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IceCubeNeutrino detection principle  

Detecting the Cherenkov light emitted by the 
secondary particles produced when neutrinos 
interact with nuclei in the ice  
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νe candidate data 

νe  N! cascade 

Dense, dielectric, 
transparent medium: ice

Search for cosmic neutrinos
in TeV-PeV range

Need km3 scale 
detector volume
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IceCube nearing completion: 86 strings

IC9 (2006)

IC22 (2007)

IC40 (2008)

IC59 (2009)IC79 (2010)

IceTop
80 station 
2 tanks per station

IceCube
80 strings ~125 m spacing
60 DOMs per string 
~17 m spacing

2.5 km

DeepCore infill array
6 strings
60 DOMs per string
~7 m spacing

IceCube Lab (ICL)
central computing facility

IC1 (2005)
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Amundsen Scott Station IceCube

South Pole

Wednesday, November 10, 2010



6

The IceCube Hot Water Drill

Drill camp (5 MW hot water heater)

Hot water hoses

Hose Reel

Drill head

Solar heated
Facilities

IceTop Tanks
(w/ sun shield)

Drill tower
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Drilling & deployment
Drill speeds ~ 2 m/minute

~40 hours to drill a hole

~12 hours to deploy a string
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Digital Optical Modules

• 25 cm PMT

• 12 LED flashers for calibration 

• full digitized waveforms:

Analogue Transient Waveform 
Digitizer (ATWD) 
400 ns / 320 MHz sampling
x 3 different gains

fast ADC
6.4 μs / 40 MHz sampling
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Topologies
• Tracks ~1 km

νμ & ντ
angular res. <1°
energy res. <0.3 log(E)

• Cascades ~10 m
νe &ντ CC & νx NC
angular res. 30°- 40°
energy res. <0.1 log(E)  

Muon from IC59 Data PROCEEDINGS OF THE 31st ICRC, ŁÓDŹ 2009 3

Fig. 2: The point spread function of the 22-, 40-, and 80-
string IceCube configurations in two energy bins. This
is the cumulative distribution of the angular difference
between the neutrino and recostructed muon track using
simulated neutrinos. The large improvement between the
22- and 40-string point spread function at high energies
is due to an improvement in the reconstruction, which
now uses charge information.
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Fig. 3: The IceCube 40-string solid-angle-averaged ef-
fective area to an equal-ratio flux of νµ and ν̄µ, recon-
structed within 2◦ of the true direction. The different
shapes of each zenith band are due to a combination of
event selection and how much of the Earth the neutrinos
must travel through. Since the chance of a neutrino
interacting increases with its energy, in the very up-going
region high energy neutrinos are absorbed in the Earth.
Only near the horizon do muons from > PeV neutrinos
often reach IceCube. Above the horizon, low energy
events are removed by cuts, and in the very down-going
region effective area for high energies is lost due to
insufficient target material.

153.4◦ r.a., 11.4◦ dec. Accounting for all trial factors,
this is consistent with the null hypothesis at the 2.2 σ
level. The events in the most significant location did
not show a clear time dependent pattern, and these
coordinates have been included in the catalogue of
sources for the 40-string analysis.
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Fig. 4: 40-string IceCube sensitivity for 330 days as
a function of declination to a point source with dif-
ferential flux dΦ

dE = Φ0(E/TeV)−2. Specifically, Φ0 is
the minimum source flux normalization (assuming E−2

spectrum) such that 90% of simulated trials result in a
log likelihood ratio log λ greater than the median log
likelihood ratio in background-only trials (log λ = 0).
Comparison are also shown for the 22-string and the
expected performance of the 80-string configuration, as
well as the ANTARES [6] sensitivity.

Since the 22-string analysis, a number of improve-
ments have been achieved. An additional analysis of
the 22-string data optimized for E−2 and harder spectra
was performed down to −50◦ declination with a binned
search [8]. These analyses are now unified into one
all-sky search which uses the energy of the events and
extends to −85◦ declination. Secondly, a new recon-
struction that uses the charge observed in each DOM
performs better, especially on high energy events. Third,
an improved energy estimator, based on the photon
density along the muon track, has a better muon energy
resolution.

With construction more than half-complete, IceCube
is already beginning to demonstrate its potential as an
extraterrestrial neutrino observatory. The latest science
run with 40 strings was the first detector configuration
with one axis the same length as that of the final array.
Horizontal muon tracks reconstructed along this axis
provide the first class of events of the same quality as
those in the finished 80-string detector.

