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Astrophysics
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How do we (expect to) get 
neutrinos?
• Astrophysical shocks accelerate 

protons (cosmic rays)

• Protons interact with gas and 
photons to produce pions

• Pions decay to produce
neutrinos and gamma-rays

Clancy W. James, CSIRO Co-learnium,  July 1st 2021
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Basic detection method
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Basic detection method
• Neutrino traverses Earth, interacts near detector
• 2/9ths of the time: produces high-energy outgoing muon (travels kms)
• 100% of the time: produces 10m cascade of particles
• Light signature travels few 100m
• Reconstruct light => neutrino direction

and energy

Clancy W. James, CSIRO Co-learnium,  July 1st 2021
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Current instruments - IceCube
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IceCube
• Because it’s a km3 of ice
• Fully operational since Dec 2010
• 5160 optical modules
• 885 PMTs

Clancy W. James, CSIRO Co-learnium,  July 1st 2021
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Abbasi et al, Nature 484 (2012) 7394Courtesy icecube.wisc.edu
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ANTARES
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ANTARES
• Southern coast of France (2.45km depth)
• Fully operational since 2008
• Scheduled to be decommissioned 2019 – still going!
• 200k € annual operations cost (cheap!)
• Approx. 200x200x400m: 1% IceCube
• 885 PMTs

Astronomy with a Neutrino Telescope and 
Abyss environmental RESearch

Courtesy ANTARES Collaboration

Courtesy IFRAMER

Clancy W. James, CSIRO Co-learnium,  July 1st 2021
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New detectors!

Clancy W. James, CSIRO Co-learnium,  July 1st 2021 7



8

Gigaton volume detector
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GVD
• Lake Baikal, Russia
• Under construction – completion ???
• First cluster, ‘Dubna’, deployed 2015
• 2021: 8 clusters deployed (“GVD-I”)
• First events being detected!

*

Clancy W. James, CSIRO Co-learnium,  July 1st 2021

Wikipedia commons

Vladimir Aynutdinov, Baikal-
GVD Collaboration, presented 
at VLVnT 2021
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KM3NeT
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Two detectors planned
• ORCA (smaller, denser)

1-100 GeV
• ARCA: (larger, sparser) 
• 1 TeV – 1 PeV
Composition
• ORCA 31 PMTs per OM
• 18 OMs per line
• ORCA: 115 lines
• ARCA: 230 lines

Clancy W. James, CSIRO Co-learnium,  July 1st 2021

ARCA: 100km off Sicily

ORCA: near ANTARES
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Construction
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Build OMs

Connect 18 into a 
“detection unit” (700m 
of nylon rope and cable)

Roll them ready for deployment

Chuck them off a boat

Images courtesy KM3NeT
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Construction
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ARCA
• 6 lines connected
• Size exceeds ANTARES!

Clancy W. James, CSIRO Co-learnium,  July 1st 2021

ORCA
• 6 lines connected (of 230!)
• First neutrino events

Deployment:
https://www.youtube.com/watch?v
=4Aynn5lfZ3I
Neutrino events: 
https://www.youtube.com/watch?v
=AjQx8NpQJ8Y
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New neutrino sources?

Clancy W. James, CSIRO Co-learnium,  July 1st 2021 12
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2018: TXS 0506+056
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• IC170922A: high-energy track event
• Points back to flaring blazar TXS 0506+056
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IceCube et al: Science, Volume 361, Issue 6398, id. eaat1378 (2018).
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• Look-back analysis:
• Neutrino flare in 2015

• What caused it?
• Why this blazar?

IceCube, Science, Volume 361, Issue 6398, pp. 147-151 (2018).
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Are there any more neutrinos from blazars?
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ANTARES/IceCube coincidence (A. Albert et al., ApJ 911 (2021) 48)
• ANTARES / IceCube / Gamma-ray connection in blazar MG3 J225517+2409
• A-posteriori analysis: independently only 2.6 sigma

• Another significant spot: J0242+1101 (radio-bright blazar)
• Other searches: no hints so far.
• Stacking analyses with ~1000 bright blazars: no significant result

Clancy W. James, CSIRO Co-learnium,  July 1st 2021

• ANTARES preliminary: to 
be presented at ICRC 2021

Blazar
IC event

Best-fit 
point
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Radio-selected blazars
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Plavin et al, ApJ 894 (2020) p13
• VLBI: blazars with strong radio cores (grey dots). Astrogeo database, including LBA
• IceCube events: high-energy sample of 56 events (blue ellipses; expect ~30% bkgd)

• Strongest radio cores have associations
• Evidence for temporal correlation above 10 GHz
• ANTARES data: 5% excess, no preference for

brightest sources

Clancy W. James, CSIRO Co-learnium,  July 1st 2021

• Brighter blazars tend to correlate (p=0.2%)
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Ice-cube: point-source search
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• Search for excess of events in specific

• Greatest excess: near M77 (NGC 1068)
• Nearby Seyfert galaxy
• P-value: 10%...

