
it proved impossible to determine whether
lithium, carbon and nitrogen were still pre-
sent in their original abundances. Frebel et
al.2, however, have been able to measure the
abundance of lithium in HE1327�2326;
surprisingly, it is far lower than that in other
very old metal-poor stars. Other questions
raised by HE1327�2326 are its abundance of
nitrogen,which is 60 times larger than that of
HE0107�5240; the shallower slope of the
decrease of elemental abundances with
atomic number; and the presence of stron-
tium,not seen in HE0107�5240.

Previous work may help to unravel these
mysteries. For example, it has been shown8

that a supernova may expel only the upper
layers of the nuclear matter of the pre-super-
nova star, enriching the carbon and oxygen
content of the interstellar matter, whereas
the iron falls back on to the remnant of the
star. The abundance of iron in a star is irrele-
vant to the fragmentation process9: carbon
and oxygen are thought to be the elements
controlling the cooling of the interstellar
matter, and it is their high abundance that
allows the star to fragment into small masses.

Rotation can also produce devastating
effects on the evolution of massive stars with
low metal abundances10: if its initial rotation
is sufficiently great, the star experiences a 
significant loss of mass, shedding great
quantities of the first elements synthesized
— helium, carbon, oxygen and magnesium.
It is exactly these elements that are among
the most abundant in HE0107�5240 and
HE1327�2326. Rotation also triggers an
efficient mixing mechanism that allows the
synthesis of nitrogen as well as carbon 
and oxygen. This is of significance for
HE1327�2326, in which — after hydrogen
and helium, both of primordial origin —
nitrogen is the most abundant element.

It is fascinating to see that, having taken
20 years to undercut the previous lowest iron
abundance in a star, we have within two 
years found two stars containing more than
an order of magnitude less iron. This is the
reward for an enormous effort in observa-
tional work that is bringing new insights to
the fragmentation process that occurred
during the formation of the first stars. ■
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discovery, given the diversity of Ca2+ signals
and behaviours exhibited by growth cones. ■
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Astrophysics

Two’s company
Roger Cayrel

The matter from which the first stars formed was that left behind by the
Big Bang. Stars containing extremely small amounts of heavy elements
such as iron provide clues to the chemical composition of this matter.

Identifying stars born at the beginning of
the era of stellar formation proved a long
and frustrating task. In 2002, however,

Christlieb et al.1 reported the discovery of the
first such ‘relic of the dawn of time’. Writing
on page 871 of this issue, Frebel et al.2

announce the discovery of a second. But why
are these two objects so remarkable? And
why does it help to have two instead of one? 

Some 13.7 billion years ago, the Universe
was much simpler than it is today. It con-
sisted of a uniform, hot gas showing only
small fluctuations in temperature and den-
sity,and containing no large structures — no
galaxies, stars or planets.For the first 15 min-
utes of its existence, the temperature and
density of this hot gas were high enough to
allow the nuclear reactions necessary for the
production of the lightest chemical ele-
ments. Heavier elements, such as the metals,
were not produced in this first flurry of
nucleosynthetic activity. After the first 15
minutes, the Universe’s rapid expansion put
an end to conditions that favoured nucleo-
synthesis and nothing more happened to the
nuclear composition of the Universe for
about 200 million years. The ingredients of
this frozen primordial soup — principally,
the light elements lithium and helium, as
well as deuterium, a heavy isotope of hydro-
gen — are fairly well known from both 
theory and experiment3.

A second opportunity for nuclear activity
arose only when the original fluctuations of
the early Universe had grown sufficiently
large for haloes of dark matter to begin to
form. This triggered gravitational instabili-
ties and the collapse of conventional bary-
onic matter into clouds of gas, from which
stars then formed4; in the cores of these 
stars, both the temperature and density
reached values that again made nuclear reac-
tions possible. Practically all the heavier 
elements, from carbon to uranium — the
elements from which later solid planets and

organic life formed — were synthesized in
these first stars.

The search for stars with a composition
reflecting that of these first stars has been
going on for the past 25 years5,6. Before the
discovery of the two ‘relics’ (HE0107�5240
by Christlieb et al.1 and HE1327�2326 by
Frebel et al.2), the lowest proportion, with
respect to hydrogen, of stellar-made ele-
ments in the oldest stars was about a ten-
thousandth of that observed in the Sun — a
tiny amount, but, crucially, not zero. This
finding seemed to support the theory that
matter from the Big Bang was unable to 
fragment into stellar masses that were small
enough for those stars still to be shining
today: massive stars burn their fuel faster,
and a star with a mass greater than around
nine-tenths of the mass of the Sun would
have exhausted its nuclear energy supply by
now. Long-lived stars could thus be born
only from interstellar gas already enriched in
products of nucleosynthesis that had been
expelled at the end of the evolution of earlier
stars — either through a violent event such as
a supernova, or through less dramatic mass
loss,as is caused for example by stellar winds.
If true, this would have ruled out any hope of
finding a star with the primordial mix.

The discovery of HE0107�5240 and
HE1327�2326, which have iron abundances
respectively 200,000 and 300,000 times
smaller than that of the Sun, is therefore of
great significance. However, despite their
impressively low iron content — well below
the previous record,which stood for some 20
years before their discovery7 — both stars
contain a proportion of carbon that is only
25 times smaller than that of the Sun.And the
deficiency of the various elements between
carbon and iron in the periodic table
increases steadily with increasing atomic
number.

The main difference between the two
relics is that, in the case of HE0107�5240,
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