There are now 59 strings of IceCube deployed and
taking data. Further development of reconstruction and
analysis techniques, through a better understanding of
the detector and the depth-dependent properties of the
ice, have continued to lead to improvements in physics
results. New techniques in the southern sky may include
separating muon bundles of cosmic ray showers from
single muons induced by high energy neutrinos. At lower
energies, the identification of starting muon tracks from
neutrinos interacting inside the detector will be helped
with the addition of DeepCore [9].

Simulated νe
E = 182 TeV
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Cosmic Ray acceleration

• Cosmic rays accelerated in 
shock waves: 1st order Fermi

• Interaction with photons: pion 
production

• pions decay into gamma rays 
and neutrinos
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Acceleration sites
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• Cosmic rays scrambled by (inter-) Galactic magnetic field 

• Cosmic ray spectrum at Earth E-2.7 / source spectra harder

• How to identify sources?

CR

B field

Propagation
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• Photons produce showers with composition different from CR 

• Pair production length at 1 PeV ≈ 100 kpc Only Galactic origin.

• Photons also produced in leptonic jets No proof of CR acceleration

ϒ+ϒcmb → e- + e+ > 100 TeV

Absorbtion ISM

ϒ
ϒ

ϒ

Propagation
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• Neutrinos from source propagate almost unattenuated in straight line  

• Background: atmospheric ν and μ from CR shower

• Above GZK energy: extremely high energy ν from CRs

above 4 ⋅1019 eV
ν

ν

ν

μCR

CR

Propagation
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Atmospheric background: muons

• per year:
60 billion downgoing muons 
74,000 upgoing muons

• strategies:
search below horizon
search at high energy
use IceTop as veto

Atmospheric 
neutrinos

Downgoing 
muons

Northern Southern 

Coincident events can cause 
misreconstructions

Significant backgroung of fake 
upgoing tracks

IC22 data
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Atmospheric background: muons
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misreconstructions
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Atmospheric background: neutrinos

• Pion decay
π+ →μ+ + νμ
π- →μ- + νμ
Υ~2.7 below 100 GeV
Υ~3.7 above 100 GeV

• Muon decay
μ+ → e+ + νμ + νe

μ- → e- + νμ + νe

• Prompt decay of charmed 
mesons
Υ~2.7 up to 104 TeV
νμ and νe

• No ντ 
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Moon shadow
Moon Shadow  L. Gladstone, H. Stiebel, D. Boersma, J. 

Blumenthal, L. Schönherr 
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CR anisotropy

Medium scale CR anisotropy - Status of the analysis!!"

Medium scale anisotropy in IC40!

! Medium scale structure 
(~20˚) with a significance of 
~7.5 ! can be seen on the 
IC40 downgoing muon sky 
map.!

! Unblinding for IC59 data 
has been requested.!

IC40 sky map!

4h time window, 25º smoothing!

~ 19x109 events!

NOTE:  
Integration time is the time window 
used to scramble the data  
Smoothing is a procedure used to 
correlate neighboring pixels 

Tibet Array
northern hemisphere

IC22
4.3G muon tracks
median energy 12 TeV
median angular resolution 3 degr

A1 = 6.4 ± 0.2 stat. ± 0.8 syst. ⋅ 10-4

A2 = 2.1 ± 0.3 stat. ± 0.5 syst. ⋅ 10-4

3

of the Earth should average out the local asymmetry in
the arrival directions each day, but gaps in the detector
uptime and uneven run selection due to quality selection
introduce non-uniformities into the time coverage of the
data. These non-uniformities preclude the complete av-
eraging, and translate into an artificial arrival direction
asymmetry in equatorial coordinates.

Fig. 1.— This plot shows the IceCube detector geometry in the
22 string configuration. The filled green circles are the positions of
IceCube strings and the filled blue circles display the position of
the IceTop tanks.

To correct for this detector-related asymmetry, each
event from a given local azimuth bin i was weighted
with the ratio n̄/ni, where n̄ is the average number of
events over the full range of local azimuths, and ni is
the number of events in local azimuth bin i. Since the
local azimuth distribution varies with zenith angle, the
events were grouped into four zenith bands with approxi-
mately equal numbers of events per band. The weighting
is applied within each band to remove the detector asym-
metry.

