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The IceCube Neutrino Observatory
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The Zwicky Transient Facility (ZTF)

ZTF is an optical telescope with huge 47 sq. deg f.o.v. Optimised for volumetric survey speed. 

Scans northern sky every 2 nights, to ~20.5 mag in g and r, as part of a public survey. 

Designed as a stepping stone from “scrapbook astronomy” to “big data astronomy”
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~500k objects  
per night

Neutrino 
direction 
and time

Find counterpart?

AMPEL 
(DESY pipeline)

The neutrino follow-up program
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What are we looking for?
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ZTF neutrino follow-up program

8/31 alerts followed-up 23/31 alerts not followed-up

ZTF has (conditions-permitting) followed up every accessible alert since March 2018, 
except those low-quality alerts with both signalness < 50% and 90% area > 10 sq. deg.
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What are Tidal Disruption Events (TDEs)?

1 2 3 4
Credit: NASA
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A comprehensive multi-messenger observation campaign
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A comprehensive multi-messenger observation campaign
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Radio

Optical

Spectroscopy Gamma-ray

UV + X-rayData from a dozen instruments 
across the electromagnetic 

spectrum
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IC191001A + AT2019dsg

Bright, radio-emitting TDE found coincident with IC191001A. 

Radio reveals first direct evidence of a central engine in a thermal TDE. Data suggest that conditions 
are compatible with neutrino production. 

TDEs are rare. Accounting for all 8 neutrino campaigns and ZTF RE TDE density (1 per 10000 sq. 
deg.), the probability to find any coincident radio-emitting TDE is 0.5%.  

Suggests TDEs contribute to the astrophysical neutrino flux.
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https://arxiv.org/abs/2005.05340
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But we kept looking…
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We have now completed 16 follow-up campaigns to date, out of 51 neutrinos.



18

And have now found AT2019fdr!

Very luminous nuclear transient found coincident with IC200530A (z=0.267). 

Data analysis still ongoing, but most likely a second TDE. Paper in prep (S. Reusch et al.) 

Lightning rarely strikes twice. Strong evidence of an emerging trend.  
[p=~0.005% to get two radio-emitting TDEs by chance]
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Summary

• Still searching for sources of cosmic rays + neutrinos 

• ZTF has a dedicated neutrino follow-up program, 
with analysis using AMPEL 

• AT2019dsg paper submitted to journal, hopefully 
published soon. 

• Have since found a second likely neutrino TDE, 
AT2019fdr, with paper in prep. 

• Strong evidence of an emerging trend. With ZTF, 
we are performing the first systematic search 
that can identify TDEs. 

• Our program is continuing with ZTF-II, and we 
hope to find even more associations!

Credit: IceCube
| Neutrinos from Shredded Stars | Robert Stein | 11/11/20
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Introducing AT2019dsg (“ZTF-BranStark”)

Discovered in April 2019 by ZTF, lots of data! Neutrino arrived ~175 days post-discovery. 

As for most TDEs, well-described by thermal emission (T ~ 104.6 K, R ~ 1014.5 cm, Lpeak ~ 1044.5 erg s-1) 

Relatively early/bright plateau, consistent with accretion disk formation. (z = 0.051) 

Emission from pretty hot + bright UV photosphere
| Neutrinos from Shredded Stars | Robert Stein | 11/11/20
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X-rays are more puzzling…

First observed around optical peak. Initially bright (Lx/Lopt ~ 0.1)  

Fades extremely quickly. At least factor 100 decrease over ~170 days 

As for other TDEs, described by thermal X-rays with T ~ 105.8 K, small inferred R ~ 2x1011 cm 

X-rays from inner region. Fading due to cooling or obscuration? X-rays in TDEs are poorly-understood.
| Neutrinos from Shredded Stars | Robert Stein | 11/11/20
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Radio data is unprecedented for a TDE

Radio analysis reveals extended synchrotron-emitting outflow 

Expands ~1016 cm to ~1017cm, with strong (3σ) evidence for late-time acceleration. 

Inferred energy in outflow increases (~linearly) in each epoch to ~2 x1050 ergs 

Reveals a central engine powering non-thermal emission! (First direct evidence)
| Neutrinos from Shredded Stars | Robert Stein | 11/11/20
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A combined multi-wavelength picture
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AT2019dsg as a neutrino source

• Particle accelerator for protons? 

• Target for protons to collide with 

• Sufficient system energy

• Central engine revealed, with high inferred B 
fields to contain particles during acceleration, 
satisfies Hillas criteria 

• Dense UV photosphere  

• Perhaps X-ray photosphere? 

• Ambient matter? (We do infer a high density)  

• Estimate >1050 erg just from outflow. 
Consistent with expectations, given strong 
Eddington bias. (https://arxiv.org/abs/
1809.06865)

Conditions consistent with requirements for ~PeV neutrino production

Less guessing, more data!

| Neutrinos from Shredded Stars | Robert Stein | 11/11/20

https://arxiv.org/abs/1809.06865
https://arxiv.org/abs/1809.06865


26

The neutrino follow-up program with ZTF-I

| Neutrinos from Shredded Stars | Robert Stein | 11/11/20



27

What are the implications of AT2019dsg/IC191001A?

Association suggests that TDEs contribute 
to the astrophysical neutrino flux 

Icecube reported no “offline” evidence for 
correlation between neutrinos and TDEs, 
TDEs must contribute <~39% of total flux 

Two TDE-neutrino association out of 16 
follow-up campaigns is compatible with the 

IceCube limit 

More TDE-neutrino associations will be key 
to understanding the role of TDEs as 

cosmic accelerators

https://arxiv.org/abs/1908.08547 
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