The cosmic dark matter

Carlos S. Frenk

Institute for Computational Cosmology,
Durham




The Ogden Centre of Fundamental Physics



Sl ' hat is the Universe made of?

The (bizarre) contents of our Universe
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Normal matter, = matter’made of ordi'nar.y‘afo_ms :
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We can’t see the dark matter



matter > gravity — motion




Stars rotate too fast to be held in place by gravity of visible mass
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Light from ditant galaxies is deflected by dark matter in
cluster, distorting the galaxies’ images into arcs
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Cén use gravitationgl Ienefng to “Weighh: -

; there is about 10 times fhore dark thar#sible mass o
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Light from distant galaxies is deflected by dark matter in
cluster, distorting the galaxies’ images into arcs
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We know dark matter exists because:

* The rotation velocity of stars in galaxies

* The distortion of galaxy images behind clusters
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15 thousand million vears

The cosmic microwave ¢
background is emitted .
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U ICC Planck: CMB temperature anisotropies
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The formation of galaxies
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BCC (1, to make a virtual universe

University of Durham

Initial conditions + assumption about content of Universe

Equations of physics:
General Relativity

Mechanics
Radiative hydrodynamics

Atomic physics, etc

Institute for Computational Cosmology




T= 0.05Gyr
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Number of dark matter halos

The mass function of cold dark
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The Eagle Simulations

EVOLUTION AND ASSEMBLY OF GALAXIES AND THEIR ENVIRONMENTS

The Hubble Sequence realised in cosmological simulations
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Trayford et al ‘15






cold dark matter warm dark matter

Lovell, Eke, Frenk, Gao, Jenkins, Wang, White, Theuns,
Boyarski & Ruchayskiy ‘12



When the source and the lens are well aligned - strong
arc or an Einstein ring



SLAC sample of strong lenses

Einstein Ring Gravitational Lenses Hubble Space Telescope « ACS
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JOT3728.45+321618.5 J095629.77+5100068 | J120540.43+491029,3 J125028,25+052349.0
- ® . e
J140228.21+632133.5 J162746.44-005357.5 J163028.15+452036.2 J232120.93-093910.2
NASA,  ESA_ A Bolon (Harvard-Smithsonsan CfA), and the SLACS Team STScl-PRC05-32



Additional lensing by .
line-of-sight halos Eann
perturb image

When the source and the lens are well aligned - strong
arc or an Einstein ring



Halos projected onto an Einstein ring distort the image

Mg, = 2.8 x 1010 M,




The search for dark matter

Experimental physics



HTC The search for dark matter










The identity of the dark matter is one of the
i great mysteries of modern science
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Ogden question 1 — The cosmic dark matter:
where and what is it?
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Not yet solved butwe have made great progress