3. RESULTS

To investigate the arrival direction distribution of the
cosmic rays, we studied the relative intensity of the cos-
mic ray induced muon flux. The arrival direction distri-
bution is dominated by the zenith angle dependence of
the muon flux. The zenith angle dependence is a result of
varying overburden for the muons through the Antarctic
ice. Therefore, the flux was normalized within declina-
tion belts of width 3◦, which corresponds to the angular
resolution of the data. This procedure provides the rel-
ative intensity of the event rate in each declination belt

independently.
Figure 2 shows the relative intensity of the event rate

in equatorial coordinates. The color scale quantifies the
number of reconstructed events with respect to the av-
erage number of events in each declination belt. Fig-
ure 3 shows the same data in Galactic coordinates. Note
that since the declination belts in the equatorial map are
treated independently, the map provides only informa-
tion on the relative modulation of the arrival direction of
cosmic rays along the right ascension.
Figure 2 shows an anisotropy that appears to be a con-

tinuation of a similar modulation of the cosmic ray flux
observed in the Northern hemisphere (Amenomori et al.
2006; Guillian et al. 2007; Abdo et al. 2009). To quan-
tify the scale of the anisotropy, we fitted the right ascen-
sion dependence of the data to a first- and second-order
harmonic function of the form

n=2∑

i=1

Ai cos(i(α− φi)) +B, (1)

where (Ai,φi) are the amplitude and phase of the
anisotropy, α is the right ascension, and B is a con-
stant. Figure 4 shows the anisotropy profile in right
ascension obtained by accumulating the relative inten-
sity distributions from the declination belts. The er-
ror bars are derived by propagating the statistical er-
rors from each declination belt, and the gray band in-
dicates the estimated spread from the fit values of the
stability tests. The solid line indicates the fit of equa-
tion (1) to the data. The first- and second-harmonic
fit parameters to the one-dimensional projection in Fig-
ure 4 are A1 = (6.4 ± 0.2 stat. ± 0.8 syst.) × 10−4,
φ1 = 66.4◦±2.6◦ stat.±3.8◦ syst., A2 = (2.1±0.3 stat.±
0.5 syst.)×10−4 and φ2 = −65.6◦±4.0◦ stat.±7.5◦ syst.,
with χ2/dof = 22/19.

Fig. 2.— The relative intensity of the cosmic ray flux in equato-
rial coordinates.

To estimate the stability of the result and the cor-
responding systematic uncertainties we performed two
types of tests: we checked whether the observation is
stable against the choice of the particular event sample
selection, and whether the modulation has spurious in-
fluences from other physical effects. The stability of the
result was tested through a series of dedicated checks.
The first stability test was done by dividing the data set
in half by sub-run number, where each sub-run contains
approximately 20 minutes of observations. To avoid any
systematic biases the division was tried in several ways:
first, by separating data in even- and odd-numbered sub-
runs, and second, by random selection of half of the sub-
runs. The corresponding relative intensity distributions
in right ascension for both tests were determined, and

Medium scale CR anisotropy - Status of the analysis!

Data has a mixture of low and higher l components: we have 
smaller structure on top of Rasha’s dipole+quadrupole.   

Power spectrum (4 hours)!

IC40 
20G muon tracks
medium scale structure 20 degrees
not just dipole + quadrupole

preliminary

preliminary
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Expected
Minimum

Expected
Maximum

Why CR Anisotropy ?

• Compton-Getting effect: CR dipole due to motion of solar system through 
Galaxy.

Structure more complicated

Dipole phase not correct

• Maybe local/Galactic B field structure? 
Study on energy dependence in progress...
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Effective Area for muon neutrinos

4π sensitivity! 

PROCEEDINGS OF THE 31st ICRC, ŁÓDŹ 2009 3

Fig. 2: The point spread function of the 22-, 40-, and 80-
string IceCube configurations in two energy bins. This
is the cumulative distribution of the angular difference
between the neutrino and recostructed muon track using
simulated neutrinos. The large improvement between the
22- and 40-string point spread function at high energies
is due to an improvement in the reconstruction, which
now uses charge information.
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Fig. 3: The IceCube 40-string solid-angle-averaged ef-
fective area to an equal-ratio flux of νµ and ν̄µ, recon-
structed within 2◦ of the true direction. The different
shapes of each zenith band are due to a combination of
event selection and how much of the Earth the neutrinos
must travel through. Since the chance of a neutrino
interacting increases with its energy, in the very up-going
region high energy neutrinos are absorbed in the Earth.
Only near the horizon do muons from > PeV neutrinos
often reach IceCube. Above the horizon, low energy
events are removed by cuts, and in the very down-going
region effective area for high energies is lost due to
insufficient target material.