Clancy W. James, CSIRO Co-learnium,  July 1st 2021

IceCube et al, PRL 124 (2020) 051103 

IceCube, Science, Volume 361, Issue 6398, pp. 147-151 (2018).
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Stein et al., Nature Astronomy 5 (2020) 510
• IC191001A: 59% chance of being astrophysical
• Coincident with TDE AT2019dsg (180 days into flare)
• Chance association with a radio-emitting TDE: 0.5 %

• Evidence for mildly relativistic outflow (0.2c)
• Proton acceleration to ~200 PeV
• Sufficient to produce observed neutrino

Clancy W. James, CSIRO Co-learnium,  July 1st 2021

ARTICLES
https://doi.org/10.1038/s41550-020-01295-8

1Deutsches Elektronen-Synchrotron DESY, Zeuthen, Germany. 2Institut für Physik, Humboldt-Universität zu Berlin, Berlin, Germany. 3Center for Cosmology 
and Particle Physics, New York University, New York, NY, USA. 4Department of Astronomy, University of Maryland, College Park, MD, USA. 5Leiden 
Observatory, Leiden University, Leiden, The Netherlands. 6Columbia Astrophysics Laboratory, Columbia University in the City of New York, New York, 
NY, USA. 7Joint Space-Science Institute, University of Maryland, College Park, MD, USA. 8International Centre for Radio Astronomy Research—Curtin 
University, Perth, Australia. 9Racah Institute of Physics, The Hebrew University of Jerusalem, Jerusalem, Israel. 10Hartebeesthoek Radio Astronomy 
Observatory, SARAO, Krugersdorp, South Africa. 11Department of Physics and Astronomy, York University, Toronto, Ontario, Canada. 12Astrophysics, 
Department of Physics, University of Oxford, Oxford, UK. 13Department of Astronomy, University of Cape Town, Rondebosch, South Africa. 14Division 
of Physics, Mathematics, and Astronomy, California Institute of Technology, Pasadena, CA, USA. 15Caltech Optical Observatories, California Institute of 
Technology, Pasadena, CA, USA. 16DIRAC Institute, Department of Astronomy, University of Washington, Seattle, WA, USA. 17Centre for Space Research, 
North-West University, Potchefstroom, South Africa. 18Astroparticle Physics Laboratory, NASA Goddard Space Flight Center, Greenbelt, MD, USA. 19School 
of Physics and Astronomy, University of Minnesota, Minneapolis, MN, USA. 20Department of Astronomy and Astrophysics, University of California, Santa 
Cruz, CA, USA. 21Department of Particle Physics and Astrophysics, Weizmann Institute of Science, Rehovot, Israel. 22The eScience Institute, University of 
Washington, Seattle, WA, USA. 23The Oskar Klein Centre, Department of Physics, Stockholm University, AlbaNova, Stockholm, Sweden. 24IPAC, California 
Institute of Technology, Pasadena, CA, USA. 25Institute of Astronomy, National Tsing Hua University, Hsinchu, Taiwan. 26Kavli Institute for Theoretical 
Physics, University of California, Santa Barbara, CA, USA. 27Center for Data Driven Discovery, California Institute of Technology, Pasadena, CA, USA. 
28Astrophysics Research Institute, Liverpool John Moores University, Liverpool, UK. 29Université Lyon, Université Claude-Bernard Lyon 1, CNRS/IN2P3, 
IP2I Lyon, Villeurbanne, France. 30The Oskar Klein Centre, Department of Astronomy, Stockholm University, AlbaNova, Stockholm, Sweden. 31Lawrence 
Berkeley National Laboratory, Berkeley, CA, USA. 32Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA.  
✉e-mail: robert.stein@desy.de; sjoert@nyu.edu; marek.kowalski@desy.de

On 2019 October 1, the IceCube Neutrino Observatory1 
reported the detection of a ~0.2 PeV neutrino, IC191001A, 
with an estimated 59% probability of being of astrophysical  

origin solely on the basis of reconstructed energy2. Seven hours 
later, the direction of the incoming neutrino was observed by the 
Zwicky Transient Facility (ZTF)3 as part of our neutrino follow-up  

