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Neutrinos at ICRC 2019
• Overall about 180 contributions 

- 2 review talks 
- 3 highlight talks 
- 75 parallel talks (given) 
- O(100) posters 

• Review talks 
- A Brief History of Neutrino Astronomy (Francis Halzen) 
- Physics and Astrophysics with UHE Cosmic Neutrinos (Abigail Vieregg) 

• Highlight talks 
- HE neutrinos from persistent and transient activities of compact objects (Ke Fang, PoS(ICRC2019)008) 
- Results from IceCube (Dawn Williams, PoS(ICRC2019)016) 
- Results from the Mediterranean neutrino detectors (Rosa Coniglone, PoS(ICRC2019)006) 
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Thanks to all for the interesting talks and discussions ! 
And apologies to everyone not mentioned and for any mistakes

NU10 - Neutrino parallel session
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• Understanding neutrino emission from  
TXS 0506+056 (blazars)  

• Understanding the astrophysical diffuse neutrino 
spectrum in the multi-messenger context  

• Searching for point-like sources and  
multi-messenger activities  

• The quest for UHE neutrinos

Hot topics
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Understanding neutrinos from TXS 0506+056 
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PoS(ICRC2019)1032 (Walter Winter)



Alexander Kappes, ICRC’19, Madison, Aug 1, 2019

Understanding neutrinos from TXS 0506+056 
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PoS(ICRC2019)1032 (Walter Winter)

flux for one IceCube 
neutrino in 180 days

Epmax=4.5 PeV

Epmax=17 EeV
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Understanding neutrinos from TXS 0506+056 
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PoS(ICRC2019)1032 (Walter Winter)

PoS(ICRC2019)995
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Understanding neutrinos from TXS 0506+056 
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PoS(ICRC2019)1032 (Walter Winter)

see also PoS(ICRC2019)971  
(modeling of individual blazar flares)

PoS(ICRC2019)995
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Modeling of blazars

• Powerful blazars like FSRQs are good neutrino emitters with low UHECR efficiency 
• HBL Lacs are good sources of UHECR, with low neutrino production efficiency  
• Heavier chemical compositions lead to lower neutrino cutoff energies due to disintegration 
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PoS(ICRC2019)991 (Xavier Rodrigues)

γ luminosity γ luminosity
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Understanding neutrinos from TXS 0506+056 
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PoS(ICRC2019)1032 (Walter Winter)
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Need better modeling but also more data
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Understanding neutrinos from TXS 0506+056 

!8

PoS(ICRC2019)1032 (Walter Winter)

Need better modeling but also more data

Two days ago …



Understanding the Diffuse  
Astrophysical Neutrino Flux
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IceCube: Updated neutrino samples 
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PoS(ICRC2019)1017 (Jöran Stettner)

PoS(ICRC2019)1004 (Austin Schneider)

Differences in single power-law parameters not in 
tension with each other but may hint at an 
additional spectral structure
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ANTARES: Study of HE diffuse ν flux
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PoS(ICRC2019)891 (Luigi A. Fusco)

Compatible with IceCube measurement 
but still low significance
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The multimessenger picture
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PoS(ICRC2019)965 (Kohta Murase)

• Connection between gammas, 
neutrinos and UHECR? 

• How to connect them?
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Neutrino — Gamma — UHECR Connection 
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PoS(ICRC2019)965 (Kohta Murase)
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Neutrino — Gamma — UHECR Connection 
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PoS(ICRC2019)965 (Kohta Murase)

Cosmic-ray reservoir:

HESE (2014)
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Neutrino — Gamma — UHECR Connection 
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PoS(ICRC2019)965 (Kohta Murase)

Potential deviation from single power 
law could be explained by two different 
source populations 
• ≳ 100 TeV: gamma-ray transparent 

cosmic-ray reservoirs 
• ≲ 100 TeV: gamma-ray dark sources



Searching for Point-like Source 
and Multi-Messenger Activities
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Point-like sources — IceCube
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PoS(ICRC2019)851 (Tessa Carver)

• Most significant source from list 
NGC1068 (2.9σ post trial) 

• 4 most significant sources 3.3σ 
post trial (2.2σ without TXS 0506) 
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Point-like sources — combined 
ANTARES/IceCube analysis
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PoS(ICRC2019)919 (Giulia Illuminati)

Improvement up to a factor 2 achieved in the sensitivity to point sources compared to individual analyses 
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• IceCube 
- New low-energy real-time stream for events starting in the detector  PoS(ICRC2019)954 
- Improved real-time neutrino alert system  PoS(ICRC2019)1021 
- A catalogue of astrophysical neutrino candidates for IceCube PoS(ICRC2019)852 

• ANTARES 
- Overview alert system PoS(ICRC2019)871 

• Astrophysical Multimessenger Observatory Network (AMON) 
- Real-time coincidences, sub-threshold data analyses PoS(ICRC2019)841

Multi-messenger activities
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New neutrino telescopes coming online —  
Baikal GVD first results

!20

PoS(ICRC2019)873 (Rastislav Dvornick)

reconstructed cascade

Upper limit on diffuse astrophysical flux 
with cascades

Goal GVD-1: 
8 clusters by 2021

PoS(ICRC2019)1011 (F. Smikovic)

PoS(ICRC2019)876 (L. Fajt)

52
5 

m

120 m
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New neutrino telescopes coming online —  
KM3NeT ARCA/ORCA first results
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PoS(ICRC2019)910 (Jannik Hofestädt)

Neutrino reconstruction with single line !

