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The Sun sinks maximally 23o below  
the horizon at the south pole 

Cosmic Rays: µ, γ,π,κ,...  

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 whereas high 
velocity produce larger nuclear recoils)!

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



the Antarc1c Muon and Neutrino Array 



o Excluded by CDMS + XENON10 
+ allowed by CDMS + XENON10 



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 
2007‐2008: 18 strings 

2008-2009: 19 strings 

59 out of 86 strings 
opera1ng 

DeepCore 
6 additional strings , 
60 Optical Modules 
7 or 10 m between Modules 
72 m between Strings 

Strings Year Livetime μ rate ν 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



Neutrino flavor 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Showers 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tracks 

IceCube flavor ID, 
direction, energy 

IceCube triggered, 
partial reconstruction 
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• High flux from atmospheric muons inhibits 
search above horizon. 

• Background from atmospheric neutrinos 
irreducible over all sky. 

• Use energy related variables to discriminate 
against so]er atmospheric spectrum for high 
energy phenomena. 

• Muon energies of interest for 
WIMP searches are 50‐500 GeV. 

• Limited to searches below the 
horizon. 



A few 1000 atmospheric 
neutrinos per year from 
northern hemisphere 

Max. a few neutrinos 
per year from WIMPs 

signal 

~109 atmospheric 
muons per year from 
southern hemisphere 

BG 

BG 



• signals simulated with WIMPSIM (Blennow, Edsjo, Ohlsson 2008) based on 
DarkSUSY!
• 5 masses considered: 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 Eν>1 TeV!

So]:  Eµ~0.01Mχ‐0.06Mχ  
Hard:  Eµ ~0.03Mχ‐0.3Mχ 



• 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!

1ghtening cuts 

• 106 background rejection needed!



• 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.!



from IceCube 22!



• annihila-ng in the gravity well of the Sun 
• indirect detec-on 
• limits shown are spin dependent 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• Set limit on σSD by assuming 
Rannih = Rcapture, local ρWIMP = 
0.3GeV/cm3 and Maxwellian 
vWIMP 

• See astro‐ph 0903.2986 
(Wikstrom and Edsjo) for 
method of conver1ng muon 
flux to cross sec1on limit. 

• Deep core enhancement 
under construc1on will 
greatly enhance sensi1vity. 



•  AMANDA has denser string spacing.!
•  AMANDA strongly improves the low energy physics in IceCube 

(e.g. Wimps, atm neutrinos)!
•  work has been done to synchronize the triggering and clocks 

of IceCube and AMANDA!
•  Combined analyses being done with 22 string and 40 string 

IceCube plus AMANDA data to increase sensitivity and extend 
low energy threshold (50 GeV?).!

•  BUT!
–  Old and different hardware compared with IceCube!
–  Not placed in the centre of IceCube !
–  Placed quite shallow at 1500-2000 m !
–  Counting house threatened by drifting snow !
–  AMANDA needs 20 KW (1/3 of IceCube)!
–  Needs special maintenance for both hardware and 

software !



deep core!

AMANDA!





10 DOMs 
10 m 
spacing 

50 DOMs 
7.0 m 
spacing 

Dust layer 

60 DOMs 
17 m 
spacing 



Top view 

375 m thick active veto: !
3 full IceCube string !

layers surround Deep Core!

Side view 

↑  Top 37 DOMs used for vetoing ↑ !

Side 3 strings !
used for vetoing !

Side 3 strings !
used for vetoing !

125m 

Deep Core 
fiducial volume!

375m 

35
0m
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Deep Core 
IceCube 

RejecCon rate  veto allows searches above horizon!!



charge/SPE 

• charge response same as for standard PMTs 

• In situ measurements with the first deployed 
string (08‐09 season) are underway and so far 
validate lab measurements 

• New (pricey) high quantum 
efficiency photomultiplier tubes 
feature new proprietary 
photocathode material!

• 40% higher efficiency at 405 nm 
wavelength!

• …but also higher noise rate!



Aeff: For downgoing muon neutrinos 
following E‐2 spectrum that trigger the 
detector (4 hit phototubes to trigger, no 
reconstruc1on efficiencies included 

yet!) 

Preliminary Veff: For contained downgoing 
muon neutrinos that interact 
in the fiducial volume and 

trigger the detector (4 hit phototubes 
to trigger,  

no reconstruc1on efficiencies 
included yet!) 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• gains mostly at low WIMP masses (50-500 GeV)!
• decreases energy threshold and allows low energy searches when the Sun 
is above horizon!
• opens up other low energy physics searches as well (Southern sky low 
energy neutrino emission, neutrino oscillation studies, exotics, etc.)!

…for IceCube versus IceCube & DeepCore 



…from the Sun!

80 string IceCube and IceCube Deep Core compared 22 string IceCube!



  ArXiv:0902.2460v1 

ICDC 
&IC80 

Deep Core & IceCube (5 year) sensitivity! 

s1ll allowed 
parameter space 







Median angular resoluCon: 
(zenith angle averaged) MPE SPE 
E‐1.5 ν – spectrum: 1.2° 2.4° 
E‐2 ν – spectrum: 1.3° 1.7° 

Filter level‐ 40 string configura-on 

• Angular resolu1on improves with 
detector size. 
• More sophis1cated filtering includes a 
single itera1on of a likelihood. 

• Improved techniques improve angular 
resolu1on at high energies. 



Existence of the moon confirmed! 

4.2σ deficit of events from direc1on of 
moon in the IceCube 40‐string 
detector (3 months of data) confirms 
poin1ng accuracy. 

Validates poin1ng  
capabili1es: 

Angular resolu1on: 
– IceCube 22 < 1.5° 
– IceCube 80 < 1° 



e+e- 
π

γ

µ

pair-creation 
bremsstrahlung 

photo-nuclear 

• New variables are a 
stronger func1on of energy. 
• Use informa1on contained 
in the waveform instead of 
simply coun1ng the number 
of hit phototubes. 






