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The intersection of algebraic topology and computational geometry with powerful algorithms
provides unrivaled sets in the ultra-precision data era. Traditionally, when we are dealing with
morphology, we are interested in utilizing those measures that are satisfying in conditions such as motion
invariance, additivity, and conditional continuity in the sense of Hadwiger’s theorem. While relaxing the
mentioned terms, allows us to introduce novel and useful measures that are appropriate for evaluating
anisotropy in the presence of non-Gaussianity and we call it the weighted morphology. Also, the
morphological measures, enables us to elucidate any high-dimensional data using low-dimensional
algebraic representations. Cosmological and astrophysical fields such as Large-scale structures (LSS),
Gravitational wave (GW), CMB, etc. are some appropriate cases to implement the topological- and
geometrical-based analysis. Particularly, one can point out to some applications of the morphological
notion as: removing or reducing degeneracies, putting pristine constraints on the parameters, and
distinguishing between different theories.

In this talk, | will give a brief review of the various categories of geometrical and topological
measures in the context of morphology, and then | will explain the theory- and data-based modeling in
cosmology. For the first example, | will go through the LSS emphasizing on the red-shift space and
corresponding distortion (RSD). After introducing new measure named “conditional moments of the first
derivative” (cmd), I derive the perturbative expansion of the cmd. My criteria can successfully recognize
the contribution of linear Kaiser and Finger of God effects. As the second case and motivated by various
theoretical approaches for evaluating the neutrino oscillation and associated masses, | will focus on the N-
body simulations for the Quijote suite modified by the Massive Neutrinos. Utilizing the super-level
filtration of various 3-dimensional density fields, the Persistent Homology are computed.

The Fisher forecasts indicate an almost significant enhancement in constraining the cosmological
parameters, dark matter energy density, fluctuation of matter density at 8Mpc/h, and initial scalar spectrum
index and total mass of massive neutrinos, when using weighted morphological and Persistent Homology
measures. Also, the higher dimensions of Betti-numbers are proper indicators to reveal the impact of
massive neutrinos.

The take-home message of my talk is that incorporating the morphology of fields would open a
promising window to make proper indicators for breaking degeneracies and constraining the free
parameters in various fields, particularly in cosmology.
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