
to initiate DNA replication; whatever that 
function is, it is transient and not required 
beyond the step that instigates DNA synthesis8. 
Some suggestions are detailed in Box 1. This 
topic will now be the subject of considerable 
attention. 
Meanwhile, I can echo a comment made 15 
years ago. In their News & Views article1, Li 
and Alberts equated the successful identifica-
tion of the origin-recognition complex to the 
finding of the holy grail. For cell and molecu-
lar biologists, that sentiment can be echoed 
to express the significance of the discoveries 
made by Zegerman and Diffley3, and Tanaka 
and colleagues4.  ■
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COSMOLOGY

The Universe’s skeleton sketched
Eric V. Linder

The deepest and clearest maps yet of the Universe’s skeleton of dark-
matter structure present a picture broadly in concord with favoured models 
— although puzzling discrepancies remain. 

Astronomers use every resource at their disposal 
to construct an image of the Universe: from the 
microwave radiation of the cooling Big Bang, 
past the visible wavelengths of light seen by the 
casual viewer of the night sky, to the γ-rays of 
the most powerful explosions of collapsing stars 
and ravenous black holes. They don’t even have 
to see an object directly to detect its presence. 
In a manner akin to the Polynesian seafarers 
who sense islands out of their sight through the 
deflected direction of ocean waves, cosmolo-
gists can map a concentration of the Universe’s 
unseen mass through the gravitational deflec-
tion of light coming from sources behind it. On 
page 286 of this issue1, Massey et al. publish the 
latest and most detailed atlas of these ‘dark-mat-
ter’ congregations*. 
Dark matter is thought to comprise as-yet 
undiscovered elementary particles, and is a 
central prediction of the current ‘concordance’ 
model of the Universe’s make-up. Here, it acts 
as a skeleton around which bright matter — 
galaxies and clusters of galaxies — assembles. 
There is abundant indirect evidence for struc-
tures made of dark matter. The gravitational 
deflection, or lensing, technique has already 
been used to make maps of dark matter around 
individual galaxies and clusters, most dramati-
cally by Clowe et al.2. Low-resolution recon-
structions of the skeleton of a larger chunk of 
the nearby Universe have also been carried out 
using ground-based telescopes. 
Massey et al.1 present an analysis of gravita-
tional-lensing data from the Cosmic Evolution 
Survey, COSMOS, that were acquired using the 

Hubble Space Telescope. These data cover an 
area of sky about eight times the size of the full 
Moon, and represent the first wide-sky, space-
based survey of dark matter. This is a great step 
forward, as observations from space avoid the 
distortions and time variations that Earth’s 
atmosphere imposes on the astronomical sig-
nal. (The effect of these perturbations is rather 
as though our seafarer friend had to contend 
with a nearby canoe’s paddlers roiling the ocean 
when studying his waves.) The new maps conse-
quently have a much higher resolution than the 
best ground-based observations, with four times 
the density of sources than in previous studies. 
They also go deeper into the Universe, looking 
back to a time when the Universe was about half 
the age it is now, at a redshift z1. (The redshift 
is a measure of the expansion of the Universe; 
the higher the redshift of a cosmological object, 
the smaller and younger the Universe was when 
the object sent out its signal.) 
To assess the third dimension of their map, 
the depth of the field of view, astronomers can-
not move their canoe and use triangulation. 
They rely instead on mathematics to derive 
the distance of the gravitational lens by means 
of its focal length — which is known from 
Einstein’s general theory of relativity — and 
the distance to the background source galaxy 
whose light is probing the dark matter. Massey 
et al. combine the COSMOS observations with 
follow-up observations from ground-based 
telescopes in 15 wavelength bands, and so are 
able to estimate redshifts of the galaxy sources 
all the way back to z 3, when the Universe 
was just a sixth of its present age. 
With this information, the pattern of dark-

matter concentrations can be mapped crudely 
in three dimensions by slicing the data into 
three redshift shells. Although this is just a first 
step in ‘cosmic tomography’, the advantage of 
using a space telescope is that the source density 
in each slice of this three-dimensional map is 
nearly as high as for the ‘unsliced’ maps — two-
dimensional projections — expected from the 
next generation of ground-based surveys. 
Massey and colleagues’ three-dimensional 
map can be studied on its own merits to pro-
vide information about the pattern and evo-
lution of dark-matter structures, or can be 
compared with observations of the bright 
matter through visible light and X-rays. The 
dark-matter distribution shows modest evi-
dence for a connected, filamentary distribu-
tion — exactly the kind of skeleton predicted 
by concordance cosmology for stars and galax-
ies to assemble around. 
A note of caution, however: it is still early 
days, and spurious noise affects the weaker 
features in the map (at the level of around 2.9 
standard deviations). There are also striking 
examples of both beautiful agreement and puz-
zling disagreement between the dark and bright 
maps. Areas bright in X-rays, indicating the 
highest concentrations of gas heated by falling 
into the strongest gravitational fields, almost 
always overlap with the dark-matter concentra-
tions — but not absolutely always. Conversely, 
dark-matter concentrations sometimes seem to 
have no corresponding bright matter. For the 
dark-matter skeleton of mass in the Universe, 
flesh sometimes occurs without supporting 
bones, and bones without surrounding flesh. 
That is perfectly possible. However, these data, 
together with forthcoming ground-based data 
from the lower-resolution, but wider-area 
Canada–France–Hawaii Telescope Legacy 
Survey3, will need to be carefully compared 
with computational simulations of the Universe 
to analyse consistencies and discrepancies. 
Cosmologists are getting a foretaste of a new 
ability to map the dark Universe, despite the 
fact that the gravitational-lens mapping tech-
nique is still showing some growing pains: 
even the Hubble Space Telescope observations 
required significant corrections, because of 
radiation damage to the detectors. Radiation-
resistant detectors have already been developed 
for a proposed space mission, the Supernova/
Acceleration Probe (SNAP)4, that would extend 
COSMOS-type maps of the dark-matter skel-
eton to an area 2,500 times larger than that cov-
ered by Massey et al.1. These maps would also 
be both deeper and more finely resolved. But 
for now, the COSMOS data give astronomers 
an exciting new view of the dark Universe. ■
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