HKLEF, Hong Kong
November, 2023

L
-
\\

The smallest dark matter structures

Simon White, Max Planck Institute for Astrophysics
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Halos converge to NFW outside rp,..(7/)

Springel et al 2008
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The NFW shape 1s a good fit over

6 orders of magnitude in density

PNEwl(h) & 32,0_2/ r(r + r_2)2
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Prompt cusp formation in a ACDM density peak
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Prompt cusp formation in a ACDM density peak

Prompt cusp formation differs
qualitatively from “normal”
halo formation

10% 7 Violent relaxation is important
T No close link of profile to cusp
U | .
growth history
Lo - / A “universal” profile different

from NFW
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Prompt cusp and subsequent halo growth for a peak with z_,, = 87

prompt cusp prediction
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Prompt cusps

....form almost instantaneously as each peak 1n the 1nitial density field collapses

< r<r..where

Their density is a power-law of radius p(r) ~ Ar~1 for r Sut

core
A and r, . depend on the properties of the peak

out

Their central density, p,... = Ar..> depends on the nature of the dark matter

More massive dark matter objects build up gradually by merging and accretion
and have “universal” density profiles pnpw(7) * 32,0_2/ r(r + r_2)2

Prompt cusps are so dense relative to later halos that most should survive to today

For a standard Cold Dark Matter WIMP, they should have ~Earth mass, should be

10 times the size of the Solar System, should be ~ 10° as abundant in our
Galaxy as planets, and should dominate any y-rays from dark matter annihilation



