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Real data is iIncomplete and noisy

The signal we are interested is affected

{0, Sifaeis

Arthur Loureiro @ Cosmo21 Chania May/2024



Real data is iIncomplete and noisy

Arthur Loureiro @ Cosmo21 Chania May/2024



Real data is iIncomplete and noisy

Almanac can obtain posteriors for
- The denoised full sky signal maps

- The full sky angular power spectra
In a model-independent and unbiased way!

Arthur Loureiro @ Cosmo21 Chania May/2024



Almanac Spin-0 Fields

pin-0 and Spin-2
osmological Fields

n arbitrary spin-s field can be represented in the
asis of spin-s spherical harmonics
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Spin'2 Data Spin-2 Fields

Ambiguous modes due to
masking of the data
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AI manac Prior on the Angular Power Spectra

Directed Acyclical
Graph & posterior

Prior on the spherical harmonic coefficients

Likelihood on the data at the field level

@

Arthur Loureiro @ Cosmo21 Chania May/2024 Loureiro et al. 2023, Sellentin, Loureiro et al, 2023



Almanac m(C) =

Directed Acyclical
Graph & posterior

1 1
G(a|C) = N exp ( 2aTC_1a>

£(d|a, N) o exp —%(d _ Ya)"™N-!(d - Ya)

Posterior: P(C,ald,N) x L(d|a,N)G(a|C)n(C)

Arthur Loureiro @ Cosmo21 Chania May/2024
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Almanac m(C) = |C|

Directed Acyclical Rl TR
Graph & posterior

1 1

Gaussian Prior DOS NOT mean
a Gaussian posterior!!!

G(al

£(d|a, N) o exp —%(d _ Ya)"N-!(d - Ya)

Posterior: P(C,a|d,N) x L(d|a,N)G(a|C)n(C)

Arthur Loureiro @ Cosmo21 Chania May/2024 Loureiro et al. 2023, Sellentin, Loureiro et al, 2023
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Our current state-of-the-art run has 16.8 Million free parameters!

Arthur Loureiro @ Cosmo21 Chania May/2024 Loureiro et al. 2023, Sellentin, Loureiro et al, 2023



Tuned HMC

Three phase tuning
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Tuned HMC

Three phase tuning
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Coordinate System comparison

Sellentin, Loureiro  -oureiro et. al, 2023
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Test Cases & Results

Weak Lensing & CMB Temperature and Polarisation
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/ £ Weak Lensing

Euclid-like case

* Multipoles: 4, 2048
* Nside = 1024 (12.5M pixels)

* 2 tomographic bins for a
spin-2 field is 50.3M pixels!

* 16.8 Million free
parameters; ~20k are C,

Arthur Loureiro @ Cosmo21 Chania May/2024
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Fiducial - Bin 2 Fiducial - Bin 2

-0.06 Y1 0.06 -0.06 Y2 0.06

Loureiro et al. 2023 (ArXiv:2210.13260)
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Angular Power
Spectra le—6 E2-E2

Posterior PDF 4 )

Almanac 95% C.I.
Almanac 68.3% C.I.

True Cosmology

Arthur Loureiro @ Cosmo21 Chania May/2024 Based on slides by Javier Lafaurie



Angular Power
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CMB Angular Power Spectra
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Angular Power Spectra

Arthur Loureiro @ Cosmo21 Chania May/2024
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Partial Sky E/B-Leakage

A Spin-2 problem for CMB Polarisation and Weak Lensing

Data Map - Q Data Map - Data - Bin 2
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Reconstructed
Lensing Potential
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Noisy Watermelon Overdensity Typical Sample for Watermelon Overdensity

€ maps are not
necessarily gaussian!

Gaussian prior # Gaussian Posterior

Half a watermellon is “famously non-gaussian™
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Arthur Loureiro @ Cosmo21 Chania May/2024 *Based on Nicolas Tessore’s AstrodJoke on twitter about measuring a cantaloupe’s PCL



Extracting Cosmology

Using point estimates and normalizing flows
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&-&osmology with point estimates
Work lead by PhD Candidate Javier Lafaurie
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Using Almanac Post. Mode and Covariance:

- Sampllng Og, chm! Qb! h! Ng

- Other parameters fixed

- Single redshift bin, 1 out of 10 (more coming!)
- Weak Lensing + Galaxy Clustering

- Gaussian covariance: P(0|d) «< L(d|0)m(6)

Full Planck 2018




Cosmology with Normalising Flows
Work lead by PhD Candidate Kutay Nazli

DeLuGe: Normalizing flows to model non-Gaussian posterlors
Adraptmg normalizing flows to high- dlmenswns to model ALMANAC s posterior

o .m
fl: i, Universiteit °
EIE) Leiden
!3%! Leiden Observatory
L ]

Leiden

Abstract

(6]

Kutay Nazli

nazli@strw.leidenuniv.nl .

Advisor' Dr. Elena Sellentin

- Context: Analyzmg the shape distortions of galaxies on large scales due to weak lensing (WL) allows for statistical anal» sis of the shear field, which measures the overdensities of matter in the universe. Thus, weak
lensing shear fields and their power spectra can be used to constrain the values of mu]nph umnnlo;,ual parameters, such as 0, 05 and Hy. These observables can be modeled independently of assumed

cosmological models, allowing for a flexible complement to the current probes.

P
- Aims: Currently, to model the full posterior distributions of the E-modes of the power spectra of the weak lensing shear field obtamed from the ALmanac [1, 2] Bayeswn h|erarch|cal model (BHM) using

normalizing flows.

- Methods: Within this framework, the analytically unknown posteriors of the power spectrum are iteratively

This enables the generation of new data, pmbabxlxlv calculation and parameter inference.

mapped to known probability distributions v'$ variable transformations learned by neural networks.

- Results: At the current stage, the method of learnmg posterior distributions of ALmaNAc binned into up to 400 bins produus rtnnrlmblg agreement in the 1-dimensional and 2-dimensional marginals. More holistic
tests show that bettz agreement in the full posterior space requires further training and fine tuning.

Goal: to obtain a normalising flow representing the
full non-gaussian posterior of Almanac angular

power spectra

Universiteit
Leiden
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Check out Kutay’s poster and chat with him for more!



Summary

 Almanac uses one of the most optimized samplers to
simultaneously sample full-sky cosmological signal
fields and their angular power spectra!

 Almanac produces data products that are model-
independent: we can use them to test ACDM, wCDM,

wow_,CDM, that weird cosmological model from
Penrose... anything!

 We can already achieve the expected scales for Stage-
IV Weak Lensing surveys with accuracy and precision!

Next:

* Applications to Stage lll Survey Data

 Cosmological analysis from point estimates (Javier Lafaurie)
 Cosmological analysis using normalising flows (Kutay Nazli)
* Primordial non-gaussianities with Weak Lensing Fields
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