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Overview: 
•  Introduction: astrophysical neutrinos in 

IceCube 
•  Gamma-ray anomaly at TeV: Neutrinos 

and gamma-rays from Galactic Halo/local 
CR source/Super-Heavy Dark Matter 

•  Diffuse gamma-ray  background 
measurement by Cherenkov telescopes 
and LHAASO: 2 orders of magnitude 
progress in DM sensitivity 

•  Conclusions 
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INTRODUCTION: 
astrophysical 

neutrinos 
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Pion production 
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Conclusion: proton, photon and neutrino fluxes are 
connected in well-defined way. If we know one of them we 
can predict other ones: tottot EE νγ ~

N + Ab ⇒ N ' + π∑
i
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IceCube	

5160 PMs 
in 1 km3	

From  F.Halzen 
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Detection of neutrino 
interactions 
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Muon losses 
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muon 

•  lattice of photomultipliers 

•    shielded and optically 
    transparent medium 
•    muon travels from 50 m 
    to 50 km through the 
    water at the speed of light 
    emitting blue light along 
    its track 
 

neutrino 

 
interaction 

From  F.Halzen 
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IceCube muon neutrinos above 
200 TeV detected energy (average 

above 1 PeV) 
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tracks and showers 

PeV νe and ντ showers: 
•  10 m long 
•  volume ~ 5 m3 

•  isotropic after 25~ 50m From  F.Halzen 
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•  energy 
 

  1,041 TeV 
  1,141 TeV 

(15% resolution) 
 

•  not atmospheric: 
 probability of 

no accompanying  
muon is 10-3 per 

event 

à flux at present 
     level of diffuse 

     limit 
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IceCube cascade neutrinos 

above 30 TeV  
 arrival directions 15-30 degrees 
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Tau energy  losses 
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First tau events 
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Flavor content consistent with 
1:1:1  
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F.Halzen Neutrino 2020 
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F.Halzen Neutrino 2020 
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Other detectors 
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ANTARES 9 years tracks  

Excess at 100 TeV 2 sigma 1 PeV 1 sigma 
Albert  et al, arXiv:1711.07212 
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ANTARES 9 years cascades 
0.1 km3 yr 

MC will be redone E decrease, significance will be around 2-3 
sigma 
Events with cascade center on OM was removed 
A. Albert  et al, arXiv:1711.07212   
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 4-string stage (1996) 

First underwater telescope 
First atmospheric neutrinos 
at high energy 



    Bled workshop, Jul 7, 2020  



    Bled workshop, Jul 7, 2020  



    Bled workshop, Jul 7, 2020  

Baikal had 8 events (~4 background) 
E>100 TeV with 2015-2019 data 
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Sky coverage 
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Sky coverage 
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86 strings with 240-340 m 
spacing 
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Future radio detection 
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Present situation 
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IceCube ICRC 2017 
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IceCube data 
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Diffuse gamma-ray 
background 
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Pion production 
 

µ

µ

ννµ

νµπ

++⇒

+⇒
±±

±±

ee

i
b NN ∑+⇒+ πγ '

p 

n 

γπ 20 ⇒

n⇒ p+ e− +νe

Conclusion: proton, photon and neutrino fluxes are 
connected in well-defined way. If we know one of them we 
can predict other ones: tottot EE νγ ~

N + Ab ⇒ N ' + π∑
i



    Bled workshop, Jul 7, 2020  

Diffuse backgrounds 
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Self-consistent extragalactic 
sources 
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Neutrinos not from Fermi blazars 

IceCube     arXiv:1611.03874 
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Self-consistent extragalactic 
sources: no blazars 
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Low energy excess 
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IceCube data 
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IceCube + Fermi LAT all sky: 
protons 1/E^2.5 

A.Neronov, D.S. arXiv:1412.1690  
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Evidence of Galactic component in  
4 year IceCube data E>100 TeV 

A. Neronov & D.S. arXiv: 1509.03522 
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Post-trial probability is 1.7*10-3 

A. Neronov & D.S. arXiv: 1509.03522 
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Real multimessenger fluxes, alpha=2.5 

V.Berezinsky & A.Smirnov 1975 
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IceCube and ANTARES 
galalactic plane 

ICRC 2017 
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IceCube + Fermi LAT Galactic 
plane 

A.Neronov, M.Kachelriess and  D.S. ,  arXiv:1802.09983 
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Anisotropy at E>100 TeV  

A. Neronov, M.Kachelriess and  D.S. 2018 
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Gamma-ray anomaly at 
TeV 
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Fermi sky map E> 1 TeV 
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Crab pulsar 

A.Neronov, M.Kachelriess and  D.S. ,  arXiv:1802.09983 
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Fermi/LAT multi-TeV sky 

A.Neronov, M.Kachelriess, D.S. ’18  

After 9 years of exposure, Fermi/LAT data start to have event statistics sufficient for detection of 
brightest sources up to several TeV.  
Fermi /LAT calibration is not assured above 1 TeV (
https://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT_caveats.html). Those need to be derived / 
verified.  
 
