Cosmostatistics the initial
conditions and the largescale
structure of the Universe

Florent Leclercqg
LyadAaddzi RQ! a0 NRLIKeéa&AIl dBarisiReSh t I NJ

November27th, 2013

POLYTECHNIQUE
ParisTech

In collaborationwith:

HectorGll-Marln(U Portsmouth/U. Barcelona), Jelasch€lAB,
EmilioRomaneDiaz(U. Bonn) SvetlinTasse{U. Princeton),
BenjaminWandelt(IAP/U. lllinois)MatiasZaldarriagglAS Princeton)

1)
November 27th, 2013[



TheUniverseasseenby the Particle Zoo

The Whole Set of 12 Epochs "% 7

the universe

Can’t decide? Get the whole
set of 12 plushies illustrating
the history of the universe.

Set includes:
Planck
Inflation
Electroweak
Quark-gluon plasma
Hadron-lepton
Nucleosynthesis
Radiation domination
Matter domination
Recombination
Dark ages
Reionization
The universe today

Cotton and fleece with poly-fill,

sPARTICLLEZTO
http://www.particlezoo.net/
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Somespecificities of cosmology

e . Theexperienceas unique andirreproducibleby physical

experimentation There is no exteriority nor anteriority. The
properties of the Universecannot be determined statisticallyon a

set

¢ . The energy scalesat stake in the Early Universeare
ordersof magnitudehigherthan anythingwe canreachon Earth

e . Reasoningn cosmologyis "bottom-up". The

final state is knownandthe initial state hasto be infered.

ﬁ} The of the Universehave a
with respect toother physical
phenomena
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Cosmostatisticof the initial conditions

- “Initial conditions”:ICs forgravitational evolutioixX

AFTERflation

AFTER Hot Big Baplgenomena

(primordialnucleosynthesjsdecoupling, recombination, frestreaming of neutrinos,
acoustic oscillations of the photdraryon plasma, transition from radiation to matter

dominated universe 7
3 J
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« Cosmostatistics:disciplinedealing withstochastic
guantities as seeds of structuretime Universe
predictionof cosmologicabbservablegrom randominputs

(from theory to data)

use of thedepartures from homogeneityn astronomical surveys to

distinguish between cosmologicalodels (from data to theory)
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High-energyphysicsexperiments

Florent Leclercq (IAP)The initial conditions and the larggeale structure of the Universe



A large-scalestructure in the Universe

Blue matter distribution
> darkmatter halos / galaxies

A Halos trace mass distribution
(of dark matter).

A Halos are NOfandomly
distributed there existsa
LargeScaleStructure of the
Universe

A How dowe analyzethis
structurequantitatively?

Correlation functions and
Fourier analysis

Mpe/h
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Bayesianinferenceof theICs

A Why do we needBayesiarnnference?

Inference of signals =-plosed problem
A Noise

A Incompleteobservationssurvey geometry,
selection effects

A Systematiancertainties biases
A\ Cosmiovariance

@ No unigue recovery is possible!

Al 32 2R |jWhStisihk grobability
distribution of possible signals compatible
with the observations®
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