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Abstract. Is the Solar Radius a constant? Ground experiments show
evidence of possible variations in the visual solar semi diameter that are
correlated with the solar activity. Those measurements are limited by
the Earth's atmospheric turbulance. It is importance to accurately de-
termine the solar radius variations because of their implication for stellar
structure and possible relation to the terrestrial climate. Here we report
on data from a space experiment (MDI-SOHO) used to detect solar di-
ameter fluctuations. We stabilish a superior limit for changes in the solar
radius.

1. Introduction

Experiments during the last century, and performed with different techniques,
show evidence of significant variations in the visual solar diameter (Gilliland
1980; Ribes it et al. 1991; Laclare 1996). The classical methods for solar radius
measurement are based on timing meridian transit of the borders of the Sun, on
observations of the limits of totality of solar eclipses, and on transits of Mercury.
More recently the prismatic astrolabe technique uses the timing of two images of
the same Sun (on direct and another reflective), defined by a fixed almulcantar
(Leister & Benevides-Soares 1990; Laclare et al. 1996). The objective has
been to obtain high quality mearurements of the solar radius because of their
possible implications for the Earth's climate. Precise measurements of solar
radius variations can also test and improve our understanding of the Sun.

Solar energy is produced constantly by nuclear fusion in the core. Photon's
created in the core reach the photosphere and are radiated after nearly a million
years. Thus, given the observed irradiance variability at the surface of 0.1%
(Wilson & Hudson 1998) and similarly in the luminosity (Kuhn, Libbrecht, &
Dicke 1988), there must be an intermediate energy reservoir somewhere between
the core and the photosphere. Several mechanisms exist for storing energy during
a solar cycle (e.g. gravitational or magnetic fields) and each leads to distinct
perturbations in the equilibrium stellar structure and changes in the diameter.
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The magnitude of the radius fluctuation, compared to the irradiance change,
during a solar cycle contains information on where and how energy is stored.

We take W = ~~~~ to describe the ratio of radius and irradiance changes over
a solar cycle. Various models predict a wide range of values for W. For example,
depending on the details of the solar model and the form of the perturbation,
theoretical estimates of W range between 2 x 10-4 (Spruit 1982), 8 x 10-4

(Gilliland 1980), 5x10-3 (Dearborn & Blake 1980) and 7.5x10-2 (Sofia & Endal
1979). Given the solar cycle irradiance amplitude of 0.1% a radius sensitivity of
at least 70 milliarcsec is needed to observationally discriminate between some of
these models.

Given the small magnitude of the diameter change signal in the ground-
based measurements, it is clear that solar radius observations are limited by
"seeing" affects in the Earth's atmosphere. The Michelson Doppler Imager
(MDI) instrument (Scherrer et al. 1995), which is one component of the So-
lar and Heliospheric Observatory (SOHO) satellite, offers the promise of very
accurate solar radius measurements which can only be obtained from space.

2. Limb Observations

The dataset consists of a 6 pixel wide annulus of intensity measurements ob-
tained from solar images produced during the routine operation of the MDI
experiment. The 1 minute cadence images are low-pass filtered (to remove solar
5-minute p mode intensity oscillations) and the limb pixels (2" /pixel) are down-
linked every 12 minutes. These data were obtained between April 19, 1996 and
June 24 1998. The limb position 8r((}i), from each bin is obtained by finding the
inflection point in the limb darkening functions. This is determined by fitting
dI(r, (}i)/dr to a Gaussian plus quadratic background. The zero of this function
is taken to be the limb position.

The Figure 1 shows the daily average residual of the semi diameter after
subtract the effect caused by the MDI front window temperature and focus
change (Emilio et al. 2000). The radius fluctuation measurements, 8r'(t), define
an upper limit on possible secular variations. The residual linear variation in
the Sun's radius using the data in Figure 1 is 8.1 ± 0.9 milliarcsec/year. We
have also searched for evidence of a solar cycle variation by fitting a smoothed
sunspot function S(t) to 8r' (t) .

We use a two-parameter linear model of the form ex +(3S(t) to fit for a solar
cycle variation in the radius change dataset. We find that the MDI data im-
ply {3MDI = 0.3 ± 0.03. These coefficients have units of milliarcsec per sunspot
number. From {3MDI and the peak-to-valley excursion of the sunspot func-
tion, 88, one would conclude that the solar cycle radius variation is 8rcy cl e =
8S{3MDI = + 21 ± 3 milliarcsec. In fact, because we cannot rule out the ex-
istence of unmodeled slow temperature or MDI instrument changes, we believe
that 8rcycle represents an upper limit to the magnitude of a real cyclic solar size
variability. Thus we take 2 x 10-2 as the upper limit of IWI.
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Figure 1. This figure shows daily average solar radius variations after
removing the MDI front window temperature contribution. The resid-
ual linear variation in the Sun's radius is 8.1 ± 0.9 milliarcsec/year.
The smooth curve in this figure shows a fit to the smoothed sunspot
number during this period.

3. Discussion

Sofia & Endal (1979) argued that solar cycle changes which affect the convective
efficiency near the photosphere will have a comparatively large affect on the solar
radius. Their calculated value of W~0.075 is ruled out by these measurements,
suggesting that solar cycle irradiance changes are not caused by such superficial
fluctuations in the outer (superadiabatic) layers of the sun. It is possible to
improve the radius detection sensitivity by more than one order of magnitude,
either with a longer measurement time baseline from MDI, or with other ded-
icated satellite observations. In either case, it is clear that precise solar radius
observations have reached a level of accuracy that particular models of solar cy-
cle variability may be directly addressed. These new astrometric results support
the view that changes deep in the solar interior are required to account for the
observed irradiance variability.
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