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Nature of dark matter,

The goal is to learn new physics... dark energy and Initial

conditions of our

/7 Universe!

DESI

Credit: Simulations performed at the National Center for Supercomputer Applications by
Andrey Kravtsov and Anatoly Klypin. Euclid
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....via cosmological parameters!

Scalar mass and self-interactions

Dynamics of dark energy

Amplitude of non-Gaussianity

From 100 kpc to 10 Gpc: Dark Matter self-interactions
before and after DESI (2407.18252)
Salvatore Bottaro et al.

DESI 2024 VI: Cosmological Constraints from the
Measurements of Baryon Acoustic Oscillations (2404.03002)
DESI Collaboration

The imprints of primordial non-gaussianities on large-scale
structure: scale dependent bias and abundance of
virialized objects (0710.4560)

Neal Dalal et al.
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Nuisance parameters are important too!

In principle contains
cosmological information

+

5n9 E //‘ Information about gal
Ex: . p— bz Oz nformation about galaxy
J i

— formation physics
n pny

Oi — 57 629 [(azay _ v26?lj)¢]27 s v
Improved extraction of
cosmological parameters!

Full-shape analysis with

simulation-based priors: HOD-informed prior for EFT-based full-

cosmological parameters and the shape analyses of LSS (2409.12937)
structure growth anomaly Hanyu Zhang et al.

(2409.10609)
Mikhail lvanov et al.
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A particle physicist tool: EFT
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The sound speed counterterm

Power spectrum in Standard
Perturbation Theory
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EFT Matter power
spectrum
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The success of the EFT approach
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Credit: J.J. Carrasco, M.P. Hertzberg and L.Senatore. 1206.2926 6/1 4



Top-down effective stress

T =2K + U

J.J. Carrasco, M.P. Hertzberg and L.Senatore. 1206.2926

OBS: Virialized structures decouple!

The Large-scale Structure of the Universe
Peebles, arxiv:0910/5142
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Average gravitational energy
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Round data points extracted from the MillenniumTNG simulations!

The MillenniumTNG Project: High-precision predictions for matter clustering and halo statistics
arxiv: 2210.10059
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Average kinetic energy
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Effective sound speed 5
[

Tidal effects: Coupling of short and long modes
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Separate universe
methods 10/14
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Comparison to simulation results
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Precision Comparison of the Power Spectrum
in the EFTofLSS with Simulations
Simon Foreman, Hideki Perrier, Leonardo
Senatore
arxiv: 1507.05326
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What scales contribute the most?

3.x 1077
2.5x10_7;'
2.x1077
1.5x10_7;'

1.x 107}

dcZe/dlog k

5.x 1078 F

Of, e .
0.1 05 1 5 10

12/14



Cosmological information?
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Final remarks

Separate universe methods open a new window into the effective sound
speed counterterm, one that enables interpretability.

Future developments? Anisotropic separate universe, field level
investigation, thorough comparisons to existing methods...
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Thank you!



