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Abstract: Assuming that you are redly (really) strong, what are the biggest objects in the Universe that hold together enough that you could throw
them? What are they made of and why are they so big? In this talk, | will show how studies of the large scale structure of the Universe enable us to
reconstruct the initial conditions at the Big-Bang and test the fundamental laws of physics. Among other things, scientist are trying to test one of the

most provocative idea of modern physics: the possibility that these huge "things' actually originated from quantum fluctuations smaller than
anything we have ever detected!
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From fhe Blggest Thmgs

to ihe Blggest Bang

. Louis Leblond |

.. and to the biggest questions =




Observe 1.
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Galaxy Clusters




Redshift

Continuous Spectrum
Emission Lines

Absorption Lines
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Up o9 Billion
Years Ago
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The biggest things are
close by




Up o 9 Billion

Up to 7 Bilion Wanige
Yaars Ago
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The biggest things are
close by




Peculiar velocities of
Galaxy

1000 galaxies @ 1011—“'_3: r

~ 10% kg ~ 10*" km
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First Puzzle
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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

Total Mass = 6 x (mass of gas + galaxy)

mass
calaxies
gas

dark matter

great, we can’t see it...
can we test it?
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What is Dark Matter?
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What is Dark Matter?
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What is Dark Matter?
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Observed
-
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From strong gravitational lensing we can figure out the total
mass in Abell 370

But we can do better
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5.5 billion
yEArs ago
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Cosmology: neglecting us




Original seeds

®

The Model

N-body Simulation on a supercomputer
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Scale Invariance




Scale Invariance




Linear theory: just matter
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Radiation
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Radiation
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Collapsed Objects
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seeing the big objects given
our best models for
cosmology?

ACDM
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So what do we have?

This model fails on very small scales...
where baryons (us) should be important

More importantly
it fails recently. Perturbations have stop @DM
growing starting at redshift of z =0.5

Dark energy
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So what do we have?

WORK IN PROGRESS
This model fails on very small scales... %gﬂm FOR ANY

where baryons (us) should be important INCONVENIENCE

I IIF 5
More importantly

it fails recently. Perturbations have stop @DM

growing starting at redshift of z =0.5

Dark energy
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Why2 Why2 Why?
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Start with a smooth patch
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Conclusion
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