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Abstract. Starspots are cooler and darker than the stellar surface. Therefore, the emitted flux of a star changes
when spots are visible on its surface. The presence of spots together with the stellar rotation leads to a periodic
modulation on the light curve. By studying that modulation one can then learn about the stellar rotation and
also magnetic activity. Recently, Reinhold & Arlt [1] proposed a method based on the analysis of the Lomb
Scargle periodogram of the light curve to identify the sign of the differential rotation, i.e. whether the equator
rotates faster than the poles or the opposite. We have been studying in detail the spots’ impact on the light curve
and on the resulting periodogram. We find that, under some conditions, the periodogram can actually provide
an estimate of the true spot latitudes and/or the stellar inclination angle. Moreover, we find that the impact of
the spot on the ratio between the heights of the second and first harmonics of the main peaks in the periodogram
can be described by a single parameter, the visibility time of the spot. Finally, we also identify possible sources
of false positives/negatives for the sign of the differential rotation.

1 Introduction

The light curves of active stars often show quasi-periodic
modulations due to the presence of dark spots crossing the
stellar disc. The study of such modulations provides in-
sights on stellar rotation and magnetic properties [e.g 2].

The high-precision photometric data, such as those
provided by the satellite Kepler [3], have allowed the de-
tection of the rotation periods for a large number of stars
[4], in particular through the periodogram analysis. If the
star is differentially rotating, the periodogram of its light
curve may show multiple peaks around the detected rota-
tion period. Those peaks are associated to spots at differ-
ent latitudes and, thus, with different rotation rates. For
this reason, one can also use the periodogram analysis to
measure the amplitude [e.g. 5–9] and, as proposed more
recently, the sign [1] of the differential rotation.

The method proposed by Reinhold & Arlt [1] relies
on the comparison of the peak-height ratios correspond-
ing to different peaks (Pk with k = 1, 2, ...) in the peri-
odogram related to the surface rotation. The peak-height
ratios rk are defined as the ratio between the heights of the
second and first harmonics of Pk, h′k and hk respectively,
i.e. rk = h′k/hk. According to the authors, spots at higher
latitudes lead to more sinusoidal light curves than spots
at lower latitudes. At these lower latitudes, there is extra
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power in the second harmonic and, thus, larger ratios rk.
Therefore, following their argument, one can attribute a
relative latitude ("low" and "high") to each peak Pk:

- if rk > rk+1 ⇒ Plow = Pk and Phigh = Pk+1

- if rk < rk+1 ⇒ Plow = Pk+1 and Phigh = Pk.
Defining the observed relative differential rotation as

αobs =
Phigh − Plow

Phigh
, (1)

αobs is positive/negative when the equatorial regions rotate
faster/slower than the polar regions (solar/antisolar differ-
ential rotation).

In these proceedings, we show the main results from
a detailed study of the peak-height ratios and their depen-
dency on the spot and stellar properties (Sect. 2.1). We
also present the first source for false-positives/negatives of
αobs and for observational biases (Sect. 2.2).

2 Results

2.1 Peak-height ratios: 1-spot simulations

In this section, we investigate the dependency of the peak-
height ratios on a number of stellar and spot parameters
which affect the light curve modulation.

Taking the synthetic light curves from 1-spot simula-
tions obtained with a tool that we developed, we start by
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