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Looking at the most massive dark matter halos



The structure of a Dark Matter Halos

Where is the boundary of a Dark Matter Halo?
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The structure of a dark matter halo

Phase space of a halo

Density around a halo

= Splashback radius
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Why is this feature interesting?

10%

10°

e [t forms the boundary of the dark halo

i e Physical definition of halo mass

10"

oty 2 e The splashback radius probes growth history of the halo.
1
e [t forms at the boundary that separates the virialized region
> 08 of a halo from the infalling region.
0.6
e Fundamental length scale in the halo structure, should be
04 present if there is a dark matter halo.
0.2

e Simple to understand formed by the most recently accreted
material - that is not yet phase mixed.
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Dimmer & Kravisov 2014 . .
e Inner regions of halos are often dominated by baryons

® Accessible observationally!
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The various effects that the outskirts can probe (theory)
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Observations of Splashback radius

Measurement - Number density of galaxy in projection
as a function of radius and weak lensing profiles
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Splashback radius in DES Y1

Measurements of using RedMaPPer clusters

B v, > 135 km/s
Bl v, > 178 km/s
B Data (galaxies)

| I Particles

Data (lensing)
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Galaxy number density

Weak lensing around clusters

Discrepancy persists in the lensing splashback radius as well



Splashback radius in SZ-selected clusters using DES galaxies
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Splashback radius SZ clusters are
statistically consistent with simulations

- Slope of the fitted density profile
Black- Particles from MDPL?2
- Subhalos abundance matched

Consistent with Zuercher & More 2019 who did a similar
analysis with Planck clusters



The Mass and Galaxy Distribution around ACT clusters using DES galaxies
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The Splashback radius of Dark Matter in massive galaxy clusters
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« Galaxies and Dark Matter follow each
other quite closely out to large
distances

 Splash back radius agrees

 Lensing and galaxies are possibly
steeper than CDM-only simulations
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First measurement of both dark matter and galaxy distribution simultaneously
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Distribution of galaxies of different galaxy color inside clusters
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Splashback radius and the star-formation history of galaxies
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The splashback radius as a clock in the halo
Galaxies stop forming stars with time as they fall into a halo

Blue star-forming galaxies turn into red and dead galaxies

Radial velocity —

Minimum traces the time spent in the cluster by a population of galaxies



The splashback radius as a clock in the halo
Galaxies stop forming stars with time as they fall into a halo

Blue star-forming galaxies turn into red and dead galaxies
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Minimum traces the time spent in the cluster by a population of galaxies



Galaxy infall times from cluster profiles
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Red - contains galaxies accreted before 3.2 Gyrs
Green galaxies - accreted between [2.3-3.2] Gyrs

Blue galaxies have fallen in recently < 1.5 Gyrs



Constraints on the quenching timescales inside galaxy clusters
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Looking ahead at the future

Where is the boundary of the gas in the dark matter halo? (see Eric’s talk)
How does it relate to the splashback radius?

How does it relate to the boundary of galaxy quenching?

How does the distribution of Dark Matter relate to the distribution of gas?

Can we obtain better constraints on mass using the splashback radius and the galaxy
distribution?



