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in this talk SIMPs / ELDERS

e Occupation number > 1 = boson, ¢

e (lassical equations of motion

e Automatically produced as dark matter relics



coupling to photons
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Dark matter detection prospects depend on:

e Local density p in the neighborhood of the Sun

e Coherence time, 7.
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In this talk: e ¢ is the dark matter m?
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Outline

e¢ ULDM distribution and bound states

e Formation of the gravitational atom

e Some implication for direct detection



Local dark matter distribution

‘Standard halo’ model

e Local density pqm ~ 0.3 + 0.4 GeV /cm? ‘\a
o
\.
Pdm
il
e Dark matter velocity in the frame of the Sun: 8 kpc
— average Vaqm = —Ve =~ 240km /s
= (Udm/\/i
— dispersion o ~ 160km/s ~ vgm/v2 /‘
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Gravitational bounds from planetary and asteroid motion
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e processes inducing the capture of ULDM?

[Pitjev and Pitjeva '13; Tsai et al 22; Gron and Soleng '96; Anderson et al. '95]



ULDM bound states
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bound mass < Mg
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Formation of the gravitational atom

1) lnltlally, DM in the continuum: M* = () T @
i 3 m
dM o & .1 o
2) W* = (capture) — (stripping) N % v stripping
X ‘\\\ //,, dm
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capture

= (C+ (Fl — FQ)M*
\_Y_l

>0

C' = direct capture M, (t)

', = stimulated capture +— Bose enhancement clr=t

I's = stripping, via inverse process

all > 0 and oc g% oc \?
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For g = 0, DM in the galaxy halo is

unbound solutions of the atom:
‘scattering states’ or ‘waves’, k
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e Scattering states 1y (x) Etoc(k)
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e Scattering states 1y (x) Eioe(k) A _ 2r 1 27a
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Bound state formation: derivation
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Pr, 1 ky—sks+100 = (2m)6(Aw)4g?| M| >< — ><
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subtract inverse process
Bose enhancement:
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stimulated capture stripping
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Phases of formation
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relaxation time
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density profile after 5 Gyr
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overdensity at the center
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Summary

e Small ULDM self-interactions induce the capture of the galaxy halo DM

— happens efficiently when galactic DM is gravitationally focused, i.e. if )}gf‘ — 2ma >

Vdm

— leads to exponential growth of gravitational atoms bound to the Sun for m > 10714 eV

— speed of the process depends on f, (or A) and ends with Bosenova explosions

Outlook

e direct detection on Earth, larger DM density and coherence time

e detection of Bosenova explosions

e apply to other systems, including more massive object and SMBH (smaller m)



