.

As mentioned above, the stellar datasets are at most a
few decades long. To better compare the stellar results with
those of the Sun, we analysed the solar 10.7 cm radio data,
which are about 50 years long, exactly in the same way as
the observations of the stars. The summary of the results

are seen in Fig. 2. The stars on the figure are plotted in the
order of increasing rotational periods from left to right. The
known trend, that the cycle lengths are generally longer in
case of longer periods are well seen in the figure. While
the short period stars from AB Dor to UZ Lib mostly have
cycles from 2–3 years, the longer period objects show cycles
longer than 4–5 years. The results from Fig. 2 support the
rotational period-cycle length correlation described earlier
by Baliunas et al. (1996), Oláh et al. (2000) and Oláh &
Strassmeier (2002). Figure 3 shows this correlation, with
a fit to the shortest cycle lengths of those objects, whose
cycles were (re)determined by the present work.

Examining how the length of the cycles run in time in
case of different stars on Fig. 2, one can note that some of
the stripes representing cycles are inclined to the horizon-
tal (time) axis. This means that the given cycle length is
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1074 K. Oláh et al.: Changing stellar activity cycles

 Sunspot numbers

1800.0 1850.0 1900.0 1950.0 2000.0
0.0

50.0

100.0

150.0

time [year]

SN

Time-frequency distributions (CWD):

1800.0 1850.0 1900.0 1950.0 2000.00.0

0.04

0.08

0.12

time [year]

f [c/y] yrs

 6.7

 8.3

 12.5

 25

 50

 100

inf.

Fig. 1 (online colour at: www.an-journal.org) Time-frequency
analysis for the sunspot numbers. The “11-years cycle” is decreas-
ing, while the Gleissberg cycle seems to increase, in time.

Fig. 3 (online colour at: www.an-journal.org) Correlation be-
tween the rotational periods and cycle lengths of active stars. Dots
show the results of the present work, stars are from Messina &
Guinan (2002), circles from Frick et al. (2004), and big dots rep-
resent the Sun.

variable with time, as for example the long cycle of V711
Tau, HD 100180, or the shorter cycle of IL Hya. Details of
the variable cycle of IL Hya is given in Fig. 4. The figure
shows, that during the first decade of the observations the
second cycle (from the top) is about 3.5–3.6 years long and
it increases to about 4.1–4.3 years till the present.

We got an important result for HD 100180, which is a
lower main sequence star, and its Ca index is observed in the
course of the Olin Wilson survey. It is the only object listed
with double cycle in Frick et al. (2006) with cycle periods of
3.7 and 10.1 years. Our analysis recover these two cycles for
HD 100810, but also shows, that at present the longer one in
fact consists of two cycles. Around JD 2441000 the longer

IL Hya light curve
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Fig. 4 (online colour at: www.an-journal.org) Time-frequency
analysis for the IL Hya long-term photometry (detail). Note the
gradual lengthening of the short cycle near 4 years.

cycle was ≈13.7 years which later splitted into two, and the
shorter cycle gradually decreased to 10.1 years whereas the
longer one increased to about 22 years to date.

Variability of stellar activity manifested in long-term
brightness changes and Ca index changes have common
magnetic origin, therefore it is natural that the results are
similar when the photospheres and the chromospheres of
the stars are studied. At present, however, we do not have
a physical explanation of the time variability of the stellar
(and solar) activity cycles.
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Oláh, K., Strassmeier, K.G.: 2002, AN 323, 361
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