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Theoretical basics



Advanced LIGO



First science observation run: O1

Ø Carried out from 12 September 2015 0:00 UTC (GPS time 1126051217) until 19 January 2016 

16:00 UTC (GPS time 1137254417).

Ø Two events were confirmed (GW150914 and GW151226)

Ø Strain data was made public on 22 August 2017: https://www.gw-openscience.org/data/

Ø Also contains the strain of injected GW from CBC and Burst

https://www.gw-openscience.org/data/


Event 1: GW150914Existence of GW and 
stellar-mass BBH 



Event 2: GW151226



Second science observation run: O2

Ø Observation began on November 30, 2016 to August 25, 2017

Ø Virgo also joined

Ø Four GW from BBH and BNS events were confirmed

Ø Only data from the events is currently public: https://www.gw-openscience.org/data/

https://www.gw-openscience.org/data/


Event 3: GW170104



Event 4: GW170608
observed by H, L 

source type black hole (BH) binary 

date 08 June 2017 

time of merger 02:01:16 UTC 

signal-to-noise ratio 13 

false alarm rate < 1 in 3 000 years 

distance 0.7 to 1.5 billion  
light-years 

redshift 0.04 to 0.1 

total mass  18 to 24 M⦿ 

primary BH mass 9 to 19 M⦿ 

secondary BH mass 5 to 9 M⦿ 

mass ratio 0.3 to 1.0 

remnant BH mass 17 to 23 M⦿  

remnant BH spin 0.64 to 0.72 

remnant size 
(effective radius) 47 to 63 km 

remnant area 2.7 to 5.0 × 104 km2 

effective spin 
parameter -0.01 to 0.30 

effective precession 
spin parameter unconstrained 

peak GW luminosity 1.8 to 3.9 × 1056 erg s-1 

radiated GW energy 0.68 to 0.91 M⦿c2  

duration from 30 Hz ~ 2 s 

# of GW cycles from 30 Hz ~ 100 

signal arrival time delay arrived at H ~ 7 
ms before L 

HL sky area†  ~ 520 deg2 

peak GW strain (10-22)  ~ 4 (H), 3 (L) 

peak stretch of  
interferometer arm 

~ ± 0.8 am (H),  
0.6 am (L)  

frequency at peak GW strain 453 to 610 Hz 

wavelength at peak GW strain 492 to 662 km 

remnant ringdown frequency 745 to 1013 Hz 

remnant damping time 1.0 to 1.4 ms 

consistent with general 
relativity? 

passes all tests 
performed 

GW170608 FACTSHEET 

Images: time-frequency traces (top),  
mass distributions (bottom right)  

GW=gravitational wave, M⊙=1 solar mass=2x1030 kg,  
am=attometer (10-18 m), H/L=LIGO Hanford/Livingston 

Parameter ranges are 90% credible intervals.  
†90% credible region 
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Event 5: GW170814Detectors network 
Improved source localization



Event 6: GW170817Multi-messenger 
astrophysics 



The era of the GW astronomy

Three main factors 
allowed the beginning of 

the GW astronomy



The era of the GW astronomy
1. The solution of Einstein’s equations and the understanding of their physical meaning

Einstein’s equations:

Gµν = Rµν −
1
2 gµνR+Λgµν = 8π Τµν

Orbital phase in the Newtonian aprox.:

Orbital phase in the restricted post-Newtonian aprox.:



The era of the GW astronomy
2. The LIGO/VIRGO detectors + light based observatories



The era of the GW astronomy
2. The LIGO/VIRGO detectors + light based observatories



The era of the GW astronomy
3. The computational tools and the data analysis algorithms 
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Detection of GW from CBC



Detection of GW with known waveforms 
Problem description
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Detection of GW with known waveforms 
Problem description
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Detection of GW with known waveforms 
Matched filter
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Some data analysis related projects
www.gravitationalwaves.mx

http://www.gravitationalwaves.mx/


Recovering CBC GW injections



Independent search of GW in LIGO O1 data
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A new method for the detection using HHT
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Deep Learning for detection and estimation

Ø Higher number of weights
Ø Bigger set of examples is needed
Ø Outstanding results in image recognition
Ø Tunable and learned parameters
Ø Training is computational cost
Ø Use of GPU



Search of CCSNe GW in LIGO O1 data 
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Let’s start with the tutorial !


