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e Occupation number > 1 = boson, ¢ = number of particles per /133 o (mvdm)_3

e (lassical equations of motion

e Automatically produced as dark matter relics
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Dark matter detection prospects depend on:

e Local density p in the neighborhood of the Sun

e Coherence time, 7, o(t)
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Dark matter detection prospects depend on:

e Local density p in the neighborhood of the Sun

e Coherence time, 7

In this talk:
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QOutline

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 pgm ~ 0.3 + 0.4 GeV/cm?

e Dark matter velocity in the frame of the Sun:

— average Vam = —Vg =~ 240km/s

— dispersion o ~ 160 km/s =~ vgm/V2
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Local dark matter distribution

‘Standard halo’ model

o
e Local density pgm ~ 0.3 + 0.4 GeV/cm? b, \
Vo \

Pdm

e Dark matter velocity in the frame of the Sun:

— average Vam = —Vg =~ 240km/s

— dispersion o ~ 160 km/s =~ vgm/V2 /

mvdm k

insensitive to the ] \

‘very local’ density

inferred from measurements on galactic scales ——— [ 240 km /s
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ULDM bound states
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Formation of the gravitational atom

1) initially, DM in the continuum: M, =0

dM,
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capture

C = direct capture
['; = stimulated capture +— Bose enhancement

I's = stripping, via inverse process
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For g = 0, DM in the galaxy halo is
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stimulated capture stripping
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dark matter overdensity at the center (of the Sun)
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Summary

e Small ULDM self-interactions induce the capture of the galaxy halo DM
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— happens efficiently when galactic DM is gravitationally focused, i.e. if ’}gf‘ =

— leads to exponential growth of gravitational atoms bound to the Sun for m > 10~ eV

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



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 2dB = 27a >

R, VUdm ™~

— leads to exponential growth of gravitational atoms bound to the Sun for m > 10~ 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)
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Motivated example of light particles

Axion or ALP, ¢

e Approximate shift symmetry, ¢ — ¢ + ¢

e Broken by V(¢), periodic of period 27 f,

— mass m <K f,

e.g. V(¢) = —m?f7 cos(¢/ fa)
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Axion or ALP, ¢

e Approximate shift symmetry, ¢ — ¢ + ¢

e Broken by V(¢), periodic of period 27 f,

— mass m <K f,

e.g. V(¢) = —m?f7 cos(¢/ fa)

V(o) = gm’¢ +
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5 I(b + ...
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attractive self-interaction



Dark matter detection prospects depend on:

e Local density p in the neighborhood of the Sun

e Coherence time, Tqm
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Overdensities at small scales, in addition to the galaxy halo

1) Boson stars/miniclusters — low encounter rate for m < 1eV

6(x)=w 1 [m]%
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m) 2) Dark matter bound to the Sun in a ‘halo’ with large overdensity "
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Large occupation numbers

Quantum mechanics with potential V(x)
e X,p position and momentum operators
e |y) state

e average values defined as e.g. (p) = (yw|p|w)
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Large occupation numbers

Quantum mechanics with potential V(x)
e X,p position and momentum operators

o |y) state ‘average values follow the classical

equations of motion (Newton eq.)’
e average values defined as e.g. (p) = (w|p|w)

{ mx =p
p=-Vx
L=t Loy = (vw)
. —_ = —_— = — X
Ehrenfest Th: mdt X P 1 P
d
e A(x,p) observable —(A) =—A4, 1)
e Occupation number operator N —> Occupation number in |y) : N = (N)
e Variance from the mean: < A2> _ < A>2 - ‘classical equations of motion are a good

N#>0 approximation of the full quantum evolution’



p(t=5 Gy1)/pam
3

6.4

4.7

3.8

Solar halo dark matter overdensity

f,/10'GeV f.,/10’GeV
28 22 15 1. 09 44.6 226 135 8.1 47 33 20

[E—
)
SN

T T T 7T

01AU

10

[E—
)
N

5 Gyr)/pdm

p(t=

0.2 0.5 1 2 4 6 10



Overdensities at small scales, in addition to the galaxy halo

1) Boson stars/miniclusters — low encounter rate for m < 1eV

6(x)=w 1 [m]%
A ~ 10yr LleV

!

~ 10_5.. . L >

~ Mpc




Overdensities at small scales, in addition to the galaxy halo

1) Boson stars/miniclusters — low encounter rate for m < 1eV

°
l

" ; o N 101yr [1TenV] §

~ 1072} -

~ Mpc

) 2) Dark matter bound to the Sun in a ‘halo’ with large overdensity

[Budker et al, "19]



Dark matter detection prospects depend on:

e Local density p in the neighborhood of the Sun

e Coherence time, Tqm
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Quantum scattering and Bose Enhancement
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Bound state formation: classical perturbation theory

o for g #0, ,(t,x) is not an exact solution & M, =C+ (T, —T)M,

o if p < pait the self-interaction term glt|?4) is perturbative
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o for g #0, ,(t,x) is not an exact solution & M, =C+ (T — o) M,
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