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the icecube observatory
Lab

DeepCore

IceCube

• Cubic km detector volume

• 1450–2450 m depth

• 125 m string spacing

• 17 m sensor spacing

DeepCore

• 70 m string spacing

• 7 m sensor spacing

IceTop

• Surface cosmic ray detector
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digital optical module

Photomultiplier

• 10” Hamamatsu
18% quantum eff. at 400 nm

Digitizers

• ATWD
3 gain channels
300 MHz sampling
400 ns recording time

• ADC
40 MHz sampling
6.4 ms recording time
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detection principle

• Neutrinos interact in or near 
detector

• Tracks from charged-current
νµ interactions: km scale

• Cascades from other interactions 
(neutral-current, νe, ν!):

10 m scale

• Detect Cherenkov radiation

ν
µ

νi

W, Z

i, νi
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neutrino signatures

Tracks
•Through-going muons
•1º pointing resolution

Cascades
•Neutral current
•Charged current νe, ν

!

•10% resolution in 
log(energy)

Composites
•Starting tracks, 

double bangs
•Good directional and 

energy resolution
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pointing resolution

22 strings:       1.5º
40 strings: <  1.0º
80 strings: < 0.5º{
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pointing resolution

22 strings:       1.5º
40 strings: <  1.0º
80 strings: < 0.5º{

See arXiv:1002.4900
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background & filtering

Simulated muon fluxes

• Atmospheric muons
from above

• Atmospheric neutrinos
from all directions
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science overview

Diffuse and point source searches
active galactic nuclei, supernovae,
gamma ray bursts, dark matter

Use ‘background’ as signal
cosmic rays & atmospheric neutrinos

Exotic and other phenomena
monopoles, supersymmetry & glaciology



how to look for dark matter

• Dark matter amasses in heavy objects
(Sun, Galactic Center)

• Look for neutrinos produced in self-
annihilation (GeV–TeV scale)

χ

νµ

ll

qq

W±, Z, H

χχ !

χχ !

χχ !

χχ 

! νµ

! νµ

! νµ

! νµ
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T
rigger

South P
ole

A
ngular cuts

T
rack quality

A
dvanced cuts

E
ff
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ie

nc
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10–4

10–6

1
Filtering steps:

• Initial trigger

• Quality cut  at South Pole

• Angular cuts

• Track reconstruction 
quality cut

• Advanced cuts:
log likelihood,
decision trees,
support vector machines

wimps in the sun

Atmospheric νµ

Signal (1 TeV hard)

Total backgroundData

Passing rates, 22 strings
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wimps in the sun

• IceCube 22:   104.3 days
amanda:           150.4 days

• Blind analysis
hide Sun azimuth

• Select zenith 90º–120º
Sun below horizon

• Remove muon background

• 20% signal efficiency

• "4º angular resolution

observed flux is consistent with background expectations
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FIG. 3: Upper limits at the 90% confidence level on the
muon flux from neutralino annihilations in the Sun for the
soft (bb) and hard (W +W−) annihilation channels, adjusted
for systematic effects, as a function of neutralino mass. The
shaded area represents MSSM models not disfavoured by di-
rect searches [21, 22]. A muon energy threshold of 1 GeV
was used when calculating the flux. Also shown are the limits
from MACRO [6], Super-K [7], and AMANDA [8].

two SVM output values, Q1 × Q2. As can be seen in
the figure the distribution of simulated background is in
good agreement with data. The final event sample was
selected by requiring Q1 × Q2 > 0.1. This cut increased
the signal :

√
background ratio by a factor of 8.

Simulations predict that the final data sample of 6946
events has an atmospheric νµ event content of 56%, and
that the remainder consists of mis-reconstructed atmo-
spheric muon events. The loose cuts maintain a large ef-
fective volume, defined as the detector volume with 100%
selection efficiency, since the final signal determination
was done on the basis of direction.

After calculating the Sun’s position, the observed num-
ber of events as a function of the angle to the Sun, Ψ,
is compared to the atmospheric background expectation
in Fig. 2. The angular distribution is consistent with the
expected background and no excess of events from the
Sun is observed.

