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• KM3NeT collaboration recently reported an analysis of Ultra-High-
Energy event (KM3-230213A) with 
 
 - 3,672 triggered PMTs in the detector region 
 
 - The reconstructed energy of the muon track ~ 120 PeV 
    -> The median neutrino energy ~ 220 PeV 
 
 
- The most energetic neutrino event ever measured. 
- The only neutrino event candidate with >O(10) PeV so far.

KM3-230213A: UHE event
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Eω → [72 PeV, 2.6 EeV]
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@ 90% C. L.
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KM3-230213A: UHE event

• The source of the neutrino is not clearly identified.


• Many intriguing interpretations have been investigated so far: 
 
- Transient astrophy. high-E sources (GRB, Blazar, AGN, etc.) 
 
- Cosmogenic (GZK) neutrinos from UHECRs 
 
- Neutrinos from decaying heavy DM 
 
- Sterile/Heavy Neutrinos and its oscillation and decays 
 
- Primordial Black Hole burst/steady evaporation signals


• None of them are certainly confirmed yet.
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• The origin of UHE event seems to be Extragalactic, and there is 
no similar signature near the Galactic Center.


• The energy O(100-1000) PeV of the neutrino is even extremely 
high for various astrophysical transient processes.


• The origin of UHE neutrino and the structure of the Flux is still 
very mysterious.


• We have only a single event at ~ O(100-1000) PeV for now. 


• DM interpretation could be attractive and naturally realize Ultra-
High-Energy in signals.

Superheavy Dark Matter  
for KM3-230213A?



Q: Decaying DM signatures can be Extragalactic-dominated? 

Our Answer:  
It's in general possible with  
 
 - a O(1-10) Gyr lifetime for Heavy-to-Light decays between  
   DM components 
 
 - Nearly degenerated spectrum in Dark Matter sector.

Decaying superheavy DM for 
KM3-230213A



• Nearly degenerate heavy DM scenario 

• Decay channels relevant for UHE neutrinos 

• Expected signal in a landscape of nu/gamma observations 

• Prospects & Conclusion

Outline on our analysis



DM Scenario
DM candidates are given as a 
chiral multiplet:
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!Mω → O(100) PeV
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Mω → 1012→16 GeV

SUSY breaking scale is 
characterized by a spurion as



• Estimation of the Flux from DM decays

UHE neutrinos from DM decays
[YJ, S.C.Park, C.S.Shin, '25]



• Relevant scenarios for DM decays

UHE neutrinos from DM decays

• Scenario I : 3-body decay case with a heavy RH neutrino.
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h
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h → bb̄, ω+ω→, ..
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→ Lint. ↑

[YJ, S.C.Park, C.S.Shin, '25]



• Relevant scenarios for DM decays

UHE neutrinos from DM decays

• Scenario II : 2-body decay case with a light sterile neutrino.
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S = ω̃s +
→
2εωs + ε2Fs

<latexit sha1_base64="A/nap9FR4uKTdy+PG9y4ihAkCLU="></latexit>

→ Lint. ↑ ωsε̃εϑs + ...
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[P. Bandyopadhyay, E. J. Chun, and R. Mandal, '20]
[YJ, S.C.Park, C.S.Shin, '25]



Neutrino & Gamma-ray signals
• Neutrino Flux

Only Redshifted
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E→
ω → (1 + z)Eω

[YJ, S.C.Park, C.S.Shin, '25]



Neutrino & Gamma-ray signals
• Gamma-ray Flux

Redshift 
+Attenuation 
+Cascade
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ω + ωbkd. → e+ + e→
<latexit sha1_base64="9ZjfJUw/AEmFC5oGaDIv1UAqigs=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQlJCIVJdFNy4r2Ac0MUwmk3boTBJmJkIJ/Qk3/oobF4q4Fdz5N07TLLT1wMDhnHu5c06QMiqVbX8blaXlldW16nptY3Nre8fc3evIJBOYtHHCEtELkCSMxqStqGKklwqCeMBINxhdT/3uAxGSJvGdGqfE42gQ04hipLTkm6fk3k05PIHuAHGO/NwVHAaj0JpAVyWlqu1izDfrtmUXgIvEKUkdlGj55pcbJjjjJFaYISn7jp0qL0dCUczIpOZmkqQIj9CA9DWNESfSy4tUE3iklRBGidAvVrBQf2/kiEs55oGe5EgN5bw3Ff/z+pmKLr2cxmmmSIxnh6KMQZ13WhEMqSBYsbEmCAuq/wrxEAmElS6ypktw5iMvks6Z5TSsxu15vXlV1lEFB+AQHAMHXIAmuAEt0AYYPIJn8ArejCfjxXg3PmajFaPc2Qd/YHz+ABeZnYo=</latexit>

e± + ωbkd. → ω + e±

[K. Murase, J. Beacom, '10, '12]



