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We produced a Cosmic Filaments catalogue
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Publicly available:    www.javiercarron.com/catalogue
0.05 < z < 2.2
Promising results in different topics
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Gaussian → Physical process fully described by 2pt correlation function

Source: Planck Collaboration

Gaussian fields are easy to describe

Blind to non—Gaussianity

Other tools: 3/4 pt correlation function (bi/tri-spectrum), extrema statistics, Minkowski Functionals
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Minkowski Functionals are higher order statistics

We consider a field (e.g., T)

Let u be a threshold (e.g., 2σ)

We define the excursion set A(u) as the regions of the field above u

Minkowski Functionals are: 

V₀ : area of A(u)

V₁ : boundary length of A(u)

V₂ : Euler—Poincaré characteristic of A(u)     (#regions — #holes)
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Minkowski Functionals are sensitive to non—Gaussianity

For isotropic Gaussian fields, the expectation is known:

MFs in CMB polarization
●●●●●○○○○○○

IFT, Madrid — 19 Sept 2022

Characteristics of the map 
(angular power spectrum)

Ambient
manifold

Threshold

Any deviation is due to non—Gaussianity and/or anisotropy
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Minkowski Functionals are sensitive to non—Gaussianity

For isotropic Gaussian fields, the expectation is known:
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Characteristics of the map 
(angular power spectrum)

Ambient
manifold

Threshold

Any deviation is due to non—Gaussianity and/or anisotropy

Early Universe (e.g., T): test for primordial non—Gaussianity

Late Universe (e.g., κ): extract more cosmological information
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We extend MFs to modulus of polarization P² 

We generalize the theoretical formula for P² = Q² + U²

Excellent compatibility between theory and Gaussian simulations

Planck data in agreement with realistic simulations (with anisotropic noise)
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Full polarization information in

We obtain the theoretical prediction for the MFs

Simulations fully compatible with theory
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And we extend MFs to full polarization P(φ, θ, ψ) 
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We explore the non—Gaussianity of Galactic dust 

Galactic dust is intrinsically non—Gaussian and anisotropic

Good realistic simulations should include non—Gaussianities from realistic foreground 

We use MFs to compare several methods used to simulate polarized dust emission

w/ Giuseppe Puglisi
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Typically:   variance + Gaussianity  ⇒  theoretical MFs

But also:    measured MFs + Gaussianity ⇒  variance

Stay tuned for results
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MFs can be applied to the CMB power asymmetry 
w/ Giacomo Galloni
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We develop Pynkowski as a Python package

Pynkowski is fully documented and modular

Theory module: computes the theoretical prediction of different kinds of fields

Data module: computes the MFs on different kinds of data structures

Both modules are easy to expand

https://github.com/javicarron/pynkowski
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Takeaway points 

Minkowski Functionals are useful tools to study non—Gaussianity

It has many applications in both Early and Late Universe

We created Pynkowski to ease the application of MFs to the community
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Takeaway points 

Minkowski Functionals are useful tools to study non—Gaussianity

It has many applications in both Early and Late Universe

We created Pynkowski to ease the application of MFs to the community
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