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Data Acquisition - Hardware

The detector

Configurations before completion: IC40, IC59, IC79
Configurations after completion: IC86-I, IC86-II
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Data Acquisition - Hardware

The Digital Optical Module (DOM)

Supernova data acquisition hardware

Scalers count every hit exceeding
discriminator threshold of ≈ 0.25 SPE

Hits are binned by scaler in 1.6384ms
units (asynchronously between DOMs)

Average dark noise rate ≈ 540Hz (atm. muons, radioactivity, . . .)
Artificial deadtime of 250µs→ 285± 26Hz

Very stable in time and only slightly varying with depth
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Data Acquisition - Software & Physics Capabilities

SNDAQ

Search for MeV-ν̄e’s from core collapse SN by measuring collective
dark noise rate deviation ∆µ

Supernova data acquisition software SNDAQ:

rebins and synchronises scaler bins to 500ms
calculating ∆µ which depends on:

the rate distribution in the 2 · 5min sidebands (blue)
number of noise hits in the analysis window (green)

in total 4 analysis: 0.5 s, 1.5 s, 4 s & 10 s

Significance ξ is defined as:
ξ = ∆µ/σ∆µ

ξ is only „true“ significance if no correlated noise
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Data Acquisition - Software & Physics Capabilities

SNDAQ analysis

ξ-distribution widened:
σξ ≈ 1.26(IC40), 1.46(IC79)

Offline subtraction using
filter rates: σξ → 1.03
Online subtraction planned

Very good signal to noise discrimination for different SN models
(Hüdepohl/Lawrence-Livermore) & star distributions (Ahlers/Mirrizi)

IceCube will provide the world’s highest statistic for core collapse
supernova in our galaxy
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Data Acquisition - Software & Physics Capabilities

Physics capabilities

Separation of different SN
models in the galaxy
shown for IC40 - IC79 and
most recent star distribution
(Ahlers)

Separation of inverted and
normal ν-hierarchy for
Lawrence-Livermore model
at 10 kpc

To do: Energy estimation
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Data Acquisition - Software & Physics Capabilities

HitSpooling

HitSpooling =̂ buffering of timestamped hits at SNDAQ trigger
Improving muon subtraction by using single hits
Pinpointing SN start time thanks to nanoseconds resolution
Search for frequency modulations (e.g. due to grav. waves ≈ 600Hz)

Estimation of mean ν-energy:
Ratio of the number of
nearest-neighbour hits to
single DOM hits is energy
dependent

30% energy resolution at
10 kpc for most conservative
model

5 kpc

10 kpc

20 kpc
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Data Acquisition - Automating
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Data Acquisition - Automating

SN escalation scheme
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Data Acquisition - Automating

Alert Emails and fast analysis

Alert emails send to working group at ξ > 6
Example: highest candidate triggered by SNDAQ at 2013-02-05
trigger timestamp = 2013-02-05 UTC 23:46:40
run number = 121833
significance = 9.09 = 3.30/0.36
chi-square = 5133 (chi2 probability p is 56.68%, (1-p) is 43.32%)
active channels = 5069
bin width = 1500 ms

Fast (O(min)) analysis plots available:

V. Baum IceCube supernova data acquisition 06.08.2013 9 / 16



Data Acquisition - Automating

Alert Emails and fast analysis

Alert emails send to working group at ξ > 6
Example: highest candidate triggered by SNDAQ at 2013-02-05
trigger timestamp = 2013-02-05 UTC 23:46:40
run number = 121833
significance = 9.09 = 3.30/0.36
chi-square = 5133 (chi2 probability p is 56.68%, (1-p) is 43.32%)
active channels = 5069
bin width = 1500 ms

Fast (O(min)) analysis plots available:

V. Baum IceCube supernova data acquisition 06.08.2013 9 / 16



Data Acquisition - Automating

Investigation on atmospheric muons

For an interval of 1.5 s
Rhit

µ is risen but not to
uncommon levels

Rise in Rhit
µ clearly

correlates to and
explains rise in ξ

⇒ Online subtraction of
atmospheric muons
needed & planned !
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Data Acquisition - Automating

Physics monitoring I

Provides important information about the datasets (runs)
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Data Acquisition - Automating

Physics monitoring II

Examples for run and candidate related physics plots:
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Data Acquisition - Automating

Technical monitoring

Technical information:

details about the
SNDAQ machine:
CPU/memory usage,
disk space, #files
accumulating

history of recent alerts

log files of SNDAQ
control scripts

Even more quantities to be displayed soon

V. Baum IceCube supernova data acquisition 06.08.2013 13 / 16



Data Acquisition - Automating

Supernova early warning system SNEWS

Members Super-K, KamLAND, IceCube, LVD, Borexino, SNO(+), . . .
send candidates to SNEWS looking for coincidences
Limited directional information ⇒ amateur astronomers
„If you receive a SNEWS alert, get out there and look!“

( http://snews.bnl.gov/amateur.html )

SNEWS monitoring (trigger threshold: 7.3 =̂ 1 alert/10 d):
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Conclusion

Conclusion

IceCube will provide world’s highest statistic for core collapse SN
inside the galaxy and has capability to distinguish between different
SN models and ν-hierarchies

HitSpooling will provide the energy estimation, improve muon
subtraction and overcome the 1.6384ms binning

Automating:
Automated high significance alerts for working group, SNEWS, etc . . .
Automated fast analysis
Automated technical and physics monitoring
Automated control scripts for SNDAQ
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Thank You!
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