Status: 
• KM3NeT-ARCA 1 line 
• KM3NeT-ORCA 4 lines
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Future neutrino telescopes

IceCube-Gen2

KM3NeT-ARCA

Baikal-GVD

IceCube-Gen2

P-ONE

Neutrino telescope landscape in 2025–30

P-ONE (E. Resconi) — New kid on the block

• In conceptual phase 
• Up to 500 strings optimized 

for horizontal HE muon tracks 
• STRAW pathfinder mission 

successfully operating  
(PoS(ICRC2019)890)



The Quest for UHE Neutrinos



Alexander Kappes, ICRC’19, Madison, Aug 1, 2019

Finding UHEν — Current/planned experiments, and new ideas

Air showers 

•Radio (interferometric)  
- ANITA 
- TAROGE 
- BEACON 
- GRAND 

• Particles  
- Auger 

•Cherenkov  
- Ashra-1, NTA  

(also fluorescence) 
- TRINITY 
- POEMMA 

In-ice showers 
•Radio 

- ARA, ARA5 
- ARIANNA, ARIA 
- RNO 

•Radar
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running, planned

PoS(ICRC2019)233

PoS(ICRC2019)1033

PoS(ICRC2019)967

PoS(ICRC2019)867

PoS(ICRC2019)979

PoS(ICRC2019)976

PoS(ICRC2019)970

PoS(ICRC2019)858

PoS(ICRC2019)980

PoS(ICRC2019)913

PoS(ICRC2019)986 

PoS(ICRC2019)378 
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UHEν — Why radio?
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ARA 
South Pole

ARIANNA 
Ross ice shelf

Large attenuation lengths (~1 km) enable observation of large volumes > 100’s km3

PoS(ICRC2019)858 (Amy Connolly) PoS(ICRC2019)980 (Christian Glaser)
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Lowering the energy threshold with interferometry —  
Test setup in ARA
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PoS(ICRC2019)969 (Eric Oberla)

• Phased array (10-antenna)  
installed in A5 station 

• In-situ measurements using A5 
station calibration pulser, in the 
near field 
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PoS(ICRC2019)980 (Christian Glaser)

Also need to take snow 
accumulation into account

Reconstruction of energy and direction  
in ARIANNA
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ANITA mystery events
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PoS(ICRC2019)867 (Cosmin Deaconu)

anomalous direct UHECR

direct UHECR reflected UHECR
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IceCube follow up on anomalous ANITA events 

Diffuse flux interpretation exceeds 
bounds of many experiments 

→ individual cosmic accelerator 
(with short emission timescale) 

Search for counterparts in direction 
of ANITA events in IceCube data 

• Prompt: Search for coincident 
signal on short timescales  
(≤ 105 seconds)  

• Steady: Time-integrated search 
for spatial clustering  

• Results compatible with 
background → upper limits

!29

PoS(ICRC2019)981 (Alex Pizutto)

integrated over 7 years
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IceCube follow up on anomalous ANITA events 

• Flux of EeV ντ traversing Earth will produce a secondary neutrino flux at lower energies  
via ντ regeneration 

• Set upper limit on EeV ντ flux from non observation in prompt analysis (1000 s time window)
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PoS(ICRC2019)981 (Alex Pizutto)

IceCube  
upper limit

ANITA flux

secondary ν flux

→ ANITA mystery event requires over-fluctuation at the 103 level !
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Detecting UHEν with air showers
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PoS(ICRC2019)979 (Francisco Pedreira)

Earth-skimming most 
sensitive channel
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AUGER — Sensitivities
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PoS(ICRC2019)979 (Francisco Pedreira)

Point source sensitivities as function of declination
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PoS(ICRC2019)970 (Satoru Ogawa)UHEν with Cherenkov and fluorescence —  
Astra and NTA
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NTA LoI: arXiv:1408.6244

• Looking for Earth skimming tau 
neutrinos (also optical transients) 

• Large field of view: 42° 
• High resolution images of air showers

http://arxiv.org/abs/arXiv:1408.6244
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UHEν with Cherenkov and fluorescence —  
Ashra and NTA
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PoS(ICRC2019)970 (Saturo Ogawa)



Alexander Kappes, ICRC’19, Madison, Aug 1, 2019

Radar measurements of in-ice showers

• After analysis, observation of signal when beam and 
radar is on; no signal otherwise
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PoS(ICRC2019)986  (Steven Prohira)



Other Exciting Things 
to Do with Neutrinos



Alexander Kappes, ICRC’19, Madison, Aug 1, 2019

Other exiting things — Neutrino physics
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Neutrino oscillation

PoS(ICRC2019)1018 (Matthew Strait)
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Other exiting things — Neutrino physics
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PoS(ICRC2019)1019 (Bruno Strandberg)

KM3NeT-ORCA

Neutrino Mass Ordering

PoS(ICRC2019)924 (Yoshitaka Itow)
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Other exciting things to do with neutrinos

!39

Physics at the Planck scale 
PoS(ICRC2019)849

Earth tomography 
PoS(ICRC2019)1024
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Summary and conclusions

• Picture of TXS 0506+056 and diffuse HE neutrino flux still unclear 
(need better models and more data). 

• Neutrino telescopes in the northern hemisphere will complement  
IceCube in the next years. 

• No UHE neutrinos detected so far but high dynamic in field. What about ANITA 
mystery events? Several instruments with significant increased sensitivity in the 
pipeline. 

• Multi-messenger physics is key in understanding neutrino observations  
and the high-energy universe.

!40
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Exciting times lie ahead …


