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Abstract

We aim to study large-scale shallow water waves in the
tachoclines of rapidly rotating stars and their connec-
tion to the periodicity and the formation of starspots at
high latitudes. Shallow water magnetohydrodynamic
equations are used to study the dynamics of large-
scale waves at the rapidly rotating stellar tachoclines
in the presence of toroidal magnetic field. We found
that low frequency magnetic Rossby waves tend to lo-
cate at poles, but high frequency magnetic Poincaré
waves are concentrated near the equator in rapidly ro-
tating stars. Unstable magnetic Rossby waves may
lead to the local enhancement of magnetic flux at high
latitudes of tachoclines in rapidly rotating stars. The
enhanced magnetic flux may rise upwards due to the
magnetic buoyancy in the form of tubes and appear
as starspots at polar regions. Magnetic Rossby waves
may also cause observed short term periodicity in the
stellar magnetic activity. These results have important
implications for the evolution of the stellar wind and
exoplanets in young Sun-like stars.

1. Introduction
Rotation and convection lead to stellar dynamo activ-
ity, which results in the strong concentration of mag-
netic fields in the surface. These magnetic features are
called starspots and they represent the sunspot analog
on other stars. It is generally accepted that starspots
appear at all latitudes in rapidly rotating stars: at po-
lar regions [1] and at the equators [2]. Observation of
starspots at all latitudes complicates the explanation
of their appearance. Magnetic tubes may tend to the
polar regions due to the Coriolis force acting during
the rising across the convection zone [3]. On the other
hand, the transport of photospheric magnetic flux to-
wards the polar regions by meridional advection may
also lead to the appearance of all-latitude spots [4].

2. Results
Here we study the linear dynamics of shallow wa-
ter waves in rapidly rotating stellar tachoclines with
toroidal magnetic field. We derive analytical disper-
sion relations and find the dependence of the wave fre-
quencies on various parameters, which are expressed
by angular velocity, reduced gravity and magnetic field
strength. Then we plot the latitudinal structure of the
first few harmonics. We find that high frequency mag-
netic Poincaré waves are located mainly at low lati-
tudes, but low frequency magnetic Rossby waves are
located near the poles in rapid rotators. The latitu-
dinal differential rotation and toroidal magnetic field
may lead to the instability of magnetic Rossby waves,
which may enhance the magnetic flux at polar regions.
Then the enhanced magnetic flux may rise upwards
due to the magnetic buoyancy and appear as polar
spots.

3. Polar spots, young stellar winds
and impact on early planetary
environments

With enhanced high-energy emissions and frequent
flares young stars are also expected to have more pow-
erful stellar winds [5]. Polar starspots may completely
change the structure of stellar winds in the rapidly ro-
tating, young solar analogs. It is known that the dense
slow solar wind is initiated above active regions with
closed magnetic field lines at low latitudes, while the
fast solar wind originates mostly at high-latitude coro-
nal holes with opened field lines. The polar appear-
ance of starspots may force the slow stellar wind to
flow from the polar regions i.e. almost parallel to the
rotation axis. Then this may change the current views
about the magnetic braking of stellar rotation in the
young age of their evolution.
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Stellar magnetic activity has tremendous influence
on the planetary evolution. Coronal mass ejections
in young, more active stars may lead to the erosion
of atmospheres in exoplanets [6]. On the other hand,
the polar spots in young stars could change the struc-
ture of coronal magnetic fields as well as the formation
of prominences, which are the actual cause of CMEs.
The polar location of prominences may trigger polar
CMEs, which propagate significantly out off the eclip-
tic plane. Then the propagation of shocks and mag-
netic ropes/clouds out off the ecliptic plane may com-
pletely change the current picture of stellar-planetary
interaction.

The magnetic Rossby waves (Rossby waves in mag-
netised fluids) may cause the observed intermediate
periodicity in the stellar activity similar to the solar
case [7].

4. Summary and Conclusions
Large-scale magnetic Rossby waves may play signif-
icant role in the dynamics of rapidly rotating stars.
Here we study the shallow water MHD waves in the
tachoclines of rapid rotators. We consider a rotating
spherical coordinate system and a toroidal magnetic
field in the tachocline. We derived the dispersion re-
lations for high (magnetic Poincaré waves) and low
(magnetic Rossby waves) frequency spectrum sepa-
rately in the approximation of rapid rotation. We found
that magnetic Rossby waves tend to locate mainly at
the polar regions, while magnetic Poincaré waves are
located at low latitudes. Magnetic Rossby waves may
lead to the enhancement of magnetic flux at the polar
regions and trigger its eruption towards the surface in
the form of magnetic flux tubes. Then the magnetic
tubes may form starspots at the polar region. Mag-
netic Rossby waves may cause the observed interme-
diate period oscillations in the magnetic activity of
rapidly rotating stars, such as young solar proxies. The
polar location of prominences during the fast rotat-
ing period of the young star may trigger polar CMEs,
which propagate significantly out off the ecliptic plane
and completely change the current picture of the so-
lar/stellar plasma interaction with young planetary en-
vironments.
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