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2Interacting Supernovae 

• Light curve of supernovae is largely shaped by the surrounding environment. 


• ~10% of core-collapse supernovae (Type IIn or Ibn) are classified as interacting supernovae, indicating 
ejecta interactions with circumstellar material (CSM). 


• Such SNe may be a place where efficient particle acceleration happens, and therefore high-energy neutrino 
productions (via pp) as well. 

10–2 Msun yr–1

10–6 Msun yr–1

O. Yaron et al., Nature Physics 13, 510 (2017)
K. Murase, PRD 97, 081301 (2018)



3Optical-Neutrino Coincidence 

Recently, many temporal, spacial correlations at a 2~3σ level between optical and neutrino are reported. 

• 2023uqf (Ibn, ~723 Mpc): R. Stein et al., arXiv:2508.08355 [astro-ph.HE]

• 2023syz (IIn, ~160 Mpc): M. X. Lu et al., ApJ 997, 145 (2026)

• 2025cbj (IIn, ~290 Mpc): M. X. Lu et al., ApJ 997, 145 (2026)

• 2017hcd (IIn, ~159 Mpc): S. Ji et al., arXiv:2603.03679 [astro-ph.HE]

• 2021foa (IIn/Ibn, ~35 Mpc): M. X. Lu et al., arXiv:2606.06409 [astro-ph.HE]

• … and more? 

Optical (ZTF, ASAS-SN, …)

Neutrino (IceCube)

Focus of this talk



4SN 2023uqf R. Stein et al., arXiv:2508.08355 [astro-ph.HE]

• On October 4th 2023, a 442 TeV high-energy neutrino alert was issued with an astrophysical probability of 
84%, and followed up by ZTF. 


• This was classified as Type Ibn from its spectral feature. 


• Its high luminosity (Mg = –19.7) and fast decay (t1/2 ~ 8 d) shows similarity  
between 2023uqf and LFBOTs. 


• Light curve analysis was performed by MOSFiT (semianalytic model).



5Framework of This Work 

• We perform calculations based on a radiation-hydrodynamic (RHD) model, while based on observational 
constraints obtained by R. Stein et al. 2025. 


• This achieves a proper test on whether the optically inferred environment can support an efficient particle 
acceleration to PeV scales. 

Light curve (ZTF) Neutrino energy, direction  
(IceCube)

Optical modeling (STELLA) 
+


Shock evolution & particle acceleration 
+ 


Neutrino detectability (IceCat-1)

STELLA 

S. I. Blinnikov et al. 1998 

S. Blinnikov et al. 2000

S. I. Blinnikov et al. 2006



6Optical Modeling 

• RHD calculation setup 

• Fixed ejecta mass = 2 Msun, kinetic energy = 1051 erg (from a representative eject model). 

• CSM density follows a power law with r–3 (steeper than wind-like r–2 for Ibn). 

• Helium-rich composition (He : C : O = 0.90 : 0.06 : 0.04)


• A choice of normalization D’ = 50 gives a nicely matching light curve. 

• Luminous side of observed Type Ibn SNe. 

• Some mismatch after ~10 days for a simplified  

power law CSM structure etc. 

1.96σ band of 18 Ibn SNe from 

G.Hosseinzadeh et al. 2017



7Shock Evolution 
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• Our calculation provides the dynamical shock quantities used in the later neutrino calculation. 


• Shock velocity is nearly constant, ~109 cm s–1; this and the steep density profile determines the onset time 
after which collision-less acceleration is possible (approximating onset time ~ break-out time). 



8Non-detection of Radio & X-rays 

• Ejecta interactions with dense CSM are generally expected to produce both radio and X-ray emissions; 
however, for SN 2023uqf, such are not detected. 

• Radio (VLA): 10 GHz, 20 and 75 days after ZTF 

• X-rays (Chandra): 0.3–10 keV, 24 days after ZTF


• Our dense, steep density profile is consistent with these non-detections (τ >> 1). 

• Radio: optical depth ~3.3 × 104 (20 days), ~1.8 × 102 (75 days) @10 GHz

• X-rays: optical depth ~2.7 × 103 @1 keV, ~6 @10 keV (24 days)

Radio

X-rays



9High Energy Neutrino Emission 

• Calculated neutrino emission from onset up to ~100 days. 

• Our setup can accelerate particles up to multi-PeV. 

• We consider helium-rich conditions in the calculation. 

all six flavor sum



10IceCube Detection  

• Use effective areas calculated for the declination angle between 0 and 30 deg (2023uqf is in 25 deg). 

• Consider only muon-type neutrinos as the observed event is track-like. 

0 < DEC < 30 deg

R. Abbasi et al., ApJS 269, 25 (2023)



11Detectability 

• Detected 442 TeV is likely from the expected event rate distribution (PDF). 


• Expected event is ~10–5 from a single source; considering O(103) Ibn SNe within the distance and O(101) 
observational period, a single detection could be possible. 



12Summary

Interacting SNe are a promising source for high-energy neutrinos observed in IceCube.  
• Efficient particle acceleration mechanism 

• Frequent event (~10% of CCSNe)


Optical modeling of SN 2023uqf is performed using the RHD calculation.  
• ZTF-observed light curve was produced in the Ibn-motivated configuration. 

• Consequent neutrino production as a function of time is made. 


Detection probability at IceCube is shown.   
• Our estimation shows a possible single detection. 

• The current scheme can apply to IIn SNe. 

• The diffuse flux from interacting SNe will be calculated. 

Thanks for your attention!
Our paper: ApJL 1005, 2 (2026)

https://iopscience.iop.org/article/10.3847/2041-8213/ae80bd


Supplements



14

K. Misra et al., Universe 25, 11, 361 (2025)



15IceCat-1

• Track-like events only (~muon neutrino charged-current interactions). 


• Two ranks, “Gold” and “Bronze”, depending on signalness. 

• Gold: signalness > 50% 

• Bronze: 30% < signalness < 50%

• Assumed astrophysical spectrum follows E–2.19. 


• Three different analysis selections with a hierarchical order. 

• Selections: GFU, EHE, HESE (no Bronze for EHE)

• GFU Gold > EHE Gold > HESE Gold 

• GFU Bronze > HESE Bronze

R. Abbasi et al., ApJS 269, 25 (2023)



16Effective Area

GFU Gold+Bronze GFU Gold EHE Gold

R. Abbasi et al., ApJS 269, 25 (2023)



17IC-231004A (GCN Circular 34797 & 34798; GCN/AMON) 

Signalness: 84.2% (Gold)

Energy: 442.2 TeV

RA: 143.79 deg

DEC: +25.04 deg

https://gcn.nasa.gov/circulars/34797?query240805A=
https://gcn.nasa.gov/circulars/34798?query240805A=
https://gcn.gsfc.nasa.gov/notices_amon_g_b/138415_56188508.amon

