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Outline

ÅIntroduction to Tsinghua Group

ÅLIGO Data & Computing Infrastructure

ÅReal-time / low-latency GW Burst Search
» Applying machine learning for burst veto analysis

ÅFuture Work ïEntering the era of GW astronomy
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Our Group

ÅThe only LSC member group 

in mainland China, including 

3 faculty members

ÅGW burst data analysis and 

computing infrastructure

ÅAlso involved in KAGRA, 

AIGO and ASTROD

ÅWith close collaboration with 

MIT, Caltech and UWA
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LIGO Data

ÅData are comprised of:

» Gravitational Wave channel (AS_Q)

» Physical Environment Monitors

» Internal Engineering Monitors

ÅMultiple data products beyond raw data

» RDS_R_L1, including both GW and 
environmental channels

» RDS_R_L3, including only AS_Q channel

L-RDS_R_L3-751658016-16.gwf
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Challenges in AdvLIGO 

Era

ÅLarger Data Volume

Cite from LIGO-G0900008
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The LSC Data Grid (LDG)

AEI/Golm

ÁCardiff
Birmingham­
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Real-time Search

Online Monitoring

Real-time Search

Offline Analysis

Data Streams

Data Streams+

Data Production

Data Production

On-site

On-site+

Off-site

Off-site

ÅReal-time: between online and offline mode for large-
scale data analysis
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Motivation

ÅPrompt E/M follow-up by LIGOôs 

external collaborators
ïDetect astronomy events earlier than traditional 

observation methods

ïIncrease the confidence  of the GW candidate 

event

ïObtain more information about GW candidate 

event and its source: more accurate sky 

position, distance, é

ÅRapid detector characterization
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An Example 

Implementation

KleineWelle
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Existing Veto Methods

Åhveto: uses Poisson distribution to evaluate the 

coincidence significance for all auxiliary channels for 

a number of thresholds and time-windows

ÅUPV: finds time-coincident triggers between the GW 

channel and an auxiliary channel within a time-

window according to a series of self-defined metrics, 

used percentages

ÅBasically event-by-event methods
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Multivariate Veto

ÅStudy the correlation between a GW channel trigger 

and adjacent triggers from auxiliary channels
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Veto Approach

Å The veto process can be considered as a classification problem of 
instrument status:

» The input of the classifier is the combination of properties of all 
coincident AUX/ENV triggers at the time ti, assuming there is a GC 
trigger at the time ti.

» The output of the classifier is whether the instrument is fault or not.

ïIf yes, the GC trigger is a glitch;

ïIf not, the GC trigger is a GW signal

GC 1 1 0

0

AUX1 0 1 0 0

AUXn 0 0 1 0

ENV1 0 0 1 0

ENVm 0 1 0 0

This is definitely

a GW signal

We want to know

if this is a signal

or a glitch

No signal and

no glitch either!

No instrument faults!

perfect for training

the classifier



Some "Classic" 

classifiers from machine 

learning

1. Artificial neural networks

2. Random forests

3. Support Vector Machines (SVM)
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Artificial Neural 

networks
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1 coefficient for each input (linear 

combination)

Function of the linear 

combination

Example: Output > 0 = glitch

predicted

Input values

= aux. channel vector



Random forests

ÅBased on decision trees. Predictions of multiple trees 

combined.
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Glitch / clean prediction

Auxiliary channel vector

Test on an auxiliary 

channel coordinate

= auxiliary channel 

measurement


