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BICEP’s Hans Boenish performed a 15 minute sequence of pictures to create this amazing
shot of auroras above ICL. A video of the time lapse is available here:

https://vimeo.com/163213110

The first auroras made their appearance this week, to the excitement of everyone on
station. Hans captured the amazing shot above to start off the season, setting the standard
for the year of auroras above ICL. Otherwise station life was mostly habitual, aside from
our favourite alarm keeping everyone on their toes early Wednesday morning.

IceCube was plenty exciting for the week as well, with two acopian power supply fail-
ures, IceACT requiring some attention along with the monthly IceTop DOMcal insertion.
Further, a new version of pDAQ was successfully tested in a 24 hour test run, and ARA
was successfully brought back online with replacement power supplies operating in parallel
- though not without a bit of stress first!

The week closed off with an amazing aurora display on Sunday, when Hans got the epic
shot above.
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INDIRECT DETECTION WITH NEUTRINOS
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Stars: C. Beckett, S. Meneguolo, Royal Astronomical Society of Canada,  
Milky Way: Trevor Jones, Earth: NASA
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NEUTRINO PHYSICS WITH ICECUBE

▸ 1 km3 instrumented ice below  
the South Pole (finished 2010) 

▸ 5160 light sensors for detecting  
Cherenkov radiation 

▸ Measuring neutrino-initiated  
events 

▸ Energies down to 10s GeV 

▸ Stable operation and reliable  
hardware (> 99% livetime)
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SIGNAL AND BACKGROUND

▸ Background at trigger level 

▸ Atm. muons: 1011/year 

▸ Atm. neutrinos: 105/year 

▸ for Dark matter searches 

▸ Sun: +/- 23o above horizon 

▸ Galactic center: 29o above horizon

neutrino

IceCube

muon
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ICECUBE EVENTS

▸ Two topologies: 

▸ Tracks (best pointing) 

▸ Cascades (contain all energy) 

▸ Reconstructing the neutrino: 

Charge, time, geometry 

Direction, energy, position

Science 342, (2013)
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GALACTIC HALO
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TARGETED SIGNAL FROM GALACTIC HALO

▸ Spectrum model dependent 

▸ Signal sensitive to  
assumed halo profile
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ANALYSIS TECHNIQUE

▸ Likelihood approach with a mixture of: 

▸ Signal: Modelled from simulated neutrino events 
weighted to correspond to dark matter annihilation 

▸ Background: Estimated from exp. data 

▸ Signal contamination in background is subtracted 

▸ Same approach used across all presented galactic halo 
analyses
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LATEST UPDATE ON ANALYSES

▸ Three different event selections in IceCube are covering  
dark matter masses from 10 GeV to 1000 TeV 

▸ Muon tracks (DM masses: 10-1000 GeV)  
Dedicated low energy reconstruction & events (3 years of data)  
Submitted [arXiv:1705.08103] 

▸ Muon tracks (DM masses: 0.3-1000 TeV)  
Using sample for point source searches (4 years with an overlapping 3 years)  
Includes energy (relevant above DM mass of 10 TeV) 

▸ Contained cascades (DM masses: 3-300 TeV)  
Using sample for neutrino spectrum unfolding (2 years of data)  
Includes energy, exploiting good energy resolution 

▸ No excess above the expected background
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IC 2yr cascades



▸ Assuming NFW dark matter halo profile
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RESULTING LIMITS: GALACTIC HALO WIMPS

10



▸ Assuming Burkert dark matter halo profile
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CONSERVATIVE HALO PROFILE
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SOLAR SEARCH
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TARGETED SIGNAL FROM THE SUN

▸ Accumulation of WIMP in the sun, assumed to  
be in equilibrium with the annihilation rate
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SOLAR WIMP STUDIES

▸ New results using the finished IceCube  
with 86 strings 

▸ Results published:  
         EPJC 77 146 (2017) [arXiv:1612.05949] 

▸ 3 years of data: 532 days of livetime 

▸ Two independent analyses focusing on high and low dark 
matter mass 

▸ No excess above the expected background
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RESULTING LIMITS: SOLAR WIMP STUDIES

▸ Very competitive bounds on the  
spin-dependent nucleon-dark matter interaction cross-section

15



DECAYING 
DARK MATTER
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DECAYING DARK MATTER STUDIES

▸ Dark matter signal: Galactic halo and isotropic extragalactic component 

▸ Background: Simulated atmospheric muons/neutrinos and astrophysical neutrinos 

▸ Analysis fit: Dark matter mass/lifetime, isotropic astrophysical flux/index (single power 
law) 

▸ Two independent analyses using event selections designed for unfolding the neutrino 
spectrum: 

▸ 1) Using dataset with 6 years of northern hemisphere tracks 

▸ 2) Using dataset with 2 years of full sky contained cascades 

▸ Focusing on the Hν- or Zν-channel which has a significant peak in energy from the 
neutrino line spectrum 

▸ No excess above the expected background
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EXPERIMENTAL LIMITS ON DECAYING DARK MATTER

▸ Adding limits on dark matter lifetime for dark matter masses 
above 10 TeV for high mass dark matter
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SUMMARY

▸ No observation of a neutrino signal in IceCube  
compatible with dark matter annihilation or decay 

▸ More sensitive analyses and longer reach in dark matter masses 
provides very competitive limits on the annihilation cross 
section 

▸ IceCube is less sensitive to the exact distribution of dark matter 
in the galactic halo. 

▸ First limits from IceCube on the search for dark matter decay 
extending to higher dark masses than probed before
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THANKS FOR YOUR ATTENTION!

