Compact binary merger detection for
Advanced LIGO : upgrading the PyCBC search

Thomas Dent (Albert Einstein Institute, Hannover), A.H. Nitz, T. Dal Canton (NASA
GSFC), |.W.Harry (AEl Potsdam), S. Fairhurst (Cardiff), D. Brown (Syracuse)

LIGO document G170091 |-v2

Motivation & Summary

< 2.9 merger signals from binary black hole (BBH) Livingston < Search space extended for O2 run up to maximum
systems seen in Advanced LIGO’s first Observing run binary mass ~500 M, component spin ~0.998

< 1 BBH signal so far reported in O2 run : GW170104 < New methods to maintain/increase search sensitivity

< PyCBC search crucial to identifying and | < Use detectable signal distribution over the sky to
establishing significance of these events A ACA A reduce false alarms

< Matched filter (templated) search : optimal for signals AL AR A < More accurate model of how noise event
of known form in single-ifo stationary Gaussian noise +—— =" — == distributions depend on template waveform

LSC&Virgo, Phys. Rev. Lett. 118, 221101

Aligned-spin template bank in LIGO’s O2 ru Astrophysical prior on event parameters
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< Extra dense coverage in near-equal-mass BBH region
<> Very high mass/anti-aligned - AT T
spin templates like ‘bursts’ flqw~2‘7i :';;, -' Effect on search baCkgrOund & SQ“Slthlty
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< Choose f, ., to strictly limit | e < O1 mass bins no longer required .
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M < Detection efficiency increased by Ranking Statistic

Ranking statistic vs. cumulative rate of noise events,

I 0'20% Compal‘ed tO O I StatiStiC for different choices of statistic (O1, signal-model,

signal-noise-model) in LIGO O1 data

T. Dal Canton & I. Harry, arXiv:1705.01845
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Non-Gaussian noise distributions 1252
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<> Very different distributions of search _100_80_6052111;2&1&8623%%60 % Signal-model statistic vs. 01 Sighal-noise model statistic vs. 01 ™ signals added to LIGO O1 data

events (SNR maxima) in different templates = ScVrecac3s 350

Short duration Medium duration Long duration DiSCUSSiOn

< More accurate models of signal and noise event distributions
allow efficient search of a wider binary parameter space
< Astrophysical priors on binary mass/spin might also increase

SNR p detection rate ...
<> Many directions to extend framework : HI-L|-Virgo search,

x?/SNR?

PDFs of noise events from analysis of Advanced LIGO data : S. Caudill (UWM)

< Group ‘similar’ templates to B precessing / higher-mode signals, machine learning classifiers?
measure variation over the bank ; o O\ | T
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