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Spurio Mancini+ 2021
Piras, Spurio Mancini+ 2023



ML-accelerated 
full waveform inversion

Arrival time inversion

DEEP LEARNING 
FOR ACCELERATED BAYESIAN INFERENCE

IN GEOPHYSICS

Spurio Mancini+ 2021

From ~ 1h per seismic trace 
on high-end GPU

à To ~10 ms on a laptop 
CPU

(need ~ 104 – 106 evaluations 
in MCMC)

Piras, Spurio Mancini+ 2023



SIMULATION-BASED INFERENCE
FOR SEISMIC INVERSION

A. Saoulis, PhD student at UCL        with D. Piras, A. Ferreira, B. Joachimi

São Jorge, Azores 



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



COSMOPOWER
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Emulated spectrum

NEURAL NETWORK NEURAL NETWORK      +          PCA

Spurio Mancini+ 2022

alessiospuriomancini/cosmopower



KIDS-1000 COSMIC SHEAR





EUCLID-LIKE COSMIC SHEAR



No need to re-train! 
Use same emulator for P(k, z) !



PLANCK  2018  TTTEEE





COSMOPOWER-JAX

Piras & Spurio Mancini 2023

dpiras/cosmopower-jax



COSMOPOWER-JAX
Piras & Spurio Mancini 2023

dpiras/cosmopower-jax
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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



https://github.com/alessiospuriomancini/cosmopower



Atacama Cosmology Telescope South Pole Telescope Simons Observatory

Kilo-Degree Survey Dark Energy Survey Euclid

Zubeldia+ 24
Giardiello+ 24
Patki+ 23
Bolliet+ 23

Halder+ 24
Gong+ 23

Balkhenhol+ 24
Balkhenhol+ 23

Qu+ 24a,b
Farren+ 23
Bolliet+ 23

Burger+ 24
Burger+ 23

Tsedrik+ 24
Burger+ 23
Linke+ 23
Bose+ 23
Heydenreich+ 22

COLLABORATIONS USING COSMOPOWER



HARMONIC: 
BAYESIAN MODEL COMPARISON 

FOR SIMULATION-BASED INFERENCE



LEARNT HARMONIC MEAN ESTIMATOR

Learn a (mildly accurate) approximation of the optimal target distribution: (McEwen, Wallis, Price, Spurio Mancini 21)

agnostic to sampling strategy !

astro-informatics/harmonic



HARMONIC for SBI: Spurio Mancini+ 23



LINEAR GAUSSIAN



DES Y1 3x2pt

LCDM vs wCDM

Polanska, Price, Spurio Mancini, McEwen 23
Polanska, Price, Piras, Spurio Mancini, McEwen, in prep.

Use Normalising Flows 
(real NVP, Rational Quadratic Spline) 
to learn target distribution

Our estimate:
                                   (8h on 128 CPUs)

Nested sampling:
                                   (46h on 128 CPUs)



A DIFFERENTIABLE FUTURE FOR COSMOLOGY

alessio.spuriomancini@rhul.ac.uk

alessiospuriomancini/cosmopower
dpiras/cosmopower-jax
astro-informatics/harmonic                         

• COSMOPOWER: orders-of-magnitude speed up to parameter estimation pipeline 
à All major international CMB and LSS collaborations are using it

• HARMONIC: sampling-agnostic method for LBI & LFI evidence estimation

• COSMOPOWER + HARMONIC: high-dimensional, differentiable parameter estimation + model comparison


