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actinides, then they would be some two
orders of magnitude more abundant than
they are. So there must have been an interval
of ~108 years between the last r-process pro-
duction of 107Pd and 129I and their injection
into the forming Solar System. 

This is the basis for the claim that there
are two distinct r-processes, with yields con-
fined above and below about A = 140. The
high-mass r-process must operate more fre-
quently; a typical point in the interstellar
medium receives products from it at roughly
107-year intervals, but the low-mass-num-
ber r-process is much rarer, giving that point
a contribution only every 108 years or so.

The newest results, which both confirm
this idea and suggest how the two processes
arise, come from interstellar diamond grains
extracted from meteorites, and the anom-
alous isotopic abundances of their xenon
and tellurium. These diamonds are tiny —
only about one in a million contains a xenon
atom, so the measurements must be made on
bulk samples.

Figure 2 shows the overabundances in the
principal xenon component contained in the
diamonds (called XeHL). This pattern per-
sists over a wide range of conditions of gas
extraction from different samples at differ-
ent temperatures7, indicating a common
astrophysical source. Most striking are the
high abundances of mass numbers 134 and
136 (r-process products), and 124 and 126
(p-process products). It has been suggested8

that this XeHL pattern is produced in a
supernova environment by some kind of
separation between those xenon isotopes
with shorter-lived precursors and those with
longer-lived precursors. But a new paper
contradicts this idea.

Instead of xenon, Richter et al.1 look at the
tellurium in interstellar diamonds. It has
large overabundances only at mass numbers
128 and 130, both r-process isotopes whose
precursors live about an hour. The tiny 
overabundance (<4210–5) for the A = 120 
p-process product, for example, is in striking

contrast to the xenon p-process products
shown in Fig. 2. The time delay in forming A
= 120 is also only about an hour, and the
supernova p-process should9 have a yield at
A = 120 comparable to those at A = 124 and
126 for xenon. So a separation based on pre-
cursor lifetimes can’t explain the tellurium
data. What can? To address this, we will have
to look more closely at the extreme physical
conditions occurring in supernovae.

The r-process is thought to involve 
neutrino-driven winds in the surface layers
of a newly formed neutron star. A neutron
star must be formed during the collapse
process that produces a supernova, to supply
the observed amount of energy. Enough
energy is released so that the thermal energy,
E = kT (where k is Boltzmann’s constant, and
the temperature T is usually measured in
MeV) is large compared with the rest-mass
energy of the electron, and enough to fill the
available phase space of quantum states with
neutrinos. Inside the neutron star, the six
flavours of neutrino — electron, muon and
tau, and their corresponding antiparticles —
interchange rapidly among themselves and
with the radiation field. 

The neutrinos leak out of the neutron star
in seconds. Even when they are near the sur-
face layers of the neutron star, however, the
neutrinos continue to interchange with one
another and with electrons, positrons and
photons. This heats the surface matter, blow-

ing it off as a dense, neutron-rich wind. As it
expands and cools, nuclear reactions take
place that build up seed nuclei, and the r-
process takes place on these seed nuclei as
they cool further.

But this general description of the r-
process can be applied to two very different
cases involving high and low entropy — cor-
responding to high and low thermal energy. 

In the hot, high-entropy case, the core of a
massive star collapses to form a neutron star
(and possibly further to form a black hole).
For several years this has been the standard
setting for the r-process, but simulations
show that to match Solar System r-process
abundances demands very high entropies
indeed, corresponding to entropies of at least
400 (in units of Boltzmann’s constant per
baryon). Theory balks at this: it appears to be
impossible10,11 to reach an entropy as high as
200. Perhaps the theorists should concen-
trate less on increasing the numbers of 
neutrons and look at reducing the numbers
of seed nuclei, so that the existing neutrons
can carry the r-process build-up to higher
mass number.

Nevertheless, neutron stars with massive
stellar precursors seem essential to under-
stand both the r-process  and the p-process
that produced the XeHL in Fig. 2. The p-
process is thought to operate mainly in the
oxygen–neon envelope of such a massive
star9. Can the high-entropy picture then be
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Figure 2 Overabundances of xenon from 
pre-solar diamonds, relative to solar values.
(After Ott8.)
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Most satellite maps are only two-
dimensional. But in the past few years,
synthetic-aperture-radar (SAR) images
from artificial satellites have been
combined into interferograms, to produce
high-resolution topographic maps of the
Earth’s surface and spectacular maps of
surface deformation over active faults,
volcanoes and glaciers. On page 273 of this
issue, Johan Mohr and colleagues present a
further improvement of this technique
(Mohr, J. J., Reeh, N. & Madsen, S. N.
Nature 391, 273–276; 1998). 

Instead of mapping only the radar line-
of-sight component of ice flow, as in

conventional SAR interferometry, they have
taken advantage of the differing angles
afforded by ascending and descending
satellite orbits to map the full three-
dimensional flow pattern of Storstrømmen,
a large outlet glacier in northeastern
Greenland. Above is a perspective view of
this flow field looking from the east, with
white arrows representing the glacial flow.
The slowing near the end of the glacier (left
of figure) is unusual, but expected for a
glacier that has recently surged. This
method can be used to assess the volume
changes of land ice masses.
John VanDecar
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