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Dark Matter Candidates



Dark Matter Candidates

 number of particles per  ≡ λ3
dB ≃ (mvdm)−3
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Local dark matter distribution
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Gravitational bounds from planetary and asteroid motion
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ULDM bound states
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Formation of the gravitational atom
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Bound state formation: derivation
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Phases of formation
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•  the size of  (or ) only enters into λ fa Γ



Comparison with simulations

•  transition around ξ = 1













dark matter overdensity at the center (of the Sun)
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Thanks!
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Motivated example of light particles
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changes by order one at:

ωt



changes by order one at:

ωt













•  the size of  (or ) only enters into λ fa Γ



•  the size of  (or ) only enters into λ fa Γ









Large occupation numbers

•   position and momentum operatorŝx, ̂p

Quantum mechanics with potential V(x)

•   state|ψ⟩

•  average values defined as e.g. ⟨p⟩ ≡ ⟨ψ | ̂p |ψ⟩

⟨ψ | ̂p |ψ⟩ = m
d
dt

⟨ψ | ̂x |ψ⟩



Large occupation numbers

•   position and momentum operatorŝx, ̂p

Quantum mechanics with potential V(x)

•   observableA(x, p)

m
d
dt

⟨x⟩ = ⟨p⟩

•   state|ψ⟩

•  average values defined as e.g. ⟨p⟩ ≡ ⟨ψ | ̂p |ψ⟩

⟨ψ | ̂p |ψ⟩ = m
d
dt

⟨ψ | ̂x |ψ⟩

d
dt

⟨p⟩ = − ⟨V′ (x)⟩Ehrenfest Th:

‘average values follow the classical 
equations of motion (Newton eq.)’

d
dt

⟨A⟩ =
1
iℏ

⟨[A, H ]⟩

m ·x = p
·p = − V′ (x){
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d
dt

⟨A⟩ =
1
iℏ

⟨[A, H ]⟩

m ·x = p
·p = − V′ (x)

• Occupation number operator      Occupation number in   :   N̂ ⟶ |ψ⟩ N ≡ ⟨N̂⟩

{

• Variance from the mean: ⟨A2⟩ − ⟨A⟩2 ∝
1

N#>0
‘classical equations of motion are a good 
approximation of the full quantum evolution’



Solar halo dark matter overdensity

















Scattering states









Quantum scattering and Bose Enhancement















Bound state formation: classical perturbation theory
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Dilute atoms
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Excited states and two level system