153.4◦ r.a., 11.4◦ dec. Accounting for all trial factors,
this is consistent with the null hypothesis at the 2.2 σ
level. The events in the most significant location did
not show a clear time dependent pattern, and these
coordinates have been included in the catalogue of
sources for the 40-string analysis.
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Fig. 4: 40-string IceCube sensitivity for 330 days as
a function of declination to a point source with dif-
ferential flux dΦ

dE = Φ0(E/TeV)−2. Specifically, Φ0 is
the minimum source flux normalization (assuming E−2

spectrum) such that 90% of simulated trials result in a
log likelihood ratio log λ greater than the median log
likelihood ratio in background-only trials (log λ = 0).
Comparison are also shown for the 22-string and the
expected performance of the 80-string configuration, as
well as the ANTARES [6] sensitivity.

Since the 22-string analysis, a number of improve-
ments have been achieved. An additional analysis of
the 22-string data optimized for E−2 and harder spectra
was performed down to −50◦ declination with a binned
search [8]. These analyses are now unified into one
all-sky search which uses the energy of the events and
extends to −85◦ declination. Secondly, a new recon-
struction that uses the charge observed in each DOM
performs better, especially on high energy events. Third,
an improved energy estimator, based on the photon
density along the muon track, has a better muon energy
resolution.

With construction more than half-complete, IceCube
is already beginning to demonstrate its potential as an
extraterrestrial neutrino observatory. The latest science
run with 40 strings was the first detector configuration
with one axis the same length as that of the final array.
Horizontal muon tracks reconstructed along this axis
provide the first class of events of the same quality as
those in the finished 80-string detector.

There are now 59 strings of IceCube deployed and
taking data. Further development of reconstruction and
analysis techniques, through a better understanding of
the detector and the depth-dependent properties of the
ice, have continued to lead to improvements in physics
results. New techniques in the southern sky may include
separating muon bundles of cosmic ray showers from
single muons induced by high energy neutrinos. At lower
energies, the identification of starting muon tracks from
neutrinos interacting inside the detector will be helped
with the addition of DeepCore [9].

downgoing atm. μ bg: low E cut out Earth opaque at high E

high E: most target when inclinedlow E: below horizon 
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IC22 Point source search

5114+1877 
candidates
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Figure 1. Left: IC-22 neutrino effective area in declination ranges (binned method). Right: IC-22
sensitivity and discovery potential to point sources with E−2 spectrum as functions of declination.

Cuts on track quality parameters are optimized
considering the variation in detection and recon-
struction efficiencies with declination. In addi-
tion, the search bin radius depends on declination
(mean value = 2.1◦). Final cuts were chosen so as
to optimize sensitivity for a compromise between
E−2 and E−3 neutrino energy spectra.

2.2. Unbinned maximum likelihood search
The unbinned maximum likelihood method [4]

constructs a likelihood function, L, which de-
pends on the signal probability density function
(pdf) and background pdf, for a given source lo-
cation, xs, and total number of data events nt:

L =
nt
∏

i=1

(

ns

nt
Si(xi, xs, Ei, γ) +

nbg

nt
Bi(xi, Ei)

)

(2)

The signal pdf, Si, is characterized by each
event’s reconstructed direction, xi, angular uncer-
tainty around xs, energy estimation, Ei, i.e. the
number of OMs hit, and γ, the assumed energy
spectrum index (E−γ). The background pdf, Bi,
is determined from the declination distribution
and energy estimators of the data sample. The
number of signal events, ns, is found by maximiz-
ing the likelihood ratio of the background plus sig-
nal hypothesis against the background-only case.

This method does not need tight cuts, as in the
binned analysis, because the likelihood incorpo-
rates energy information that can separate signal
from background. A harder event selection does
not further improve the final sensitivity.

3. Data Samples

The declination range from -5◦ to 85◦ has been
scanned in the TeV-PeV energy region using IC-
22 data with a lifetime of 276 days. Each analysis
has followed its own event selection criteria, ar-
riving at a final sample of 5114 (2956) events for
the unbinned (binned) method. Since the binned
method needs more efficient cuts to get a bet-
ter sensitivity, the final sample is smaller than
the unbinned method, which contains more low
energy νµatm. The νµatm

content of the sam-
ples is greater than 90%, where the contamination
comes from misreconstructed down-going muons,
mostly time-coincident multiple events.

