
Enomoto et al.1 at last provide strong evi-
dence that galactic cosmic rays do originate
in supernova remnants. They have detected
TeV-energy g-rays from the supernova rem-
nant RX J1713.7–3946 and show that the
energy spectrum of the g-ray signal matches
that expected if the g-rays are of hadronic
origin, but does not agree with the spectrum
expected for leptonic g-rays (see Fig. 2 on
page 824). The spectrum seen could not be
produced by inverse Compton scattering —
that would require a very low magnetic field
(just a few microgauss) around the super-
nova remnant, which is unlikely to be the
case. When earlier X-ray data are also taken
into account, it seems that the g-rays must
have been created as a result of protons being
accelerated by the supernova remnant. 

The flux of TeV g-rays reported by
Enomoto et al. means that g-ray production
must occur in a very dense region — other-
wise, the accelerated protons would have to
be carrying much more energy than expect-
ed, more than 1050 erg, assuming that around
10% of the explosion energy is converted to
cosmic-ray energy3. A nearby, massive mol-
ecular cloud — more than 105 times greater
than the mass of our Sun — interacting with
the supernova remnant6 would produce
such a high-density environment (Fig. 1).

Remarkably, the EGRET instrument
aboard the Compton Gamma Ray Observa-
tory has detected a source of lower-energy
g-rays (3EG J1714–3857) in the vicinity of
this cloud. It has been suggested7 that the
EGRET source is indeed in the molecular
cloud, and that the low-energy g-rays are
being produced through the interactions of
accelerated protons with the dense cloud. In
the CANGAROO data, the TeV g-rays do
seem to originate in the region of the molec-
ular cloud and the EGRET source, but the
data are of insufficient quality to pinpoint
the exact location of the TeV source. 

Observations with new telescopes — the
European HESS and MAGIC, the Japanese–
Australian CANGAROO-3 and the American
VERITAS — should reveal more details about
energy spectra and production sites of g-rays
in supernova remnants across a broad energy
range, from 100 GeV to 10 TeV. By providing
unique information about the acceleration
and propagation properties of high-energy
particles in several remnants, these telescopes
will make a crucial contribution to our efforts
to trace the origin of galactic cosmic rays. ■
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The fossil Eomaia scansoria, discovered
in the Yixian Formation of Liaoning
Province, China, and described by Ji

et al. on page 816 of this issue1, is the earliest
known member of the lineage leading to pla-
cental mammals. Eomaia — ‘Dawn Mother’
— is exceptionally well-preserved for a 125-
million-year-old. Although the fossil’s skull
is squashed flat, its teeth, tiny foot bones, car-
tilages and even its fur are visible (Fig. 1). 

This might not be surprising, considering
that insects and dinosaur feathers have
already been described from the Yixian For-
mation, and the discovery of thick fur on
even a 125-million-year-old mammal is cer-
tainly not controversial. Although feathered
dinosaurs surprised some, everyone always
expected the earliest mammals to have hair.
But most mammals that are this old are
known only from a few teeth. What is so 
special about Eomaia, a dainty creature the
size of a large mouse, is the overall detail
of preservation, which makes it a treasure
trove of information about early mam-
malian evolution and ecology.

Most mammals living today, including
humans, nourish their young during extend-
ed gestation, through a placenta. This is in
contrast to marsupial mammals and the egg-
laying monotremes. Eomaia is the oldest rep-
resentative found thus far of the lineage —
Eutheria — in which placental reproduction
evolved. This conclusion is unusually robust,
based as it is on many dental and skeletal
characteristics. Phylogenetic analysis also
confirms that Eomaia is not just old, but one
of the most primitive eutherians. Although
part of the lineage leading to placental mam-
mals, it probably reproduced more like living
marsupials. Like other early mammals it has
features — such as epipubic bones extending
forward from its pelvis, and a narrow pelvic
outlet — which suggest that a short gestation
period was followed by parental nurture of
the young suspended from the abdomen2. 

In some other respects, Eomaia seems to
be specialized for a particular lifestyle. Ji and
colleagues have studied its skeleton to make
inferences about its locomotion, and they
conclude that Eomaia was scansorial, or
adapted for climbing. It is tricky to make this
kind of judgement in the case of very small
mammals, many of which are scansorially
adapted even if they never climb vegetation
or cliffs. Such animals have to scramble over
roots and rocks that humans stride over, and
substrates that feel flat to our big feet present

them with many irregular surfaces3. So we
would expect there to be little morphological
distinction between a small mammal that
stays on the ground and one that climbs more
ambitiously. For instance, both might have
long tails to help them balance, and flexible
wrists and ankles that allow them to put their
paws down securely at almost any angle3. But
Eomaia does seem to have specializations
indicating that it did more than navigate
rough terrain and occasionally dash up a tree.
Its finger and toe bones are elongated relative
to its palms and soles, a feature associated
with grasping twigs4. And on both its hands
and its feet, Eomaia’s claws are strongly
curved and laterally compressed. Living
mammals with similar adaptations, for
instance dormice5, feed and even nest in trees. 

Eomaia is the most striking mammalian
fossil yet to be found in the Yixian Forma-
tion. But it is not the first. The mammalian
fauna is taxonomically diverse, having pre-
viously yielded the new fossil genera Jeholo-
dens6, Repenomamus7 and Zhangheotheri-
um8. These are representatives of other
mammalian lineages that, unlike Eutheria,

Mammalian evolution 

Upwards and onwards
Anne Weil

A newly described fossil sits on one of the lowest branches of the placental-
mammal family tree. But its paws and claws suggest that, where actual
vegetation was concerned, it could climb further than its contemporaries.

