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The dawn of Multimessenger Astronomy
New Windows on the Universe

Multimessenger Astronomy: the exploration of the Universe through combining information from a multitude of 
cosmic messengers: electromagnetic radiation, gravitational waves, neutrinos and cosmic rays



Realtime Multimessenger Astronomy | Marek Kowalski 3

The dawn of Multimessenger Astronomy
Recent highlights

Highlight #1: First merger of two Neutron-stars 
How:  Gravitational waves + optical + X-rays 
Where:  Nature 551 (2017), Science 358 (2017), 
Astrophys.J. 848 (2017), MNRAS 481 (2018) 
Who:  ~3000 astronomers / 70 observatories 

, 

Highlight #2: First source of high energy neutrinos  
How:  Neutrinos + gamma-rays 
Where:  Science 361 (2018), Astrophys.J.Lett. 863 (2018) 
Who:  ~1000 astronomers / 16 observatories 
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ObservatoryData release / data baseAnalyses

Conventional astronomy

Follow up

Time scale  > days; # Supernovae ~100
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Robotic ObservatoryData release / data baseAnalyses

Realtime astronomy

Merge data access and fast analyses

Time scale  ~ minutes; # Supernovae >> 1000
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The Zwicky Transient Facility Experience…
Combining a public wide-field survey with robotic spectroscopic follow-up

P48: Discovery

P60:  
Follow-up

P200: Classification

Palomar Observatory
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The Zwicky Transient Facility Experience…
Combining a public wide-field survey with robotic spectroscopic follow-up
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Transient detections with ZTF and AMPEL
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~105 events/night; 10% of LSST
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Transient detections with ZTF and AMPEL
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AMPEL 
Real-time 
analysis 
framework 
running 24/7  
@ DESY
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SN detections with ZTF and AMPEL
Our “Lumi”
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Automatic identification of supernova candidates and 
insertion to transient name server (TNS)

~40 % of all 
Supernova 
detected by 
AMPEL/ZTF 
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SN detections with ZTF and AMPEL
Fully automated rapid reaction spectroscopic follow-up and classification
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AMPEL-Broker

Imager Spectrograph 
(robotic)
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SN detections with ZTF and AMPEL
Fully automated rapid reaction spectroscopic follow-up and classification
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P48  
47 sq widefield imager

P60  
IFU: SEDM

IPAC / Caltech 
(subtractions)

U. 
Washington 

(kafka stream)

DESY 
AMPEL-Broker

Autonomously discovered 5h after explosion 
followed by first ever automatically triggered, 
observed and reduced spectrum.
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Neutrino-Optical coincidences
ZTF follow-up of IceCube neutrinos

IceCube-191001A: 217 TeV

R. Stein et al. in preparation

Robert Stein 
PhD student @ DESY

Tidal Disruption Events in coincidence 
with IceCube neutrinos @ 3.5 sigma 
Stein et al., Nature Astro. 2021, S. Reusch et al, PRL 2022  
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GW follow-up
Serendipitous search instead of triggered for large areas

Effective, prompt and 
comprehensive searches are 
now being done even for 
1000s of square degree 
localizations. Software 
(AMPEL!) is key.
~20 GCNs posted on follow-up of ZTF candidates. 
Coughlin et. al. Astrophys.J.Lett. 885 (2019) 1, L19, https://arxiv.org/
abs/1907.12645 
Kasliwal, Astrophys.J. 905 (2020) 2, 145, https://arxiv.org/abs/
2006.11306 

https://arxiv.org/abs/1907.12645
https://arxiv.org/abs/1907.12645
https://arxiv.org/abs/1907.12645
https://arxiv.org/abs/1907.12645
https://arxiv.org/abs/1907.12645
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Conclusion

• Multimessenger astronomy has recently delivered 
spectacular breakthroughs, e.g. the first detection of 
counterparts of GWs and (likely) cosmic neutrinos 

• We are implementing new ways of automatization and 
connections between observatories, enabling optimal 
exploitation of resources  

• Upcoming observatories, such as LSST and IceCube-
Gen2, will increase the data rates further by an order of 
magnitude 

• The French (FINK) and German (AMPEL) broker teams 
are working together to harness the data streams.


