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NEWS AND VIEWS 

Towards a history of the Sun? 
There seems to be just a chance that geochemists could reconstruct a record of the Sun's activity as a main
sequence star from measurements of the abundance of xenon-126 in rocks. 

HERE is a conundrum for climate model
lers and for the global warming commu
nity in particular: if it is true, as astro
physicists say, that the luminosity of the 
Sun has increased by 40 per cent in the 
past 5,000 million years, how is it possible 
to explain that the Earth has only just 
(since 18,000 years ago) emerged from a 
major glaciation? The question is not 
new; it has been on people's minds for 
decades. The need to answer it has been 
made compelling because the climate 
models that predict global warming have 
not yet been turned systematically and 
successfully onto historical data, with the 
consequence that the sceptics of global 
warming can fairly jeer: "If you cannot 
explain why there was, say, a Little Ice 
Age in Europe in the eighteenth century, 
why should we take seriously your predic
tions of the future?" 

The postdiction problem is not, of 
course, as simple as it sounds. First, there 
is the question of what data to use. Ice
core measurements may have helped to 
define the composition of the atmosphere 
during relatively recent climate fluctu
ations, but the data are necessarily less 
precise than from measurements of the 
modern atmosphere. Estimating the com
position of the Archaean atmosphere is, 
by extension, hardly distinguishable from 
guesswork. 

The input of energy from the Sun is 
another imponderable. Variations of the 
Earth's orbital elements can be calculated 
well enough, at least over intervals of 
a few million years, to be included in 
climate models. But while satellite 
measurements of the solar constant sug
gest that fluctuations of the output of 
energy from the Sun are too small to 
account even for the barely distinguish
able climatic trends in recent decades, it 
is always possible that earlier (larger) cli
matic fluctuations were somehow linked 
with variation of solar output - the coin
cidence of low winter temperatures in 
eighteenth century Europe and the 
Maunder sunspot minimum often seems 
too good to be true. 

Over much longer intervals, there 
seems no doubt that the solar constant 
has changed, and indeed increased sub
stantially. The Sun has been a main
sequence star for at least 4,500 million 
years, during which time hydrogen has 
been converted into helium in the core of 
the Sun, thus increasing the opacity of the 
material of the core, the central tem
perature and, eventually, the luminosity. 
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Astrophysicists will say that the structure 
and, indeed, the evolution of the Sun is 
one of the fixed certainties in their 
otherwise uncertain world. That, of 
course, is why there has been such con
sternation in the past 20 years because 
the number of neutrinos reaching the sur
face of the Earth is smaller (by between a 
half and two-thirds, according to energy) 
than the calculations suggest. Another 
difficulty is that, if there has been a 40 per 
cent increase of the solar constant in 
5,000 million years, why have we only 
just emerged from an ice age - a period 
much colder than at the end of the 
Cretaceous, for example? 

Despite astrophysicists' confidence in 
their picture of the evolution of the Sun, 
there are of course ways in which they 
might have been misled. One of the 
underlying assumptions in the astrophys
ical model of the Sun, for example, is that 
the hydrogen-burning core is thermally 
stable, or that convection is not an impor
tant cause of mixing. If the assumption is 
incorrect, there could well have been 
uncounted variations of solar constant in 
the past 5,000 million years. 

Whence the ambition of W. C. Hax
ton, from the University of Washington 
at Seattle, to find a way of estimating the 
time-course of solar luminosity from 
measurements on the surface of the Earth 
(Phys. Rev. Lett. 65, 809; 1990). How 
could that be possible? Only if the ter
restrial consequences of the solar neu
trino flux could be significant. That drives 
Haxton to geochemistry. His ingenious 
proposal is for a scheme for the measure
ment of the past neutrino flux from 
the Sun by means of the conversion of 
tellurium into xenon isotopes under the 
influence of energetic solar neutrinos. 

That solar neutrinos should have had 
terrestrial consequences should be no 
surprise. The known deficiency of solar 
neutrinos was, after all, first recognized 
by the conversion of chlorine into neon 
isotopes by solar neutrinos. Since then, 
much ingenuity has been spent on other 
schemes for using terrestrial isotope 
abundances as measures of the neutrino 
flux, both as detectors for measuring the 
contemporary flux and as geochemical 
proxies for the past abundance of neutri
nos. Haxton points out that there is alrea
dy a geochemical scheme for the 
measurement of past neutrino fluxes 
based on the isotopes of technetium ( ele
ment number 43, which has no stable iso
topes). Indeed, 98Tc is produced exclus-

ively by neutrino interactions, so that its 
concentration at any time could be a 
measure of neutrino flux over periods of 
time comparable with the half-life of the 
isotope. The obvious snag is that the 
technetium isotopes are so rare as to be 
hardly measurable and are, in any case, 
unstable. 

Haxton's scheme is based on a search 
through the table of isotopes for a mater
ial likely to be made almost exclusively by 
neutrino interaction and which, although 
itself unstable, will yield a stable daughter 
product. His suggestion is that the con
version by neutrino interaction of tel
lurium-126 C"Te) into xenon-126 C'6Xe) 
may be just enough to provide a yardstick 
of past solar activity. Briefly, sufficiently 
energetic neutrinos will convert 1''Te nuclei 
into 1261 nuclei, a proportion of which then 
decay into stable 126Xe, the rarest of the 
xenon isotopes (with a natural abundance 
of0.089 per cent). 

The outcome is a proposal for search
ing for excess abundance of 126Xe in ter
restrial rocks containing tellurium, gold 
ores for example, and using that to infer 
the past flux of solar neutrinos with ener
gy above the reaction threshold {which 
would exclude all solar sources of neutri
nos except the most energetic, those 
derived from the decay of 8B). In prin
ciple, it should be possible to use the 126Xe 
concentration of tellurides as a measure 
of the total solar neutrino flux since the 
formation of the rocks concerned, or the 
time at which they were last molten. The 
comparison of results from rocks with dif
ferent ages could then, in principle, yield 
an estimate of the time-course of the 
neutrino flux. 

Haxton is the first to acknowledge that 
the task will not be easy. An assay based 
on the measured isotope excess, esti
mated at 0.1 per cent, of the rarest iso
tope of a rare gas is hardly likely to be 
everybody's idea of a simple project. 
Indeed, although Haxton points out that 
126Xe is shielded from contamination by 
cosmic-ray neutron conversion of nearby 
isotopes by their rarity (and instability), 
the background problem is bound to be 
·horrendous. But, luckily, geochemistry is 
sustained by the zealous enthusiasm of a 
handful of people, typified by Edward 
Anders at Chicago, who regard problems 
such as these as interesting challenges. It 
will be great fun if Haxton's ingenious 
scheme turns out to be a usable guide to 
the history of the Sun's evolution. 

John Maddox 
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