
Z O L T Á N  H A I M A N

After a spectacular birth, our Universe 
quickly became a dull place, with the 
glow of the Big Bang fading away and 

the first stars and galaxies yet to appear. These 
cosmic dark ages lasted for 100 million years. 
According to a growing body of evidence, the 
latest of which is described by Mirabel et al.1 in 
a paper published in Astronomy & Astrophys-
ics, many of the first stars that put an end to the 

dark ages may have formed in pairs.
The appearance of the first stars marked a 

significant milestone, separating the history 
of the Universe into two stages. The first stage 
is well understood: dark matter, primordial 
ionized plasma and radiation formed a nearly 
uniform mixture, expanding and cooling 
continuously with cosmic time. When the 
temperature of the plasma dropped below 
3,000 kelvin, neutral hydrogen and helium 
atoms formed everywhere. Spatial variations 

in the density and temperature of the plasma 
were initially minuscule, but gravitational 
instability amplified these variations over 
time, and allowed dense gaseous structures to  
collapse in on themselves.

In the second stage, stars lit up inside these 
structures, and started wreaking havoc. The 
radiation of the stars penetrated the neutral cos-
mic plasma, once again ionizing and heating it, 
and modifying the formation of the subsequent 
generations of stars. At the time of the transition 
between the two stages, the 100-million-year-
old Universe may have resembled Swiss cheese: 
cold and neutral background gas was filled with 
numerous, roughly spherical, hot, ionized holes 
surrounding the sites where the earliest stars 
had lit up. There is, however, another possibil-
ity, in which energetic X-ray radiation — not 
normally associated with stars — was present 
during the transition. The evidence that the first 
stars may have formed in pairs makes the latter 
hypothesis more likely.

Over the past decade, a theoretical paradigm 
has emerged in which the first stars formed 
in isolation and were about 100 times more 

humans? Male mice lacking this hormone, or 
its receptor, seem to represent a model for age-
ing men. In men, testosterone levels decrease 
with age, and although, with respect to testos-
terone, the levels of oestrogen and luteinizing 
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Figure 1 | A link between the skeleton and reproduction. Oury et al.2 discover that the bone hormone 
osteocalcin, and its activity through the receptor GPRC6A, increases testosterone secretion by the mouse 
testis. Testosterone promotes sperm development, sexual function and fertility, as well as accrual of 
bone mass, bringing the connection between bone and the gonad full circle. The interaction between the 
skeleton and fertility underscores the importance of the health and function of several organ systems in 
the regulation of reproduction. Both systems are affected by a number of external factors including genes, 
metabolism and the environment.

show similar features. Moreover, osteocalcin 
and its receptor — as well as other components 
of the signalling pathway — are present in 
human testes. All this evidence hints that osteo-
calcin might function similarly in men. So it is 
tempting to speculate that osteocalcin might be 
suitable to treat fertility defects and associated 
changes in ageing men. It is hoped that future 
work will reveal the role of this hormone and 
other metabolic factors in human reproduction, 
and provide new targets for contraceptives and 
treating infertility. ■
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hormone often rise, the latter cannot increase 
testosterone production14. There are also asso-
ciated increases in body fat and decreases in 
bone mass, sperm counts and sexual function. 
Remarkably, osteocalcin-deficient mice also 

C O S M O L O G Y

A smoother end to  
the dark ages
Independent lines of evidence suggest that the first stars, which ended the cosmic 
dark ages, came in pairs rather than singly. This could change the prevailing view 
that the early Universe had a Swiss-cheese-like appearance.
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massive than a typical present-day star such as 
our Sun. The first dense gaseous structures in 
which stars formed were very small; they had a 
total mass of the order of a million solar masses 
— approximately a million times smaller than 
a typical present-day galaxy such as the Milky 
Way. Molecular hydrogen, which formed effi-
ciently in these dense regions, allowed the gas to 
radiate efficiently and lose its pressure support, 
making it collapse further2. Three-dimensional 
simulations3,4 revealed that these structures 
form at the intersections of thin filaments, 
forming a cosmic web-like structure. They have 
also shown that a small fraction of the gas — of 
about 100 solar masses — flows along the fila-
ments coherently towards the central region of 
each such dense knot, without any sign of frag-
menting. However, recent simulations5–8, of 
higher resolution than the earlier ones3,4, have  
suggested that the gas in the central regions 
does eventually fragment into two or more  
distinct clumps, raising the possibility that 
the first stars formed in pairs, or in even  
higher-multiple systems.