A tidal disruption event coincident with a 
high-energy neutrino
Robert Stein! !1,2 ✉, Sjoert van Velzen! !3,4,5 ✉, Marek Kowalski! !1,2,6 ✉, Anna Franckowiak1,2,  
Suvi Gezari! !4,7, James C. A. Miller-Jones! !8, Sara Frederick4, Itai Sfaradi! !9, Michael F. Bietenholz10,11,  
Assaf Horesh! !9, Rob Fender12,13, Simone Garrappa! !1,2, Tomás Ahumada! !4, Igor Andreoni14,  
Justin Belicki15, Eric C. Bellm! !16, Markus Böttcher17, Valery Brinnel2, Rick Burruss15, S. Bradley Cenko! !7,18,  
Michael W. Coughlin! !19, Virginia Cunningham! !4, Andrew Drake14, Glennys R. Farrar3, 
Michael Feeney15, Ryan J. Foley20, Avishay Gal-Yam! !21, V. Zach Golkhou16,22, Ariel Goobar! !23, 
 Matthew J. Graham! !14, Erica Hammerstein4, George Helou! !24, Tiara Hung! !20, Mansi M. Kasliwal14,  
Charles D. Kilpatrick! !20, Albert K. H. Kong! !25, Thomas Kupfer! !26, Russ R. Laher! !24, 
Ashish A. Mahabal! !14,27, Frank J. Masci! !24, Jannis Necker! !1,2, Jakob Nordin! !2, Daniel A. Perley28,  
Mickael Rigault! !29, Simeon Reusch! !1,2, Hector Rodriguez15, César Rojas-Bravo! !20, Ben Rusholme! !24,  
David L. Shupe! !24, Leo P. Singer! !18, Jesper Sollerman! !30, Maayane T. Soumagnac21,31, Daniel Stern32, 
Kirsty Taggart28, Jakob van Santen1, Charlotte Ward4, Patrick Woudt13 and Yuhan Yao! !14

Cosmic neutrinos provide a unique window into the otherwise hidden mechanism of particle acceleration in astrophysical objects. 
The IceCube Collaboration recently reported the likely association of one high-energy neutrino with a flare from the relativistic jet 
of an active galaxy pointed towards the Earth. However a combined analysis of many similar active galaxies revealed no excess 
from the broader population, leaving the vast majority of the cosmic neutrino flux unexplained. Here we present the likely asso-
ciation of a radio-emitting tidal disruption event, AT2019dsg, with a second high-energy neutrino. AT2019dsg was identified as 
part of our systematic search for optical counterparts to high-energy neutrinos with the Zwicky Transient Facility. The probability 
of finding any coincident radio-emitting tidal disruption event by chance is 0.5%, while the probability of finding one as bright in 
bolometric energy flux as AT2019dsg is 0.2%. Our electromagnetic observations can be explained through a multizone model, 
with radio analysis revealing a central engine, embedded in a UV photosphere, that powers an extended synchrotron-emitting 
outflow. This provides an ideal site for petaelectronvolt neutrino production. Assuming that the association is genuine, our obser-
vations suggest that tidal disruption events with mildly relativistic outflows contribute to the cosmic neutrino flux.

NATURE ASTRONOMY | VOL 5 | MAY 2021 | 510–518 | www.nature.com/natureastronomy510

Artist’s impression of a TDE
Image credit: NRAO/AUI/NSF/NASA

Image courtesy IceCube (via Twitter!)
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Galactic sources: Cygnus region?
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HAWC
• High-Altitude Water Cherenkov detector
• Siera Negra volcano, Mexico (4.1km)
• 1st catalogue: ApJ Volume 843 (2017), 21
• Huge FOV to TeV gamma-rays

• Nature Astronomy (online advanced access)
• Cygnus cocoon: emission to 100 TeV
• IceCube searches: no evidence for neutrino association

(yet!). Need KM3NeT/GVD to study these

Clancy W. James, CSIRO Co-learnium,  July 1st 2021

Credit: Jordan A. Goodman, Wikipedia
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Glashow resonance event
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Nature 591, 220–224 (2021)
• Anti-electron neutrino interaction with electron
• Neutrino energy in Earth frame: 6.3 PeV
• Centre-of-mass frame: 80 GeV (MW)
• W then decays, most likely to q-anti-q pair
• Generates very energetic cascade event

Clancy W. James, CSIRO Co-learnium,  July 1st 2021
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New outreach

Clancy W. James, CSIRO Co-learnium,  July 1st 2021 21
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Draw a neutrino 
contest winners

22Clancy W. James, CSIRO Co-learnium,  July 1st 2021

“Once in a 
lifetime” Vssai 
Karthik, India

“Ghostino”  Evangelos Zacharopoulos (Greece)

“Ghost particle is on its way”
Mariam Darjania, Georgia
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Draw a neutrino 
contest winners
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“Ghost particle” Aadishri Kher, India

”Untitled” Chahna Jain, India

“The microscopic miracle!!!!”
Amalia S. Kosmatou (Greece)

More winners:
http://wos.ba.infn.it/index.php/results-2/
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Summary
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Neutrino sources?
• No breakthroughs since TXS 0506+056
• Lots of hints – AGN, or TDE
• No sign of Galactic neutrino sources - yet
Experiments
• ANTARES – ageing
• IceCube
• Baikal GVD + KM3NeT: serious construction underway
• IceCube: very long-term plans
Multimessenger links
• VLBI important for studying AGN – gets to innermost high-energy region
• Optical: identify TDEs
• X-ray/gamma ray facilities probe similar physics (but suffer ambiguities)
Not disussed here
• GRBs, PWN, exotic physics (TL;DR: no results yet)
• Neutrino oscialltions, mass hierarchy, and new physics searches
• Dark matter searches with neutrinos

Clancy W. James, CSIRO Co-learnium,  July 1st 2021


