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A joint effort within KP-JC1

Marco Bonici, Guadalupe Cañas Herrera, Carmelita Carbone, Pedro Carrilho, Santiago Casas,
Martin Crocce, Chiara Moretti, Andrea Pezzotta, Isaac Tutusaus 
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•  Development of Cosmology Likelihood for Observables in Euclid (CLOE)
    started in 2020 thanks to the combined effort from

IST:L (likelihood) and IST:NL (non-linear)

• Early 2024: frozen version used to obtain MCMC-based forecasts with non-linear  
    modelling:
   - Paper 1: Theoretical recipe (Cardone et al.)
    - Paper 2: Code implementation (Joudaki et al.)
    - Paper 3: Inference and forecasts (Cañas Herrera et al.)
    - Paper 4: Validation and performances (Martinelli et al.)
    - Paper 5: Extensions beyond standard models of theoretical probes and systematic effects (Goh et al.)
    - Paper 6: Impact of systematic uncertainties on the cosmological analysis (Blot et al.)
    - Other papers currently under development within KPs

3

A theory and likelihood code for Euclid
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Restructuring of CLOE 
New challenges for DR1 motivate key changes to CLOE

• More flexible architecture to support evolving SWG needs

• Improved modularity for easier debugging, maintenance, and extensions

• Cleaner, more intuitive interface for users and developers

• Decoupling from specific frameworks (e.g. Cobaya)

• Support for external likelihoods (e.g. SNIa, CMB, …)

The main path toward a more flexible code involves a separation into a  theory and a 
likelihood code.



7° Meeting Nazionale Collaborazione Euclid Italia – Bologna 30 Giugno – 2 Luglio 2025

Data reader
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What is the main task of CLOE?
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The new structure of cloelib

Hierarchical structure, avoiding back and forth for non-linear corrections, and 
dependency on likelihood

Background

Perturbations

Tracer
(shear, position)

Summary statistics
(Cls, Pls)

Cosmology Non-linear Photo/SpectroLikelihood

Old CLOE: Computation of theory model reliant on likelihood evaluation
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Exploiting validated external codes
Several public (or soon to be) codes available on the market

External codes used to model:

•  Background quantities (e.g. CAMB)

•  Matter power spectra (e.g. CAMB, HMCode, BACCO)

•  Baryonic feedback (e.g. HMCode, Flamingo)

•  Non-linear bias and RSD (e.g. COMET, PBJ, Effort, BACCO) 


•  …

CAMB

HMCode 
emulator

BACCO

COMET/PBJ 
/Effort

Flamingo

More codes
to come
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What does cloelib do?
The main calculation of Euclid observables is done within cloelib

• Calculation of observables
- Photometric: Harmonic space multipoles, 2PCF (through HMCode2020 and CAMB)
-  Spectroscopic: Power spectrum multipoles with EFT and VDG  models (through 
                              COMET and PBJ), BAO

• Convolution with mixing matrix

•  Observational systematics

- Photometric: intrinsic alignment, galaxy bias, lens magnification, multiplicative 
                       shear bias, per-bin Δz shifts

- Spectroscopic: galaxy bias, RSD, redshift errors, purity (constant suppression) 

∞



7° Meeting Nazionale Collaborazione Euclid Italia – Bologna 30 Giugno – 2 Luglio 2025 9

How does it work?
1) Create instance of Background & Perturbations (multiple choices available)
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How does it work?
2) Create instance of Tracer
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How does it work?
3) Create instance of AngularTwoPoint
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How does it work?
2) Create instance of SpectroPower

3) Create instance of LegendreMultipoles
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The new structure of cloelike
Theory (from cloelib) imported as external module

Data and
covariances

Settings
(e.g. scale cuts) Likelihood

•  Easier to interface with multiple samplers (e.g. Nautilus, Emcee, MH, …)

•  Plan to extend it in the future to include automatic differentiation / gradients

Theory
(e.g. cosmology,
non-linear codes)
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What does cloelike do?
The likelihood calculation of Euclid observables is done within cloelike

• Integration of theory code into likelihood modules

•  Different likelihood examples for various probe combination (enabling “create your  
 likelihood” ): WL, GCphot, 2x2pt, 3x2pt, GCspectro (FS, BAO), 3x2pt+GCspectro

•  Example scripts for nautilus sampler

Next on schedule:

• Interface with multiple samplers (e.g. nautilus, emcee, MH, …) and frameworks 
(e.g. Cobaya, CosmoSIS, …)

• Example scripts for profile likelihood
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How does it work?

2) Create instance of desired EuclidLikelihood

3) Call likelihood with set of parameters

1) Setting up data and settings (here through euclidlib)
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How does it work?

3x2pt GCsp

 Convergence achieved with
 ~800 CPU hours 

 Convergence achieved with
 ~100 CPU hours

(COMET + 
analytical marginalization) 
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How can you test it?
All tutorials/notebooks/scripts for the cloe-org ecosystem are hosted in playground

• Tutorials for calculations of background, photo, and spectra observables

• Tutorials for cloelike with various likelihood options

• Validation notebooks comparing cloelib to CCL, CosmoSIS, COMET, PBJ

• Scripts for sampling with cloelike (3x2pt and GCspectro available)
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Releases (and where to find them)
Clone the repositories and 

> pip install .

•  cloelib v0.8 (see github.com/cloe-org/cloelib)

• cloelike v0.1 (see github.com/cloe-org/cloelike)

• Include all scientific requirements from previous slides plus
- Unit tests and continuous integration
- Contributing guidelines

• Announced on slack channels (#dr1-kp-jc1 and #cloe-org)

• Feedback from users is essential

https://github.com/cloe-org/cloelib
https://github.com/cloe-org/cloelike
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Contributing
Extract from  github.com/cloe-org

https://github.com/cloe-org
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