Why would the companionship of the first 
stars matter for the rest of the Universe? As 
Mirabel and colleagues argue1, a natural out-
come of the latter hypothesis is for one member 
of a pair of massive stars to implode, leaving 
behind a black hole that remains gravitation-
ally bound to its massive partner. The black 
hole could then pull material off the surface of 
its partner, and swallow it up. While devour-
ing its partner, the black hole would return a 
fraction of the ingested energy in the form of 
copious amounts of X-rays. In fact, there are 
compelling examples of such ‘micro-quasars’ 
in the local Universe. They seem to be more 
common in smaller galaxies, as well as in gal-
axies whose chemical composition is closer to 
that of the pristine plasma of hydrogen and 
helium in the early Universe, unpolluted by 
the heavier atoms produced by subsequent 
generations of stars. The extrapolation of these 
local observations suggests that such binaries 
were more common in the earliest, small and  
primitive micro-galaxies.

If most of the first stars formed such bina-
ries, they could have produced sufficient 
X-rays to significantly change the prevailing 
Swiss-cheese scenario. This possibility has 
been raised in the past9–12, but is now worth 
considering more seriously in light of the 
new theoretical and observational evidence. 
Unlike the ultraviolet ionizing radiation from 
normal stars, X-rays with the right energy 
— of the order of 1 kiloelectronvolt — could 
travel across vast distances in the early Uni-
verse, ionizing and heating the plasma much 
more uniformly. If the X-rays were sufficiently 
prevalent, they would have a range of other 
interesting effects. For example, the extra 
heating would raise the pressure of the plasma 
everywhere, making it resistant to clumping, 
and more difficult to compress to form new 
galaxies9.

On the other hand, X-rays could penetrate 
the successfully collapsing galaxies and ionize 
hydrogen and helium atoms in their interior. 
This would catalyse the formation of molecu-
lar hydrogen, and help the gas to cool and  
form new stars13. Such effects would leave their 
signatures in the spatial distribution of neutral 
and ionized hydrogen and helium in the Uni-
verse. These distributions might be mapped 
by measuring the 21-centimetre-wavelength 
radio emission from neutral hydrogen14, and 
the scattering of cosmic microwave back-
ground radiation (relic radiation from the Big 
Bang) by free electrons, or by examining the 
absorption spectra of distant galaxies. Such 
measurements will be feasible for forthcoming 
experiments, and form a major goal of modern 
cosmology.

There are other possible sources of X-rays 
connected to the formation of the first stars, 
for example gas accretion onto the black-
hole remnants left behind by the collapse of 
single stars15,16. Another possible source is  
supernovae: if the first stars exploded as super-
novae, similar X-rays would be produced by 
thermal emission from the gas heated by these 
explosions, and by the collisions between the 
energetic electrons produced in the super-
nova explosion and the photons of the cos-
mic microwave background9. However, if 
micro-quasars were indeed as common, and 
as efficient producers of X-ray radiation, as 
Mirabel and colleagues argue1, they may well 
have dominated X-ray production in the tran-
sition epoch, when the first stars started to 
shine in the Universe. They would then have 
been responsible for ending the dark ages in 
a smooth fashion. The hardest X-ray photons 
(those with energies above a few kiloelectron-
volts) would be reaching Earth now, forming 

a feeble X-ray background. Existing measure-
ments place an upper limit on the present-day 
value of this background that is consistent with 
this hypothesis17. The possibility of X-ray pro-
duction by binary stars should prompt fur-
ther theoretical modelling of the population 
of such binaries, including their abundance, 
radiation output and spectra, as well as model-
ling of the possible observable signatures they  
left behind. ■
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E A R T H  S C I E N C E

A new mechanical 
model for Tibet
A three-dimensional mechanical model of the Tibetan crust explains both the 
first-order features of GPS surface velocities and the contrast in the types of 
earthquake between northern and southern Tibet. See Letter p.79

J E F F R E Y  T.  F R E Y M U E L L E R

The collision of India with Eurasia has 
built the Tibetan Plateau1, by far the 
largest area of high topography on the 

planet, as the Indian plate has thrust beneath 
Tibet. The crust of the plateau is approximately 
twice the typical thickness, and great debates 
have raged over its development and mechani-
cal properties. Temperatures are high within 

the thickened crust2,3, which implies signifi-
cant weakness of the middle and lower crust4,5. 
Several groups have proposed that the middle 
crust of Tibet is fluid enough to decouple the 
upper crust from the underthrusting Indian 
lithosphere, such that Tibetan middle crust 
might be extruded through a low-viscosity 
channel flow from beneath the high plateau 
either southward4 or eastward5. But others 
have argued6 that deformation at all depths 

4 8  |  N A T U R E  |  V O L  4 7 2  |  7  A P R I L  2 0 1 1

NEWS & VIEWSRESEARCH

© 2011 Macmillan Publishers Limited. All rights reserved




