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Astronomy

Wide-angle lens 
Joachim Wambsganss

Gravitational lenses produce multiple images of single astronomical
objects. The most widely separated images of a quasar ever found
reveal the dark-matter content of the lensing galaxies.

Record-breaking is usually gently
incremental, each record a slight
improvement on the last. It’s rare that

a new record more than doubles the old
record-holding value, particularly one that
had stood for more than two decades. But
such a case is reported on page 810 of this
issue: Naoshi Inada and colleagues1 have dis-
covered multiple images of a quasar, created
by gravitational lensing, whose maximum
angular separation across the sky is 14.62
arcseconds. The previous record for a quasar
stood at 6.3 arcseconds.

Gravitational lensing is a consequence 
of Einstein’s general theory of relativity. If a
massive object such as a star, a galaxy or a
galaxy cluster happens to be close to the line
of sight from Earth to a more distant source,

the gravitational attraction of this ‘lens’
deflects the light from the distant source. To
the observer on Earth, the source may appear
magnified, distorted and — most dramati-
cally of all — as multiple images on the sky.

Einstein himself was sceptical that this
effect would ever be seen — “There is no
great chance of observing this phenom-
enon”, he said2. But so far, around 80 
multiply-imaged quasars have been found3.
A quasar is the very luminous central part 
of an active galaxy, powered by a super-
massive black hole. The first lensed quasar4,
Q0957+561,or ‘Old Faithful’,was discovered
in 1979. The two images created by the inter-
vening lens are separated by 6.3 arcseconds
(an arcsecond is 1/3,600 of a degree), and
Old Faithful has held the record for the

that separase activation separates sister 
chromatids and at the same time — via
Cdc14 — triggers the relocalization of
chromosomal passenger proteins.

This is a gratifying way to explain the
striking coordination of chromosome segre-
gation with aurora B kinase relocalization. It
also opens up the possibility of addressing
just how important the relocation of aurora
B kinase is for its function. Pereira and
Schiebel produced a version of INCENP that
cannot be phosphorylated in mitosis, and so
is located at the spindle even before chromo-
some segregation begins. One might have
expected mitosis to be severely disrupted.
But instead the effects were subtle: the chro-
mosomes aligned on the spindle correctly,
but the cells lost chromosomes more fre-
quently. The implication is that the activity
of the aurora B kinase complex is not deter-
mined solely by its location. It would be
interesting to complement this study by
analysing an INCENP mutant that mimics
permanent phosphorylation. Would this
prevent it from leaving kinetochores? If so,
what would the consequences be?

When chromosomes segregate in the
absence of Cdc14 activity, the spindle is
grossly disorganized and breaks down 
prematurely11,12. Knowing that INCENP is a 
target of Cdc14, Pereira and Schiebel also
investigated whether the non-phosphoryla-
table INCENP could compensate for the
absence of Cdc14 in stabilizing the spindle.
They found that the mutant INCENP
recruited midzone proteins to spindles in
some cells — but the spindles still broke.

Evidently, then, Cdc14 has targets in addi-
tion to INCENP that coordinate the assem-
bly of intact spindles.

Next to nothing is known about how
Cdc14 is regulated in organisms other than
yeast. INCENP is phosphorylated prior to
mitosis in vertebrates, too4, so it is quite 
possible that separase induces Cdc14 to 
trigger passenger relocalization in higher
organisms as well. By revealing how the
aurora B kinase complex relocalizes, Pereira
and Schiebel2 have explained a beautiful
aspect of cell biology. The more challenging
task that remains is to discover what exactly
the complex does at kinetochores and at the
spindle midzone, to bring about faithful
completion of cell division. n
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100 YEARS AGO
The adequate provision of secondary and
higher education for English girls and
women is to be regarded as one of the
accomplishments of the latter half of the
nineteenth century. In 1850, for instance, the
popular idea here and elsewhere was that
women were intellectually incapable of
benefiting by higher instruction. To quote Dr.
Leslie Waggener, of the University of Texas,
“it was seriously questioned whether the
‘female’ mind could untangle the intricacies
of pure mathematics, could appreciate the
abstruse speculations of metaphysics, or
could follow, step by step, the inductions 
of a scientific investigation.” Fifty years’
experience has, however, demonstrated the
complete fallacy of this preconception… So
complete a change of opinion on a subject
of such importance as the suitable
education of the larger half of the human
race deserves attention, and the steps in 
the movement which has resulted in the
recognition of the claims of women at 
most universities throughout the world,
supply a profitable study for all students 
of educational problems. A comparison,
too, of the present provision of university
courses for women with their complete 
non-existence in 1850 should serve to 
cheer those men of science and others who
are endeavouring to improve our national
education in other directions.
From Nature 24 December 1903.

50 YEARS AGO
In his speech to the General Assembly of the
United Nations at New York on December 8,
President Eisenhower said that the United
States are prepared immediately to meet
privately with such other nations as may 
be “principally involved” to seek “an
acceptable solution” to the atomic
armaments race… The President indicated
that he is prepared to submit to the United
States Congress, with every expectation of
approval, plans which would encourage
world-wide investigation into the most
effective peace-time uses of fissionable
material and which would begin to diminish
the potential destructive power of the
world’s atomic stock-piles. Such plans
should also demonstrate to peoples of 
all nations that the great Powers of the
world, both of the East and of the West,
are interested in human aspirations first 
and foremost, rather than in building up
armaments of war.
From Nature 19 December 1953.
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largest known splitting of quasar images ever
since. (In fact, another candidate5 exists with
a separation of 6.9 arcseconds, but its identi-
fication as a lensed quasar is not 100% cer-
tain yet.) Of the other quasar lenses that have
been discovered over the years,most are dou-
ble or quadruple images. Some of the images
are circular,and are called Einstein rings6.

