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The nature of dark matter

Cold dark matter | Current cosmological model

Warm dark matter
Fuzzy dark matter
Self-interacting dark matter

Primordial black holes

Alternative
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theory
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In one dimension, Monge-Ampere is equivalent to Poisson
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From Poisson to Monge-Ampere

Poisson equation

Monge-Ampere equation
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Enhancing the the formation of anisotropic structures
such as filaments and ellipsoidal halos
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1 Challenges to the ACDM Paradigm
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Og tension, cusp-core problem
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Large deviation principle ¥ Brownian motion —>  Monge-Ampere equation



Why Monge-Ampere gravity?

1 Challenges to the ACDM Paradigm
®» Non linear modification of the Poisson equation
&D rPredicted by statistical physics

®® Absence of free parameter (physical)



Cosmological simulation of Monge-Ampére gravity
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Cosmological simulation of Monge-Ampere gravity

® Initial conditions

® Equations of motion in comoving coordinates
® How it works numerically?

® Comparing with Poisson N-body cosmological simulations

® Results

pyMAG 1.0

Soon ....
pip install pyMAG



Cosmological simulation of Monge-Ampere gravity

® Initial conditions
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® Comparing with standard N-body cosmological simulation

Poisson Monge-Ampere
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® Comparing with standard N-body cosmological simulation

Poisson Monge-Ampere

GADGET - PYMAG 1.0

A code for cosmological simulations of structure formation




Cosmological simulation of Monge-Ampere gravity

® Comparing with standard N-body cosmological simulation
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Cosmological simulation of Monge-Ampere gravity

® Comparing with standard N-body cosmological simulation

Poisson Monge-Ampere
S: :szl ;:al simulations of structure formation P)IMAG I 'O
Tree-Code Optimal transport algorithm
O(N log N) O(N log N)
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® Large scale-structures 7 = 0

Poisson’ ~ * S " . Monge-Ampere

. 25Mpe/h < |

A weaker gravitational clustering



Cosmological simulation of Monge-Ampere gravity

® Zoom z=0

5 Mpc/h
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® Power spectra

Monge-Ampere

Poisson
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® Power spectra

Monge-Ampere

Poisson

Gravity is getting weaker at low z!
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® Halo mass function
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Cosmological simulation of Monge-Ampere gravity

/ o
\‘ Halo mass function

Poisson | Monge-Ampere

N, = 6609116057
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4 times less halos at
Z="0




Cosmological simulation of Monge-Ampere gravity

® Ellipticity
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® Connectivity of filaments
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ID: 289

Already used as alternatives probes of cosmologies
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How to distinguish gravity models with Euclid?

® Filaments

Filament detection
technique
DisPerSE

. V

Sousbie 201 |

25 Mpc/h &5 ' i
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® Connectivity of filaments

This is a
preliminary
result!

Mean connectivity
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® Connectivity of filaments

This is a
preliminary
result!

Mean connectivity

= Poisson (This work)
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The filament connectivity could be used as a probe of our gravity
model at cosmological scales with the Euclid mission
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