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IceCube Detector
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• 1km3  instrumental volume

• 86 Strings

• 80 strings ~125 m apart

• 60 Digital Optical Modules (DOM)/
string at 17 m vertical spacing

• 6 special strings, 62 m apart, 7 m 
vertical spacing (high QE PMTs)

• 5160 DOMs in total

• DeepCore: 6 high-QE + 7 nearest 
standard strings
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IceCube Collaboration
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Typical IceCube Events

Tracks:  
• ~TeV through-going muons
• Pointing resolution ~1°

Cascades:  
• ~100 GeV - 100 TeV
• Neutral current for all flavors

Composites:  
• Starting tracks
• high-E ντ (Double Bangs)

6

Multiple DOMs form a distinctive pattern to make a detection

With an order of ~106 lower energies this is not what 
we are looking for with supernovae!

Cascade - IC 40 DataUp-going neutrino - IC 59 Data
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Movie I

59 String Configuration

Up-going neutrino event

DOM Colors represent arrival times

Red - Early

Green/Blue - Later

DOM Size represents amount of deposited 
charge

7
Thursday, July 19, 2012



B. Riedel - Supernova Neutrino Detection with IceCube - Overview and Outlook - 07/20/2012 8
Courtesy of A. Schuhkraft
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IceCube Science
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Cosmic Ray Anisotropy

Neutrino Point-Sources

Hottest Spot:
RA: 75.45

Dec: -18.15
-log10(p-value) = 4.65
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process p+ γ → ∆+ → n+ π+. When these pions decay
via π+ → µ+νµ and µ+ → e+νeν̄µ, they produce a flux
of high-energy muon and electron neutrinos, coincident
with the gamma rays, and peaking at energies of sev-
eral hundred TeV4,11. Such a flux should be detectable
using km3-scale instruments like the IceCube neutrino
telescope12,13 (Suppl. Fig. 1). Due to maximal mixing
between muon and tau neutrinos, neutrinos from pion
decay in and around GRBs will arrive at Earth in an
equal mixture of flavors. We focus here only on muons
produced in νµ charged-current interactions. As the
downgoing cosmic ray muon background presents chal-
lenges for the identification of neutrino-induced muons,
we achieve our highest sensitivity for upgoing (northern
hemisphere) neutrinos. However, the tight constraint of
spatial and temporal coincidence with a gamma-ray burst
allows some sensitivity even in the southern sky. One of
the two analyses presented here therefore includes south-
ern hemisphere gamma-ray bursts during the 59-string
IceCube run.

The results presented here were obtained while Ice-
Cube was under construction using the 40- and 59-string
configurations of the detector, which took data from
April 2008 to May 2009 and from May 2009 until May
2010, respectively. During the 59-string data taking pe-
riod, 190 GRBs were observed and reported via the GRB
Coordinates Network14, with 105 in the northern sky.
Of those GRBs, 9 were not included in our catalog due
to detector downtime associated with construction and
calibration. Two additional GRBs were included from
test runs before the start of the official 59-string run.
117 northern-sky GRBs were included from the 40-string
period7 to compute the final combined result. GRB po-
sitions were taken from the satellite with the smallest re-
ported error, which is typically smaller than the IceCube
resolution. The GRB gamma-emission start (Tstart) and
stop (Tstop) times were taken by finding the earliest and
latest time reported for gamma emission.

As in our previous study7, we conducted two analyses
of the IceCube data. In a model-dependent search, we
examine data during the period of gamma emission re-
ported by any satellite for neutrinos with the energy spec-
trum predicted from the gamma-ray spectra of individual
GRBs6,9. The model-independent analysis searches more
generically for neutrinos on wider time scales, up to the
limit of sensitivity to small numbers of events at ± 1 day,
or with different spectra. Both analyses follow the meth-
ods used in our previous work7, with the exception of
slightly changed event selection and the addition of the
southern hemisphere to the model-independent search.
Due to the large background of down-going muons from
the southern sky, the southern hemisphere analysis is
sensitive mainly to higher energy events (Suppl. Fig.
3). Systematic uncertainties from detector effects have
been included in the reported limits from both analyses
and were estimated by varying the simulated detector
response and recomputing the limit, with the dominant
factor the efficiency of the detector’s optical sensors.

