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higher aligned binary
black hole spins

——> longer time to merge

When both the black hole spins are aligned
with the orbital angular momentum; it
increases the binary’s total angular
momentum. If this total angular momentum
exceeds the maximal angular momentum of a
Kerr black hole then the binary cannot merge
until a sufficient amount of angular
momentum has been radiated away [1].
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waveform constructed by patching Post Newtonian (PN),
Numerical Relativity (NR) and perturbation theory
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family parameterized
by 3 parameters [2]:
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excess signal energy in the data to look for
gravitational wave bursts
*The Omega burst search [3]: a
multi-resolution time-frequency
search for statistically significant
excess signal energy = templated

15

matched filter search for sine- §
Gaussians in whitened data. 2
*Sine-Gaussians are characterized - |

by peak time (t)), peak frequency
(f,) and Q (ratio of peak frequency
to bandwidth).
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Sine-Gaussian: W (t) = Ae(
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Only a portion of the binary black hole merger signal is “picked up” by a burst search
without the clustering of triggers.
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orbital hang-up shown in mass space
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orbital hang-up =» peak frequency of merger signal changes with spin

increasing X
expected peak frequency from phenomenological model
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peak frequency observed by Omega burst search: black hole
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orbital hang-up =» increased peak SNR observed in a burst search

increasing X
expected peak SNR from phenomenological

model

v=00

]

——
¥

[ 4

]

x s 88 § 8

S5 E g

%0 @ 80 100 130 140 160
Nei] 20 40 6 8 100 120 140 160
s 001

! Peak SNR observed by Omega burst search

(=00
’ ’ s 0 450
Stgna[-w-nmse ratio (SNR) -
orbital hang-up =» increased SNR and detectability with increasing spin parameter e -
10 BEY R Lo BBH coalescence spectra 100 BBH L m§ -
v =-0.85 -~ inspiral spectrum (=00 | x=085 10 150
10" distance = 10,0 Mpc |-~ merger spectrum 107 distance = 10.0 Mpc 1o distance = 10.0 Mpc o o0
0|  Total Mass = 60.0 1/ “ ringdown spectrvm Total Mass = 60.0 41 0 Total Mass = 60.0 1/ .. o
SNR total = 216., SNR inspiral = 68.0 SNR total = 227., SNR inspiral = 140. : SNR total = 288., SNR inspiral = 237. o o
" o
b SNR merger = 192., SNR ringdown = 71. SNR merger = 174., SNR ringdown = 41. 3 SNR merger = 163., SNR ringdown = 21.2
107 20w ‘}( , ,
T orizon Distance
10 . . .
o 10 increased detectability due to orbital hang-up
10° . theoretical horizon distance Omega burst search horizon distance
10% w07 o 10° 10° —
JH—— f— 1=
Frequency 011 . . I oon
Increasing x 3 . 7
orbital hang-up = increased SNR shown in mass space e £ 800
400 00 s H
e & a0 & 00
300 120 o0 W g
200
ME E 00 M% e IR
g «© - 5o w0 {50 a0 7m0 w00 30 50 100 150 256 300 350
6 0
w
0
20
o

20 40 60 80
Mass1 (11,1

100 120 140 160

20 40 60 80 100 120 140 160
Mass1 1.

20 40 60 80 100 120 140 160
Mass1 [17.]

Total Ma: Total Mass [11.]

Horizon distance is the the distance at which an optimally oriented black
hole binary can be observed with an SNR = 8.
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