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Haloes in brief

In theory, haloes are:

> Overdense peaks

> Gravitationally bound
Why are they relevant?

> Halo Mass Function

> Galaxy-Halo connection
> Halo Model for non-linear P(k)
> Mass modeling / Scaling relations

Detailed studies require simulations




Haloes in simulations: Weird and Wonderful
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Haloes in radial phase space
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But why not use the potential??




But why not use the potential??

Large scale gradients!



Cleaning the Gradients

¢ — ¢int + Qbext

(Stiicker et al. 2021) ‘
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Cleaning the Gradients

Absolute value of the potential No influence
| | (in GR)
¢ = Qint + Pext F Uniform acceleration
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Cleaning the Gradients

Absolute value of the potential No influence

: _ (in GR)
¢ _ Qbint £+ Qbext F Uniform acceleration
¢ — gbself =+ ¢ext (Xh) + A:vic%gbext (Xh) -+ %Aa:iijaic‘?jgbext (Xh) 4+ .-

gbboost — ¢self + Qbext — (X — Xh) : vCbext

gbboost — gb + (X — Xh) * Aext

Internal dynamics are completely equivalent!
(Stiicker et al. 2021) d



' Bang! And the gradient is gone!

qbboost




Defining haloes as potential wells

Outer Saddle Point

Sub-minimum

Persistence

Agy,

Local Minimum

Deeper Valley




Goal: Turn this into a ‘halo finder’

STRAWBERRY

STRucture Assignment With BoostEd RefeRence frame in cYthon



Goal: Turn this into a wate-firder
binding check

STRAWBERRY

STRucture Assignment With BoostEd RefeRence frame in cYthon



To find a halo

gbboost — gb + (X — Xh) * Aext,

Advantages:

> Physically motivated binding check
> Accounts for environment (Tides, Torques, etc...)

Disadvantages:

> Internal-External split -> |l defined Need to rely on a

> Local quantity -> Need an inital seed to start seed catalogue




Four-step roadmap

gbboost — gb + (X — Xh) * Aext

1. First guess (FoF Halo)

2. Switch to accelerated frame
3. Fill potential well

4. Unbind particles




' Visualising 1 halo
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' Visualising 1 halo
P




' Visualising 1 halo
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(Almost) Perfect Preening

Selection using the potential:

1 Leaves us with bound
-1 population.
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(Almost) Perfect Preening

Selection using the potential:
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(Almost) Perfect Preening

Selection using the potential:
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Finally, an edge
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exponential cut-off in the halo
profile beyond the virial radius.
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And a bunch of other cool
things discussed this week
some of which | didn’t know
about before!!!
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Boosted Haloes are Virialised!
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Summary

The boosted potential framework provides a physically motivated framework to
perform a binding check.

Boosted haloes are virialised and have edges.
Questions we can already answer.
When does infalling matter virialise?
How do the profiles change with redshift?
How does M, relate to other masses?

oost

Look out for STRAWBERRY in the near future!




' Introducing Strawberry
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' Introducing Strawberry

on

Binding energy!




When do you bind?
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Where do you bind?
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Profile evolution
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Tight scaling relation

o Tight relation
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Time scaling

1 —— t(N) = (N/9.3-10%)1%4 + 0.00035
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