Neutrino Energy (GeV)

Waxman & Bahcall
IC40 limit
IC40 Guetta et al.
IC40+59 Combined 
 limit
IC40+59 Guetta 
 et al.

FIG. 1. Comparison of results to predictions based on ob-
served gamma-ray spectra. The summed flux predictions
normalized to gamma-ray spectra6,9,15 are shown in dashed
lines; the cosmic ray normalized Waxman-Bahcall flux4,16 is
also shown for reference. The predicted neutrino flux, when
normalized to the gamma rays6,9, is proportional to the ra-
tio of energy in protons to that in electrons, which are pre-
sumed responsible for the gamma-ray emission (�p/�e, here
the standard 10). The flux shown is slightly modified6 from
the original calculation9. φν is the average neutrino flux at
Earth, obtained by scaling the summed predictions from the
bursts in our sample (Fν) by the global GRB rate (here 667
bursts/year7). The first break in the neutrino spectrum is
related to the break in the photon spectrum measured by the
satellites, and the threshold for photopion production, while
the second break corresponds to the onset of synchrotron
losses of muons and pions. Not all of the parameters used
in the neutrino spectrum calculation are measurable from ev-
ery burst. In such cases, benchmark values7 were used for the
unmeasured parameters. Data shown here were taken from
the result of the model-dependent analysis.

In the 59-string portion of the model-dependent anal-
ysis, no events were found to be both on-source and
on time (within 10◦ of a GRB and between Tstart and
Tstop). From the individual burst spectra6,9 with the
ratio of energy in protons vs. electrons �p/�e = 10 [Ref.
6], 8.4 signal events were predicted from the combined
2-year dataset and a final upper limit (90% confidence)
of 0.27 times the predicted flux can be set (Fig. 1). This
corresponds to a 90% upper limit on �p/�e of 2.7, with
other parameters held fixed, and includes a 6% system-
atic uncertainty from detector effects.

In the model-independent analysis, two candidate
events were observed at low significance, one 30 sec-
onds after GRB 091026A (Event 1) and another 14 hours
before GRB 091230A (most theories predict neutrinos
within a few minutes of the burst). Subsequent examina-
tion showed they had both triggered several tanks in the
IceTop surface air shower array, and are thus very likely
muons from cosmic ray air showers. In Fig. 2 are shown
limits from this analysis on the normalization of E−2

muon neutrino fluxes at Earth as a function of the size
of the time window |∆t|, the difference between the neu-
trino arrival time and the first reported satellite trigger

GRB
Nature 484, 351–354

Neutrino Flux factor 3.7 below expected!
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• For every MeV neutrino that 
interacts generally 0-1 
photons are detected

• Coincident hit probability on   
O(1%)

• Need a large flux!

• Interaction Channels

• Inverse β-decay is main 
interaction channel  (~93-94%)

• Nucleon and electron 
scattering processes account 
for the remainder (~6-7%)

MeV Neutrinos in IceCube
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Kowarik, PhD. Thesis, 
Mainz, 2010
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MeV Positrons in IceCube

• Supernova

• Uniform illumination in the ice

• ~0.5 to 1×106 events in 10 
seconds

• Significant increase in detector rate 
on top of background

•  Capabilities

• Low DOM noise - ~500-600 Hz

• High statistics due to large volume  

• Time resolution limited to 2 ms at 
present

• No pointing 

• No individual events

• No energy information
11

DOM
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Movie II

DISCLAIMER

THIS IS A TOY MODEL OF 100000 O(10 MeV) POSITRONS 
INJECTED AT THE SAME TIME

ABOUT A TENTH OF THE TOTAL NUMBER EXPECTED EVENTS 

NO REAL PHYSICS!

12
Thursday, July 19, 2012



B. Riedel - Supernova Neutrino Detection with IceCube - Overview and Outlook - 07/20/2012 13
Thanks to C. Kopper
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Data Stream

14
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Data Stream

14

Primary Data Stream is 
waveforms
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Data Stream

14

Supernova channel uses 
a scaler data format

Primary Data Stream is 
waveforms
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Data Stream

14

• On-board Software Counter

• Count discriminator crossings 
(0.25 PE) in 1.6384 ms

• Artificial deadtime of 250 μs 
for background reduction

Supernova channel uses 
a scaler data format

Primary Data Stream is 
waveforms
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Detector Performance

