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LIGO - Gravitational Wave Observatory
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Autoencoders

Input Data Encoded Data Reconstructed Data



LSTM units
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Training dataset

BBH injection sample background sample
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Training dataset

glitch sample sine-gaussian injection sample
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|dea: train a model for each data class
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What does the reconstruction look like?

Input Data Reconstructed Data



BBH autoencoder on BBHs

bbh recreation plots
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glitch autoencoder on glitches

glitches recreation plots
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SG autoencoder on sine-gaussians

Sine gaussian recreation plots
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background autoencoder on background

bkg recreation plots
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analyzing unknown signal

Compute recreation loss Losses (ex.):
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Quasi-Anomalous Knowledge - QUAK

Signal Loss

Selection

0,0 Background Loss



Quasi-Anomalous Knowledge - QUAK

Anomalous features /\
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NN classifier

QUAK space (R*)
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BBH Event

procedural AE loss, bbh sample procedural NN output, bbh sample
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Sine-gaussian event

procedural AE loss,SG sample procedural NN output,SG sample
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autoencoder recreation loss

whitened strain

procedural AE loss, glitch sample
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Anomalies - CCSN waveforms

CCSN sample, Mezzacappa 2020 CCSN sample, Powell 2021
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CCSN evaluation, Mezzacappa model

procedural AE loss, C15-3D_phi0.000_theta0.982_16384Hz_SN sample procedural NN output, C15-3D_phi0.000_theta0.982_16384Hz_SN sample
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CCSN evaluation, Mezzacappa model

procedural AE loss, C15-3D_phi0.698_thetal.682_16384Hz_SN sample procedural NN output, C15-3D_phi0.698_thetal.682_16384Hz_SN sample
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QUAK space, Mezzacappa Model
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CSN evaluation, Powell model

procedural AE loss, z85_phi2.793_thetal.911_16384Hz_SN sample procedural NN output, z85_phi2.793_thetal.911_16384Hz_SN sample
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CCSN evaluation, Powell model

procedural AE loss, z85_phi5.585_theta0.680_16384Hz_SN sample procedural NN output, z85_phi5.585_theta0.680_16384Hz_SN sample
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QUAK space, Powell Model
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Further areas of improvement

e Dbetter, newer models: transformers
e more CCSN models: better representation of anomalies in QUAK space
e Dbetter CCSN models: realistic detection statistics
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