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High Energy Astrophysics 

IceCube-Gen2 Collaboration, J.Phys.G 48 (2021) 6, 060501

Neutrinos: energy frontier, tracing back to first interactions, cosmological baseline  
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Particle astrophysics: studying particle showers created by nature 3



Ali Kheirandish
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ÅLocate cosmic 
beams 
ÅHow are particles 

accelerated, beam 
properties 
ÅMulti-messenger 

view with cosmic 
rays and photons
ÅPropagation in 

accelerator 
ĲŰƻŔƖŸŰůĲŰƣЯШ9~7вШ
ÅNeutrino detections 

in presence of large 
atmospheric 
background 
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After a decade of data taking (2011 to 2024)
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ÅNeutrino / 
gamma ray 
connection key 
to probe 
source 
properties 

ÅNu results 
hints obscured 
gamma ray at 
source 

Kohta Marase 7



Features in diffuse neutrino flux 

ÅNew IceCube 
results 
ÅElectron/tau 

neutrino driven 
data samples 
ÅEvidence of 

spectrum features 
ÅFurther supports 

gamma-ray 
obscured scenario 

Vedant Basu 8



ÅPost trial ~4 
sigma
ÅBright Seyfert 

galaxy with hard 
x-ray flux 

Ali Kheirandish 9



Cosmic obscured accelerators 

NASA/JPL-Caltech

Neutrinos escape dense gas region: excess neutrinos but gamma rays are attenuated / absorbed 

~14 Mpc, LogLX 2-10keV~42.9 erg/s
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SED for NGC 1068 and NGC4151

Sreetama Goswami, PhD thesis 
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Consistent hints from point source and diffuse

Kohta Marase 12



Neutrinos at the highest energies 

From both IceCube and KM3NeT observatories  

Nu energy ςςπ PeV

13



Neutrinos at the highest energies 

KM3NeT candidate
Assuming Ὁ  spectrum:
Ą Ὁ ςςπ PeV
ĄStrong prior dependence, large 

energy uncertainty

Expect O~70 events from IceCube 
assuming KM3NeT bestfit  

Tension relaxes when doing joint 
analysis at ~3 sigmaVedant Basu 14



Galactic particle accelerators 

Ali Kheirandish Houdun Zeng (LHAASO)15



Galactic neutrinos 

Å4.5 sigma post trial 
significance 
rejecting null 
galactic emissions 
ÅObserved by 

electron and tau 
neutrinos. 
ÅExciting results 

coming up with 
inclusion of muon 
neutrinos 
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Flavour measurement 
Full sky Galactic

Vedant Basu John Hardin
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SuperK: eyes on galactic GeV electron neutrinos

Ed Kearns
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Vedant Basu

Kotoyo Hoshina

10% data
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P-One project
Nathan Whitehorn

Sky coverage 

Optical property 
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IceCube-Gen2
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