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Abstract

There has been a long-standing discrepancy between the number of neutrinos expected from the sun and
the number we actually detect. One possible way to account for this is that our theoretical solar model is in-
accurate. However, recent progress in helioseismology has shown that the real sun is very close to the latest
solar models. On the other hand, very recent experiments of neutrino detection provided us evidence for neu-
trino oscillation. I discuss what we should do and what we can do in this situation for the neutrino physics from

the astrophysical side.
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Fig. 1 Only waves with specific combinations of period and hori-
zontal wavelength resonate within the Sun. The precise
combinations are related to the Sun's interior structure;
they produce the fine-tuned “ridges” of greater power
shown in this (frequency versus wavelength) diagram.
The abscissa is the angular degree !, which is related with
the horizontal wavelength (kn) through kn=v! (l +1)/Rg,
and the ordinate is the frequency. Here, Ay denotes the
solar radius (= 6.96x 10° km). The power intensity is a
function of the angular degree and the frequency, and can
be viewed as colors inthis diagram. Redderis higher, bluer
is lower. These measurements provide a new window into
the invisible interior of the Sun allowing scientists to infer
the structure, composition and dynamics inside the Sun.
From http://sohowww.nascom.nasa.gov/gallery/MDI/mdi
005.gif.
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Fig.2 The relative differences in the squared sound-speed profile (left) and in the density profile (right) between the helioseismically in-
version and the evolutionary solar model by Christensen-Dalsgaard etal.[14]. The former is based on the frequency data obtained
through 360 days by SOHO (The Solar and Heliospheric Observatory), which was launched on Dec. 2, 1995 and placed into a
halo orbit around the Sun-Earth Lslibration point, approximately 1.5 million km sunward from the Earth. The abscissa is the distance
from the center of the sun, normalized with the solar radius. Note that the relative difference is small, but it is larger than the sta-

tistical error bars.
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Fig. 3 Chemical composition profiles in the radiative core ( r<0.713R@) of the seismic solar model by Watanabe and Shibahashi [26].
The outer convective envelope is assumed to be chemically homogeneous. The best-fit model corresponds to the thick lines and
the 1-0 error levels are shown by tick bars in the panels (a) and (b) and by dotted lines in panel (c). For comparison, the evolution-
ary model by Bahcall et al. {15] is shown by the dashed line.
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Fig. 4 Comparison of theoretically expected neutrino fluxes with the observations. Each of the neutrino fluxes is scaled with respect to
the value of the seismic solar model by Watanabe and Shibahashi [26].
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