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GW150914

Zoo of O2 BBH
systems observed so
far

Total mass
18.6—85.1 Msun

Most massive system
spends shorter
duration in the

frequency band.
Merger and
ringdown gives more
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https://arxiv.org/abs/1811.12907
https://arxiv.org/abs/1811.12907

Masses in the Stellar Graveyard

in Solar Masses

EM Neutron Stars

LIGO-Virgo | Frank Elavsky | Northwestern

10 stellar mass Black Hole Binaries (BH mass < 100 Msun)
GW observations provided evidence for the existence of massive stellar mass BHs
All LIGO-Virgo BHs: Collapse of massive stars/binary merger remnant




Observed Mass Ranges of Compact Objects
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Does IMBH exist? How it is formed? Distribution of IMBH?

Possible observation avenues of IMBH:
Accreting IMBH in Xray band
IMBH in a binary system in GW band



Intermediate
Mass BHSs In
LIGO
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: K. Jani
o Detection challenges
o signal is dominated by merger and ringdown
e templates are not as accurate as for stellar mass BBH
. Noisy transients appear like a signal

e Joint search: unmodeled transient search + compact binary
coalescence search



IMBHB SEARCH:
UNMODELED TRANSIENT
SEARCH

Coherent WaveBurst (cWB) - For GW up to duration of few
seconds.

Afrequency

Minimal assumption about waveform morphology

example of CBC chirp

Combine the time-frequency representation from 2
detectors to obtain energy (incorporating possible delays).

Clustering scheme combines the TF pixels from different
scales. Gives the signal energy.

Detection Statistic incorporates the correlation between
the detectors

Works well for signals with unknown waveforms

SS IMBHB:LVC-PRD 85, 102004 (2012)
S3S6-IMBHB: LVC-PRD 89, 122003 (2014)
O1-IMBHB: LVC-PRD 96 022001(2017)



IMBHB SEARCH:
MODELED MATCHED FILTER
SEARCH

Optimal for known GW signals

Templates constructed using waveforms
from general relativity that matches the
target signal

Matched filter approach: Maximum

likelihood statistics
gstLAL: Messik etal (PRD 2017)

O1-IMBHB: LVC-PRD 96 022001(2017)

Templates used: Effective one body
numerical relativity Templates with

aligned spins, Mass range total mass
50-600 Msun, q=1:10, 44902 templates

D. Mukherjee


http://arxiv.org/abs/1602.03839

TIME-SLIDE METHOD TO ASSESS
THE NOISE BACKGROUND

The strain data exhibits non-
Stationary and non-Gaussian noise
features.

Estimation of chance coincidence of
noisy events = Background estimation

Maximum light travel between 2

| |GOs is 10 ms. Obtain noisy triggers http://arxiv.org/abs/1602.03844

oy combining information from with
unphysical delays (greater than 15 ms)

Effective for uncorrelated
instrumental noises


http://arxiv.org/abs/1602.03844

Combined search result
with O1 data

* Based on the estimation of noise —
background, compute the = my+my =600
number false alarms for a given ™ fma =1

ml/m2=0.1

Tobs based on the event 2| . IMBHB Template Bank
IOUdneSS_ 1 - . Uber Template Bank

* Make a single list of foreground
triggers based on the combined
FAP associated to the trigger.

* Most significant events:
GW150914, GW151012,
GW151226 (NOT in IMBHB mass

range)

L. Sadeghian

e Next significant event has P=0.26

No IMBH binary was detected in O1 data LVC-PRD 96 022001(2017)



Upper limits on IMBHB
coalescence rates

No knowledge on the mass distribution
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Most sensitive mass-bin is aligned spin |
with 100-100Msun up to 1.6 Gpc O1-IMBHB: LVC-PRD 96 022001(201;

Provides most stringent upper limit on
coalescence rate of IMBHB of 0.93Gpc=3yr™!



O1 IMBHB analysis limitations

Modeled search is with
IMRPhenomP and SEOBNR

waveforms with (,m) (2, £2)
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At higher masses and high

mass ratio, higher modes are Graff etal

Important PRD 2015

Precession and higher order

modes are not included in the

binary templates

Upper limits are obtained for cWB per

dominant mode waveforms centage volume
iImprovement

with HM

Bustillo etal

PRD 2018



More In future

 |nclude HM and precession effects in searches as well as
In upper limit calculations!!

e |njection study with the NR waveforms with HM will obtain
more realistic upper limits

e IMBHB research @ |IT Bombay
V.Gayathri — O1-02 Unmodeled transient search of

IMBHB
Koustav chandra — Sensitivity of searches to NR
waveforms with HM with precession

Stay tuned



Thank you



02 Rates from Catelog

e BNS rate — 97-4440 Gpc/-3 yr/-1
e BBH rate (between 5-50 Msun) — 9.7-101 Gpc/-3 yrA-1

e IMBHB 100+100 Msun — 0.93 Gpc/-3 yrA-1



Astrophysical implication