Spotting a quasar that is gravitationally
lensed among all the objects in the sky is not
at all easy. Astronomers must establish that
the suspected multiple images are all at the
same distance from Earth, and that their
spectra of emitted radiation — as character-
istic of an astronomical object as a genetic
fingerprint is of a person — are identical, or
at least very similar. Ideally, the gravitational
lens itself (which is typically a massive
galaxy) should be visible between the quasar
images, although this may not always be so.
But the ultimate proof of the lensing effect
hangs on the variable nature of quasars: does
the apparent brightness of each image vary
in the same way, allowing for a certain time
delay between them6?

The evidence is strong that the four
images recorded by Inada et al.1 correspond
to a single gravitationally lensed quasar,
rather than a group of quasars. The authors
have shown convincingly that their lensed
quasar fulfils the first three of the above 
criteria. The variability requirement is still 
to be met, but this can easily take a few years
of observation. The time delay in brightness
variations between the multiple images arises
because the signals travel along different
geometrical paths. Combined with the time
dilation that is predicted by general relativity
in strong gravitational fields, the journey
times along the different paths may be differ-
ent by months, or even years.And, of course,
observers need a bit of luck too: the quasar
itself must cooperate and produce some
brightness fluctuations during the period 
of observation.

But what is so interesting about widely
spaced multiple images of a lensed quasar,
anyway? This quasar (SDSS J1004+4112)1 is
more than a mere record-breaker. Although
‘weighing’ cosmic objects is generally a very
difficult task in astronomy, here the splitting
angle between the images is a clean measure
of the mass of the lens. The mass of this lens 
is much higher than that of typical galaxies.
Inada et al.have identified the lens as a bright
galaxy, together with a cluster of surround-
ing galaxies at the same distance from Earth.
But the visible mass in these galaxies falls
short,by a large factor,of the amount needed
to explain the wide splitting of the images.
The extra mass must be dark matter.

Most of the known Universe is made of
dark matter, and galaxies are expected to be
surrounded by haloes of it. For galaxies in
clusters, these dark-matter haloes have been
measured so far only through weak gravita-
tional-lensing effects7. But the lensing effect
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seen by Inada et al.1 is very strong, and this is
the first detection of a galaxy cluster whose
very massive dark halo is splitting a quasar
image. The fact that they see four images also
hints at the mass profile: the dark matter
must be quite concentrated, and slightly
asymmetric, around the cluster. Once the
variability of the quasar has been picked up
in each of the images, that will reveal8 more
about the distribution of dark matter in this
system. But, as the authors state, it is already
clear that this discovery confirms the pre-
dictions of the ‘concordance’ model9, the
standard model of cosmology.

Inada et al.1 found this record-breaking
quasar lens by performing a systematic
search among the tens of thousands of
quasars logged by the Sloan Digital Sky 
Survey (SDSS)10. Previously, the most com-
prehensive lens searches had been done at
radio wavelengths11; they showed that about
one in 700 quasars is multiply imaged by a
gravitational lens.But with the advent of two
large-scale surveys, SDSS and 2dF (ref. 12),
such huge studies are now possible at 

visible wavelengths as well. Many more
large-separation quasar lenses should soon
be found, enabling quantitative comparison
of the matter distribution in the Universe
with theories of its formation. It’s a safe bet
that it won’t be another 24 years until this
quasar record is broken. n
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Ecology

Badger cull culled
Timothy J. Roper

Large-scale field trials have been under way to assess how effective
badger culls are in stemming the incidence of tuberculosis in cattle.
One culling tactic, it seems, increases occurrence of the disease. 

If a disease is transmitted to humans or
domestic animals by wildlife, an obvious
policy option is to cull the wildlife that 

harbour the disease. This has been the logic
underlying attempts in Britain to control
bovine tuberculosis (caused by Mycobac-
terium bovis) in cattle, through the culling 
of badgers.

Over the past few years, trials have been
carried out to assess the effectiveness of
two different badger-culling strategies. But
last month the alarming initial results from
one of the trial ‘treatments’, known as reac-
tive culling, prompted the UK government
to call a halt to this aspect of the trials. Given
the urgency of the situation, the results were
first released at a press conference, then in 
an online publication. They now appear in
print (see the paper by Donnelly et al.1 on
page 834).

The transmission of bovine tuberculosis
from wildlife to livestock is not a uniquely
British problem. It is equally serious in Ire-
land, has recently been reported in Michigan
in the United States, and has also occurred 
in Australia and New Zealand. Although the
disease can be transmitted to humans, the
main reason for concern is economic,
because of its impact on beef and dairy farm-
ers, rather than health-related. In Britain, a

government agency — the Department for
Environment, Food and Rural Affairs —
spends about £74 million (US$125 million)
annually trying to control the disease, with
further costs to the farming industry. These
costs would escalate steeply if the rate of
infection of cattle herds continues to
increase,as it is now doing exponentially.

Bovine tuberculosis is especially diffi-
cult to deal with in Britain because of its 
incidence in badgers (Fig. 1), which are a
protected species and are now a large and
widespread source of infection. Indeed, the
high population density of badgers in Britain
and Ireland probably explains why bovine
tuberculosis is more prevalent in these 
countries than in continental Europe. Hence
the policy of culling badgers. Culling of
a wildlife reservoir of tuberculosis does 
sometimes work. In New Zealand, control of
brushtail possums resulted in a 50% reduc-
tion in the number of infected cattle and deer
herds between 1994 and 2000. In Australia,
culling of feral water buffalo has contributed
to eradication of the disease2.

The results of Donnelly et al.1, however,
suggest that localized culling of badgers in
Britain has actually increased the incidence
of bovine tuberculosis in cattle. This result
demolishes the case for localized culling as 
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