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Outline

• Gravitational Waves
• Hybrid Butterflies
• Tidal Events





G R A V I T A T I O N A L W A V E S A N D T H E I R D E T E C T I O N

ACCELERATING MASSES PRODUCE

DEFORMATIONS IN SPACE TIME THAT

WE CAN DETECT VIA INTERFEROMETRY
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THE L I GO- VI RGO- KAGRA COL L ABORATI ON

A SIGNAL WILL APPEAR IN AT LEAST TWO INTERFEROMETERS, WITH THE TIME DELAY BECAUSE OF

THE DISTANCE BETWEEN THE DETECTORS

LIGO HANFORD

VIRG

O

LIGO LIVINGSTON

KAGRA
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KNOWN “UNKNOWNS” POSSIBLE SIGNAL SOURCES THAT ARE POORLY MODELLED AND

THEREFORE CANNOT BE EASILY DETECTED USING THE MATCH FILTERING PIPELINE

GWAK ANOMAL OUS GRAVI TATI ONAL WAVE S OUR

C E S

CORE-COLLAPSE

SUPERNOVA (CCSN)
NEUTRON STAR

GLITCHES
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UNKNOWN “UNKNOWNS” NEW, UNEXPECTED GW SOURCES

WE REFER TO THEM AS ANOMALOUS AND AIM TO DEVELOP A SEMI-SUPERVISED APPROACH

WHICHWOULD LET US TO DISCOVER ANOMALOUS SIGNALS WITHOUT EXPLICIT MODELLING

GWAK ANOMAL OUS GRAVI TATI ONAL WAVE S OUR

C E S

?
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BAC K GROUND DATAS E T
K.GOVORKOVAETALMLST
10.1088/2632-2153/AD3A31
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SAMPLING RATE IS 4096 HZ, MEANING THERE ARE 4096 DATA POINTS RECORDED

EVERY SECOND

THE DATA IS DIVIDED INTO SEGMENTS OF 50 MILLISECONDS EACH, WHICH CONTAINS 200
DATAPOINTS (50 MILLISECONDS * 4096 SAMPLES/SECOND = 200 SAMPLES)

THE DIMENSION OF THE INPUT DATA IS (N, 200, 2), WHERE N REPRESENTS THE NUMBER

OF DATA SEGMENTS. THE LAST DIMENSION OF 2 CORRESPONDS TO THE DATA STREAMS

FROM THE TWO LIGO INTERFEROMETERS IN HANFORD, WASHINGTON, AND LIVINGSTON,
LOUISIANA



S I GNA

L
DATAS E T
S

K.GOVORKOVAETALMLST
10.1088/2632-2153/AD3A31
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SAMPLING RATE IS 4096 HZ, MEANING THERE ARE 4096 DATA POINTS RECORDED

EVERY SECOND

THE DATA IS DIVIDED INTO SEGMENTS OF 50 MILLISECONDS EACH, WHICH CONTAINS 200
DATAPOINTS (50 MILLISECONDS * 4096 SAMPLES/SECOND = 200 SAMPLES)

THE DIMENSION OF THE INPUT DATA IS (N, 200, 2), WHERE N REPRESENTS THE NUMBER

OF DATA SEGMENTS. THE LAST DIMENSION OF 2 CORRESPONDS TO THE DATA STREAMS

FROM THE TWO LIGO INTERFEROMETERS IN HANFORD, WASHINGTON, AND LIVINGSTON,
LOUISIANA



Anomaly Detection:
Hybrid Butterflies



Hybrid Detection

• Researchers have sought a means to detect hybrids since the 

creation of the field of taxonomy.

• Detecting hybrids would give taxonomists the ability to determine 

what constitutes a true species or subspecies.

• The question is how?

• How do we recognize a hybrid?

• What does a hybrid look like?



Hybrid Detection: Butterflies

• Consider these two species:

• Hybridization may lead to a variety of 

resulting patterns.

• There are several [dominant] genes that control color 

pattern on wings.

• Ex: red on hindwings is a dominant trait.

• Dominance: hybrids may look like one parent.

• In practice, identifying hybrids requires knowledge of 

their parent species/subspecies.

Peter Prokosch 

https://www.grida.no/resources/1906

https://www.grida.no/resources/1906


Images are from Zenodo 

records 2714333, 

3082688, 2677821, 

2686762, and 2549524, 

and are licensed under 

CC-BY 4.0.

Hybrid graphic generated 

using Canva Magic Media 

AI, then manually edited.

Images are from Zenodo 

records 2714333, 

3082688, 2677821, and 

2686762, and are licensed 

under CC-BY 4.0.

Hybrid graphic generated 

using Canva Magic Media 

AI, then manually edited.

Images are from Zenodo 

records 2714333 and 

3082688, licensed under 

CC-BY 4.0.

https://zenodo.org/record/2714333
https://zenodo.org/record/3082688
https://zenodo.org/record/2677821
https://zenodo.org/record/2686762
https://zenodo.org/record/2549524
https://creativecommons.org/licenses/by/4.0/
https://zenodo.org/record/2714333
https://zenodo.org/record/3082688
https://zenodo.org/record/2677821
https://zenodo.org/record/2686762
https://creativecommons.org/licenses/by/4.0/
https://zenodo.org/record/2714333
https://zenodo.org/record/3082688
https://creativecommons.org/licenses/by/4.0/


• Species A non-signal hybrids?

• Among Species A & B, can your algorithm find…

• Species A signal hybrids?

The Challenge: Find the Hybrids

Images are from Zenodo records 2714333, 3082688, 2677821, 2686762, and 2549524, and are licensed under CC-BY 4.0.

• Species B hybrids (mimics of Species A signal hybrids)?

https://zenodo.org/record/2714333
https://zenodo.org/record/3082688
https://zenodo.org/record/2677821
https://zenodo.org/record/2686762
https://zenodo.org/record/2549524
https://creativecommons.org/licenses/by/4.0/


Detecting anomalous sea level 

rise events





Making Better Predictions of Sea Level Rise

As the ocean rises, the ability to provide even more precise 

information about coastal sea level rise is crucial





Machine Learning Challenge: Detect anomalous flooding events from 

satellite sea level maps



Machine Learning Challenge: Detect anomalous flooding events from 

satellite sea level maps

● We provide daily satellite sea level anomaly data over the North Atlantic 

for the past 30 years

● We provide dates of anomalous flooding along US East coast stations for 

the past 30 years 

● Challenge is to detect anomalous flooding events along the US East Coast 

with the maps of sea level over the North Atlantic
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