From simulation, a sky-averaged median angu-
lar resolution of 1.4◦ is estimated for signal neu-
trinos with E−2 spectrum. The final effective area
for a νµ+ν̄µ flux is presented in Fig. 1 and is simi-
lar for both analyses. The effect of the absorption
in the Earth, due to increased cross section with
energy, can be seen for events at large declination.

4. Results

Sensitivities and discovery potentials1, as func-
tions of declination, are compared in Fig. 1. The
sky-average sensitivity at 90% C.L. to a generic
E−2 flux of νµ is 1.3 (2.0) ×10−11 TeV−1cm−2s−1

(E/TeV)−2 for the unbinned (binned) method.
The enhancement, without including system-

1Smallest flux detectable at 5σ in 50% of trials.

J.L. Bazo Alba / Nuclear Physics B (Proc. Suppl.) 188 (2009) 267–269268

signal pdf  
includes E-2 
spectrum

background pdf 
from data

Unbinned likelihood search
Hottest spot: RA 153.375°, decl 11.375°

post-trial p-value ~1%

(67 out of 10,000 scrambled datasets show  
hotspot of similar or higher significance)

no significant result

Wednesday, November 10, 2010



• IC22 hotspot disappeared

• No sign of a source: 96% of scrambled data sets have more significant spot

• No significant results for list of possible sources

• 4π sky coverage

IC40 Point source search

Preliminary
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Gamma Ray Bursts

Brussels,
23-Sept-2010

Tom Gaisser 10

!"#$%&"'()*$( )$*+(,-.
Look for correlation with 117 GRBs with declination > 0 during IC40 run

Compare to expectation for each 
burst from model of Guetta et al.,  

IceCube preliminary

Kevin Meagher, UMd

/*0"12340"5"40"46('"#$%&()*$( 736&34(89:;(&$'(*)(,-.(#1'*(4"<#63=":
>(?:(@&36"&*$4A(B@(CIC40: 117 GRBs accumulated

Using SWIFT, BATSE and other satellite data

Individual neutrino spectra based on photon 
spectra (cf. Guetta et al 2004)

pγ →Δ →nπ+

Neutrinos from pion and muon decay

First breakpoint: inversely proportional to 
photon spectrum breakpoint

Second breakpoint: τπ, τμ > τsync
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Brussels,
23-Sept-2010

Tom Gaisser 10

!"#$%&"'()*$( )$*+(,-.
Look for correlation with 117 GRBs with declination > 0 during IC40 run

Compare to expectation for each 
burst from model of Guetta et al.,  

IceCube preliminary

Kevin Meagher, UMd

/*0"12340"5"40"46('"#$%&()*$( 736&34(89:;(&$'(*)(,-.(#1'*(4"<#63=":
>(?:(@&36"&*$4A(B@(C

Preliminary

Gamma Ray Bursts

IC59 analysis  in progress...

Wednesday, November 10, 2010



Expected Energy Distribution - Final Cut Level 

7

Thursday, September 23, 2010

Diffuse analysis
• look for combined flux of all neutrino sources (in northern hemisphere)

Atmospheric

charm

E-2 sources

Look for hardening of spectrum at high energies
 

Reduce atmospheric 
background by searching for 

cascade events
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IC40 atmospheric

• Measured atmosperic 
flux consistent with 
theory and other 
experiments

• Multi-year full 
detector will extend 
range > PeV
charm region
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Diffuse IC40 νμAstrophysical Model Tests

12

Thursday, September 23, 2010

Below WB upper bound
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Extremely high energy

Look upward: Earth opaque to high energy neutrinos
Low background: heavy element CR showers

Wednesday, November 10, 2010
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Cascades
• From νe, ντ charged current and νx neutral current:

atmospheric bg lower

• Use surrounding strings for veto

• IC22 (270 days):  
14 candidates
8.3 ± 3.6 expected background

Simulated νe
E = 182 TeV

Surviving event with 
highest energy: 134 TeV

Brightest hit ~10,000 p.e.’s

Bigger detector:
- more veto strings
- lower E threshold
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Search for Dark Matter