IceCube Weekly Report 15, 2016
April 11 through April 17

BICEP’s Hans Boenish performed a 15 minute sequence of pictures to create this amazing
shot of auroras above ICL. A video of the time lapse is available here:

https://vimeo.com/163213110

The first auroras made their appearance this week, to the excitement of everyone on
station. Hans captured the amazing shot above to start off the season, setting the standard
for the year of auroras above ICL. Otherwise station life was mostly habitual, aside from
our favourite alarm keeping everyone on their toes early Wednesday morning.

IceCube was plenty exciting for the week as well, with two acopian power supply fail-
ures, IceACT requiring some attention along with the monthly IceTop DOMcal insertion.
Further, a new version of pDAQ was successfully tested in a 24 hour test run, and ARA
was successfully brought back online with replacement power supplies operating in parallel
- though not without a bit of stress first!

The week closed off with an amazing aurora display on Sunday, when Hans got the epic
shot above.
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SOLAR WIMP STUDIES

▸ Spin-independent dm-nucleon cross section
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SOLAR WIMP STUDIES

▸ pMSSM model scans, indicating the fraction of  
hard and soft final states
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DECAYING DARK MATTER

▸ Significant excess of 
high energy neutrinos  
above backgrounds 

▸ Used to look for decaying  
heavy dark matter

2.0 PeV1.1 PeV1.0 PeV
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FIG. 2. Deposited energies of observed events with predic-
tions. The hashed region shows uncertainties on the sum of
all backgrounds. Muons (red) are computed from simulation
to overcome statistical limitations in our background mea-
surement and scaled to match the total measured background
rate. Atmospheric neutrinos and uncertainties thereon are de-
rived from previous measurements of both the ⇡/K and charm
components of the atmospheric ⌫

µ

spectrum [9]. A gap larger
than the one between 400 and 1000 TeV appears in 43% of
realizations of the best-fit continuous spectrum.

A purely atmospheric explanation for these events is
strongly disfavored by their properties. The observed
deposited energy distribution extends to much higher en-
ergies (above 2 PeV, Fig. 2) than expected from the ⇡/K
atmospheric neutrino background, which has been mea-
sured up to 100 TeV [9]. While a harder spectrum is ex-
pected from atmospheric neutrinos produced in charmed
meson decay, this possibility is constrained by the ob-
served angular distribution. Although such neutrinos
are produced isotropically, approximately half [27, 28]
of those in the southern hemisphere are produced with
muons of high enough energy to reach IceCube and trig-
ger our muon veto. This results in a southern hemisphere
charm rate ⇠50% smaller than the northern hemisphere
rate, with larger ratios near the poles. Our data show no
evidence of such a suppression, which is expected at some
level from any atmospheric source of neutrinos (Fig. 3).

As in [11], we quantify these arguments using a likeli-
hood fit in arrival angle and deposited energy to a com-
bination of background muons, atmospheric neutrinos
from ⇡/K decay, atmospheric neutrinos from charmed
meson decay, and an isotropic 1:1:1 astrophysical E�2

test flux, as expected from charged pion decays in cos-
mic ray accelerators [30–33]. The fit included all events
with 60TeV < E

dep

< 3PeV. The expected muon
background in this range is below 1 event in the 3-year
sample, minimizing imprecisions in modeling the muon
background and threshold region. The normalizations of
all background and signal neutrino fluxes were left free
in the fit, without reference to uncertainties from [9],

FIG. 3. Arrival angles of events with E
dep

> 60TeV, as used
in our fit and above the majority of the cosmic ray muon back-
ground. The increasing opacity of the Earth to high energy
neutrinos is visible at the right of the plot. Vetoing atmo-
spheric neutrinos by muons from their parent air showers de-
presses the atmospheric neutrino background on the left. The
data are described well by the expected backgrounds and a
hard astrophysical isotropic neutrino flux (gray lines). Col-
ors as in Fig. 2. Variations of this figure with other energy
thresholds are in the online supplement [29].

for maximal robustness. The penetrating muon back-
ground was constrained with a Gaussian prior reflecting
our veto e�ciency measurement. We obtain a best-fit
per-flavor astrophysical flux (⌫ + ⌫̄) in this energy range
of E2�(E) = 0.95 ± 0.3 ⇥ 10�8 GeV cm�2 s�1 sr�1 and
background normalizations within the expected ranges.
Quoted errors are 1� uncertainties from a profile like-
lihood scan. This model describes the data well, with
both the energy spectrum (Fig. 2) and arrival directions
(Fig. 3) of the events consistent with expectations for an
origin in a hard isotropic 1:1:1 neutrino flux. The best-fit
atmospheric-only alternative model, however, would re-
quire a charm normalization 3.6 times higher than our
current 90% CL upper limit from the northern hemi-
sphere ⌫

µ

spectrum [9]. Even this extreme scenario is
disfavored by the energy and angular distributions of the
events at 5.7� using a likelihood ratio test.

Fig. 4 shows a fit using a more general model in which
the astrophysical flux is parametrized as a piecewise func-
tion of energy rather than a continuous unbroken E�2

power law. As before, we assume a 1:1:1 flavor ratio and
isotropy. While the reconstructed spectrum is compati-
ble with our earlier E�2 ansatz, an unbroken E�2 flux
at our best-fit level predicts 3.1 additional events above
2 PeV (a higher energy search [10] also saw none). This
may indicate, along with the slight excess in lower en-
ergy bins, either a softer spectrum or a cuto↵ at high
energies. Correlated systematic uncertainties in the first
few points in the reconstructed spectrum (Fig. 4) arise
from the poorly constrained level of the charm atmo-
spheric neutrino background. The presence of this softer
(E�2.7) component would decrease the non-atmospheric
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