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Overview 

  Motivation 
  Neutrino Telescopes Overview 
  Selected Analyses 
  Solar WIMPs  
  Halo WIMPs 

  Deep Core Capabilities 
  Conclusions 
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Dark Matter Understanding 
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Strategies for WIMP Detection 

 
 

 
 

 

 

 
 

This talk 
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Neutrino Dark Matter Searches 
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Neutrino Telescopes – Detection Principle 
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•  Neutrinos interact in or near 
   the detector 
•  Depending on the interaction a     
   lepton (CC) or a shower (NC) is   
   produced 
•  O (km) muons from νμ 
•  O (10m) cascades from νe, ντ, NC 

Cherenkov 
Radiation 

νl 
l, νl 

hadronic 
shower 

W, Z 

Array of optical 
sensors capture the 
light 

December 4, 2008 9 Carsten Rott - Seminar - Georgia Tech 
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• trinos interact innnn or near Neut
detectorthe



Lake Baikal 

Nestor 

Optical (Ice/Water-cherenkov) Neutrino Telescopes 

Nemo 

KM3Net 
 IceCube 

…Dumand 
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SuperK 

ANTARES 



IceCube Deep Core ANTARES Super K 

Location South Pole 
(1500m) 

South Pole 
(2000m) 

Mediterranean 
(2100m) 

Kamiokande 
(1000m)  

Volume ~1GT by 2011 ~14MT by 2010 ~10 MT ~22.5 KT 

Accessibility Northern Sky All Sky (using 
IceCube as veto) 

Southern Sky + 
large part of 
Northern Sky 

Southern Sky + 
large part of 
Northern 

Advantages Large volume “Shielded” from 
atm. muon 
backgrounds 

Good angular 
resolution 

Large dataset, 
excellent flavor 
id, well 
understood 
detector, … 

Energy 100GeV-…  10-100GeV 100GeV- … GeV-range 
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The IceCube Neutrino Telescope 
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2009/10
deployments




Down-going muons are dominant background to
 atmospheric neutrino signals 
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ANTARES 2008 

IceCube 2008 IceCube 

Atm. μ 

Atm. ν 

Astrophysical ν Cosmic Rays 
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Neutrino Event Identification 

Muon from IC40 Data 

Tracks Cascades 
IceCube 
Angular 
Resolution 
< 1° 
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Cascade reconstruction 

Carsten Rott 

  Make use of the full waveform information in 
IceCube 

  Take inhomogeneity of the ice into account 
  Photonics package is used to construct 

“tabulated delay time distributions”  
  Maximum log reconstruction 

~30 ~30deg 100TeV – 10PeV 
~65deg 10-100GeV 
For 40 string detector study 
case 

E.Middell, J. McCartin, M.D’Agostino [IceCube], ICRC 2009 
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Moon shadow observed in 8 months 
of IC40 data 
• Validates pointing capabilities: 
Angular resolution: 
– IceCube 22 < 1.5° 
– IceCube 80 < 1° 
• Used to verify detector angular 
resolution 

Cosmic rays blocked by the moon lead to a 
point-like deficit in the distribution of down-
going muons in the detector 
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   Marek Kowalski                                             IceCube, Neutrinos & Dark Matter                                                  
 Launch09  

Indirect WIMP detectionIndirect WIMP detection 
ννμ�
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Sun 

ρχ�

velocity 
distribution 

σscatt 

Γcapture 

ν interactions 

Indirect detection principle: 
Neutrinos from the sun  

18IPMU Focus Week on Indirect Searches
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At the final cut level, 
atm. neutrinos form 
biggest background 

Product of two SVMs Q1*Q2 
was used to remove 
background at final cut level 
Data and simulation agree 
well 

20 

Direction of the sun still 
remained scrambled to 
this point 

Carsten Rott  

Final selection 



IceCube Search 
Neutralino Searches 

Muon flux from the sun 

Ψ 

νμ�

Observation consistent with expectations from 
atmospheric neutrinos upper limit 

Abbasi et al., PRL, 2009 



90% CL 

Neutralino Searches Muon flux from the sun 

Abbasi et al., PRL, 2009 



Neutralino Searches 
From flux to cross-sections: 
(assuming capture rate CC in 
equilibrium) 

Spin dependent cross-section 

 Spin dependent (SD) cross section 

90% CL 
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T. Tanaka ICRC’09 
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ICRC’09 Rapporteur – T. Montaruli 



From Universal Extra Dimension theories 

 - 2 free parameters, R and cutoff scale L.   

 - finite space dimension  momentum is quantized 

 - p = n/R which can be interpreted as mass = n/R 

   tower of mass eigenstates. 

 The lightest is stable  candidate for dark matter 

R 

 Kaluza Klein Dark Matter 

See D.Hooper and S.Profumo, Phys. Rep. 453, 29, (2007) 
See talk from Seong Chan Park 
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90% CL 

Abbasi et al., submitted, 2009  arXiv:0906.3969, 0910.4480 
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Searches Strategies 
 

 

 
  Bengtsson et al.‘90, Berezinsky et al. ’94, … 

 

 
  Bergstrom ‘06, Profumo ’06, Sandick et al.’09, …
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  ρ

  ρ)



Halo Profiles 

33 

γ
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Line of sight integral: 

Expected differential neutrino Flux: 

Carsten Rott 

Kravtsov 

Moore 

NFW 

DarkSUSY ?

Measure integrated flux Isotropic emission 



Event selection / dataset 
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Halo Profile Dependence 
  Background MC scaled 5114 events 
  Signal: Line spectrum of 5TeV WIMP 

Carsten Rott 

Example neutrino 
induced muon flux 

E(thr)=1GeV 
50GeV 100GeV 

Δ ra. 

