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Dark Matter Halos

- Dark matter halos are endpoints
of all cosmological structure
formation

+ Self-bound structures, virialized
+ Highest dark matter densities

- Harbor all stars, galaxies,
quasars

Via Lactea simulation

Formation of structure tells us about the history of the universe
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“Aquarius” Springel et. al 2008
- The density of halos 1s well described by the NFW profiles
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+ Slope 1s -1 1n the inner regions and rolls over to -3 1n the outskirts of the halo.




Phase space @iagmm cf Halo evolution

First turnaround

e Collapse of a single isolated peak

(For spherical potential and smooth accretion)
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Second turnaround
= Splashback radius
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Splashback - corresponds to first apoapses passage after collapse



First turnaround

o The structure cf a dark matter halo
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Phase space of a halo

Second turnaround
= Splashback radius

Credit: Chihway Chang
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Dark Matter halos in simulations

€T (h_lMpC) More et al. 2015

Via Lactea simulation



P/ P

dlog p/dlogr

~J
f
|

QOuter cfensity Jamﬁfes qf Dark Matter Halos

10% |

102

10!

10Y

101 |

f— » > 35
(- - = NFW fit
—_—— El:inast() fit

Diemer & Kravtsov 2014

b.

dlogr

I

dlogp/

0.1
-1
r (Mpch ")
Adhikari, Dalal, Chamberlain 2014



Logarithmic Slope of the density profile Accretion Rate and halo redshift
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Hierarchical structure formau’on
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Small halos form first and merge to form more massive halos
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Substructure also show a sigmficant syreacf in their

distribution within the halo
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@ynamiea[ Halo

ICs —— Mass Accretion Histories "Profiles

Input A: ICs features Input B: Mass accretion history Output: Mass profile
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Importance

Feature Clm}oormnces ﬁom Machine Leaming
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Understand if ML/Clustering methods can isolate structures within the halo
* Is the halo a uniform virialized structure?

* Are there physical dynamical boundaries?

« How do we efficiently extract structures within dark matter halos?

 Streams, subhalos, sub-subhalos

Soorya Narayan R * Does the current halo structure contain information about its history?
Masters student at IISER Pune

 How are these structured assembled?

’Umﬁeo[ ’Mamfofcf Approximation and Projection (UMAP) for Dimension Reduction



UMAP
’Umﬁeo[ ’Mamfofc[ ﬂyjomximation and CPrcjection for Dimension Reduction

. Graph in higher dimension space, weighted by distances
. The metric is allowed to be non-Euclidian that preserves the topological structures

* Projects to lower dimension space such to optimally conserve this topology of the original higher
dimensional space.

Compute a graphical representation Learn an embedding that preserves
of the dataset the structure of the graph
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=
Compute a graphical representation Learn an embedding that preserves
of the dataset the structure of the graph
Original 3D Data 2D UMAP Projection

UMAP Projection of a woolly mammoth

https://pair-code.github.io/understanding-umap/
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tructures within the dark matter halo

e Zoom-in simulation of a Milky Way mass, 8.8 X 1012M®/ h, dark matter halo, Particle mass resolution = 3 X 105M®/ h

Use the 6D phase space information

o Use UMAP to visualise distinct groups.
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for every particle in a ~1Mpc/h region around the Milky Way centre.



‘AP Trcjecu’on of the ‘Mi[ﬁy Way Halo
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Largest UMAP cluster Joosiu’on space

Largest cluster using DBSCAN in the UMAP space



Largest UMAP cluster Jaﬁase space
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What is UMAP ofoing?
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Particle ﬁistmfy or assemﬁfy information

Phase mixing
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When did each particle reach splashback? Where did each particle reach splashback



Mass
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Fvolution ﬁistvry @C the halo

Mass Evolution

— Virial Mass
- Mass of Ellipse
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UMAP Space
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Axis 2

AXIS 2

UMAP Space
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S ummarizing

 The dark matter halo is dynamically evolving.

* The relaxed part of the halo can be cleanly separated out in UMAP space

 Outskirts of the halo are dynamically distinct from the inner regions. Including the splashback
region

 Outer regions contain particle recently accreted that are not phase mixed.

UMAP like visualisation techniques can be a tool to disentangle structures in cosmic fields like
dark matter halos. Giving us new perspectives and tools when combined with physical intuitions.

 Use this as an intermediate layer for halo finding, stream finding, looking at evolution In the
context of the relaxed and unrelaxed halo.
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