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What happens inside Red Giant stars?

Convection and dynamos in evolved late-type stars

C. Ortiz-Rodríguez, P.J. Käpylä, F.H. Navarrete, D.
R. G. Schleicher, J.P. Hidalgo, B. Toro-Velásquez,
R. Banerjee, Hamburger Sternwarte, Universität
Hamburg

In Short

• Motivation: The presence of magnetic fields has
been detected in Red Giant stars. Theoretical
and observational works indicate that dynamos
operate in them.

• Goals. Our idea is to study magnetic fields and
convection in these stars as a function of rotation,
and how they are connected in terms of the con-
vective turnover time and Rossby number.

• Methods. We will use 3-dimensional magneto-
hydrodynamical simulations of a Red Giant star
embedded in a box. These simulations for the first
time include rotation, magnetic fields, and the bulk
of the convection zone to produce self-consistent
dynamo solutions.

Observations of numerous types of stars have
made it clear that they exhibit magnetic activity. One
of the best examples is the Sun. We can see the
manifestations of its magnetic fields in the form of
sunspots, even with very simple instruments, such
as a Solar projector. Low-mass stars like the Sun
have a central core in which nuclear reactions take
place; a radiative layer, which is where the heat
produced in the core is transported by radiation;
and an outer layer where energy is transported by
convection. This layer is known as the convection
zone, where hot plasma rises, cools down, and then
descends deeper into the convective region.

The Sun is currently at an evolutionary stage
where we do not expect significant changes in its
structure. During this stage, stars live most of their
lives until they run out of nuclear fuel. Once they do,
their exterior convective envelope will expand and
their structure will change. This marks the transi-
tion to the next evolutionary phase, called the Red
Giant Branch (RGB). During this stage, red giant
stars can be several times larger than they were dur-
ing the Main Sequence, increasing the size of their
convective zone as the star evolves during the RGB.

Stars in this evolved evolutionary stage also show
magnetic fields. This has been confirmed via the
Zeeman effect [1], which is the splitting of the spec-
tral lines due to the presence of magnetic fields.
Even though we have evidence of the presence of

magnetic fields in red giants, the exact mechanism
by which is sustained is not well understood.

Some important parameters characterise the flu-
ids of stellar interiors. One of them is the Rossby
number (Ro), which measures the influence of ro-
tation on the flow, and it is defined as the ratio of
the rotation period (Prot) and the convective turnover
time τc ≈ ℓ/u. τc is typically approximated from es-
timated mixing lengths (ℓ) and velocity scales (u).
Particularly, Ro is usually used to study magnetic
activity in stars. In this sense, it has been found by
[2] that the chromospheric emission, which is an indi-
cator of magnetic activity in young and evolved late-
type stars, scales similarly with the Rossby number
despite the latter rotating significantly slower. This
suggests that the dynamos responsible for magnetic
activity in these stars operate similarly. The deter-
mination Ro depends on the rotation period Prot, a
well-known parameter for most of the observed stars.
However, it also depends on the determination of
τc, which cannot be measured directly but needs to
be calculated from stellar evolution models or using
empirical fits [3]. This provides a relevant limitation
for the determination of the Rossby number itself
and more reliable models to obtain the convective
turnover time are needed [4].

Numerical simulations are essentially laboratories
to study processes and phenomena that are not
well understood. So far, numerical studies aimed at
RGB stars have not been systematically performed.
Some of them include hydrodynamical simulations
of the convection of red giants, without considering
rotation or magnetic fields [5]. [6] performed sim-
ulations including magnetic fields but not rotation.
[7] presented hydrodynamical simulations, consid-
ering 50% of the inner part of the convective zone
of an RGB star. Most of the simulations so far did
not focus on the nature of the magnetic fields or
the dynamo mechanism sustaining them. Further-
more, they did not capture the whole picture needed
to achieve more realistic results, e.g., they did not
consider stellar rotation or the full extent of the con-
vection zone.

This project aims to study where the red giant dy-
namos stand in the framework of the theory of stel-
lar magnetism. Furthermore, we want to establish
whether the current estimates of convective turnover
time and Rossby numbers are reliable by computing
these directly from computational simulations. We
will do this via 3-dimensional magnetohydrodynami-
cal (MHD) simulations using the star-in-a-box setup.
This setup has been used before to study other types
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Figure 1: Time averaged angular velocity of a Red Giant star run.

of stars, such as fully convective stars [8][9], which
are stars with masses below 0.35M⊙, and partially
convective stars like the Sun [10]. For this project,
we have adapted the star-in-a-box setup to perform
simulations of the red giant phase of a solar mass
star. Figure 1 shows the rotational profile of a Red
Giant star from our adapted setup. We can see that
it rotates faster at the centre than at its exterior zone.
This will be an important step into the theoretical
understanding of magnetism in red giants. At the
same time, the results of this project will be useful
to observers as it can bring insights into the scaling
laws of magnetism as a function of Rossby number.
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