independent — in contrast to the marked
doping dependence reported by Kim et al.’.
One reason for the disagreement may be the
difficultyin controlling the dopinglevelin the
surface layers under the ultra-high-vacuum
conditions used in the ARPES experiments.
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Asteroseismology

Oscillations on the
star Procyon

Arising from: J. M. Matthews et al. Nature 430, 51-53
(2004)

tars are spheres of hot gas whose

interiors transmit acoustic waves very

efficiently. Geologists learn about the
interior structure of Earth by monitoring
how seismic waves propagate through it
and, in a similar way, the interior of a star
can be probed using the periodic motions
on the surface that arise from such waves.
Matthews et al. claim that the star Procyon
does not have acoustic surface oscillations of
the strength predicted'. However, we show
here, using ground-based spectroscopy, that
Procyon is oscillating, albeit with an ampli-
tude that is only slightly greater than the
noise level observed by Matthews et al. using
spaced-based photometry.

The new spectrograph HARPS’ (for High-
accuracy Radial-velocity Planet Searcher),
which wasinstalled last year on the 3.6-metre
telescope of the European Southern Obser-
vatory (La Silla, Chile), was optimized for
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Figure 1 Short sequences of radial-velocity measurements
made on Procyon with HARPS spectrograph. a, b, Data were
collected on a, 5 January 2004 and b, 6 January 2004. These
sequences indicate oscillation modes with periods of around
18 min. uT, universal time.

accuracy in Doppler measurement in order
to detect extrasolar planets by means of
radial-velocity measurements. During its
commissioning, we tested its short-time
precision on a sample of bright solar-type
stars, including Procyon.

Our measurements on Procyon indicate
that there are periodic oscillations of its
surface that have a typical period of 18 min
(Fig. 1). The apparent amplitude of
4-6ms~ " does not correspond to individual
p-mode amplitudes, considering that several
tens of p-modes with similar periods are
presumably interfering. Figure 2 presents the
Fourier amplitude spectra of the two short
time-series obtained on Procyon. No filter-
ing has been applied to the data. Several
peaks appear between 0.5 and 1.5 mHz and
present the clear signature of acoustic oscil-
lation modes. The correspondence of the
main peaks around 1 mHz strongly support
thereality of this signature.

Our frequency resolution, which is about
0.55 mHz, does not allow us to resolve indi-
vidual p-modes. The amplitudes of the peaks
between 1.0 and 1.5 m s~ ' probably corre-
spond to two or three times the amplitude of
individual modes. The mean white-noise
level above 2 mHz is respectively 0.11 m s~
and 0.09 m s™' for the first and second
sequences. This result, based on only a
few hours of observations, confirms and
enforces the previous Doppler ground-
based detections™*.

Why did the Canadian MOST (for
Microvariability and Oscillations of Stars)
space mission' not detect any signatures of
p-modes on Procyon? The typical amplitude

©2004 Nature Publishing Group

Figure 2 Fourier amplitude spectra of the two short sequences
made on Procyon. a, b, Signatures of p-modes in the frequency
range of 0.5—-1.5 mHz are evident.

of p-modesisabout0.5ms™ ' inradial velocity
and the relation for converting between velo-
city and luminosity amplitudes (given by
equation (5) of ref. 7) predicts a luminosity
amplitude of only 8-10 p.p.m. This is only
slightly greater than the noiselevel of the satel-
lite obtained after 768 hours of observation.
These results indicate that the MOST data are
dominated by non-stellar noise, as suspected®.
However, this conclusion should not
overshadow the scientific importance of the
Canadian satellite. MOST will lead to break-
throughs on stars with higher oscillation
amplitudes, as well as on fast-rotating stars
that are not suitable for spectroscopic mea-
surement. The result obtained with HARPS
demonstrates the potential of ground-based
Doppler measurements for asteroseismology.
But for uninterrupted listening to stellar
music, aspectrograph like HARPS located in
Dome Cin Antarctica or in space is needed.
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