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(Credit: ESA and the Planck Collaboration)

Rotation Curve of M33 
(E. Corbelli & P. Salucci, 2000)

Cosmic Microwave Background 
(Credit: ESA and the Planck Collaboration)

Dark Matter 
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Dark Matter Minispikes around an Intermediate Mass Black Hole

H. Zhao & J. Silk, 2005
K. Eda, et al. 2013

ρDM(r) =
ρsp ( rsp

r )
α
, rmin ≤ r ≤ rsp

0, r ≤ rmin

rmin = rISCO = 3Rs

2.25 ≤ α ≤ 2.5

rsp = 0.54 pc

ρsp = 226M⊙/pc3

density profile

M = 103M⊙
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Intermediate Mass-Ratio Inspiral （ ）M/μ = 102 ∼ 104

M(103M⊙) + μ(10M⊙)



5

Four Major Factors

●Gravity from DM

●Dynamic Friction

●Accretion 

●Radiation Reaction



Osculating Orbit
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perturbative force

a = −
Gm
r2

n + f

f = ℛ n + 𝒮 k + 𝒲 ez

dp
dt

= 2
p3

Gm
1

1 + e cos ϕ
𝒮

de
dt

=
p

Gm [sin ϕ ℛ +
2 cos ϕ + e(1 + cos2 ϕ)

1 + e cos ϕ
𝒮]

dω
dt

=
1
e

p
Gm [−cos ϕ ℛ +

2 + e cos ϕ
1 + e cos ϕ

𝒮 − e cot ι
sin(ω + ϕ)
1 + e cos ϕ

𝒲]
dϕ
dt

=
Gm
p3 (1 + e cos ϕ)2 +

1
e

p
Gm [cos ϕ ℛ −

2 + e cos ϕ
1 + e cos ϕ

sin ϕ 𝒮]



e0 = 0.6

Gravity of DM minispikes
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precessionfG = −
4πGρsprα

sp

(3 − α)rα−1
n

Δe = 0

Δp = 0

ΔωDM =
4πp3−αρsprα

sp

(3 − α)Meff
WDM(e)

WDM(e) = ∫
2π

0
cos ϕ(1 + e cos ϕ)α−3e−1 dϕ

conservative

N. Dai, et al. 2022



Dynamic Friction
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V. Cardoso, et al.  2020

fDF = −
4πG2μρDMIv

v3
v

g(e) = ∫
2π

0

dϕ
(1 + 2e cos ϕ + e2)3/2(1 + e cos ϕ)2−α

f (e) = ∫
2π

0

(cos ϕ + e)dϕ
(1 + 2e cos ϕ + e2)3/2(1 + e cos ϕ)2−α

 < 0⟨ dp
dϕ ⟩

DF
= −

4μρsprα
spIv

M2
p4−αg(e)

 > 0⟨ de
dϕ ⟩

DF
= −

4μρsprα
spIv

M2
p3−α f(e)

 ⟨ dω
dϕ ⟩

DF
= 0 dissipative

N. Dai, et al. 2022



Bondi-Hoyle Accretion
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H. Bondi & F. Hoyle, 1944
C. Macedo, et al. 2013

fa ≃ −
4πG2μλρDM

v3
v

Radiation Reaction

T. Damour & N. Deruelle, 1981 

fGW =
8
5

G2Mμ
c5r3 [(3v2 +

17
3

Gm
r ) ·rn − (v2 + 3

Gm
r ) v]

 < 0⟨ dp
dϕ ⟩

GW
= −

8
5

η
(Gm)5/2

c5p3/2 (8 + 7e2)

 < 0⟨ de
dϕ ⟩

GW
= −

8
5

η
(Gm)5/2

c5p5/2 ( 304
24

e +
121
24

e3)
 ⟨ dω

dϕ ⟩
GW

= 0

similar to dynamic friction·μ = 4πG2λ
μ2ρDM

(v2 + c2
s )3/2

dissipative

dissipative



period~100 years
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e0 = 0.6

α = 2.5

Large Orbital Distance p0 = 106Rs

N. Dai, et al. 2022



evolution time (yr)
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orbital evolution

Small Orbital Distance p0 = 103Rs

p : 103Rs → 10Rs

DF vs RR

acceleration

N. Dai, et al. 2022
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Small Orbital Distance

accretion

α = 2.5

p0 = 103Rs

N. Dai, et al. 2022
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𝒩 =
1

2π ∫
tf

ti

f(t) d t

Small Orbital Distance p0 = 103Rs

orbital cycles

N. Dai, et al. 2022
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GW waveform

Small Orbital Distance p0 = 103Rs

N. Dai, et al. 2022
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Small Orbital Distance

one-year evolution before  10RS

Mismatch = 1 − max
tc , ϕc

(h̃0, h̃DM)

(h̃0, h̃0)(h̃DM, h̃DM)

DL = 100Mpc

α = 7/3

N. Dai, et al. 2022
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◆  The existence of dark matter significantly affects the evolution of IMRIs

◆  How to model these environmental effects will be essential in the future

Summary

Thank you for listening