• Promising WIMP candidate:
Neutralino χ (lightest susy particle, stable)

• weak interaction allows χ capture in dense objects:
Earth, Sun, Galactic center 

• χ is Majorana particle: self annihilation → neutrinos
Search for excess from dense objects

χ

χ

Z, H
q,W,l,ν

q,W,l,ν

X + ν

X + ν
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DM from Galactic center
Northern sky:

Compare on-source 
and off-source region

Southern sky:
View on Galactic Center
CR muon background
look for tracks starting in detector
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Solar neutralinos

• χ annihilation rate from Sun 
depends on capture rate
(if equilibrium condition is 
satisfied)

• hydrogen:
spin dependent cross section 
most relevant

• complementary to direct 
searches (mostly spin 
independent)
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FIG. 5: Limits on spin-dependent WIMP-proton cross-section as a function of neutralino mass, for Super-K calculated from the
muon flux limit [5], and for IceCube-22 [15]. Limits from CDMS [9], COUPP [11], KIMS [10], and the full IceCube estimated
sensitivity [15] are shown for comparison. Also shown are mSUGRA and MSSM models where neutralinos are (dots) or are
not (crosses) in equilibrium in the Sun

C. Limits on scattering cross-sections

Using our conversion factors in Fig. 3 (we here use the standard calculation), we can now convert limits on the muon
flux from neutrino telescopes to limits on the scattering cross-section. As expected, the limits on the spin-independent
scattering cross-section are are similar to, but not competitive with, current direct detection limits and we will instead
focus on the spin-dependent scattering cross-sections. In Fig. 5 we show the limits on the spin-dependent scattering
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 cos Ψ [µ track, Sun]

No significant excess found
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DeepCore

• dense volume + veto from other strings:
open southern sky at lower energies

• lower energy threshold <10 GeV
WIMP search
atm. neutr ino spectrum
νμ disappearance at 25 GeV

Overhead View

IceCube Strings
HQE DeepCore Strings
DeepCore Infill Strings

&  Currently Deployed
&  Deploying in 2011

DeepCore

Dust Layer
Si

de
 V

ie
w

DeepCore strings have
10 DOMs with a
DOM-to-DOM spacing
of 10 meters

50 HQE DOMs with an
DOM-to-DOM spacing
of 7 meters

21 Normal DOMs with a
DOM-to-DOM spacing
of 17 meters

* dense infill array
* cleanest ice
* more sensitive DOMs (30% higher QE)
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DeepCore: oscillations

• νμ disappearance in 10-100 GeV region on Earth baseline

• ντ appearance? background of νμ C.C. with short muon track  

Energy [GeV]

O
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ill
at
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n 

pr
ob

ab
ili

tie
s

νµÕνµ

νµÕντ
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IceTop

• Sensitive to CRs at and 
above the knee

• IceCube provides 
measurement of muonic 
component

• Composition studies

• Veto for neutrino analyses

IceTop preliminary

ΔE≈20%
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IC22 composition

• Neural network training

• Likelihood fit of data to find composition

IceTop energy

IceCube muons
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• Produced early in shower with 
>8 GeV/c PT

• Separated, parallel track 

• Independent method of studying 
composition

High transverse 
momentum muons

Dist 400 m
Δθ 1°

Δt 66 ns

IC22 Data Event
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Galactic PeV photons 

Milagro

CASA-MIA
IC40

>80% of PeV gamma ray showers give no signal in IceCube
<0.1% of CR showers has no muons that reach IceCube

Coincident geometry confines Field Of  View

IC40: 268 candidate events
no hot spot, no correlation with Gal Plane
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Supernova Detection
• On average every 30 years a 

massive star (>8M) 
explodes, releases 99% of the 
energy in MeV neutrinos

• Show up as a spike in noise 
rates, monitored by dedicated 
DAQ 

• No directionality, but excellent 
time resolution and high 
significance signal

Detection radius out 
to the LMC (~50 kpc)

SNEWS: Look for supernovae
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Future extensions

• IceCube deployment finished in 2011
– Seven more strings bring the total to 86
– Full km3 volume, dense DeepCore

• Multi-messenger astronomy
– Correlations with ROTSE, SWIFT, and LIGO

• New Technologies
– 4 Hydrophones deployed above IceCube
– 3 Prototype digital radio strings deployed with IceCube 

strings
– DM-ice; direct Dark Matter experiment with NaI crystals
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Conclusions

