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Introduction to " Cosmic inferences from the morphology of the Universe *

| Imprint of massive neutrinos on Persistent Homology of large-scale
structure

~ | Main Topics of Thesis

Morphology of CMB fields: effect of weak gravitational lensing

Morphology of LSS in the presence of primordial non-Gaussianity: Scale
dependent bias of critical Points

Testing Cosmological Principles

Morphology of LSS: Constraining the Modified Gravity -

Simulation Based Inference
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What is meant by morphology?

gl
70.9- 14 1s
RN -1.3

0.2

PDF(6,) = PDF(d,) = PDF(63) = PDF(d,)

M.H. Jalali Kanafi CCG sBU Intensive Report 2023/06 3/31


http://www.ccg.sbu.ac.ir/
http://www.sbu.ac.ir

M.H. Jalali Kanafi

Fourier Space

N-Point Correlation Function
Configuration Space

Peak

Local Extrema troughs

Saddle

Critical Points Crossing

Conditional Crossing

Morphological
Tools

Minkowski Functionals

Minkowski Valuations Minkowski Tensors

I— Persistent Homology

K-Nearest Neighbor

Image Processing

CCG sBU Intensive Report 2023/06

Conditional Moment of First Derivative

4/31


http://www.ccg.sbu.ac.ir/
http://www.sbu.ac.ir

M.H. Jalali Kanafi

CCG sBU

Temperature

Polarization

Galaxies

AGNs

Quasars

Cosmic
Sources

Pulsars
Supernova

Large Scale Structure Lyman Alpha

(Dark Matter Tracers)

21Cm

Intensive Report 2023/06

5/31


http://www.ccg.sbu.ac.ir/
http://www.sbu.ac.ir

M.H. Jalali Kanafi

Physical Laws

Nature Of Matter

Physics Of Interactions
Fundamental

Aspects Of Nature Properties Of
Fundamental Massive Neutrinos
Particles

Primordial Fluctuations

Initial Conditions
Primordial non-Gaussianity

The Morphology

Of Cosmic Fields Observational Effects Alcock-Paczynski

Depends On:

BAO

Gravitional Lensing

Midway Effects Cosmic Shear

Gravitional Waves

CCG SBU Intensive Report 2023/06 6/31


http://www.ccg.sbu.ac.ir/
http://www.sbu.ac.ir

Constraining the Parameters of Model

Motivations

Testing Cosmological Principles

Opening windows to new physics
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Cosmic Sources

Morphological
Dependency of
Cosmic Fields

Imprint of massive neutrinos on Persistent Homology of large-scale
structure

Morphology of CMB fields: effect of weak gravitational lensing

Morphology of LSS in the presence of primordial non-Gaussianity: Scale
dependent bias of critical Points

Testing Cosmological Principles

Morphology of LSS: Constraining the Modified Gravity

Simulation Based Inference
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Imprint of massive neutrinos on Persistent Homology of large-scale structure
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[ Neutrino Physics ]

1 E o -
/
-
Neutrinos Come In Three Different Flavors J Confirmed by the latest
experimental data
Only Interact Via The Weak Nuclear Force] (Tanabashi et al. (2018))
Are Massless ]

There are wellmotivated physical models where
neutrinos acquire mass (e.g. Gonzalez-Garcia & Nir
(2003); Mohapatra & Smirnov (2006))
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Massive Neutrino?

Neutrino oscillations: One way to

detect whether neutrinos are massive

To explain the measured flux of electron (= T N\
neutrinos from the Sun I Neutrinos are a

| linear combination

1

I

1

The measured neutrinos are not exact __’: of three mass 1
eigenstates of the Standard Model Lagrangian I states :
- — I =5 I
neutrino oscillations only depend on the |l = 3 :

difference of square masses between e -
different species
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Cosmology is mainly sensitive to the sum of the three neutrino masses (M,)

Upper limit from (CMB + BAO + CMB Lensing): M, < 0.115eV
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Fisher Forecast
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CDM + baryons + neutrinos (m)
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Probing the anisotropy and non-Gaussianity in redshift space through the
derivative of excursion set moments

see arXiv:2308.03086
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Redshift Space distortion
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Minkowski Valuations

Qy={re M|i(r)>9}
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General Form
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Morphology of CMB fields: effect of weak gravitational lensing

CMB Lensing

[ Simulating CMB Lensd Maps (T, E, and B modes) ] 0

On-point analysis
Tow-point analysis

Extracting Peaks 0

O Minkowski Valutions [Computat\onal pipelines are ready]

[Computational pipelines are ready]— TDA O

[ Simulation Based Inferece ]

Reporting Results G
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Is the Observable Universe Consistent
with the Cosmological Principle?
arXiv:2207.05765

Cosmological parameters will be direction
dependent

Tsesting
The Universe is statistically A new way to resolve cosmological tensions

Cosmological isotropic? will be opened
Principles

Approaches
Comparing CMB Dipole wi Comparing Observed CMB Map with
Quasares Dipole Isotropic Simulated Maps
A Test of the Cosmological Principle with Quasars The Universe is not statistically isotropic
arXiv:2009.14826 arXiv:2310.12859
Testing the Cosmological Principle with CatWISE Quasars: Homology reveals significant anisotropy in
A Bayesian Analysis of the Number-Count Dipole the cosmic microwave backgroundn
arXiv:2212.07733 arXiv:2308.10738

M.H. Jalali Kanafi CCG sBU Intensive Report 2023/06 29/31


http://www.ccg.sbu.ac.ir/
http://www.sbu.ac.ir

Galactic coordinates

Novs(nt, > §) = Neew(m, > ) [1 +An- B]
A=[24x(14a)]p
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min —
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Bengaly, Carlos AP, et al. MNRS (2019): 1350-1357

Cosmological Object Count

CMB Map with Kinematic Dipole
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Data Modeling: Estimating the posterior function
P(0]D) ~ L(D|6) P(6)

Bayesian Infrence Simulation Based Inference

1 Al
(Monte Carlo Samplmg] (Fisher Forecas(] Approximate Bayesian Computation (ABC) | | Kernel Density Estimation (KDE) | | Neural Density Estimators (NDE)

optional active learning

pOSterior  f------n-n-oeneeoa-t

posterior

Cranmer, Kyle, Johann Brehmer, and Gilles Louppe. Proceedings of the National Academy of Sciences 117.48 (2020): 30055-30062.
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