
 

 

32nd URSI GASS, Montreal, 19-26 August 2017 

 
Gravitational Wave Astronomy and Astrophysics: Sources of Gravitational Waves 

 
Bangalore S Sathyaprakash  

Department of Physics and Department of Astronomy and Astrophysics, University Park PA  16801 USA  
and  

School of Physics and Astronomy, Cardiff University, Cardiff CF5 2RW, UK 
 

Extended Abstract 
 
In September and December, 2015, the twin detectors at Hanford WA, and Livingston LA of the Advanced Laser 
Interferometer Gravitational-wave Observatory (LIGO) [1] in the USA made the first direct detection of 
gravitational waves and the first ever observation of binary black holes.  Gravitational waves were predicted by 
Einstein in 1916 and experimental efforts began in the 1960s to measure the strain caused by a passing 
gravitational wave. LIGO’s discovery [2,3] has ushered a new era in observational astronomy, fundamental 
physics and cosmology. In this presentation, I will highlight the main results from LIGO observations so far, 
astrophysical implications they have brought to bear and the strong field tests of general relativity they have 
availed. 
 

 

                    
Figure 1.  The figure shows the “raw” data from the LIGO Hanford (left) and LIGO Livingston (right) detectors over 200 
milliseconds. Times are shown relative to September 14, 2015 at 09:50:45 UTC. For visualization, data are filtered with a 
35–350 Hz bandpass filter. The right plot also shows the Hanford data shifted relative to the Livingston data by 6.9 
milliseconds inverted to account for the relative orientations of the two detectors.  
 
After a one-year period of commissioning, Advanced LIGO has been taking data since November 2016 and this 
second observing run will last until summer of 2017.  As Advanced LIGO progresses towards its design 
sensitivity over the next few years and the Virgo interferometer in Italy joins observations, we hope to detect 
other gravitational wave sources such as coalescing binaries of neutron stars and black holes, supernova, 
continuous waves from asymmetric spinning neutron stars and stochastic background from a population of point 
sources as well as gravitational waves from the primordial Universe. Progress in detector development will enable 
the construction of a new network of detectors that can see some of these sources to the edge of the Universe 
helping us answer questions about the nature of the dark and energetic processes using the gravitational window. 
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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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