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MOTIVATION: WHY ASYMMETRIC BINARIES 7
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BACKGROUND SPACETIME:

Eihstein Equations:

G(0>:8.7[T(O>env
Primary Schwarzschild Black Hole
dr’

, +r’dQ°
1=-2m(r)/r

ds’=g,,dx"dx"=—a(r)dt’+




BACKGROUND SPACETIME:

Einstein equationé:

. G(O) —8 ﬂ:T(O)env

Dark Matter Halo ( Hernquist Profile )

Stress-energy tensor
T, *"=diag(—p(r),0,P (r),P (r))

uv

Density profile

M (a +2M M
p(r>: H|( ] B:>(1_4 BH_)
- 2ur(r+a,) r




BACKGROUND SPACETIME IN A SMALL EXPANSION IN My,

MH —4

Compactness - C=—~10
d
g - 0

Einstein equations:
; G(O) —8 J_L_T('O)env

isolution at O(Mu)

a (a+2M a—4M_ +2r
'm(r>:MBH+M;.|( 0 _( 0 BH)( 0 BH >)+O(|V||2_I)
' a0+2MBH (ao+r)2

=1 ZMBH+ 2M (2M; —r)(a —4M_)(a +r)log(a +r)+4M_ (a +f)log(r—2M_ )+6a M_ +8 M2BH+O(M2)
r . ~ T2 M, )*(a +r) j




EXTREME MASS-RATIO INSPIRALS IN DARK MATTER HALOS

Secondary Stellar-Mass Compact Object
moving along circular equatorial orbits
perturbation of the backgrouhd spacetime

9,= g(uoz/.i. g(ulz/ T — T(O)env + T(1) env

uv uv uv

& G(ul)vz 8 erE})Ve"V +87T,,



ADIABATIC ORBITAL EVOLUTION

Radial evolution Phase evolutioh
dr . dr do
e . TR —=)
dt dE-p : dt ="

E energy flux (GW emission)
E particle orbital energy
o, particle orbital angular frequency

fixed observation time
EC (Tt o)




ENERGY FLUX COMPUTATION

Spherical symmetry of the background T d_eco-mposition of g,, and T,,
' into axial and polar modes .

| + m = odd | + m = even

, ; I
tot Z Z axnal + Epolar
=Y =

i ¥ | l olar __ . . ]- (|+2)| | 2
ol 1020 a | - Ep=lim [K(r)]
E _B'ﬂ(I—Z)!--IP(r°b5)| o or,, 3271 1 .2.)I.
' - s -
d2 ax r) : = gy : _alppo:Spo
vzl ] et _
WP=[K(r), H, (1), H, (1), W(r), p(r)]




SYSTEM CONFIGURATIONS
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‘in vacuum in a dark matter halo



(my,my) = (10°,10)M,,

2 ((I) ) _(I) ) DEPHASING (my, my) = (10°,50)M,
vacuum matter
(my, my) = (10%, 10)Mg
: (my, ma) = (10°, 530)M,,
1 year
observation
12 11 10 !'J(T;lmge_
6 months: .
observation

(Tpunge — T)/months

(Tplunge — T)/months




~(h lh)
F[h ,h |=max —
t.o,) \/<h1|h1><h1|h1>

<h1|h2>:4% ffM

h; = GW template of EMRI in vacuum
h, = GW template of EMRI in

dark matter

FAITHFULNESS

T=12 months

T=6 months
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WHAT COMES NEXT IN THE STORY?

> Generalizing to eccentric orbits (currently working on it!)

> Performing a more quantitative analysis
> Studying other dark matter profiles
~ Adding the spin to the primary black-hole

00,

Sara Gliorio [sara.gliorio@gssi.it] 12
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Expansion for small My

Exact solution:

M,

'exp 0.

—m/M /§+2\/M /§arctanr+\70_ "
M

4 a.(r)%l—

: §:2a01_lM.H+4;MBH



Expansion for small My

First/second order comparison
1=3 m=2

3.8461 x 10~ 7

m=2
573 x 1077

3.8 115 polar sector

axial sector

=3 m=3 =4 m=2 |=4 m=4
3.6194 x 10~° 3.8573 x 1077 7
3.8419 x 1077 7.1158 x 10

0 polar sector

G

=3 m=1
1152 x 10

! 3.1509 x 10"

2.2905 x 10
3.6201 x 10

! 3.1554 x 107"

My =1
My = 10

an = 1“1
2.2905 = 10

an = 1“.'




Dependence on the Compactness

c=10" T=lyear my=10My m =10"M, c=10" T=1year  my=50M, my = 10°M,

¢ vacuum rad

(Myaio» a0) = (1, 109)M, —_— ap) = (1,10HM,
(Mo, o) = (100, 10H)M 1o o) = (100, 10Y)Mg,
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Initial Radius and Flux Ratio

§
5 - my,my) = (10°, 10)Mo b my,my) = (10°, 10)Me
(fnl s H?Q) - (10 i IO)M@ mymy) = (10°, 50)M,, (my,ma) = (10°, 50)M,,
- my,my) = (10°, 10)M,, (my,my) = (10°, 10)M,,

(my,my) = (1053 SO)MO i AN i (my.ms) = (10°, SOOM
(my, my) = (10°, 10)M,,
(my, my) = (10, 50)M,,

2(¢vacuum - ¢mallcr) rad

2(¢vacuum - ¢maller) rad

I (Tplunge - T)/months
0.99

(my,ms) = (10°, 10)M,,

matter flux

Pr=1 year (my, ) = (10°, S0)M,

vacuum flux

T =1year (m.m)= (10°, 10)M,,

YT = lyear (my,my) = (10° 50)M , ]_O 50) 9 N ‘Dt 58 >< 103 Orbits
e 10)-> N ~37x 10’ orbits

0.96

T =1vyear (m.m)=(10°,50)M,

) 3 d
IQIUI — ISI[]I — — I:"I =107 T=1year (m.,m)={10° 10)M, . 10 50 9NN26><10 Orblts

radius [ M|

T =1year (m,my)=(10°50)M,




Stress-Energy Tensor of the environment

Othér DM profiles

: ' | _ - ally=-p)la
Einstein Cluster approach: - plr)=p(r/a) _y[_1+(r/ao) ]
Way of modeling a stationary BH surrounded : ive
by a collection of gravitation masses a: dependence of the profile at large distances
' k : ' B: dependence of the profile at small distances
<T-W>:—<P,upv> A ' Y: Sharpness of the transition -
m . _ :
D ] : !
Equivalent to-define a anisotropic stress- (a.B.y) = (1,41) = Hernquist (closed analytical form)
e e - : (a,B,¥) = (1,3,1) — Navarro-Frenk-White
' ' : ] i :
env . = ; = == o E t
T ding(=p(1).0.-R,().-B, () B AO=LSPEAI T Boaso

.p(r) must vanish at 2R p(r)>p(r)(1-4 MBH/I‘_)



Spikes in the dark matter density

Relativistic
Non-relativistic
DM annihilation

Initial Hernquist profile
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Sadeghian et all. 2013



