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‣ CMB bounds on WIMPS + PBHs
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Credit: Bradley Kavanagh, https://github.com/bradkav/PBHbounds

CMB bounds on PBHs + WIMPs
Dark Matter Spikes
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‘Spikes’ or ‘dresses’ of cold, particle-
like DM may form around BHs: 

“Astrophysical scenario”
[astro-ph/9906391, astro-ph/0509565, 

1305.2619, …]

“PBH scenario”
[Bertschinger  (1985), astro-ph/0608642, 

1901.08528, …]

From the slow (‘adiabatic’) growth of 
a BH at the centre of a DM halo

Around BHs which form from large 
density fluctuations in the early 

Universe (i.e. Primordial Black Holes)
‣ Formation of WIMP over densities in the Early 

Universe  annihilation rate boosted→
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‣ This work (in progress) : 
spike profile based on 
Boudaud et al. 2106.07480    

‣ CMB bounds on WIMPS + PBHs
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In collaboration with: Julien Lavalle, 
Pierre Salati, Vivian Poulin

‣ Gines et al. 2207.09481: 
spike profile based on 
Carr et al. 2011.01930
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‣ Tashiro et al. 22104.09738 
9/4 spike profile
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Spike formation: initial profile 
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Dark Matter Spikes

4

‘Spikes’ or ‘dresses’ of cold, particle-
like DM may form around BHs: 

“Astrophysical scenario”
[astro-ph/9906391, astro-ph/0509565, 

1305.2619, …]

“PBH scenario”
[Bertschinger  (1985), astro-ph/0608642, 

1901.08528, …]

From the slow (‘adiabatic’) growth of 
a BH at the centre of a DM halo

Around BHs which form from large 
density fluctuations in the early 

Universe (i.e. Primordial Black Holes)

··r =
··a
a

r −
GMBH

r2
→ r3(tt.a.) ≃ 2GMBHt2

t.a. ∝ a4
t.a.

ρ(r) ≃ ρ(tt.a.(r))
ρ(r)
ρ0

∝ ( at.a.(r)
a0 )

3

∝ ( r
r0 )

9/4

t2 ∝ a4

→ at.a. ∝ r3/4MBH =
4π
3

r3ρtot → r3 ∝ ρ−1
tot ∝ a4

t.a.

‣ Simple estimate

‣ More “refined” calculation 

(radiation domination)

‣ Initial density
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r̃

ri

viθi

WIMPs in the BH potential 

δρ(r) =
mχP(r |ri, vi, θi)dr

4πr2dr

P(r |ri, vi, θi) dr =
2 dt
T

=
2
T

1
vr

dr

J = mrivi sin θi

E =
1
2

mv2
i −

GmMBH

ri

→ vr(ri, vi, θi)

→ T(ri, vi)

‣ Energy and angular momentum conservation

ρ(r) = ∫ dridvidθi P(ri)P(vi)P(θi) δρ(r)

ρ(r) = ∫ dri ∫ dvi ∫ dθi P(ri)P(vi)P(θi)
mχ

πr2

1
T(ri, vi)

1
vr(ri, vi, θi)

When does a solution 
exist?

Eroshenko 1607.00612
‣ Non relativistic


‣ BH potential dominates (neglect particle-particle interaction)
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‣ most circular orbit 
(largest )
θ = π/2 →

L

6

‣ Given  which angles  correspond to orbits that pass through  ?  ri, vi θi r̃

‣ Smaller angles  more 
ellipticity: smaller , larger 

→
rP rA

vi
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‣ Case 1:   exists such that θ0
i vr(r̃) = 0 ↔ r̃ = rP, rA
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‣ Case 2:   does not existθ0
i

‣ Integrate over 0 ≤ θi ≤ θ0
i

‣ Integrate over all values for θi

‣ Given  which angles  correspond to orbits that pass through  ?  ri, vi θi r̃
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Spike profiles
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Spike profiles
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‣ Time scale of annihilation

Spike depletion: core formation

9

ρmax ≃
mχ

⟨σv⟩ t

⟨σv⟩th = 3 × 10−3cm3 s−1

t = {nχ =
ρχ

mχ }⟨σv⟩

−1
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‣ DM annihilation leads to the formation of a flat core

‣ Time-dependent maximum 
density
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Energy injection rate

10

dE
dVdt

inj

= nPBH {Γspike =
1
2 ∫ d3r n2

spike(r) ⟨σv⟩} × 2mχ = ρDM
fPBH

MPBH ∫ d3r ρ2
spike(r) ×

⟨σv⟩
mχ

M = 106 M⊙

M = 1 M⊙

M = 10-6M⊙

0.1 1 10 100 1000 104

1010

1014

1018

1022

z

∫ρ
2
[g
cm

-3
]

mχ = 103 GeV



FRANCESCA SCARCELLA                                                                                                                        ROME 13TH DECEMBER 2023 

Energy injection rate

11

dE
dVdt

inj

= nPBH {Γspike =
1
2 ∫ d3r n2

spike(r) ⟨σv⟩} × 2mχ = ρDM
fPBH

MPBH ∫ d3r ρ2
spike(r) ×

⟨σv⟩
mχ
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‣ In progress: revisiting the bound on WIMPs+ PBHs based 
on a careful computation of spike density profile


‣ Preliminary results point to bound  order of magnitude 
stronger


‣ We expect the same to be true for constraints from rays


‣ Full analysis soon!

∼

γ−

Conclusions
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Backup
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Energy injection: z scaling
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→
dE
dt

inj

∝ (1 + z)4

dE
dtdV

inj

= nPBH × 4πr3
core ρ2

max ×
⟨σv⟩
mχ

ρmax ≃
mχ

⟨σv⟩ t
∝ (1 + z)3

‣ For 9/4 slope, :rcore ≪ rspike

r3
core ∝ (1 + z)−2

nPBH ∝ (1 + z)3

∫ d3r ρ2
spike(r) =

4π
3

r3
core ρ2

maxKγ rcore ≪ rspike : Kγ → 3
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‣ For 9/4 slope
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WIMPs
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‣ For  GeV, :mχ = 100 ⟨σv⟩ = ⟨σv⟩th = 3 × 10−3cm3 s−1

TKD ∼ 10 MeV

tKD ∼ 3 ms
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Orbits
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