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The search for GWs
• 9/15/14 - First confirmed 

detection of GW’s from binary 
black hole (BBH) merger


• Represents two major 
breakthroughs:


• New form of “astronomy”


• New tests of fundamental 
gravitational effects

properties of space-time in the strong-field, high-velocity
regime and confirm predictions of general relativity for the
nonlinear dynamics of highly disturbed black holes.

II. OBSERVATION

On September 14, 2015 at 09:50:45 UTC, the LIGO
Hanford, WA, and Livingston, LA, observatories detected

the coincident signal GW150914 shown in Fig. 1. The initial
detection was made by low-latency searches for generic
gravitational-wave transients [41] and was reported within
three minutes of data acquisition [43]. Subsequently,
matched-filter analyses that use relativistic models of com-
pact binary waveforms [44] recovered GW150914 as the
most significant event from each detector for the observa-
tions reported here. Occurring within the 10-ms intersite

FIG. 1. The gravitational-wave event GW150914 observed by the LIGO Hanford (H1, left column panels) and Livingston (L1, right
column panels) detectors. Times are shown relative to September 14, 2015 at 09:50:45 UTC. For visualization, all time series are filtered
with a 35–350 Hz bandpass filter to suppress large fluctuations outside the detectors’ most sensitive frequency band, and band-reject
filters to remove the strong instrumental spectral lines seen in the Fig. 3 spectra. Top row, left: H1 strain. Top row, right: L1 strain.
GW150914 arrived first at L1 and 6.9þ0.5

−0.4 ms later at H1; for a visual comparison, the H1 data are also shown, shifted in time by this
amount and inverted (to account for the detectors’ relative orientations). Second row: Gravitational-wave strain projected onto each
detector in the 35–350 Hz band. Solid lines show a numerical relativity waveform for a system with parameters consistent with those
recovered from GW150914 [37,38] confirmed to 99.9% by an independent calculation based on [15]. Shaded areas show 90% credible
regions for two independent waveform reconstructions. One (dark gray) models the signal using binary black hole template waveforms
[39]. The other (light gray) does not use an astrophysical model, but instead calculates the strain signal as a linear combination of
sine-Gaussian wavelets [40,41]. These reconstructions have a 94% overlap, as shown in [39]. Third row: Residuals after subtracting the
filtered numerical relativity waveform from the filtered detector time series. Bottom row:A time-frequency representation [42] of the
strain data, showing the signal frequency increasing over time.
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Gravitational Glint
• Similar to lensing


• Predicted “tails” of gravitational 
wave signals


• Near-identical (scaled) signal at a 
later time


• Dependent on geometry of 
system, , and mass of 
perturber, 

nE
MP
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Gravitational Glint
• Total strain will be original signal + echo


• Adds a phase factor in frequency space


• Where  is the Fourier transform of the original signal


• Want to constrain the two parameters  


• related to the system’s geometry and perturber mass

h̃s( f ) = ℱ{hs(t)}

{ϵ, Δt}

h(t) = hs(t) + ϵhs(t − Δt)

h̃( f ) = h̃s( f )(1 + ϵe−2πfΔt)

5



Gravitational Glint
• Total strain will be original signal + echo


• Adds a phase factor in frequency space


• Where  is the Fourier transform of the original signal


• Want to constrain the two parameters  


• related to the system’s geometry and perturber mass

h̃s( f ) = ℱ{hs(t)}

{ϵ, Δt}

h(t) = hs(t) + ϵhs(t − Δt)

h̃( f ) = h̃s( f )(1 + ϵe−2πfΔt)

{ϵ, Δt} → {MP, nE}
Eventually,
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Parameter Estimation
• High-dimensional parameter space


• 16+ independent parameters


• Markov-chain Monte Carlo and 
nested sampling algorithms


• Samples Bayesian posterior 
distribution (and evidence)


• Modified to include effect of a 
generic echo signal characterized by 
amplitude and time shift, {ϵ, Δt}
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Simulated results: fiducial BBH, restricted

ϵglint = 0.5

Δtglint = 0.015
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Simulated results
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Simulated results: fine tuning

• Finer search for turn-over point


• Fix 


• Smaller increments in 

Δt = 0.015s

ϵ

Glint model becomes 

preferred at ϵ ≈ 3.1
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Simulated results: fiducial BBH, restricted

ϵglint = 0.6

Δtglint = 0.005
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Preliminary

ln
Zglint

Zstd
≈ 4.336



Conclusions
• GW astronomy provides direct probe of new gravitational effects


• Gravitational glint effect produces a near-identical signal


• Potentially present in existing LIGO/Virgo data


• Addition of Glint parameters improves Bayesian evidence in injection study 
for reduced-dimensionality model


• Preliminary results show improved evidence for full parameter-space model


• Analysis of LIGO/Virgo data coming soon
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