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Abstract. Sun-like stars are able to continuously generate a large-scale magnetic field through
the action of a dynamo. Various physical parameters of the star are able to affect the dynamo
output, in particular the rotation and mass. Using the NARVAL spectropolarimeter (Observa-
toire du Pic du Midi, France), it is now possible to measure the large-scale magnetic field of
solar analogues (i.e. stars very close to the Sun in the mass-rotation plane, including strict solar
twins). From spectropolarimetric time-series, tomographic inversion enables one to reconstruct
the field geometry and its progressive distortion under the effect of surface differential rotation.
We show the first results obtained on a sample of main-sequence dwarfs, probing masses between
0.7 and 1.4 solar mass and rotation rates between 1 and 3 solar rotation rate.
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Spectropolarimetric observations of a sample of late-type main-sequence dwarfs have
been obtained with the NARVAL spectropolarimeter (Petit et al. 2008). The full stellar
sample at our disposal is now constituted of about 20 objects probing a range of stellar
masses and rotation rates.

A single, average photospheric line profile was extracted from each spectrum using
the LSD technique (Donati et al. 1997), according to line-lists matching various stellar
photospheric models calculated for the spectral types of our target list. Using this cross-
correlation method, the noise level of the mean Stokes V profiles is reduced by a factor
of about 40 with respect to the initial spectrum. The resulting noise levels are in the
range 2 × 10−5 − 10−4 Ic (where Ic denotes the intensity of continuum), depending on
the stellar magnitude, spectral type, exposure time and observing conditions.

Assuming that the observed temporal variability of Stokes V profiles is controlled
by the stellar rotation (including a possible latitudinal shear, Petit et al. 2002), we
reconstruct the magnetic geometry of our targets by means of Zeeman-Doppler Imaging.
We employ here the modelling approach of Donati & Brown (1997), including also the
spherical harmonics expansion of the surface magnetic field implemented by Donati et al.
(2006) in order to easily distinguish between the poloidal and toroidal components of the
reconstructed magnetic field distribution.

441



442 P. Petit et al.

Figure 1. Magnetic map of the solar twin 18 Sco. Each chart illustrates the field projection onto
one axis of the spherical coordinate frame. The magnetic field strength is expressed in Gauss.

From the set of reconstructed magnetic maps, we find that stars with high Rossby num-
bers (defined as Prot/τc , where Prot is the rotation period and τc the convective turnover
time) feature weak, mostly poloidal surface fields. Stars with smaller Rossby numbers
are able to generate stronger magnetic fields, with a mainly toroidal field geometry at
photospheric level.

We plan to monitor the selected targets over 5 to 10 years to estimate the long-
term variability of their magnetic topologies and the dependence of magnetic cycles on
various stellar parameters. The temporal evolution of the total magnetic energy, the
poloidal/toroidal distribution of the surface field or the distribution of the magnetic
energy between the axisymmetric and non-axisymmetric components will then provide
us with a new set of surface observables that will help to constrain numerical models of
stellar dynamos.
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