Metric in the space of measures:
from fortification to cosmology
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“Numerical” Universe: @V —'body simulations
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The Euler—Poisson equations

mass conservation

Euler equation
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The Euler—Poisson equations
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» Hubble expansion:




The Euler—Poisson equations: comoving coordinates




The Euler—Poisson equations: comoving coordinates

» Linearization:




The Euler—Poisson equations: “convenient” variables




The Euler—Poisson equations: “convenient” variables

» “slaving”




The Euler—Poisson equations: Lagrangian variables
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The Euler—Poisson equations: Lagrangian variables
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» Zeldovich approximation
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Inner structure of mass
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A.L. Melott & S. Shandarin, Astrophys. J (1989) doi:10.1086/167681




The adhesion model
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The reconstructio
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MAK (Monge, Ampere, Kantorovich) reconstruction




MAK (Monge, Ampere, Kantorovich) reconstruction

Theorem (Y. Brenier, circa 1990)
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Monge’s mass transportation problem

Il n’est pas indifférent que telle molécule de déblar soit
transportée dans tel ou tel autre endroit de remblar, mais
qu’il y a une certaine distribution a faire des molécules du
premier dans le second, d’aprés laquelle la somme de ces
produits sera la mowndre possible, et le prix du transport
total sera un minimum
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Monge’s mass transportation problem




The numerical least-squares method (MAK)
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» Assignment Problem:




Testing the MAK

reconstruction
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Testing the MAK reconstruction (continued)
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MAK reconstruction for real cosmic data




Probability measures as points of geodesic space




Probability measures as points of geodesic space




Probability measures as points of geodesic space
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Wasserstein distance Wa(u, v)




Geodesics in P(M): Displacement interpolation




Formal Riemannian structure of P(M)




Beyond adhesion approximation. ..
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A.L. Melott & S. Shandarin, Astrophys. J. (1989) doi:10.1086/167681




The Vlassov—Poisson system




Projected density
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