Neutrino/Gamma-ray signals
• Gamma-ray Flux

Redshift 
+Attenuation 
+Cascade

<latexit sha1_base64="AztfHBovfaj1fR4fue0w5j2zLiM=">AAACEXicbVDLSgMxFM34rPVVdekmWIRCscyIVJdFNy4r2Ad0pkMmvW1Dk5khyQhl6C+48VfcuFDErTt3/o1pOwttPRA4nHMvN+cEMWdK2/a3tbK6tr6xmdvKb+/s7u0XDg6bKkokhQaNeCTbAVHAWQgNzTSHdiyBiIBDKxjdTP3WA0jFovBej2PwBBmErM8o0UbyCyV3QIQguIznxE9dKXAw6lUm2NURhm7ZeNA98wtFu2LPgJeJk5EiylD3C19uL6KJgFBTTpTqOHasvZRIzSiHSd5NFMSEjsgAOoaGRIDy0lmiCT41Sg/3I2leqPFM/b2REqHUWARmUhA9VIveVPzP6yS6f+WlLIwTDSGdH+onHJuo03pwj0mgmo8NIVQy81dMh0QSqk2JeVOCsxh5mTTPK061Ur27KNauszpy6BidoBJy0CWqoVtURw1E0SN6Rq/ozXqyXqx362M+umJlO0foD6zPHxiHm0g=</latexit>

ω + ωbkd. → e+ + e→
<latexit sha1_base64="9ZjfJUw/AEmFC5oGaDIv1UAqigs=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQlJCIVJdFNy4r2Ac0MUwmk3boTBJmJkIJ/Qk3/oobF4q4Fdz5N07TLLT1wMDhnHu5c06QMiqVbX8blaXlldW16nptY3Nre8fc3evIJBOYtHHCEtELkCSMxqStqGKklwqCeMBINxhdT/3uAxGSJvGdGqfE42gQ04hipLTkm6fk3k05PIHuAHGO/NwVHAaj0JpAVyWlqu1izDfrtmUXgIvEKUkdlGj55pcbJjjjJFaYISn7jp0qL0dCUczIpOZmkqQIj9CA9DWNESfSy4tUE3iklRBGidAvVrBQf2/kiEs55oGe5EgN5bw3Ff/z+pmKLr2cxmmmSIxnh6KMQZ13WhEMqSBYsbEmCAuq/wrxEAmElS6ypktw5iMvks6Z5TSsxu15vXlV1lEFB+AQHAMHXIAmuAEt0AYYPIJn8ArejCfjxXg3PmajFaPc2Qd/YHz+ABeZnYo=</latexit>

e± + ωbkd. → ω + e±

<latexit sha1_base64="i04byur+VES9ON+X5H5lwl5WQMg=">AAACDnicbVA9SwNBEN3z2/gVtbRZDAGrcCeilqKIFhYK5gOS49jbTJIlu3fH7pwYjvsFNv4VGwtFbK3t/DduPgqNPhh4vDfDzLwwkcKg6345M7Nz8wuLS8uFldW19Y3i5lbNxKnmUOWxjHUjZAakiKCKAiU0Eg1MhRLqYf9s6NfvQBsRR7c4SMBXrBuJjuAMrRQUyy2Ee8yu4m4eZJ6b0/Og1WVKMdocOxdQy/2gWHIr7gj0L/EmpEQmuA6Kn612zFMFEXLJjGl6boJ+xjQKLiEvtFIDCeN91oWmpRFTYPxs9E5Oy1Zp006sbUVIR+rPiYwpYwYqtJ2KYc9Me0PxP6+ZYufYz0SUpAgRHy/qpJJiTIfZ0LbQwFEOLGFcC3sr5T2mGUebYMGG4E2//JfU9iveYeXw5qB0cjqJY4nskF2yRzxyRE7IJbkmVcLJA3kiL+TVeXSenTfnfdw640xmtskvOB/fKKycMQ==</latexit>
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<latexit sha1_base64="hCThaSxPsYcx0kdUIBz6cstDFA4=">AAACKXicbVBLSwMxEM76tr6qHr0Ei+DFsitSPRZF9FjBVqG7lmw6bYPJ7pLMimXp3/HiX/GioKhX/4hpu4KvgcD3mGEyX5hIYdB135yJyanpmdm5+cLC4tLySnF1rWHiVHOo81jG+jJkBqSIoI4CJVwmGpgKJVyE10dD/+IGtBFxdI79BALFupHoCM7QSq1i9bjld5lS7GqX+rWeyBlt+gi3mJ1AY0DHkKvBVbbjfVEzZkGrWHLL7qjoX+DloETyqrWKT3475qmCCLlkxjQ9N8EgYxoFlzAo+KmBhPFr1oWmhRFTYIJsdOmAblmlTTuxti9COlK/T2RMGdNXoe1UDHvmtzcU//OaKXYOgkxESYoQ8fGiTiopxnQYG20LDRxl3wLGtbB/pbzHNONowy3YELzfJ/8Fjd2yVylXzvZK1cM8jjmyQTbJNvHIPqmSU1IjdcLJHXkgz+TFuXcenVfnfdw64eQz6+RHOR+fGiSnNA==</latexit> E
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illustrative parameter examples



• Neutrino astronomy above O(10) PeV is very interesting and still 
mysterious for UHE neutrinos.


• Various astrophysical and cosmological scenarios for the production 
of UHE neutrinos (and BSM particles) are going to be investigated.


• Recently, KM3NeT collaboration reported analysis on UHE event 
KM3-230213A.


• In decaying heavy DM scenarios, relatively short lifetime and nearly 
degenerated spectrum in Dark Matter sector make the signature 
robustly compatible with the observation of KM3-230213A.


• Next-generation UHE neutrino and cosmic ray observatories will 
reveal the detailed features of UHE neutrino physics.

Conclusion


