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𝐸𝜇 = 120−60
+110 PeV
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KM3-230213A

Neutrino sources

Where does KM3-230213A come from?

Outline
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KM3-230213A1
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KM3NeT detector

➢ Mediterranean Sea

➢ Under construction

➢ Full volume 1 Gton

➢ ~ About 1/10 installed

Shirley Li (UC Irvine)
km3net.org
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Event topology
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Neutrinos produce different charged particles

𝜈𝑒 𝜈𝜇 𝜈𝜏

𝜈𝑒 + 𝑁 → 𝑒− + hadrons 𝜈𝜇 + 𝑁 → 𝜇− + hadrons 𝜈𝜏 + 𝑁 → 𝜏− + hadrons
𝜏 → hadrons (65%)

Shower ShowerTrack

Note: 𝜈 and ҧ𝜈 are indistinguishable



Pros and cons of different event topologies
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➢ Good angular resolution

➢ Bad energy resolution

➢ Can interact outside the 

detector ⇒ larger event rate

Roughly, 𝜈𝑒, 𝜈𝜇, and 𝜈𝜏 have comparable fluxes

➢ Bad angular resolution

➢ Good energy resolution

➢ Cannot interact outside the 

detector



About KM3-230213A
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𝐸𝜈 = 220 PeV most likely
         72-2600 PeV at 90%

𝐸𝜇 = 120−60
+110 PeV Good pointing

0.6o above horizon

KM3NeT 2025



Neutrino sources2
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We do not understand astrophysical sources

Shirley Li (UC Irvine)

Where and how are cosmic rays produced?
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We have been detecting cosmic rays 

for over 100 years. We still do not 

have a good understanding of 

where they are produced, 

especially at the highest energies

Blasi 2013



The appeal of neutrinos and photons
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They should also be produced at sources
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𝑝 + 𝛾 → Δ+ → ቊ𝑛𝜋+

𝑝𝜋0

𝜋+ → 𝜇+𝜈𝜇 → ҧ𝜈𝜇𝑒+𝜈𝑒𝜈𝜇
𝜋0 → 𝛾𝛾

𝑝

𝛾𝜈

Accelerated at the source

Can happen either 
1. at the source – neutrinos from the 

source
2. on route – cosmogenic neutrinos



Neutrino astronomy
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Figure credit: J. Aguilar and J. Yang 

• 𝑝: no pointing 

• 𝛾: 
      short distance 

• 𝜈: 
      pointing 
      long distance 



What have we figured out about sources?
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IceCube diffuse flux
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Measured flux 

Steady, isotropic – diffuse

Source still unclear

IceCube 2024



What have we figured out about sources?
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IceCube identified sources
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Blazers seem extremely promising



Where does KM3-230213A 
come from?3
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1. IceCube diffuse flux
2. Cosmogenic neutrino fluxes
3. Point sources

2502.04508



The crust of the problem – KM3NeT vs. IceCube
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How come that IceCube, 
running for 10 times longer and with 10 times larger size, 

did not see neutrinos above 10 PeV?

2502.04508, SL with Pedro Machado, Daniel Naredo-Tuero, and Tom Schwemberger



Before test of origin…
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Need neutrino energy information first
𝐸𝜈 = 72-2600 PeV at 90%

Our reconstruction of neutrino energy

1. Prior on neutrino flux – we tested a few

2502.04508, SL with Pedro Machado, Daniel Naredo-Tuero, and Tom Schwemberger



Before test of origin…
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Need neutrino energy information first
Our reconstruction of neutrino energy

1. Prior on neutrino flux – we tested a few
2. Probability that 𝐸𝜈 gives 𝐸𝜇, cross section, detector size, cuts all 

included in 𝐴eff
  𝜈 interaction using MadGraph, analytic method 𝜇 dE/dx

2502.04508, SL with Pedro Machado, Daniel Naredo-Tuero, and Tom Schwemberger

𝐸𝜈 = 72-2600 PeV at 90%



Before test of origin…
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Need neutrino energy information first
Our reconstruction of neutrino energy

1. Prior on neutrino flux – we tested a few
2. Probability that 𝐸𝜈 gives 𝐸𝜇, cross section, detector size, cuts all 

included in 𝐴eff
  𝜈 interaction using MadGraph, analytic method 𝜇 dE/dx

3. Probability that 𝐸𝜇 trigger Nhit 
  𝜇 dE/dx using PROPOSAL, mock photon propagation/absorption in water

2502.04508, SL with Pedro Machado, Daniel Naredo-Tuero, and Tom Schwemberger

𝐸𝜈 = 72-2600 PeV at 90%



Our reconstructed neutrino energy PDF
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We get 𝐸𝜈 in 23-2400 PeV, for 𝐸−2 power-law, in very 
good agreement with KM3NeT

2502.04508, SL with Pedro Machado, Daniel Naredo-Tuero, and Tom Schwemberger



Test origin 1. IceCube diffuse flux
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Tension:
3.5σ for combined

3.2σ for throughgoing

For 𝑬−𝟐.𝟓𝟐 
KM3NeT ⇒ 75 evts at IceCube

IceCube ⇒ 0.005 evts at KM3NeT

2502.04508, SL with Pedro Machado, Daniel Naredo-Tuero, and Tom Schwemberger



Test origin 2. cosmogenic flux
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Tension:
Ahlers 2010: 3.6σ 
Ahlers 2012: 3.1σ 

Van Vliet 2019: 3.1σ 

No good flux: 
A10 ⇒ 0.006 evts@KM, pIC=0.3%
A12 ⇒ 0.003 evts@KM, pIC=4.3%
VV19 ⇒ 6.10-4 evts@KM, pIC=27%

2502.04508, SL with Pedro Machado, Daniel Naredo-Tuero, and Tom Schwemberger



Test origin 3. point sources
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Most natural guess for the tension: It is not in a 
direction where IceCube could have seen it

https://icecube.wisc.edu/data-releases/2018/10/all-sky-point-source-icecube-data-years-2010-2012/

Downgoing

upgoing
earth attenuation

background cuts

2502.04508, SL with Pedro Machado, Daniel Naredo-Tuero, and Tom Schwemberger

https://icecube.wisc.edu/data-releases/2018/10/all-sky-point-source-icecube-data-years-2010-2012/


Test origin 3. point sources
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Not the case! 
It should be quite visible in IceCube

Tension:
Steady: 2.9σ 
Transient: 2σ

No specific flux:

2502.04508, SL with Pedro Machado, Daniel Naredo-Tuero, and Tom Schwemberger

Take the Bayes factor of getting (1,0) 
evts in two exp vs. getting (0,0) evts



Compare to KM3NeT official numbers
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1. We used the PDF of neutrino energy; KM3NeT only used 
the energy window 72-2600 PeV

2. For the cosmogenic test, KM3NeT used an older IceCube 
search from 2018; we used IceCube 2025 results



Comment on the point source possibility

26/282502.04508, SL with Pedro Machado, Daniel Naredo-Tuero, and Tom Schwemberger

KM3NeT conducted a thorough search of various source catalogs!

No source was confirmed



Other work examining KM3-230213A

27/282502.04508, SL with Pedro Machado, Daniel Naredo-Tuero, and Tom Schwemberger

Examining a particular 
source or flux

Evoking new physics



Conclusions
We do not know the origin of KM3-230213A

All steady sources lead to a 2.9-3.6σ tension between KM3-
230213A and IceCube

A low tension is only achieved if it comes from a transient source

This is very likely the first observation of a new ultrahigh energy 
neutrino source

We need more observations!

Shirley Li (UC Irvine) 28/28
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