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When L < 1 the evolution of the second mode can be determined as a function of the first mode
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GW emission from the cloud (1)
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Freguency spectrum

Ly . ~ g2, ptwr iy ) ; A .
hy x(w) = /L dth (ﬂ)ﬁmt— hy (w) = hg 1+ ;oq { EQ /; dt (e*(w":_gmnw(é))@(i) + etlwit2ame(t) o (f))



Freguency spectrum

L . )

hy x(w) = fd!h (t)e™! ” 1+ cos?e™r 4 i(wt—2Amgp(1)) i(Wi+2Amp(L)) H*

x(@) = AR (D6 o o () = B [t (e eMQ(t) + e e(1)Q (L))
: t

3

Stationary phase approximation: ﬁ_(w) — —;E‘?ﬁg and 15+(“J) — ;E?ﬁ?};




Freguency spectrum

7 gl iwt 1+ cos?e™r [l
h+,><(f.d) — /L\ d”?;.{.?x(ﬂ)ﬁ > E’—I— (J.’.U) _ h;(] e b / dt (Ei(w-‘l—ﬂﬁ?nf{?(”)Q(i) + E'i(wﬂ—l—ﬂﬂ?n@?(i))Q#(L))
1 i'-.rl

2 2
Stationary phase approximation: ﬁ_(w) — —;E‘?ﬁg and 15+(“J) — ;E?ﬁ?};

. VTho(1 + cos? 1)

hy(w)=
+(w) WCT

(QU— (@)™ @) + Q" (14 (w) ¥+ )



Freguency spectrum

7 gl iwt 1+ cos?e™r [l
h+,><(f.d) — /L\ d”?;.{.?x(ﬂ)ﬁ > E’—I— (J.’.U) _ h;(] e b / dt (Ei(w-‘l—ﬂﬁ?nf{?(”)Q(i) + E'i(wﬂ—l—ﬂﬂ?n@?(i))Q#(L))
1 i'-.rl

2 2
Stationary phase approximation: ﬁ_(w) — —;E‘?ﬁg and 15+(“J) — ;E?ﬁg

. VTho(1 + cos? 1)

hy(w)=
+(w) WCT

Peakof Q" (14(w)) at t4(wp) = =2 — w, = 4(Qp — 2[I']) > 0

(QU— (@)™ @) + Q" (14 (w) ¥+ )




Frequency spectrum (2)

0.0050

0.0048 A

I
(]
[
[
[
[
1
(I
1
11
11
0.0046 - Lo
. 11
11
b~ o
— [
[
0.0044 4 : :
[
(I
P
1
0.0042 A : :
11
—— stationary phase : :
numerical : :
0.0040 - —— - '
8.4 B.6 B.B 9.0 9.2

f{mHz]

a=0.45,¢ =103, 2 =0.022, M = 10* M



SNR

b B I QU ()P
5 y|Am| Jg Sn(f)

SNR*E - 3 fmin — 10_51—125 .fmax = 1Hz



M(Ms)

SNR? =

4 hZ Fmax

5 W‘Aml frnin

SNR

(te (NI

s fmin — 10_5HZ, fma.x — 1Hz
Sn(f)



M(Ms)

0.38

SNR? — 4T o

fma.x

5 W‘Aml fmin

0.40 0.42 0.44 0.46 0.48
a

g = 0.1, d = 20Mpc

0.50

SNR

(t+ ()

3 fmin — 10_5HZ, fma.x — 1Hz

Sn(f)

uleV) x 10713
130 135 140 145 150 155 160 1.65

0.38 0.40 0.42 0.44 0.46 0.48
o

M =4 x10*M, d = 20Mpc

10.5

9.0

7.5

6.0

4.5

3.0

1.5

0.0

SNR



Conclusions

Disruption of superradiant clouds from companion objects

Particles transition from one state to another at specific
orbital frequencies

Time dependent quadrupole moments during the
transition lead to emission of GWSs

Shape of waveform is derived analytically in terms of the
narameters of the system

~requency spectrum can be derived from the stationary
nhase approximation

-requency in LISA’s band for IMBH, possibly detectable for
MRI




	Slide 1: Gravitational wave signals from transitions of Gravitational atoms in Black Hole Binaries 
	Slide 2: Superradiance
	Slide 3: Superradiance
	Slide 4: Superradiance
	Slide 5: Superradiance
	Slide 6: Superradiance
	Slide 7: Superradiance
	Slide 8: Superradiance in a binary
	Slide 9: Superradiance in a binary
	Slide 10: Superradiance in a binary
	Slide 11: Superradiance in a binary
	Slide 12: Superradiance in a binary
	Slide 13: Superradiance in a binary
	Slide 14: Resonances
	Slide 15: Resonances
	Slide 16: Resonances
	Slide 17: Resonances
	Slide 18: Resonances
	Slide 19: Resonances
	Slide 20: Resonances
	Slide 21: Resonances
	Slide 22: Resonances
	Slide 23: Adiabatic elimination
	Slide 24: Adiabatic elimination
	Slide 25: Adiabatic elimination
	Slide 26: Adiabatic elimination
	Slide 27: GW emission from the cloud (1)
	Slide 28: GW emission from the cloud (1)
	Slide 29: GW emission from the cloud (1)
	Slide 30: GW emission from the cloud (1)
	Slide 31: GW emission from the cloud (2)
	Slide 32: GW emission from the cloud (2)
	Slide 33: GW emission from the cloud (2)
	Slide 34: GW emission from the cloud (2)
	Slide 35
	Slide 36
	Slide 37
	Slide 38: Frequency spectrum
	Slide 39: Frequency spectrum
	Slide 40: Frequency spectrum
	Slide 41: Frequency spectrum
	Slide 42: Frequency spectrum
	Slide 43: Frequency spectrum (2)
	Slide 44: SNR
	Slide 45: SNR
	Slide 46: SNR
	Slide 47

