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

e ...are relevant whenever P(k) 1s sharply truncated at high k
e ...form promptly as each initial density peak collapses

...have density profiles, p(r) = 24 p (r/ R)'>, where p is the mean cosmic
DM density and R = a_(0 / V?0)'? is the size of the linear overdensity

peak (both measured at t, the time of peak collapse)
e ...have, by 1.2 t., mass, _M%p ~ 7 R’p, and size, I 0.1R

* ...have an inner core radius set by phase-space constraints, thus dependent
on the nature and cosmological origin of the DM

* ...suffer late-time tidal disruption only in star-dominated regions of
galaxies (through encounters with individual stars)

* ...dominate the dark matter annihilation signal in all but the very densest
regions of galaxies
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Annihilation radiation boosts 1n field halos...

Delos+White 2023

104 L 1
=== unsuppressed

&= tidally stripped

boost factor
2,

101

100

1
106 107 10%® 10° 1010 1011 1012 1013 1014 101¢
halo mass M (Mg)

Prompt cusps boost the emission from distant halos by factors ~20 (small
dwarfs) ~200 (MW-like galaxies) and ~2000 (rich clusters)

These are much larger than recent estimates of the boost due to substructure
made by extrapolating results of high-resolution halo simulations .



....and 1n the Milky Way

The profile due to cusps i1s

much shallower than that due
Delos+White 2023 to the smoothly distributed
dark matter
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...... extragalactic cusps

Fermi Collaboration (2014)

The mean surface brightness

: coming from the MW’s halo 1:
¢ e — comparable to that from the
- —t halos of external galaxies
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Prompt cusps

* The formation mechanism and structure of prompt cusps differ from
those of “normal” halos

* Fora m= 100 GeV, Tkd = 30 GeV WIMP, prompt cusps have Earth
mass and are a million times more abundant than Earth-mass planets in
the Milky Way, accounting for a percent or two of all dark matter

* In the Milky Way they are significantly disrupted both by tides and
(particularly) by stellar encounters within ~20 kpc

* They have no observable dynamical or gravitational lensing effects
* They dominate the dark matter annihilation signal from the outer halo of

the Milky Way and from all extragalactic objects, leading to a local
luminosity density that 1s proportional to p,  rather than p,_?