• Individual DOM noise 
log-nomally distributed 

• Post deadtime 
average: 265 ± 26 Hz

• Lower temperature 
environment

• 240 - 265 K (depth 
dependence)

• Stable rate

• ~6% variation due to 
atmospheric changes

15
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Supernova in IceCube - Motivation

• Looking for subtle 
changes in 
background rate

16

• Need to understand 
detector properties as 
well as we possible 

Lawrence Livermore - 15 M⊙ 

Garching O-Ne-Mg - 8.8 M⊙ 
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• Rebinning individual 
1.6384 ms bins into 
global 2 ms

• Time synchronizing

• Search for collective 
increase in noise (     ) 
and error (      ) in 0.5, 
1.5, 4, and 10 s bins

Supernova in IceCube - SNDAQ

17

Note: AMANDA case without muon 
subtraction, better separation in IceCube
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• 60 s central window and 
±300 s window for rate 
estimates

• Log-Likelihood analysis 
to find        and         
from individual DOM 
rates (   ) and their 
averages (     ) and errors 
(     )

• Signifiance (ξ) = 

Supernova in IceCube - SNDAQ - II

18

ε - DOM efficiency parameter
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Background - Atmospheric Muons

• DOM-to-DOM correlated 
noise

• Atmospheric Muons widen 
the significance distribution

 Example Supernova events 
with large significance
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No. of Muon Hits in 500 ms bins
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! 

Physics Capabilities - Big Picture

• High detection 
significance up to edge 
of Milky Way

• Detection of “hidden” SN 
possible

• Significant detection up 
to the Small Magelanic 
Cloud possible - ~65 kpc

• SNEWS alerts being 
generated up to Large 
Magelanic Cloud - ~ 50 
kpc

20
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Physics Capabilities - Oscillations

21

Assumed θ13 > 0.9°
Oscillations enhance signal!

Preliminary
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Physics Capabilities - Mass Hierarchy

22

Totani et. al.,
APJ, 496:216-225, 1998

3σ
5σ

• Absolute rate and 
shape difference for 
normal and inverted 
hierarchy

• Mass hierarchy at 5σ 
level is feasible given a 
well-known flux shape

Preliminary

Preliminary

Thursday, July 19, 2012



B. Riedel - Supernova Neutrino Detection with IceCube - Overview and Outlook - 07/20/2012

Physics Capabilities - Exotic Signal

• Black Hole formation 
signal

• No actual explosion

• Strong hierarchy 
dependence

• High statistics

23

No Oscillations

Inverted Hierarchy 

Normal Hierarchy 
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Future Improvements - Hit-Spooling
• Hit-Spooling

• All DOM output written to 
disk

• DAQ independent software

• Increase in uptime

• Worse-case scenario backup

24

• Capabilities

• Better timing resolution for some cases

• Better detector monitoring

• Background Monitoring and Reduction

• Coincident Hit Method

• See Ronald Brujin’s talk

• Average Energy?

Thursday, July 19, 2012
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Future Improvements - New Simulation
• Current Simulation

• Multiple separate simulations used to parametrize the 
detector response

• Advantage: Fast

• Disadvantage

• Can only handle supernova signal

• Cannot model atmospheric muon background 
fully

• New Simulation

• From scratch development

• Better physics treatment

• Angular distribution of interactions

• DOM-to-DOM correlation studies

• GEANT4-based particle propagation

• In-house direct OpenCL-based photon propagator 

• Integrated into centrally maintained IceCube Software 
and Simulation Framework

• Able to handle supernova and background signals
25

Signal Simulation

DOM Parametrization

Photon Yield per Particle 

Photon Propagation Parametrization

Signal Simulation

GEANT4

+

+

+

=
Supernova Simulation

+

+
Direct Photon Propagation 

DOM Simulation
+

New Supernova Simulation
=
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Conclusion

• Detector is stable with 98% uptime 

• Things to look forward to

• Future improvements to detector stability 
and detector understanding

• Improved simulation

• Complete detector information available

• Energy determination

• Better background rejection

• The next galactic Supernova!

26
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BACKUP SLIDES
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Movie III

High energy neutrino induced cascade

from August 9th 2011

DOM Colors represent arrival times

Red - Early

Green/Blue - Later

DOM Size represents amount of deposited 
charge

Order of 1 PeV in Energy

29
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