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The IceCube Neutrino Observatory

Data Sample

Solar Dark Matter and the Neutrino Floor [4,5,8]

* Cosmic ray flux in the direction of the Sun can be soften by Sun shadow effect Conclusions
• Solar Atmospheric neutrinos might be observable with IceCube
• We have determined IceCube’s sensitivity for this signal using a log likelihood analysis
• Systematic studies are on-going and unblinding is expected in the near future
• Observing solar atmospheric neutrinos is important for:  

• Understanding solar magnetic fields;  
• Cosmic ray propagation in the inner solar system;  
• Improving models of cosmic ray interactions in the solar atmosphere;  
• Finding a high-energy neutrino point source 
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Solar atmospheric neutrinos

* Lower density than the Earth [2]
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Solar Atmospheric Neutrinos

 

Cosmic ray interactions with the solar atmosphere are expected to generate energetic neutrinos that might be observable with neutrino telescopes, such as IceCube. These so called solar atmospheric 
neutrinos are expected to have a harder energy spectrum compared to those generated in the Earth atmosphere. The difference originates from the lower atmospheric density of the Sun, which allows 
secondary particles to decay rather than to reinteract. We present the sensitivity of the first search for solar atmospheric neutrinos, using seven years of data collected with IceCube. To distinguish 
signal from backgrounds we perform a likelihood analysis using directional and energy spectral information. The analysis method and optimization will be introduced and sensitivities presented.

Abstract

• Solar atmospheric neutrinos form a natural background to dark matter searches, that 
can be visualized in form of a neutrino floor.
• A series of recent works quantified this floor [4,5,8].
• We computed the solar atm. neutrino floor by requiring equal number of events 

from dark matter annihilation and solar atmospheric neutrinos.
• In standard solar dark matter scenarios, annihilations occurs in the center of the Sun. 

Due to neutrino absorption above 100GeV the neutrino spectrum from dark matter 
annihilation can be expected to be significantly different compared to that from of 
solar atmospheric neutrinos.

• Scenarios with “secluded dark matter”, could yield a high energy neutrino flux from 
the Sun. A separate IceCube search is on-going.

Naïve = Ignore magnetic field effect
Nominal = simple magnetic field structure

D. Seckel, T. Stanev , and T. K. Gaisser, 
The Astrophysical Journal 382 (1991)

• Solar atm. neutrinos are generated when 
cosmic rays produce particle showers in 
the Solar atmosphere
• The first flux estimation dates back to 

Seckel Stanev Gaisser (1991)[3]  
• Below O(100GeV) significant dependence 

on solar magnetic fields

The solar atmospheric neutrino flux has been predicted in 
several independent works [2,3,4,5]
Models are in good agreement and we choose two 
benchmark models for this analysis

Kenny C.Y. Ng, John F. Beacom, 
Annika H.G. Peterand Carsten Rott, 
Phys. Rev.D96 (2017) no.10, 103006.

Livetime = 7 years (May 31, 2009 - May 18, 2017)

First evidence by EGRET

Kenny C.Y. Ng, John F. Beacom, Annika H.G. Peter, 
Carsten Rott Phys.Rev. D94 (2016) no.2, 023004

Theoretical models  

no systematics included

IceCube Preliminary

Preliminary systematic uncertainty study
• Signal prediction: 
•       ~28% Energy spectrum and angular distribution
• Detector uncertainties:
•       ~ <20% DOM efficiency
•       ~ <13% Ice properties
• Background prediction:
•       ~ 6% Cosmic ray shadow

EThreshold ~ 5 GeV (DeepCore)   
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 Disc emission extends to be high energies[9]


