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Galaxy clusters shed new light on dark matter

What istheactual distribution of dark matter?
Doesit follow theexpectationsfor cold dark
matter (CDM)?“ Yes, it does,” accordingto
ateam of astronomersthat hasmeasured the
averagedistribution of dark matter derived
fromgravitational lensingin 50 clusters of
galaxies Thedensity isobserved to decrease
outwardsfromthe centre of these cosmic
giantsin excellent agreement with the
predictionsof CDM models.

Whiledark matter still eludesthe
scrutiny of particlephysicistsitisbecoming
moresubstantial to astrophysicists. Its
gravitational roleisessential to hold galaxies
together in clusters, to account for thehigh
rotational velocity of starsinthe outer
regionsof galaxiesand moregenerally
to explain theformation of large-scale
structuresintheuniverse. Therelatively
recent ability to observethedistribution
of dark matter in space makesit even more
concrete (CERN Courier January/February
2007 pl1). The method consists of measuring
thedlight distortion of background
galaxiesthat isinduced by thegravitational
deformation of space-timealongtheline
of sight. Thisso-called weak-lensing effect
allowsastronomersto locate and measure
theamount of dark matter, eventhoughitis
transparent ontheimage.

The fluctuations of the cosmic microwave
background as observed by the Planck
satelliteimply that CDM constitutes
about 27% of the energy content of the
universe (CERN Courier May 2013 p12).
However, itisimportant to check whether

The Subaru Telescopeon theleft and thetwo
domes ofthe WM Keck Observatory at sunset
on Mauna Kea, Hawai’i. (Credit: Mailseth.)

thedistribution of massin galaxy clusters
followsthe expectations of amedium of
dark-matter particlesthat only interact with
each other viagravity and do not emit or
absorb photons. Aninternational team led
by Nobuhiro Okabe of AcademiaSinica,
Taiwan, and Graham Smith of Birmingham
University used asampleof 50 massive
clustersof galaxiestotest this. Theclusters
wereselected from an X-ray catalogueina
narrow redshift range of around z=0.2 and
observed by the Prime Focus Cameraof the
Japanese 8.2-m Subaru Telescopelocated
next to thetwo Keck Telescopeson Mauna
Kea, Hawai’i. For each cluster, theteam
derived theweak-lensing signal imprinted
inthe shape of background galaxiesand
stacked theresultsto obtainthe average
density profile.

The obtained map of themean dark-matter

distribution isremarkably symmetrical
withapronounced central peak. The

radial profile is found to be consistent with
the Navarro-Frenk-White model at the
sub-10% precision level. Measurement of
the concentration parameter of themass
inthecluster givesc, ,=4.22+0.40-0.36,
whichisdightly abovebut still broadly in
linewith theoretical predictionsfor CDM.
This result confirms that dark matter behaves
inclustersof galaxiesas expected by the
CDM scenario. It solvesatension between
previousobservationsof individual clusters
that found ahigh central concentration and
other studiesthat included the dynamics of
thegalaxiesintheclustersand suggested a
shallower distribution.

Inthefuture, theteamwouldliketo
improvethisanalysisby measuring the
dark-matter density on even smaller scales
rightinthecentre of thesegalaxy clusters.
Thiswill bepossiblewiththeinstallation of a
new cameracalled the Hyper-Suprime-Cam
onthe Subaru Telescope, which will also
allow astronomersto study smaller galaxy
clusters, which are predicted to havea
dightly higher dark-matter concentration.
The team notes, however, that significant
advancesontheprecision achievedinthe
current study on massive low-redshift
galaxiesareonly expected with future
facilitiessuch asthe Large Synoptic Survey
Telescope or ESA'sEuclid Satellite.

o Furtherreading
N Okabe etal. 2013 ApJ Lett. 769 L35.

Picture of the month

This intriguing new view of the stellar nursery IC 2944 has
been released to celebrate the 15th anniversary of the Very
Large Telescope (VLT). On 25 May 1998, the European
Southern Observatory (ESO) released the first-lightimage
obtained by the first of the four Unit Telescopes composing
the VLT. One of the first targets of the VLT was a beautiful
face-on galaxy called NGC 1232, which revealed the power
of the new 8.2-m telescope installed on Cerro Paranal, in
Chile, at an altitude of 2635 m. After 15years, ESO is now
releasing a more artistic view of dark clouds of dust, known
as the Thackeray globules, silhouetted against the pale pink,
glowing gas of the nebula. These globules are under fierce
bombardment by UV radiation from nearby young stars and
might not be able to collapse to form new stars before being
destroyed.(Image credit: ESO.)
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