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+ From cosmic microwave background (CMB) anisotropies:

Universe today is about

e 68% dark energy

* 5% baryons

e 27% dark matter (cold, collisionless)

+ Dark matter nity perturbations grow and become nonlinear
— study structure formation with N-body simulations
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+ From cosmic microwave background (CMB) anisotropies:

Universe today is about

e 68% dark energy

* 5% baryons

s e 27% dark matter (cold, collisionless)

+ Dark matter nsity perturbations grow and become nonlinear
— study structure formation with N-body simulations
+ Dark matter forms self-gravitating halos that host galaxies
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What is the particle nature of dark matter?

Standard Model
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What is the particle nature of dark matter?

Standard Model of Elementary Particles
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WIMP Searches

+ Dedicated searches of WIMPs through interactions with Standard Model via:

direct detection indirect detection production at colliders
A X - _
/\ X / / X
See plenary talks by Peter Sorensen, See plenary talks by Francesca Calore, See plenary talks by Rebeca Gonzalez Suarez,
Enectali Figueroa-Feliciano Emmanuel Moulin Swagata Mukherjee, Marianna Liberatore

+ But landscape of possibilities is much broader
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Standard WIMP Assumptions (and Examples of How to Break Them)

+ single, point-like or fundamental particle
composite particle; complex dark sector with multiple new particles/forces
+ weak-scale mass and coupling
WIMPless miracle
+ cold (non-relativistic) thermal relic
warm dark matter; non-thermal dark matter
+ abundance set through freeze-out of 2-to-2 annihilations
different freeze-out scenario; freeze-in; asymmetric dark matter
+ interacts with Standard Model
"nightmare scenario”: dark sector may be secluded




Mass Range of Possibilities

Dark Sector Candidates, Anomalies, and Search Techniques
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Mass Range of Possibilities

Dark Sector Candidates, Anomalies, and Search Techniques
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Mass Range of Possibilities

Dark Sector Candidates, Anomalies, and Search Techniques
“wave-like"
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Cosmic History
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Cosmic History

Time

Redshift

+ Dark matter (dark sector)
properties and/or interactions
can affect structure formation
(and thus star/galaxy formation)

1 + Observed large-scale structure
well-described by ACDM

—mennsey + More flexibility at small scales




Example: Small-Scale Suppression

In early Universe, interactions wash out
small, weakly-bound structures

Particle POV: transfer of energy & momentum
Fluid POV: induce drag force

Washed out density perturbations do not exist
to collapse and form small-scale structures

Moore+ (MNRAS, 1999)




Matter Power Spectrum: Small-Scale Modifications
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Matter Power Spectrum: Small-Scale Modifications
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Milky Way Satellites

Classic dwarfs
SDSS-identified dwarfs
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Small-Scale Structure Suppression
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Small-Scale Structure Suppression
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DM-Proton Scattering IDM
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Cosmology with Hidden Dark Sector
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74\’
+ Light mediators contribute to N,;; ~ /rad =/ b3 (ﬁ) Nef
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Cosmology with Hidden Dark Sector

- 4 4/3
praa = Py |1+ 3 (_> e

+ Light mediators contribute to N 4

4+ Dark radiation induces dark acoustic oscillations
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Cosmology with Hidden Dark Sector

+ Light mediators contribute to N, 24 =/
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+ Dark radiation induces dark acoustic oscillations -
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Cosmology with Hidden Dark Sector

+ Light mediators contributeto N, 74 =/

100,
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Small-Scale Structure Puzzles

Dwart Spheroidals Low-Surface Brightness (LSB) Clusters
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Puzzles (possible discrepancies between simulation and observatlon) arise in various systems

missing-satellites, core-cusp, too-big-to-fail, diversity

Attempt to address with SIDM Spergel, Steinhardt (PRL 2000)

Dark Matter Self-Interactions and Small Scale Structure: Tulin, Yu (Phys Rept 2018)
Astrophysical Tests of Dark Matter Self-Interactions: Adhikari, Arka, Boddy+ (2207.10638)




Web of Dark Matter Theories

Supersymmetry
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Complementarity
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Snowmass 2021 Theory Frontier: Astrophysical and Cosmological Probes of Dark Matter (2203.06380)
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