Using likelihood-ratio hypothesis tests the observed Ψ
distribution is fitted with a sum of distributions of the
simulated signal and the expected background. Here,
the expected background is detemined by using real data
with randomized azimuth direction of the Sun. We then
follow the unified Feldman-Cousins approach [18] to con-
struct the confidence intervals on the number of signal
events µs. The upper 90% confidence limit ranges be-
tween µs = 6.4 and µs = 8.5 events depending on signal
case, see Table I.

Simulation studies were used to estimate the system-
atic uncertainty on the signal effective volume Veff . Un-
certainties in the photon propagation in ice and absolute
DOM efficiency dominate, contributing ±17% to ±24%
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FIG. 4: Upper limits at the 90% confidence level on the spin-
dependent neutralino-proton cross-section σSD for the soft
(bb) and hard (W +W−) annihilation channels, adjusted for
systematic effects, as a function of neutralino mass. The
shaded area represents MSSM models not disfavoured by di-
rect searches [21, 22] based on σSI . Also shown are the limits
from CDMS [21], COUPP [25], KIMS [24] and Super-K [7].

depending on the signal model. The total systematic un-
certainty on Veff ranges from ±19% for the highest mχ̃0

1

to ±26% for the lowest mχ̃0
1
. Deviations in the event rate

between data and background simulations are within the
systematic uncertainty. These uncertainties are included
in the results presented below.

From the upper limits on µs we calculate the limit on
the neutrino to muon conversion rate Γν→µ = µs(Ψ)

Veff ·t
, for

the livetime t. Using the signal simulation [14], we can
convert this rate to a limit on the neutralino annihilation
rate in the Sun, ΓA, see Table I. Results from different
experiments are commonly compared by calculating the
limit on the muon flux above 1 GeV, Φµ, which is also
shown in Table I together with the sensitivity, Φµ, the
median limit obtained from simulations with no signal.
A downward fluctuation in the data close to the position
of the Sun results in limits lower than the sensitivity.
Within Ψ < 3◦, corresponding to the rightmost bin in
Fig. 2, the fluctuation has a probability of 8.8%. In this
bin we expect less than 0.4 background events from solar
atmospheric neutrinos [19].

The 90% confidence upper limit on Φµ as a function
of mχ̃0

1
is shown in Fig. 3, compared to other limits

[6, 7, 8], and MSSM model predictions [20]. In the plot,
the shaded area represents neutralino models not dis-
favoured by the direct detection experiments CDMS [21]
and XENON-10 [22], based on their limit on the spin-
independent neutralino-proton cross-section.

The limits on the annihilation rate can be con-
verted into limits on the spin-dependent, σSD , and spin-
independent, σSI , neutralino-proton cross-sections, al-
lowing a more direct comparison with the results of di-

Soft

Hard

wimps in the sun

• Muon flux limit 
probes spin-
dependent 
neutralino-proton 
cross-section

• Dependent on 
models of dark 
matter density 
distribution and 
annihilation modes

• Hard: W+W–

Soft:    bb

Allowed 
mssm

models

prl 102, 201302 (2009)
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muon flux from neutralino annihilations in the Sun for the
soft (bb) and hard (W +W−) annihilation channels, adjusted
for systematic effects, as a function of neutralino mass. The
shaded area represents MSSM models not disfavoured by di-
rect searches [21, 22]. A muon energy threshold of 1 GeV
was used when calculating the flux. Also shown are the limits
from MACRO [6], Super-K [7], and AMANDA [8].

two SVM output values, Q1 × Q2. As can be seen in
the figure the distribution of simulated background is in
good agreement with data. The final event sample was
selected by requiring Q1 × Q2 > 0.1. This cut increased
the signal :

√
background ratio by a factor of 8.

Simulations predict that the final data sample of 6946
events has an atmospheric νµ event content of 56%, and
that the remainder consists of mis-reconstructed atmo-
spheric muon events. The loose cuts maintain a large ef-
fective volume, defined as the detector volume with 100%
selection efficiency, since the final signal determination
was done on the basis of direction.

After calculating the Sun’s position, the observed num-
ber of events as a function of the angle to the Sun, Ψ,
is compared to the atmospheric background expectation
in Fig. 2. The angular distribution is consistent with the
expected background and no excess of events from the
Sun is observed.