Figure 1 Half of the fossil of Eomaia scansoria1,
which is preserved on two facing slabs of rock
from China’s Yixian Formation. The length of
the animal, tip-of-the-nose to tip-of-the-tail,
when uncurled, would have been about 16 cm.
The dark area around the skeleton is carbonized
fur. Ji and colleagues’ reconstructions1 of the
fossil as a whole appear on page 817. 
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have not survived to the present day. Indeed,
the Yixian provides a snapshot of a time
when, unlike today, the eutherians were but
one of many early mammalian lineages,
with no special guarantee of success or even
of long-term survival. The degree of preser-
vation of these fossils makes this picture
especially valuable; although we often com-
pare the teeth of contemporaneous animals,
and draw general conclusions about diet,
this fauna consists of detailed, articulated
skeletal material that allows palaeontol-
ogists to visualize the niches these early
mammals might have occupied. It is partic-
ularly fortuitous because the teeth of all four
are consistent with carnivorous and insec-
tivorous diets.

The four genera are morphologically —
and, by inference, ecologically — quite dif-
ferent. For one thing, they are all of different
sizes. Repenomamus, with a skull almost
11 cm long7, was a giant among Mesozoic
mammals, and probably exploited different
resources than its much smaller relatives, any
of which it could have eaten in one bite.
Jeholodens, similar in some respects to
Repenomamus, but a little smaller than
Eomaia, has relatively short fingers and toes,
and claws that are too broad in cross-section
to have provided a particularly good grip.
Jeholodens has been interpreted as ground-
dwelling1,6. Zhangheotherium was larger
than Eomaia, but fossils of it are not as com-
plete and its feet are not well known. Its
hands, however, have relatively short,
straight fingers, with gently curved, broad
claws. Again, it seems not to have spent as
much time clambering in bushes or trees
as Eomaia did1,8. Eomaia may have reached
food sources that were not available to other
mammals or have scampered overhead to
avoid predation, or it may have combined
both activities. 

Was climbing somehow related to the
evolutionary success of the eutherians? For
the moment, we can only speculate. One
fossil, no matter how good it is, is scanty
evidence. The next eutherian skeletons we
know of were preserved roughly 50 million
years after Eomaia, by which time eutheri-
ans had diversified to include forms that
were specialized for running and hopping9.
On the other hand, primitive members of
the marsupial lineage were also climbers,
and it has long been argued that the com-
mon ancestor of both groups might have
been scansorial9 — an argument that Ji and
colleagues’ interpretation1 of Eomaia would
tend to support. Molecular and fossil evi-
dence indicate that both lineages diversified
considerably during the Cretaceous period,
between 125 million and 65 million years
ago. It seems at least possible that a propen-
sity to climb gave them the upper hand. ■
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The electrical properties of a semiconduc-
tor can be controlled by adding certain
foreign atoms to the material. This tech-

nique is called impurity doping. The dopant
atoms are carefully placed on lattice sites (the
locations occupied by atoms in the crystal) in
place of the atoms of the semiconductor. Each
dopant impurity atom contributes one free
electron or hole to the conduction or valence
band, respectively; this holds over a large
range of dopant concentrations. Impurity
doping is becoming an increasingly difficult
problem for the semiconductor industry, for
the key linear relationship between dopant
concentration and free-electron concentra-
tion breaks down when the concentration of
dopant atoms is high. But as integrated cir-
cuits become smaller, the charge–carrier con-
centration must be increased to maintain the
required device performance. 

In an effort to understand, at the atomic
level, why the free-carrier concentration sat-
urates in this way, Voyles and colleagues1

(page 826 of this issue) have succeeded in
imaging single impurity atoms bonded in a
silicon crystal. Silicon is the mainstay of the
microelectronics industry. Dopants such as
phosphorus or antimony contribute nega-
tive charge carriers (electrons) to the con-
duction band, making a region of the crystal
‘n-type’; dopants such as boron or alumini-
um contribute positive charge carriers
(holes) to the valence band, making a region
of the semiconductor crystal ‘p-type’.

The next few years will see the need for
ever higher dopant concentrations as device
dimensions continue to be scaled down. In
fact, the required concentrations exceed the
maximum allowed if the impurity atoms are
to be thermodynamically stable in the host
material2. Technical tricks have already been
developed that create these supersaturated
impurity concentrations with remarkable
control and reproducibility — for example,
ultra-rapid quenching to ‘freeze’ the solu-
tion of impurity atoms in place3.

But researchers have found4 that, as
dopant-atom concentrations approach the

high levels required for smaller devices —
around 1021 dopants per cm3 — the electron
concentration in the conduction band does
not exceed 6–721020 electrons per cm3. This
means that, at high dopant concentration, a
large fraction of the dopant atoms are not elec-
trically active, and we need to understand why.

Voyles et al.1 set out to locate the dopant
atoms in silicon crystals that had been doped
with the metal antimony. Locating individual

Semiconductors

An eye for impurity
Paul S. Peercy

As electronic devices become smaller, so the challenge of maintaining
their electrical properties grows. Identifying the positions of introduced
impurities in a semiconductor crystal is a major first step.

Figure 1 The electron probe of a scanning
transmission electron microscope propagates
along a column of silicon atoms in the
semiconductor lattice. The colour scale (white
to red) indicates the decreasing intensity of
scattered electrons; a ball-and-stick
representation of the silicon lattice, including
antimony dopant atoms (purple), is
superimposed. The electron-scattering intensity
is highest around an antimony atom, because it
has a higher atomic number than silicon —
Voyles et al.1 have exploited this effect to image
individual dopant atoms in the lattice.
Understanding the behaviour of dopant atoms
at high concentrations is vital for the
semiconductor-based electronics industry.
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