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•! NT200 array: !

192 Optical 
Modules!

8 Strings!

6.5 m between 
Modules!

20 m between 
strings!

•! NT+ array:!
36 Optical Modules!
3 distant Strings!

•! New technology 
string:!
12 Optical Modules!
10 m between 

Modules!

    Gigaton Volume 
upgrade: !

"12 clusters with 8 
strings each!

"22-24 optical 
modules per string!

"2100-2300 
modules total!

"!
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IceTop 

InIce 

Air shower detetor 

threshold ~ 300 TeV 

70-80 Strings , 

60 Optical Modules 

17 m between Modules 

125 m between Strings 

2005-2006: 8 strings 

AMANDA 

19 Strings 

677 Modules 

2006-2007: 13 strings 

3445634478!97!:#)1';:!

2008-2009: 19 strings 
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DeepCore 
6 additional strings , 

60 Optical Modules 

7 or 10 m between Modules 

72 m between Strings 

Strings! Year! Livetime! ! rate! " rate!

IC9! 2006! 137 days! 80 Hz! 1.7 / day!

IC22! 2007! 275 days! 550 Hz! 28 / day!

IC40*! 2008! ~365 days! 1000 Hz! 110 / day!

IC80*! 2011! ~365 days! 1650 Hz! 220 / day!
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Northern Hemisphere- Mediterranean Sea!
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High energy !
neutrino astronomy:!
Small fluxes,!
Need large detectors, !
Note wide energy range!

MeV energy !
neutrino astrophysics!
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pair-creation 

bremsstrahlung 

photo-nuclear 
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cosmic accelerator 

Atmospheric 
neutrinos are 
isotropic 

Atmospheric muons 
come from above 
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CMB 
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The Sun sinks maximally 23o below  
the horizon at the south pole 

Cosmic Rays: µ, #,!,),...  

Horizontal events very important! 

Also look for Wimps trapped in the 
gravity well of the earth. They will appear 
to come from the center of the earth. 



Indirect detection is:!

•!more sensitive to spin-dependent detection!
(the sun is a huge proton target for which spin 
dependent interaction is important)!

•!less sensitive to spin-independent interactions!
(A2 coherence not present in hydrogen)!

•!more sensitive to low WIMP velocities!
(efficient gravitational trapping)!

•!may sample regions with higher WIMP relic 
density as gravitational well (Sun, Earth) moves 
in space and time!

!!

atm $"

cosmic-ray µ’'"
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$µ"
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cosmic-ray!



A few 1000 atmospheric 

neutrinos per year from 

northern hemisphere 
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~109 atmospheric 

muons per year from 

southern hemisphere 
BG 

BG 



•!search in bins in space 
angle from the direction 
of the Sun!

•!angular resolution 
important!

•!3o angular resolution 
>500 GeV for IC22 (better 
for IC40 and at higher 
energies)!

•!was 4°-5° in AMANDA for 
tracks below 500 GeV!

Take pure neutrino sample and look for excess above irreducible atmospheric 
neutrino background.!
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375 m thick active veto: !
3 full IceCube string !
layers surround ICDC!
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*  Top 37 DOMs used for vetoing * !

Side 3 strings !
used for vetoing !

Side 3 strings !
used for vetoing !
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ICDC fiducial 
volume!
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Q(R(5+4*#),2(# veto allows searches above horizon!!
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Deep Core & IceCube (5 year) sensitivity! 
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IceCube with Deep Core!



maximal mixing, ,c/c = 10-27!

VLI oscillations from!
velocity eigenstates!
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•!VLI introduces velocity eigenstates 
distinct from mass and flavor!
•!new mixing angle - and phase ."
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•!Look for relativistic monopoles 
above the Cerenkov threshold 
(>0.75c for direct monopoles, 
>0.52c for delta electrons) 

•!Extremely bright events-8000 
times brighter than a muon 

•!Allows a search for downgoing 
as well as upgoing monopoles 

•!Mass related to GUT scale-
Relativistic for m<10^14 GeV 
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IceCube relativistic monopole limit will supersede the best AMANDA 
limit with only 9 strings! 
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•!signals simulated with WIMPSIM (Blennow, Edsjo, Ohlsson 2008) based on 
DarkSUSY!
•!5 masses simulated: 250, 500, 1000, 3000 and 5000 GeV!
•!2 annihilation channels considered!

•!Hard W+W- !
•!bb from secondaries!

•!full propagation through the Sun is simulated, absorption in the Sun important 
above a few hundred GeV!
•!3 flavor oscillations are accounted for!
•!IceCube optimized for E$>1 TeV!
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•!data taken from April 2007-April 2008!
•!look for excess of muons from WIMP annihilations in the Sun!
•!requirement that Sun be below horizon limits analysis to 104 days livetime!
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•!106 background rejection needed!
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from IceCube 22!



  

! 

" >> !

  

! 

! is the 
length of 
the bunch 

Add coherently! 

power proportional to the 
square of the shower 
energy 
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