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COSMOPOWER

Spurio Mancini+ 2022

We in t roduce  a  su i t e  o f  
neura l  cosmo log i c a l  power  spec t rum emu l a tor s  

cover i ng  bo th  CMB ( tempera ture , po l a r i z a t ion  and  l en s i ng ) , 
and  l a r ge - s ca l e  s t ruc ture  power  spec t r a
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Emulated spectrum

NEURAL NETWORK NEURAL NETWORK      +          PCA

Spurio Mancini+ 2022

alessiospuriomancini/cosmopower
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Piras & Spurio Mancini 2023

Survey 1

Survey 2

Survey 3

• COSMOPOWER-JAX 
(Piras & Spurio Mancini 2023)  
+ JAX-COSMO (Campagne + 2023)

• 3 Stage IV surveys à 157 (!) 
parameters

• 3 days on 3 GPUs with NUTS

• (Optimistic) estimate: 6 years (!!) 
     on 48 CPUs with PolyChord



Atacama Cosmology Telescope South Pole Telescope Simons Observatory

Kilo-Degree Survey Dark Energy Survey Euclid
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COLLABORATIONS USING COSMOPOWER



https://github.com/alessiospuriomancini/cosmopower



Dark Scattering

• Interacting dark sector

• Inspired by Thomson scattering between electrons and photons

• Interaction parameterized by free parameter         (related to cross section         )

• Pure momentum exchange between dark energy and dark matter

• Details: Simpson 2010, Pourtsidou+ 2013



We define the amplitude of 
the interaction as:

 Ads ≡ ξ̄ (1 + wDE)

Depending on the sign of the interaction parameter  , we get an enhancement or suppression of the 
matter power spectrum amplitude

Ads

DS effects on matter power spectrum

k ∼ 1
r

This method is still not  
optimal for statistical 
analysis though… 

Matter power spectrum

Depending on sign of interaction parameter         can get enhancement or suppression of matter power spectrum



ReACT: nonlinear massive neutrinos 
and modified gravity

1-loop perturbation theory + halo model

Cataneo et al. 2019

Bose et al. 2021

ΛCDM cosmology whose initial 
conditions are 
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karimpsi22/DS-emulators

COSMOPOWER + ReACT

Example speed-up: producing 1000 spectra takes 0.19s with emulator, 8.3h with original code



Kilo-Degree Survey (KiDS)

We analyze the IV data release of the Kilo-Degree Survey (KiDS-1000, ~1000 deg2)





KiDS-1000 data constrain the parameter  





• Dark Scattering offers promising alternative to solve tension

• Developed REACT nonlinear predictions including baryon feedback, ready for Stage IV analyses

• COSMOPOWER emulation accelerates analysis by orders of magnitude

• Ongoing work: forecasts for Stage IV galaxy surveys

CONCLUSIONS
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