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COSMOPOWER

ASM+, MNRAS 511, 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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EMULATION

• B o l t z m a n n  s o l ve r s : c o m p u t a t i o n a l  b o t t l e n e c k f o r  2 p t  s t a t s  a n a l y s i s  

• emu l a t i on s p e e d s  u p  t h e o r y  p re d i c t i o n s           
( F e n d t  &  Wa n d e l t 0 7 , … , A r i c ò + 2 2 , M o o t o o v a l o o + 2 2 )

• a   “ s i m p l e ”  M a c h i n e  L e a r n i n g  p ro b l e m  …

• . . . w i t h  e x c e p t i o n a l l y  h i g h  l e ve l s  o f  a c c u r a c y re q u i re d !
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à n e e d  f l ex i b l e a n d  we l l  t e s t e d t o o l . C o s m o Powe r e mu l a t e s

• P ( k , z )  ( L I N + N L  B O O S T )  

• C M B  T T, T E , E E , ɸ ɸ



METHODS
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Emulated spectrum

NEURAL NETWORK NEURAL NETWORK      +          PCA
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KIDS-450+GAMA 3X2PT
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KIDS-1000 COSMIC SHEAR
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EUCLID-LIKE COSMIC SHEAR
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No need to re-train! 
Use same emulator for P(k, z) !



PLANCK  2018  TTTEEE
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BEYOND ΛCDM
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KIDS-1000 COSMOLOGY : 
MACHINE LEARNING - ACCELERATED CONSTRAINTS 

ON INTERACTING DARK ENERGY
WITH COSMOPOWER

A S M & Po u r t s i d o u , M N R A S L e t t e r s 5 1 2 , 2 0 2 2

Pourtsidou, Skordis & Copeland (2013)
Skordis, Pourtsidou & Copeland (2015)
Pourtsidou & Tram (2016)
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COSMOPOWER: MAIN FEATURES

• Tested at inference level + evidence, on large parameter ranges

• Massive speed-up: up to O(104) on inference (even more beyond ΛCDM!)

• Flexible, no need to re-train e.g. for different n(z)’s

• Compatible with COBAYA, COSMOSIS, MONTEPYTHON…

• GPU/TPU: additional speed-up

• Fully differentiable
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COSMOPOWER: GITHUB REPOSITORY
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COSMOPOWER: FUTURE WORK

A fully differentiable library for cosmology:

• Beyond ΛCDM

• Beyond-Limber

• Higher-order statistics

• Systematics

• … and more! COSMO

https://github.com/alessiospuriomancini/cosmopower a.spuriomancini@ucl.ac.uk

THANK YOU!
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