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Abstract: Galaxy clusters are the biggest gravitationally bound structures in the Universe. Simple features of these objects can help us rec
the initial conditions at the Big-Bang and test the fundamental laws of physics.
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From the Biggest Things

to-the Biggest Bcng

. Louis Leblond

... and to the biggest questions




Observe 1.
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Galaxy Clusters
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The biggest things are
close by
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Redshift
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The biggest things are
close by
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Redshift
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The biggest thin
close by
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Peculiar velocities of
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Observe 2. X-Rays

. 11070031




First Puzzle
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Observe 2. X-Rays

. 11070031
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XMMUJ2235.3+2557

Mass of Gas = 2 x Mass of galaxies

Still mass missing
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XMMUJ2235.3+2557

Mass of Gas = 2 x Mass of galaxies

Still mass missing
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Dark Matter

galaxies
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great, we can’t see if...

e P ST oy can we test it2
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Observe 3. Gravitational
lensing
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From 5trc:ng grnvifctiand [ensing we can thure out the total

mass in Abell 370

But we can do better
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From strmng gravifc?icnul iensing we can ﬁgure out the total

mass in Abell 370

But we can do better
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From strmng grnvituticnﬂl lensing we can ﬁgure out the total

mass in Abell 370

But we can do better
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Cosmology: neglecting us

Cold Dark matter

How do we get siructure in the Universe?
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Original seeds
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N-body Simulation on a supercomputer

1. 11070031 Page 44/166




: 11070031

©O
©
-
~
o
<t
(]
(=]
@
o




1: 11070031

©O
©
-
~
©O
<
(]
(2]
©
o




1: 11070031 ' . s Page 47/166




1: 11070031 = T Page 48/166




1: 11070031 e — 3 Page 49/166




1: 11070031 s 3 i e Page 50/166




1. 11070031 - - y Page 51/166







Sagoest

Aguarius 3
us Imuizbon Visuas
pon Visualizaton on Vi
(g

arXiv 2006 __ge Z of




W Safari Fle Edit View

History Hookmarks

Window Heip

+ - Ll = E ==
New gy viewe Cuwsges Themes Mgsers TemrSox Shapes Table Chars Coms
IATES
-y
+ B o) fvimes.com 22082 73E &

Tl

—— B =

THe

-

nspeciar  Mess Colgrs Forss

PRSI

=
o

y

F ]

- s

Gravity causes matter toc aggregate into long, intersecting filaments surrounded by vast nearly empty voids
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