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A Joint problem

* How did the * How dlid structure
Universe begin? appear in the Universe?
Whatare the Whatisthe physicsof
statisticalpropertiesof darkmatter anddark
the initial conditions? energy?

AUsually these problems are addressed in isolation.
AThis talk:

A case for physical inference of fedimensional dynamic states

A description of methodology and progress towaedsiching the
standardfor analysis of galaxy surveys
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Why Bayesian inference?

AWhy do we need Bayesian inference

Inference of signals =-flosed problem

Incomplete observations: survey geomet
selection effects

Cosmic variance
Noise,biases, systematic effects

=

adWhat are the initial
conditions of the Universe?

OWhat is the probability distribution of
possiblenitial conditions (signals)
compatiblewith the observations®

OWhat is the probability distribution of

OWhat is the shape of the cosmi : .
web in the local Sniversé? @ possiblewveb-types (signals)
' compatiblewith the observations®

p(s|d)p(d) = p(d|s)p(s)
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Bayesian forward modeling: the ideal scenario

Forwardmodel = Nbody simulation + Halo occupation +
GalaxfF 2 NI A2y b CSSRol O]l b X
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All possibldCs All possibld=Cs  big computer!



(Parameter) Space the finalfrontier

P 14 . . . y — —,M
A ¢ K Surséof dimensionalitg Beliman 1961 ,
| dimension  fraction of particles in quadrant of hypercube
1 27t =05
10 2710 —97x107*
100 27100 = 7.8 % 10731
1000 271000 = 9.3 % 107302

AddingextraRA YSY a A 2 y 4 X
Exponentialncreaseof the
for uniform sampling

Exponentialncreaseof givenafixed amountof particles
A High-dimensionalprobability distribution functions

will fail
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Hamiltonian Monte Carlo

A Use classical mechanics to solve statistical problems!

A The potential: P(x) = — In(P(x))
1
A The Hamiltonian: =3 p' M p + ¢(x)
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At ox | ox N
gradients

~(H'-H) _ 1
Nacceptance ratie Uity

AHMCbeats the curse of dimensionality by:

A Exploiting gradients
A\ Using conservation of Hamiltonian Duanet all 987
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BORG BayesiarOrigin Reconstructiorfrom Galaxies

What makesthe problemtractable:

* Sampler:HamiltonianMarkov Chain Monte
Carlomethod

* Physical model: Secondorder Lagrang|an
perturbationtheory (2LPT) o s

Observations o pee
Sampleof possible 4D states

Jasch&Wandalo13HrXiv:1203.3639
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