All SKY  

Northern SKY  
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Signal Region Optimization 
 

 

37 

Atm. background 

Signal 

Δθ ∼80ο�

Carsten Rott 
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Rott , CCAPP Symposium 09 

<Nbg>=1300 <Nbg>=1300 

Rel. flux 
intensity 

  Three regions: 
  on-source 

  “signal region” 
  transition 

  “control region” 
  off-source 

  “background estimate” 

  Symmetric on/off source region   
  simplistic approach 
  minimize systematic uncertainties  
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KKT unitarity 
bound 

BBM 

σ

 
 

 

 

 

 

 

 

 

 

 

  ψ=π
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DarkSUSY 
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IceCube 22-string Sensitivity 
  Average upper limit at 90%C.L. 

  ΔN90 = 65.2 events (This is a limit on the difference between 
on and off-source) 

  soft(bb) 
  hard(WW) 
  hard(μμ) 
  line (νν) 

Carsten Rott 
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Systematic uncertainties 

  Signal acceptance: 
  Uneven “exposure” (negligible) 
  Ice properties / DOM efficiency (~20%) 
  MC/data disagreement (horizontal events)  

  Background: 
  Majority of systematics cancel out (as we use the

 data itself) 
  “existing” large scale anisotropy 
  - Uneven “exposure” 
  - Neutrino anisotropy caused by cosmic ray anisotropy 

Carsten Rott 
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Uneven Exposure 

Carsten Rott 

  Track reconstruction efficiency
 varies in detector coordinates 

  In equatorial coordinates this
 reconstruction efficiency is
 smeared out (as the detector
 rotates) 

  Uneven detector up-time can
 however reduce this smearing
 effect 

  Detector down-time correlates with
 satellite visibility (maintenance
 mode) 

  Detector uptime in sidereal days
 defines this impact 

100% 

  90% 

IceCube up-time sketch 



IPMU Focus Week on Indirect Searches for Dark Matter Dec 7-11, 2009 43 

Uneven Exposure 

Carsten Rott 

  Track reconstruction efficiency
 shows “mirror symmetry” 

on source off source 

transition 

  Uneven exposure systematic
 uncertainty is on the order of
 the difference between the
 two graphs ~0.1%  

  Total systematic effect ~ 3% 

Δ�
ΔN/N ~ 0.1% 
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Celestial Cosmic Ray intensity map at different energies (TIBET)‏ 

Neutrino energy 
is roughly 
1/10-1/30 of the 
shower energy 
(cosmic ray 
primary) 

most relevant 
energy region 

Carsten Rott 

Phys.Rev.D53:1314-1323,1996.  See also Abbasi et al ICRC’09 
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Cosmic Ray Anisotropy 

  Cosmic ray anisotropy could also cause
 anisotropy in atmospheric neutrinos 

  At relevant energies the anisotropy of cosmic
 rays is a fraction of a percent 

  On/off-source region has a background
 expectation of 1300 neutrino candidate events 

  For an anisotropy of 0.2%, a maximum effect of
 2.6events -> 4% syst. uncertainty can be
 expected 
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IceCube Halo Summary  
  Neutrino Telescopes can probe Dark Matter self-

annihilation cross-section 
  Computed IceCube’s sensitivity to Galactic halo 

WIMPs, using the IC22 string up-going neutrino 
sample 

  IceCube will be able to set very completive 
constraints on the Dark Matter self-annihilation cross-
section <σ v> 

  Preliminary study of systematics shows they are well 
under control 

  DeepCore and the larger IceCube detector will have 
significantly improved sensitivities  
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IPMU 

Halo Summary Outlook 

 

 

 

 

 

 

 

Carsten Rott 

Principle of veto reconstruction  
(Schulz, Euler, Grant, ICRC 2009) 

IPMU Focus Week on Indirect Searches for Dark Matter Dec 7-11, 2009 
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Deep Core 

Carsten Rott 

  Six special strings plus 7  
 nearest standard IceCube strings 
  72 m interstring spacing 
  7 m DOM spacing on string 
  High Q.E. PMTs (40% better) 
  ~10x higher eff. photocathode 

density 

  Deep Core is currently being 
constructed and will become 
operational in spring 2010 

  Clearest ice below 2100 m 
  λatten ≈ 40-45 m 

250 m 

35
0 

m
 

Deep 
Core


extra
veto cap


AMANDA
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Veto 

Carsten Rott 

  Top and outer layers of 
IceCube can be used to veto 
down-going muons 
  By 2011 there will be 3 veto 

string layers surrounding 
Deep Core 

  Look for starting events in 
Deep Core 

  Veto rejection power: 

  ~104 demonstrated with 
98% signal eff. 

  ~105-106 likely 
C.Wiebusch [IceCube]  ICRC’09 



Deep Core Effective Area & 
Effective Volume 

with Deep Core 

Effective area for up-going 
 at trigger level


Reconstruction efficiencies not included yet 
– relative improvement likely to increase


10 GeV 100 GeV 

Effective volume for down-going 
 interacting in Deep Core


Trigger level, reconstruction efficiencies not 
included yet


Preliminary


35
0 

m



250 m


Physical

Deep Core

Volume

~15 MT
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T.DeYoung [IceCube], NDM 2009 



Spin dependent cross-section limits 
  IceCube with 

Deep Core will  
probe large  
regions of allowed 
phase space 

  DeepCore: 
  All year Sun visibility 

IC22+AMANDA (soft)
Super-K


Direct Detection

Experiments


Allowed 
MSSM
models
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D. de los Heros [IceCube], CosmoOLE 2009 
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Conclusions 

Carsten Rott 

 

 

 

  γ
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