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LED 
flasher 
board

main 
board

Self triggering with 0.25 pe threshold
Waveform sampling on main board:

300 MHz for 400 ns ATWD
40 MHz for 6.4 μsec w/ ‘fast’ ADC

Digital data packets sent to surface
Time calibration with surface GPS

with 2 ns resolution
Readouts fall into two types:

Full waveform readout (HLC)
-1 of 4 neighbors in coincidence.
-Used to generate triggers

Summary readout (SLC)
- Isolated hits
- Summary info only (time/amplitude)
- Not used in triggering

Digital Optical Module (DOM)
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IceCube DAQ
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Each DOM:
~10Hz HLC
~400Hz SLC  

Total Rate 
for IC59
1780 Hz

~18 MB/sec
(600 GB/day, 

gzipped)

Triggers:
Multiplicity triggers (8 InIce/6 IceTop)

String triggers (5/7 doms all, 3/4 central)
    Minimum bias triggers
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Online Processing and Filtering 

1780 Hz
~18 MB/sec

I3Live

TDRS-1
~50 GB/day

Filter selected 
events + DST

LTO Tape
~700 GB/day
All raw data

~100 Worker 
cores

Online searches
Higher level reconstruction

for ~3 Hz of data
- Optical followup: 

Trigger ROTSE (running)
-Gamma followup:

Trigger MAGIC (testing)
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Filtering needs

• Neutrino signals are much smaller than 
background (10^6 or smaller).

• Filters running at South Pole generally try to apply 
the simplest possible cuts that:

• Reduce the data just enough to fit over the 
satellite.

• Select candidate events using robust as possible 
cuts

• For IC59, ~90Hz of events (5%) , ~45 GB/day

• First season we are not using all possible 
allowance

• Cost of data in the North (storage/processing)
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How are filters selected

• IceCube has a Trigger/Filter/Transmission (TFT) 
board to coordinate:

• DAQ/Trigger configurations

• Filter settings

• Satellite bandwidth allocations

• Physics working groups prepare proposals each 
year and the TFT:

• Balances requests with available resources
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IC59 Filters
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IC59 Filters -
 CPU needs
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Example filters

Figure 10: Spectrum independent cut efficiency for configurations E (left) and H (right)
(see Table 3). The efficiency drops for events with less than 1 TeV. The red curve shows
the performance of the 2008 filter settings, the blue curve illustrates cut1 and the black
curve the total performance of the proposed filter. The green curve indicates the fraction
of events for which all necessary reconstructions were successful and hence it’s an upper
limit. The dip in the curves at about 6.3 PeV indicates the Glashow resonance, where the
filter rate rises slightly less than the signal event rate. The two configurations are nearly
identical with H being a little better at lower energies.

and signal spectra the achievable efficiencies. For the E−2 spectrum it also presents the
efficiency for only these events with a contained cascade vertex (row labeled fidu.). Under
the assumption of a later applied containment criterion this row allows to determine the
influence on events that probably pass higher level filters.

From comparing the filter configurations B and H in Table 3 the already discussed
disadvantage of switching to single-peak extraction can be quantified as a 10% effect. The
FeatureExtractor configurations F2 and F3 differ mainly in the behaviour to extract a pulse
from all DOM launches and in different minimizer settings of the track reconstruction. This
difference yields a slight increase in the total efficiency, which results from lower energetic
events (compare Figure 10 and the drop of the E−1 efficiency in Table 3).

Thus, the new method to always extract one pulse proves to be helpful. As intended
it aims at lower energetic cascades, which would be affected most from dropping recorded
DOM launches. The different track reconstruction settings probably add to this effect,
although this cannot be reasoned stringently from the presented results.

The FeatureExtractor configuration F3 is the nearest variant to the proposed Feature-
Extractor settings of the TFT board and the muon filter configuration. It’s only difference
is the activated multi-peak extraction. It also yields the highest E−2 efficiency. So given
the availability of more bandwidth we propose the filter configuration H. To provide a
knob to tune the final passing rate, we also consider also the configurations G and F.
Configuration G would let 1.25 % of the background pass, whereas configuration F latter
would do without cut2 and stay inside the bandwidth limit of the last year. The resulting
data volume will be calculated in the next section.
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Muon Filter Cascade Filter
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Filtering Challenges

• Large data rates online (18 MB/sec @ IC59)

• Improved efficiency DAQ data format will help

• Trade off between more specialized, harder cutting 
filtering online vs. a generic online filter.

• Online L2 analysis selects almost all of final point-
source sample neutrinos.

• Harder cuts would make things less generic

• Limited contact with online systems due to remote 
location, difficult connection

• Well developed testing system at UW

• Leave filters for a single season as constant as possible

• Bugs, improvements in algorithms push the other way
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