This could be done via cross-calibration with the ground-based gamma-ray telescopes (HESS, 
MAGIC, VERITAS) and air shower arrays (MILAGRO, HAWC, ARGO-YBJ). 
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IceCube + Fermi LAT all sky 

A.Neronov, M.Kachelriess and  D.S. ,  arXiv:1802.09983 
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IceCube + Fermi LAT Galactic 
plane 

A.Neronov, M.Kachelriess and  D.S. ,  arXiv:1802.09983 
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IceCube + Fermi LAT high 
galactic latitude ÌbÌ>20 deg 

A.Neronov, M.Kachelriess and  D.S. ,  arXiv:1802.09983 
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IceCube + Fermi LAT high 
galactic latitude ÌbÌ>20 deg 

A.Neronov, M.Kachelriess and  D.S. ,  arXiv:1802.09983 
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Fermi new pass SOURCEVETO 

Fermi collaboration, Dec 2018 
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Fermi TeV: new pass SOURCEVETO 
 works up to 3 TeV 

A.Neronov and  D.S. , 1907.06061 

Cosmic ray background All sky signal 
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Sky map E> 1TeV Fermi 

A.Neronov and  D.S. , 1907.06061 
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Galactic Plane, spectrum 

 A.Neronov and  D.S. , 
 1907.06061 

Inner galaxy 2.4 
 
Outer Galaxy  
2.7 break 200 GeV and 2.2 
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Sky map E> 1TeV  
no galactic plane |b|> 10 deg  

A.Neronov and  D.S. , 1907.06061 
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High |b|  

 A.Neronov and  D.S. , 
 1907.06061 
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Gamma-ray sky at 
10-100 TeV with 

Cherenkov telescopes 
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Galactic diffuse flux at 10-100 
TeV energies with Cherenkov 

telescopes 

A.Neronov and  D.S. ,  astro-ph/2001.00922 
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Electron + positron measurements 
 by HESS 2004- March 2010 

HESS collab. 2017 
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Electron+ positron+  diffuse gamma  
measurements by HESS 2004- March 2010 

HESS collab. 2017 
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Electron+ positron+  diffuse gamma  
measurements by HESS 2004- March 2010 

A.Neronov and  D.S. ,   
astro-ph/2001.00922 
 

M.Kachelriess and D.S., 
Cosmic ray models,  
 review astro-ph/1904.08160 
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LHAASO sensitivity from 1905.02773 

A.Neronov and  D.S. ,  astro-ph/2001.00922 
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 New component in HESS data 

A.Neronov and  D.S. ,  astro-ph/2001.00922 
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Galactic CR 
interaction in 
galactic halo 
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 Neutrinos from cosmic ray 
interactions in Galactic Halo   

A.Taylor, S.Gabici and F.Aharonian, 1403.3206 
P.Blasi and E.Amato , 1901. 03609 
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 Neutrinos from cosmic ray 
interactions in Galactic Halo   

O.Kalashev and S.Troitsky, 1608.07421 
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Galactic CR 
interaction with 
Local bubble 
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Local bubble neutrino flux 

K.Andersen, M.Kachelriess and D.Semikoz, arXiv:1712.03153   
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Spectrum in presence of    
Local bubble 

M.Bouyahiaoui, M.Kachelriess and D.S., arXiv:1812.03522   
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IceCube + Fermi LAT :  
local source 

A.Neronov, M.Kachelriess and  D.S. ,  arXiv:1802.09983 
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Electron+ positron+  diffuse gamma  
measurements by HESS 2004- March 2010 

HESS collab. 2017 
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 New component in HESS data 

A.Neronov and  D.S. ,  astro-ph/2001.00922 
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IceCube + Fermi LAT+HESS :  
local source 

M.Bouyahiaoui, M.Kachelriess and  D.S. , arXiv:2001.00768  
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LHAASO sensitivity DM 

A.Neronov and  D.S. ,  astro-ph/2001.11881 
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LHAASO sensitivity Local SuperBubble 
and Galactic Halo 

A.Neronov and  D.S. ,  astro-ph/2001.11881 
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Super-Heavy 
Dark Matter 
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For SHDM galactic flux dominates 
in neutrinos and gamma-rays 

V.Berezinsky, M.Kachelriess and A.Vilenkin, 1997 
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Modern constraints on SHDM  

  M. Kachelriess, O. E. Kalashev and M. Yu. Kuznetsov, 1805.04500  
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IceCube + Fermi LAT  
Dark Matter m=5 PeV 

A.Neronov, M.Kachelriess and  D.S. ,  arXiv:1802.09983 
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Sky map E> 1TeV  
no galactic plane |b|> 10 deg  

A.Neronov and  D.S.  
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Flux SHDM  

A.Neronov and  D.S.  
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LHAASO sensitivity DM 

A.Neronov and  D.S. ,  astro-ph/2001.11881 
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LHAASO sensitivity DM 

A.Addasi et al,  LHAASO science book 
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SUMMARY 

n  Extragalactic sources can not explain too high 
astrophysical neutrino flux at E< 100 TeV 

n  Fermi flux outside of galactic plane has new 
Galactic component in TeV energy range 

n  Significant part of neutrinos with E< 100 TeV come 
from Galaxy.  

n  Astrophysical models: Galactic halo and Local 
Bubble interaction of CR from local source (Vela) 

n  Alternatively: Dark Matter with 5 PeV mass   


