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Distribution of matter in the universe has a lot to teach us 
about fundamental physics. 
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Part I: The Small Scales



COZMIC: Cosmological Zoom-in Simulations 
with Initial Conditions Beyond CDM 

Nadler, An, VG, + (2410.03635 ).

~100 new cosmological dark matter–only zooms with ICs appropriate for IDM, FDM, and WDM.

𝜎𝑀𝑇 = 𝜎0𝜐n



Nadler, An, Gluscevic, 
Benson, Du (2410.03635 ).

𝜎𝑀𝑇 = 𝜎0𝜐n

COZMIC: Cosmological Zoom-in Simulations 
with Initial Conditions Beyond CDM 

~100 new cosmological dark matter–only zoom-ins with ICs appropriate for IDM, FDM, and WDM.



DM-proton scattering

Expected new bound
with COZMIC

𝜎𝑀𝑇 = 𝜎0𝜐n

Maamari, VG, Boddy, Nadler, Wechsler+ 2020

(e.g. n=2, DM with electric dipole)



Part II: The Large Scale Structure



Plot by A. He

Dark matter and neutrino interactions affect LSS



Plot by A. He

Dark matter and neutrino interactions affect LSS
Example 1: mixed DM elastically scattering with protons -> 
momentum/heat transfer in early universe

Example 2: neutrino self-scattering through a massive 
mediator -> delay in neutrino free streaming

𝜎𝑀𝑇 = 𝜎0𝜐n



S8 tension = k-dependent suppression?

Amon and Efstathiou 2023



Mixed interacting DM (scattering with protons)

He, Ivanov, An, Gluscevic (2023)
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Adam He

He, Ivanov, An, Gluscevic (2023)

• 15% IDM alleviates S8 
tension

• Pre-tension physics
• Consistent across data
• Soon falsifiable? 

Fractional interacting DM (scattering with protons)

Data: 
Planck primary and lensing
BOSS galaxy clustering (full-shape)
eBOSS Lyman-alpha reduced likelihood
DES weak lensing S8 prior
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Self-interacting neutrinos

He, An, Ivanov, VG (2023)
See also Kreisch+ 2020;
Also Ivanov 2024, Bird+ 2024.
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He, An, Ivanov, VG (2023)

Interacting neutrinos with eBOSS Lya forest



Reduced Lyman-alpha likelihood: a fresh look 

See also Ivanov 2024, Bird+ 2024.

He, Ivanov, Bird, VG (2503.15592)

Adam He
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Reduced Lyman-alpha likelihood: a fresh look 

See also Ivanov 2024, Bird+ 2024.

He, Ivanov, Bird, VG (2503.15592)

Adam He

* EFT likelihood with priors from 
Sherwood simulation
* compressed likelihood from an 
emulator built using PRIYA simulation
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Adam He

He, Ivanov, Bird, VG (2503.15592)

A fresh look at Interacting neutrinos



Parashari and VG, in prep.

Next steps: Interacting neutrinos + 
sterile neutrino dark matter

Priyank 
Parashari



Future outlook: mapping distribution of 
matter across scales. 



A fresh look at Interacting neutrinos
He, Ivanov, Bird, VG (2503.15592)



He, Ivanov, Bird, VG (2503.15592)


