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How does Nature manage to accelerate particles to ~ZeV energies? 

If the ultrahigh energy cosmic rays are strangelets, they can be accelerated locally 

Z=104 









Measured atmospheric νμ spectrum constrains likely cosmic sources   

… e.g. IceCube rules out the ‘Waxman-Bahcall’ model for GRBs (Nature, 484:351, 2012) and is 
beginning to constrain the ‘prompt’ atmospheric neutrino flux (sensitive to low-x physics)  



arXiv:1304.5356 

First observation of PeV-energy neutrinos with IceCube 

Very unlikely to be from charm (produced 
in cosmic ray interactions in atmosphere) 
and the energies are below the ‘Glashow 
resonance’ … so are they cosmic in origin? 



Measurement of Atmospheric Neutrino Oscillations with IceCube 
Mena, Mocioiu & Razzaque, Phys. Rev. D78, 093003

1st2nd

Atmospheric  νμ from Northern hemisphere oscillating 
over the Earth’s diameter have the oscillation minimum 
at ~25 GeV (detect with DeepCore infill array of IceCube) 
⇒ distorted zenith angle distribution wrt no oscillations 

20-100 GeV 
DeepCore  



Darren R. Grant - University of AlbertaSeptember, 2011 IceCube Collaboration Meeting - Uppsala Sweden

Neutrino mass hierarchy - PINGU

We investigate the possibility of this measurement with a 20 string 

infill.    

Why?

At 10 GeV the neutrino/anti-

neutrino probabilities are flipped in 

their hierarchies and add = 

reduces the effective size of 

measured CC events

At 5 GeV there is a clear flip and 

shift in the probabilities which we 

may be able to exploit...
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Inverted/Normal hierarchy has up to ~20% difference 
in νμ oscillation probability for specific energies and 
zenith angles (baselines), so can determine hierarchy 
without δCP dependence, exploiting huge statistical 
power afforded by a megaton scale detector 

Lower energy threshold to ~few GeV in Precision IceCube Next Generation Upgrade  

Akhmedov, Razzaque, Smirnov, arXiv:1205.7071 



Ruled out by XENON? 

A major question for BSM theorists is the 
nature of the dark matter … while interest has 

mainly been focussed on O(100) GeV mass 
neutralinos in SUSY extensions of the SM, an  
alternative interesting possibility is that dark 
matter is asymmetric (just like baryons) and 

has a mass of  O(5) GeV  - perhaps arising from 
new strong dynamics in a hidden sector 

(Frandsen, Kouvaris, Sarkar, Sannino, Zwicky et al) 

There have been hints of such particles from 
DAMA, CoGeNT, CRESST, … and now CDMS!  
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We find from a careful evaluation of the data that there is in fact consistency @ 90% CL  

Modification of the DM couplings, e.g. setting fn/fp = -0.7, can desensitise Xenon wrt Silicon 



Planck sky at 33 and 44 GHz, superimposed on Fermi sky at 10-100 GeV, revealing 
giant ‘bubbles’ in centre of Galaxy … has been attributed to dark matter annihilation 
But need better understanding of astrophysical particle acceleration & foregrounds  
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The non-thermal universe revealed by high energy cosmic radiation 
provides new probes of fundamental physics and cosmology  

Radio, X-ray, and γ-ray astronomy have yielded dramatic discoveries of 
many new phenomena  … and neutrino astronomy is about to open up 

“The real voyage of discovery consists not in 
seeking new landscapes but in having new eyes” 

       Marcel Proust 

This is an opportune time for Denmark to become involved in 
the world’s biggest neutrino observatory (➥ IceCube) which 

addresses both astronomy and particle physics  

The dark universe presents another challenge, to unravel which 
needs progress in both experiment/observation and BSM theory  


