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Theoretical basics
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First science observation run: O1

» Carried out from 12 September 2015 0:00 UTC (GPS time 1126051217) until 19 January 2016
16:00 UTC (GPS time 1137254417).

» Two events were confirmed (GW150914 and GW151226)

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

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


https://www.gw-openscience.org/data/
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observed by LIGO L1, H1 duration from 35 Hz ~1s
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Second science observation run: O2

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

» Virgo also joined

» Four GW from BBH and BNS events were confirmed

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



https://www.gw-openscience.org/data/
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The era of the GW astronomy




1.

Einstein’s equations:

1
G!W = RW - gWR + Agw = &TT TW
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The era of the GW astronomy

The solution of Einstein’s equations and the understanding of their physical meaning

Orbital phase in the Newtonian aprox.:

®(t) = —— =3/8(¢, — ©),

Orbital phase in the restricted post-Newtonian aprox.:

| 5 715 @ B 3 I _i
Cb(t)—ﬁbo—ﬁ {984— (m 9677)@ — —04

L (9275495 | 284875 1855 5\ oo
14450688 ' 258048 | ' 2048




The era of the GW astronomy

2. The LIGO/VIRGO detectors + light based observatories




S 4 72 S A S W A 2 2 G S A J\*’/ \/\,\_ B~ D
The era of the GW astronomy

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

3. The computational tools and the data analysis algorithms

Equivalent strain noise (Hz_”z)
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Detection and confirmation
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- Localization

-  Parameter estimation



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

x 10
1 L L L L L [ L L
0.5 -
= o ; i
0.5/ f : : ]
o / 500 1000 i15roo 2000 2500 3og()\ 3500 2000 @ Observations : s(n) = [s(0),s(1), ..., (N — 1)]T
| i Time (s) . . . . . P ‘
1) Strain dats GW? | \ @ Task : decide if s(n) is only noise or if it contains a GW
WWMWMWWMM @ Aim : to select one of two mutually exclusive hypotheses
3) The coalescence
\ time of a GW
2) Known waveform Hy : s(n) — w(n) GW signal is absent,
f the GW . :
e Hy : s(n) = w(n) + h(n) GW signal is present,

where,

@ h(n) = known waveform of the GW

@ w(n) = noise in the detector (modelled with a PDF)
This is basically a problem of the Detection theory



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
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Independent search of GW in LIGO O1 data

i — th slice of strain data: [
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1. Compute p'(7) and ¥ (1)
p'(7) = xcorr (s,",(t),si (t))

yie) = [p' @)

v

2. Compute thresholds pf;, and v},
pin = 6 std (pi(D)

thh = [pll;h] :

v

3. Compute metrics ¢, p* and 7!

{# 7} =max '@}
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v
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A new method for the detection using HHT

sy (t)
ke(H,L, .. K

\ 4
Hilbert-Huang Transform

Empirical Mode Decomposition Hilbert Spectrum Analysis
Intrinsic Mode Function R Instantaneous Amplitude
Gi,i(t) a,i(t)

i: 1'-"’NIMF

Threshold . Tbresfo]d Fi;nc.'?gg . , Logic Function
ak‘,- = I’lk,i + 6O.k,i Yk,i( t) = { 0’ ol;;lerwisek‘l} Yk( t) = Yk,l( t)/\Yk,Z( t)/\ /\Yk,NIMF( t)

'

Global Trigger
Ft) =yu(OAYL(DA ... Ayg (D)




Deep Learning for detection and estimation

Input map

Convolution with ReLU + Pooling

. N |

N, Filters

Convolution with ReLU + Pooling

N _)Maxpool » » . ~ f N »Maxpool
S N, Filters T2
Ny

T

YVVVVVYVYY

N; feature maps

Higher number of weights

Bigger set of examples is needed
Outstanding results in image recognition
Tunable and learned parameters
Training is computational cost

Use of GPU

N, feature maps

1

Reshape to
a vector

Fully conected
neural network

Output: class
probability



Normalization
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Let’s start with the tutorial !




