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EM+GW: Binary neutron stars mergers + kilonovae
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NSF/LIGO/Sonoma State University/A. Simonnet

Soares-Santos+17

GW170817+AT2017gfo



EM+GW: Binary black holes + AGN flares
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Credit: Caltech/R. Hurt (IPAC) 



EM+GW: Binary black holes + AGN flares
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BBHs are 
multimessengers too!
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The GW-MMADS O4 team
Igor Andreoni 

(UNC-Chapel Hill)

Keerthi Kunnumkai
Brendan O’Connor

Antonella Palmese 
(advisor)

Lei Hu

Also:

● Barry McKernan (CUNY)
● Saavik Ford (CUNY)
● Matthew Graham (Caltech)
● Tomás Ahumada (NOIRLab)
● Michael Coughlin (UMN)
● Daniel Gruen (LMU)
● Frank Valdes (NOIRLab)
● and many more!

(Gravitational Wave Multi-Messenger Astronomy DECam Survey; PIs: Andreoni + Palmese)

Xander Hall
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The counterpart search workflow
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The counterpart search workflow
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Team receives 
GW trigger

Go/no-go 
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The Ideal: close 
workflow loop 

faster than data 
collection

(DECam: exposure 
time + 30 seconds)
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Team receives 
GW trigger

LVK Public Alerts User Guide
https://emfollow.docs.ligo.org/userguide/

100% solved

Slackbot
https://github.com/CMU-MMA/slackbot

Forked from 
https://github.com/scimma/slackbot 

(Ved Shah)

https://emfollow.docs.ligo.org/userguide/
https://github.com/CMU-MMA/slackbot
https://github.com/scimma/slackbot
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Go/no-go 
decision Depends on science case

Archival coverage?
Event parameters?

Weather?Observability?

airmass.org

http://airmass.org
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Plan 
observations 80% solved

healpix-painter
https://github.com/tomas-cabrera/healpix-painter

- What does the archival 
coverage look like?

- What filters are available?
- How deep is the coverage?
- How much time is available?
- What photometric catalogs 

are available?

See also:
gwemopt

(Coughlin+18,19, Almualla+20) 
(https://github.com/skyportal/gwemopt)

https://github.com/tomas-cabrera/healpix-painter
https://github.com/skyportal/gwemopt
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Process data 75% solved

GW-MMADS DECam pipeline
Hu, Cabrera+26 (arXiv:2603.08593)

https://arxiv.org/abs/2603.08593
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Process data 75% solved

GW-MMADS DECam pipeline
Hu, Cabrera+26 (arXiv:2603.08593)

- GPU image differencing w/ SFFT (Hu+22)

https://arxiv.org/abs/2603.08593
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Process data 75% solved

GW-MMADS DECam pipeline
Hu, Cabrera+26 (arXiv:2603.08593)

- GPU image differencing w/ SFFT (Hu+22)
- ~50s/DECam exposure

https://arxiv.org/abs/2603.08593
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Compile 
dataset 40% 

GW-MMADS DECam pipeline
Hu, Cabrera+26 (arXiv:2603.08593)

- GPU image differencing w/ SFFT (Hu+22)
- ~50s/DECam exposure
- Crossmatch with galaxy catalogs (redshifts?)
- Generate summary plots

https://arxiv.org/abs/2603.08593
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Assess  
dataset 25%

GW-MMADS vetting plot

Photometry
Stamps

Host info
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Assess  
dataset 25%

GW-MMADS vetting plot

Photometry
Stamps

Host info

Questions not answered by plot:
- What does the stamp for a 

particular exposure look like?
- Multiband photometry?
- What spectra are available 

(archival or otherwise?)
- Archival lightcurves for host?
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GW-MMADS O4 results
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GW-MMADS O4 results

- 15 wide-field GW searches during O4
- 16 NASA GCN circulars + 779 TNS 

reports
- Publications w/ GW-MMADS results:

- Cabrera+23: S230922g
- Ahumada+26: S250206dm
- Hall+26 (submitted): S251112cm
- Cabrera+26 (in prep): Summary



Lessons learned + future prospects
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If Rubin wants to 
test its capabilities 
during IR1, it will 

need to trigger on 
a BBH.
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GW follow-up is not compute-limited…
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GW follow-up is not compute-limited…
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…but someone needs to herd the cats.



24

Only a human can say “Eureka!”
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How can we learn to
“drink from the firehose”

of large data streams?
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Only a human can say “Eureka!”
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Many scientists want (or need) 
bespoke solutions.
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How can we design solutions to 
be at least modular?
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Many scientists want (or need) 
bespoke solutions.
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There will always be small teams doing 
important science.

(even at R1’s)
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There will always be small teams doing 
important science.

Dev team

How can we continue to make 
best practices accessible?

(even at R1’s)



Herd cats
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Design modular solutions

Learn to drink from the firehose

Promote accessible computing


