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Cosmological Reconstruction Optimal Transport Theory
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Cosmological Reconstruction Optimal Transport Theory
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Minimum action principle subject to conservation law!
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Cosmological Reconstruction Optimal Transport Theory
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Nonlinear continuity eq. (Monge—Ampere eq.)

O'T: How to map a distribution into another one while

! = i Brenier’s Theorem (1991):

preserving weights and minimizing the effort ?

g For OT with a quadratic cost, there exists a unique Conservation law Minimum action principle
gradient map of a convex potential that satisfies MA equation.

Yann Brenier Minimum action principle subject to conservation law!
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Cosmological Reconstruction

Mass Conservation
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Cosmological Reconstruction

Mass Conservation

prin(x)d°x = pini(q)d’q

q=x+ VO(x)

et ( 9 :
Ox’

Nonlinear continuity eq. (Monge—Ampere eq.)

p d3x

,Ofin(X) . d3q ‘ __ ) — det[l + 87,8]@(}()]

|

.« Brenier’s Theorem (1001):
oy . (1991

i . . . .
Lemm [Or OT with a quadratic cost, there exists a unique

gradient map of a convex potential that satisfies MA equation.

Yann Brenier

Protohalo

Farnik Nikakhtar June 3, 2024

________________ c(x,q) =|x—q"
oy o~ I
N 2

---------------------------------------------------------------

Frisch et al. (2002)
Brenier et al. (2003)

O(n?logn)

Yale University



Semi-Discrete Optimal Transport
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Partition space into Laguerre cells
(power diagram / modified Voronoi diagram)
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Semi-Discrete Optimal Transport

Observed Field Nikakhtar et al. PRL 129, 251101 (2022) Reconstructed Field

Optimal Transport Reconstruction
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Geometrical Optimization in Mathematics

Action Minimization in Physics

Partition space Into Laguerre CG"S . Mass estimate of the biased tracers

(power diagram / modified Voronoi diagram) . Distribution of the remaining mass (field particles)
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Reconstructing Protohalo Positions + Shapes
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N k-dependent bias
Su(k) = (b1o + bork*) Wr(k) dn(k)

(e.g. Baldauf&Desjacques 2016)
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Reconstructing the Displacement Field
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Reconstructing the Displacement Field
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U.S. Department of Energy Office of Science

15 million galaxies at z < 0.6 in the dark energy dominated epoch

magnitude limited sample to » < 19.5, fainter sample tor < 20.175 over 14,000 geg? fOoOtprint
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What else can we learn from reconstructed density & displacement?

Future Research Avenues

Peculiar Velocity Surveys Baryonic feedback with the kSZ effect Forward modeling inspired by OT
Cluster motion 4/\/\/ .
CMB phot = VOor(x = Vo
Tully-Fisher / Fundamental Plane relations \Q‘A pRoton qQ=xX- OT( ) X=q- or(a)
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Summary

Reconstruction of the initial density & displacement fields:
BAO scale, growth rate, baryon distribution, ...

Optimal Transport theory is not merely a tool:
Minimum action principle subject to conservation law!

DESI: Exciting Data Ahead for both Cosmology & Astrophysics
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