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Abstract. Clusters are excellent test benches for veriﬁcation and improvement of stellar
evolution theory. The recent detection of solar-like oscillations in G-K giants in the open
cluster NGC6819 with Kepler provides us with independent constraints on the masses and
radii of stars on the red giant branch, as well as on the distance to clusters and their ages.
We present, for NGC6819, evolutionary models by considering rotation-induced mixing ;
and the theoretical low-l frequencies of our stellar models.

1 Introduction
In recent years, a large number of asteroseismic data were obtained for diﬀerent kinds of stars by space
missions ([1],[2]), allowing the detection and characterization of solar-like oscillations in a large number of red giants. Kepler data of giants in the open cluster NGC6819 represent an unique opportunity
to test stellar evolution models, allowing access to the properties of the stellar interiors of red giant
stars, and giving us information on the internal rotation of giant stars ([6],[5], [7],[8]). As underlined
by [9] in the case of the giant star KIC8366239, a discrepancy exists between the rotation proﬁle
deduced from asteroseismic observations and the proﬁles predicted from models including shellular
rotation and related meridional ﬂows and turbulence. They show that a most eﬃcient mechanism must
in action to extract angular momentum from the core of this star, and other red giant stars.

2 Models
We use the code STAREVOL (e.g. [10]) to compute stellar evolution models taking into account
rotation-induced processes following the formalism by [12] and [13], and thermohaline mixing as
described by [14]. As proposed by [9] models include an additional viscosity, corresponding to an
physical process which can transport the angular momentum in radiative zone (see Eq.1 of [11]).
This corresponds well to the two main mechanisms currently proposed to eﬃciently extract angular
momentum from the central core of a solar-type star having a strong impact on the transport of angular
momentum. Frequencies have been computed with the Liege Oscillation code ([15]).
Figure 1 displays the eﬀects of additional viscosity and diﬀerent initial rotation velocity on the
theoretical rotational proﬁles and splittings for a 1.5M model at solar metallicity for a given stellar
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Fig. 1. Top panels: Rotation proﬁles during the RGB at R=6R (left) and central He-burning phase at
X(4 He)∼0.7 (right) for models including an additional viscosity and at diﬀerent initial velocity at the ZAMS:
VZAMS =50 km.s−1 and νadd =3.104 cm2 .s−1 (green-dashed line), VZAMS =20 km.s−1 and νadd =3.104 cm2 .s−1 (blacksolid line),VZAMS =20 km.s−1 and νadd =5.104 cm2 .s−1 (red-dotted line). Bottom panels: Rotational splittings of l=1
modes for the same models, during the RGB (left), and the clump (right).

radius on the red giant branch and a given central mass fraction of helium in the clump (core-He burning phase). We show that an increase in νadd results in a more eﬃcient transport of angular momentum,
hence a ﬂatter rotation proﬁle in the radiative zone (RGB, top-left), and a lower core rotation rate in
the He core (clump, top-right). As in these models rotational splittings (δν) are sensitive to the the
rotation rate of the stellar core, δν decreases when νadd increases (bottom panels). Bottom panels of
Fig. 1 show that the ratio of the splittings of modes in the wings (more gravity-like modes) to those
for modes at the center (more pressure-like modes) is lower in clump than in RGB models. δν values
allow us then to estimate the eﬃciency (νadd ) of the additional physical process working during the
RGB.
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