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Abstract. Helioseismic measurements with the MDI instrument aboard
SOHO, and complementary measurements from the GONG network, are
revealing changes deep within the Sun as the solar cycle progresses. We
present results based on recent data from both experiments, including
variations in the rotation rate deep inside the convection zone.

1. Introduction

Helioseismology uses acoustic modes as probes of the structure and rotation of
the solar interior. In this work we concentrate on changes in the solar rotation
over the five years covered by the combined observations of MDI and GONG.
Earlier work by, for example, Libbrecht (1988) established the now well-known
solar rotation profile with rotation approximately constant along radial lines
within the convection zone, with shear layers near the surface and at the base
of the convection zone. More recently this picture has been refined, for example
by Schou et al. (1998), and with the continuous coverage provided by the new
observations it has been possible to detect temporal changes in the rotation
profile, both near the surface, corresponding to the torsional oscillation (Howe
et al. 2000a) and, more unexpectedly, at and below the base of the convection
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Figure 1. Deviations from the mean rotation rate near the base of
the convection zone, at 0, 30, 60 degrees latitude, for GONG (open
circles) and MDI (filled triangles) RLS data. Left column - 0.72R0 ;

Right column - 0.63R0 .
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zone (Howe et al. 2000b). More up-to-date results on the torsional oscillation
can be seen in the paper by Schou (2000).

2. Data

We have analysed 45 108-d GONG time series with starting dates 36d apart,
each containing approximately 1400 modes up to 1= 150 and covering the pe-
riod May 1995 to December 1999, and 18 independent 72-d MDI series from May
1996 to April 2000, each with about 3000 modes up to 1= 300. GONG and MDI
data were separately analysed to obtain the mode frequencies and rotation coef-
ficients. Each modeset was inverted using two inversion techniques: Regularized
Least Squares (RLS) and Optimally Localized Averages (aLA). However, for
clarity and brevity we do not show the aLA results here. The mean rotation
rate as a function of latitude and radius was then subtracted from each profile
to reveal the evolving features. For details, see Howe et al. (2000a,b).

3. Oscillations at the Base of the Convection Zone

We now have 4 GONG data sets and 2 MDI sets that were not available for
the Howe et al. (2000b) paper. As seen in Figure 1, the new data continue
the oscillatory trend previously observed near the equator at the base of the
convection zone.

In Figure 2, we show the results of a few tests supporting the robustness of
the 1.3y period oscillation at 0.72R, latitude 0° in GONG data. The period is
seen in RLS inversions of the coefficients even where only non-overlapping data
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Figure 2. Quantification of the oscillation at 0.72R0 , 0°: Left col-
umn shows best sine wave fit to the data, middle column shows 'power
spectrum' of best-fit sinewaves, right column shows radial distribution
of power in the dominant 0.77y-l frequency. Top row - GONG RLS
data; middle row - GONG RLS data taking only independent points;
bottom row - GONG RLS data from individual splittings.

sets are used, and in inversions carried out using individual m splittings rather
than coefficients fitted to the frequencies.
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