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5 Département Cassini, URA CNRS 1362, Observatoire de la Côte d’Azur, B.P. 229, F-06304 Nice Cedex 4, France
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Abstract. Helioseismology requires continuousmeasurements
of very long duration, months to years. This paper addresses the
specific and limited case of full disk measurements of p-mode
oscillations, although it can be generalized, to some extent, to
the case of imaged helioseismology. First, a method of mode by
mode (or rather pair of modes by pair of modes) interpolation
of the signal in gaps is tested, and shown to be efficient for gaps
as long as two days, but limited to the frequency range where
the signal to noise ratio is good. It is then noted that the autocor-
relation function of the full disk signal, after dropping quickly
to zero in 20 or 30 minutes, shows secondary quasi periodic
bumps, due to the quasi-periodicity of the peak distribution in
the Fourier spectrum. The first of these bumps, at 4 hours or
so, is higher than 70 percent and climbs to nearly 90 percent in
limited frequency ranges. This suggests that an easy gap filling
method can be developed, with a confidence of nearly 90 per-
cent across all the frequency range, as long as the gap does not
exceed 8 hours, with at least 4 hours of data at both ends. Even a
short gap of one or two periods is better filled by the data taken
4 hours earlier or later than by local interpolation. This relaxes
quite considerably the requirement of continuity of the observa-
tions for the case the full disk p-mode helioseismology. Applied
to 7 years of IRIS data, this method permits the detection of all
low frequency p-modes already seen by 2 years of the GOLF
instrument data, and makes possible the measurement of their
frequencies with an accuracy consistent with the partially filled
7 years of statistics.
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1. Introduction

All helioseismological instrumental programs during the last
twenty years have aimed at obtaining the best temporal cover-
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age, 24 hours per day and 365 days per year. This is mainly for
the sake of avoiding the presence of “sidelobes” in the Fourier
spectra. These sidelobes are produced by the convolution of the
Fourier transform of the true signal by the Fourier transform of
the temporal window function, which generally contains at least
the one-day periodicity when the observations are made from
the ground. In the Fourier domain, each peak, signature of a so-
lar oscillation, is then spread over the Fourier transform of the
window function, with secondary peaks, or sidelobes, which
will unavoidably interfere with other real peaks, thus making
accurate p-mode parameters measurements difficult.

However, the ultimate goal of 100 percent duty cycle has
never been achieved by any kind of observation, so that the
analyst is always facing the presence of gaps in the time series
subject to Fourier (or any other) analysis. Most generally, these
data gaps are very simply filled by zeroes. It must be realized
that “zero” is not “nothing”. It is a number, which is taken into
account by the Fourier transform and weights as much as the
value of any measurement. Then, these zeroes are the result
of an intrinsic physical assumption: the sun does not oscillate
when it is not observed. Clearly, this is among the most stupid
assumptions that can be made, and the purpose of this paper
is to try and do somewhat better. Please note that the following
study is strictly limited to the helioseismological full disk signal,
such as obtained by IRIS, BiSON, GOLF, VIRGO or DIPHOS
instruments. It is also strictly limited to the p-mode frequency
range.

2. Gap filling

The window effect is a convolution in the Fourier space, for
which the deconvolution is obviously impossible: by Fourier
transform, a convolution becomes a multiplication, and we al-
ready know that in the time domain, we have the multiplication
of the true signal by the window function made of 1 or 0. The
deconvolution in the Fourier space is the division in the time
domain, which cannot be done with the zeroes. One approx-
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