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OUTLINE
• Multi-Messenger Astrophysics Domain, science 

questions and Machine Learning implementation 
motivation

• Projects
 Observing Scenarios Paper
 Training dataset for Low-Latency EM Follow-up

• My A3D3 experience



Zwicky Transient FacilityLIGO (Hanford)

Gravitational Waves Electromagnetic Waves

Kilonovae

LSST  (Rubin)

Search for coincident 
GW-EM signal



GW170817
• Fueled many gravitational wave (GW) follow-up 

campaigns (ZTF, LSST) and project efforts 

• BNS follow-up science cases
 Neutron star equation of state constraints
 Hubble constant calculations 
 R-process nucleosynthesis

We need to observe more GW-EM events!!



Observing Scenarios 

End-to-end GW-EM simulation 
• Goal
 1) Present updated predictions and statistics for O4 and O5 

observing runs by the IGWN (LIGO/Virgo/KAGRA)
 2) Provide updated analysis of physical constraints based on 

GW170817
• Impact
 Inform the scientific community, especially EM follow-up efforts 

to maximize the scientific output 

Now on arxiv!
Weizmann Kiendrebeogo et all. : https://arxiv.org/abs/2306.09234

https://arxiv.org/abs/2306.09234


Protocol/Simulation Flow
• GWTC-3 Distribution

• Split populations based on mass and 

spin thresholds 

• Draw distances and sky localizations 

(ligo.skymap code for 

LIGO/Virgo/KAGRA), and extrinsic 

parameters (lat., long., incl.)

• Apply SNR threshold of 8 (bayestar)

• Statistical predictions/calculate 

summary statistics

Observing Scenarios - Flow 



Observing Scenarios – Tools
• Nuclear Multimessenger Astronomy (NMMA) + Bilby 
 Bayesian multi-messenger pipeline for GW+EM 

analyses
 Ejecta quantities/parameter estimation
 EM models (KNe: Bulla2019, POSSIS)
 Combined analysis (Ho)
• Bayestar
 Rapid Sky localization code (used for IGWN)
• Gwemopt
 Perform optical simulation campaign/ observing 

schedules 
• Ligo.skymap
 Read, write, generate, and visualize skymaps
 Command-line tools

A lot of computational 
experience was built here….!



Observing Scenarios – Results

Mass distributions 
which survive SNR 

threshold (O4)

Number of events 
detected per 
distribution

Population 
component 

masses 

Spin magnitudes
 m < 2.5 𝑀!"#, [0,.4]
 m >2.5 𝑀!"#, [0,1]

Summary Statistics



Warning: Data Overload!!

• More detections than reasonable to 
handle by current (O3) follow-up 
capabilities

• Detector sensitivity increasing! 
Localization not so much…

Annual GW detection rates
Cumulative Histogram, 

Public Alert Rate



KNe Classification

• Bottlenecks/motivations
 Faint transient (light curve lasting <1week in optical)
 Large detection rates expected in O4 and O5 observing runs
 Localization remains poor
 Images can include tens of contaminating transients

Human-run classification does not remain a reasonable method

ML implementation and real-time classification is crucial to maximize observational 
resources and scientific return

BNS, O4, ZTF

In collaboration with Niharika Sravan and more



Comprehensive Low Latency Dataset
• Train Machine Learning classifiers on low-latency GCN Alert data
• Help pipelines meet realistic demand for follow-up observations
• Autonomous Real-Time Decision-Making, algorithms aimed at follow-

up strategy and classification – already interest, more to be explored
• Current KNe focus, expanding to SNe

GW Strain 

Calibration

Detection

Localization

Classification

Alerts Optical
 Follow-up

Trigger Go No-Go Decision

Candidates

Photometry

Spectroscopy

Cleaning Train on To optimize



Low-Latency Alert 
Products (GCN)

Sky 
Localization

HasNS, 
HasRemnant,
HasMassGap

(BNS, NSBH, 
noise) FAR

Light curves

Observing Scenarios 
Data Release/Bayestar

EMBright

Observing Scenarios/
NMMA, gwemopt

Spectroscopy
Host Galaxy 

Stamps

LIGO/Virgo/KAGRA Observing Capabilities: Simulated 
Detections and Localization for O4 and O5 (October 2022 

edition)

https://zenodo.org/record/7026209

P-Astro Observing Scenarios 
Data Release



Sky Location
SupereventID: S230529ay

Posterior probability of sky position
Format: Healpix projection, fits file

Bayestar data products
SNR

 Distmean: mean luminosity distance estimated by 
detectors

Searched_prob: area covered in 90% credible region 
before finding injection (assuming searched first)



EMBright
SupereventID: S230529ay

HasNS = Probability (assuming source is not noise) that at least 
one of the compact objects was a neutron star

HasMassGap = probability that at least one source’s mass falls 
between 3 and 5 solar masses

HasRemnant = Probability that the system ejected a nonzero 
amount of neutron star matter/tidal disruption occurred

1 = 100%  
0 = 0%

Inputs: mass, spin, snr



P-Astro
SupereventID: S230529ay

Probability that the GW source is a BNS, 
NSBH, BBH, or Terrestrial 

(noise)

Observing scenarios Bayestar skymap 
data

Alert Rate, FAR, and SNR dependent



Light curves/simulated follow-up

• Triggering criteria 
ZTF: g,r,i bands, 21.7, 21.4, 20.9 

mag respectfully
180s and 300s exposure during 

first and second day

• Population
Observing scenarios injections (passed SNR)

O4
1004 injected BNS à 236 detected
184 injected NSBH à 4 detected

O5
2003 injected BNS à 118 detected
356 injected NSBH à 0-1 detected



Status
Data products and (some) codebase uploaded to Github
Officially record pipeline and workflow

Sim ID Skymap 
metadata 

Skymap 
fits file

Distance 
posterior

Probability 
Contour

Location 
of true 
KNe

Observable 
Coverage

Sim ID t g r i Detected 
(1)

Not 
Detected 
(0)

HasNS HasRemnant HasMassGap BNS NSBH BBH Terrestrial

GW

EM



Looking Forward…

• Implement data!

• Finalize Pipeline, easy to use, sustainable

Which KNe is the true KNe? 
 Speed up inference by isolating KNe from SN, gamma-ray bursts, etc. 
• Generate fixed-grid of KNe light curves 
• Spectra
• Host-Galaxy Images (especially for poorly localized sources)
• Expand Observing Scenario’s sky localization data products based on GWTC-3



My Experience as an A3D3 Post-bacc
 Invaluable experience in a highly active research field
 Able to interact with and observe graduate students and postdocs

 Real-world computational experience

• Thoughts

 More structured initial few months would have added value
 Initial meet with fellow post-baccs

 ML Intro in each domain, intentional exposure to important research questions, literature review

 Github and similar organizational resources
 Goals/expectations

Thank you to the entire A3D3 committee for this experience, and to Michael Coughlin for 
his guidance



THANK YOU!



BACKUP SLIDES 