Using likelihood-ratio hypothesis tests the observed Ψ
distribution is fitted with a sum of distributions of the
simulated signal and the expected background. Here,
the expected background is detemined by using real data
with randomized azimuth direction of the Sun. We then
follow the unified Feldman-Cousins approach [18] to con-
struct the confidence intervals on the number of signal
events µs. The upper 90% confidence limit ranges be-
tween µs = 6.4 and µs = 8.5 events depending on signal
case, see Table I.

Simulation studies were used to estimate the system-
atic uncertainty on the signal effective volume Veff . Un-
certainties in the photon propagation in ice and absolute
DOM efficiency dominate, contributing ±17% to ±24%
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dependent neutralino-proton cross-section σSD for the soft
(bb) and hard (W +W−) annihilation channels, adjusted for
systematic effects, as a function of neutralino mass. The
shaded area represents MSSM models not disfavoured by di-
rect searches [21, 22] based on σSI . Also shown are the limits
from CDMS [21], COUPP [25], KIMS [24] and Super-K [7].

depending on the signal model. The total systematic un-
certainty on Veff ranges from ±19% for the highest mχ̃0

1

to ±26% for the lowest mχ̃0
1
. Deviations in the event rate

between data and background simulations are within the
systematic uncertainty. These uncertainties are included
in the results presented below.

From the upper limits on µs we calculate the limit on
the neutrino to muon conversion rate Γν→µ = µs(Ψ)

Veff ·t
, for

the livetime t. Using the signal simulation [14], we can
convert this rate to a limit on the neutralino annihilation
rate in the Sun, ΓA, see Table I. Results from different
experiments are commonly compared by calculating the
limit on the muon flux above 1 GeV, Φµ, which is also
shown in Table I together with the sensitivity, Φµ, the
median limit obtained from simulations with no signal.
A downward fluctuation in the data close to the position
of the Sun results in limits lower than the sensitivity.
Within Ψ < 3◦, corresponding to the rightmost bin in
Fig. 2, the fluctuation has a probability of 8.8%. In this
bin we expect less than 0.4 background events from solar
atmospheric neutrinos [19].

The 90% confidence upper limit on Φµ as a function
of mχ̃0

1
is shown in Fig. 3, compared to other limits

[6, 7, 8], and MSSM model predictions [20]. In the plot,
the shaded area represents neutralino models not dis-
favoured by the direct detection experiments CDMS [21]
and XENON-10 [22], based on their limit on the spin-
independent neutralino-proton cross-section.

The limits on the annihilation rate can be con-
verted into limits on the spin-dependent, σSD , and spin-
independent, σSI , neutralino-proton cross-sections, al-
lowing a more direct comparison with the results of di-

Soft

Hard

wimps in the sun

• Muon flux limit 
probes spin-
dependent 
neutralino-proton 
cross-section

• Dependent on 
models of dark 
matter density 
distribution and 
annihilation modes

• Hard: W+W–

Soft:    bb

Allowed 
mssm

models
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wimps in the sun

Kaluza-Klein dark matter

• 5 universal space-time 
dimensions

• Lightest kk particle (lkp) 
mass is 0.3–1.0 TeV

• In equilibrium in the Sun

• Annihilate to standard-
model particles

• Result uses same dataset as 
‘traditional’ wimp search

See arXiv:0910.4480, prd accepted
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wimps in the galaxy

• Galactic Halo extends below 
horizon

• Compare equal areas on-source 
and off-source

• Measure flux difference,
pick models, and constrain
self-annihilation cross-section

On-source Off-source

Galactic Center

dΦ
dE = 1

2 ⟨σAv⟩J(ψ) R⊙ρ2⊙4πm2
χ

dN
dE
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wimps in the galaxy

• 90% confidence exclusion 
limit

• Width derives from various 
density models

See arXiv:0912.5183
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conclusion

• Construction ends next year

• 79 strings in the ice;
taking data starting April 1

• 22-string analyses limit spin-
dependent cross-sections

• 40-string analyses are 
underway

• 59-string data available soon

• DeepCore boosts wimp 
sensitivity below 100 GeV
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