• IceCube will be finished in the coming 
months: official inauguration May 2011

• Analysis with growing detector is producing 
challenging limits in many areas

• Many exciting discoveries ahead

• Pilot projects for next generation experiments
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ARIANNA 
A 100 km3 scale detector for GZK neutrinos
Stijn Buitink (LBNL) for the ARIANNA Collaboration

GZK neutrinos are created when cosmic rays above the 
Greisen-Zatsepin-Kuzmin (GZK) energy (3⋅1019 eV) interact with the 
cosmic microwave background. They are the only known high energy 
particles that can traverse distances of cosmic scale almost 
unattenuated. Successful detection of GZK neutrinos will allow  us to 
study the evolution of the most energetic accelerators in the universe.

The plot to the left shows all-flavor neutrino flux limits by Rice, HiRes, 
Anita and the Pierre Auger Observatory. The thin black curve is a 
theoretical prediction for the GZK flux by Engel, Stanev and Seckel 
(2001). ARIANNA will bridge the gap between existing limits and model 
predictions. The red curve indicates the projected sensitivity of the full 
array.

Arianna (Antarctic Ross Iceshelf ANtenna 
Neutrino Array) will be built on the Ross Ice 
Shelf in Antarctica. When a neutrino interacts in 
the ice it produces a hadronic cascade, which 
develops a negative charge excess. This 
produces Cherenkov emission that is coherent 
at radio frequencies (the Askaryan effect). 
Arianna consists of antennas buried just below 
the surface to detect the radio signal. 

The key asset of this particular location is the 
reflective ice-water interface. At these high 
energies the Earth is opaque to neutrinos so 
they must enter the ice volume from above or 
just below  the horizon and the radio emission is 
directed mostly downwards. The Ross Ice Shelf 
is ~570 m thick and floats on sea water. At the 
ice-water interface, the radio waves are 
reflected back upwards towards the surface.  
By exploiting this unique characteristic, the 
detectors do not have to be buried deep 
underground, thus significantly reducing the 
cost of construction of a large array.

A prototype station was 
deployed in December 2009. Four log-
periodic dipole antennas are buried 
pointing down (two for each polarization).  

During the summer it took data triggering 
on two antenna coincidence, with a 50-800 
MHz band pass filter. Waveform digitization 
is done with 2.5 GHz sampling. The station 
also collects environmental data such as 
temperature and wind speed.

The station is powered by four 30-Watt 
solar panels. It has GPS receivers and an 
Iridium modem for satellite communication.    

A hexagonal 7 station array will be built in 
2011. Full ARIANNA will have hundreds of 
stations on an area of ~900 km2. 

Measurements of a 
radio pulse reflected on the ice-
water interface are shown in the 
plot to the left. The absorption at 
the interface is less than 3 dB 
and the waveform is not much 
affected by surface irregularities. 

More info: “A prototype station for ARIANNA: a detector for cosmic neutrinos”, L. Gerhardt, S. Klein, T. 
Stezelberger, S. Barwick, K. Dookayka, J. Hanson & R. Nichol, eprint arXiv:1005.5193  

Arianna
...beyond IceCube

Detect Cherenkov radio pulse 
of hadronic cascade of EHE 

neutrino interaction (Askaryan 
effect) 
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first station deployment

Periodic log dipole antenna (4 total)

50-800 MHz
2.5 GS/s

Solar panels
+

wind mill

2011: hexagonal array 7 stations
goal: order 100 km3 effective volume
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Exotic Physics
• Magnetic monopoles

– Extremely bright events, Cherenkov 
radiation is 8300 times bare muon

– Speed 0.76c - 0.99c
• TeV gravity

– Extra dimensions allow creation of 
microscopic BHs - decay into massive 
cascades of particles

B. Christy et al., ICRC 2007

• Supersymmetric particles
– High energy neutrinos can produce pairs of staus
– Unique signature of two simultaneous, parallel tracks in detector

• Lorentz invariance violation
– Look for unusual oscillation of atm ν’s
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Multi Wavelength
ROTSE: Robotic Optical Transient Search Experiment
IC40: 22 IceCube doublets observed by ROTSE
IC59: 39 observed

SWIFT: Look for choked (no γ’s) GRBs

LIGO: Offline search for coincidences 
between the two datasets. Eventually 
mutual online triggering

SNEWS: Look for supernovae
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