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Log# 23 DOM MB
 PDR action #2

Signal Droop Requirement 

Action: Assign a working group to define the requirements for droop  and signal recovery.


Group: David  Nygren,  Jerry Przybylski, Bob Minor, Azriel Goldschmidt
Proposed requirement:

FADC channel: The baseline droop shall be not more than 5% for a single-pulse square-wave input of 3000 ns, as measured in the FADC data record. 

ATWD channels: The baseline droop shall be not more than 5% for a single-pulse square-wave input of 300 ns, as measured in the ATWD data record. 

Justification:  Excessive signal droop, defined as baseline undershoot for square-wave input, may conceivably lead to excursions of the baseline beneath the visible range.  This condition would introduce errors in the reconstruction of the waveform, compromising energy measurement, and possibly the detection of double-bang ( events.  The baseline of the FADC and ATWD is typically set at ~10% of full scale.  By limiting the droop to 5% over the defined interval, only those extremely energetic events which produce amplitudes beyond the maximum dynamic range of the analog signal path would be compromised. The DOM MB is DC coupled from input up to the FADC and ATWD, so droop due to AC coupling should be absent.  Note:  The PMT base, PMT, and DOM MB all may contribute to baseline droop.  This spec came up at the DOM MB PDR, but the spec should apply to the entire signal detection/processing chain, not just the DOM MB.

Log# 24 DOM MB 
PDR action #3

Pulser Calibration

Action: Establish a set of requirements for the On-Board LED (OBLED)  pulser and its calibration.

Group: David  Nygren,  Jerry Przybylski, Bob Minor, Azriel Goldschmidt, Bob Stokstad, Kael Hanson

Proposed requirement:
Rate:  The pulse rate of  OBLED shall be settable as a parameter during normal data acquisition from a minimum of ~1 Hz to ~5 kHz, in steps of  F/2n of F = 20 MHz, the DOM clock frequency.  The allowed range of n is 12 ( n (  24.  

Dynamic Range:  The pulse voltage amplitude in DAC units shall be variable as integers from 1 to 4096.   The maximum light output shall be not be less than 10 PE/pulse, as measured at the phototube anode, including the effect of optical attenuation between the OBLED and the PMT photocathode (see action item log #31).  The minimum light output shall be not more than 0.01 PE/pulse.  The correspondence between input DAC value and optical output is specified for linearity, but the relationship must be reproducible within an ensemble of DOMs to (20%, including the effects of the optical attenuator.

Pulse Width:  The optical pulse at any output shall not exceed 7 ns FWHM.  This may require a pulse-forming network to maintain short highly damped electrical pulses.

Justification:  The primary purpose of the OBLED is to measure two properties at DOM operating conditions: 1) to calibrate accurately the SPE pulse amplitude and shape, and, 2) to measure the mean SPE transit time of the PMT. A secondary purpose is to calibrate the performance of the PMT and analog signal path for a pulse of several PE.  Even though a sub-nanosecond optical pulse would be desirable, it is not necessary to measure the PMT transit time spread in situ, as only transit time differences among an ensemble of DOMs is relevant (while the development of a high-current sub-nanosecond electrical pulse is possible, and while it is known that the blue LEDs are capable of sub-nanosecond optical pulses, the engineering challenges are deemed inappropriate for the DOM MB).  

The dynamic range of the optical pulse must extend down to very low light levels so that the contamination of an SPE spectrum by multiple PE signals is negligible. This corresponds to a minimum output of less than 0.05 PE, which corresponds to a contamination level of more than 5%.  

To measure the SPE properties in a short time, given that the "hit" rate may be as low as 1%,  a maximum pulse rate of about 5 kHz will generate about 50 Hz of high-purity data.  There is no need to go higher than this.   If it should turn out that the SPE properties need to be continuously tracked, then such data may be interleaved with normal data acquisition, with the OBLED running at a relatively low rate, maybe 1 Hz. 

Log# 25 DOM MB
 PDR action #4
Supernova Detection / Noise  rate measurement  responsibility 

Action: Update the requirements document for the detection of a supernova event.  Resolve the spec ambiguity of which CI is responsible for the noise rate measurement.

Group: David  Nygren,  Jerry Przybylski, Bob Minor, Azriel Goldschmidt, Bob Stokstad, Thorsten Stezelberger, Lutz Koepke
Proposed requirement:  PMT noise rates shall be recorded with a programmable dead-time, ranging from ~1 (s to ~1 ms, in run-time programmable increments of ~10 (s.  This requirement is independent of whether the noise rate is measured  with local coincidence (internal to DOM), or without local coincidence (internal to string processor).  

Justification:  The noise rates serve two distinct purposes.  The first purpose is that of monitoring the stability and behavior of each DOM, as a measure of DOM system performance.  The second purpose is the detection of SN events. 

For this second purpose a programmable dead-time is essential for the suppression of correlated hits due to scintillation; without the dead-time, a non-gaussian component appears in the global noise rate histogram, reducing sensitivity.  In principle, there could be differences in the requirements for dead-time for each of the two purposes.  However, no significant differences appear to exist, so the baseline requirements shall be that the programmable dead-time for PMT noise rate monitoring and SN detection shall be identical. 

In all modes, the string processor maintains the time transformation algorithm that enables subsequent data processing in master clock units, rather than DOM local time.

"Normal Operation" without Local Coincidence:  The natural site for assembling a string level data stream for the SN detection task is the string processor.  The string processor uses only the coarse time-stamp of each hit to determine the time bin address. It seems natural to channel the 80 streams of string data streams of noise hit histograms to a separate “global SN trigger” processor, rather than to the global trigger processor, which may be hard pressed to perform just the main global trigger task.  The string processor has maximum flexibility for binning since the resolution is ~ 25 ns.

“Soft” Local Coincidence Operation: In this mode of operation, hits lacking a companion hit within the space-time correlation length provided by the hard-wired DOM interconnections are transmitted to the surface, but without waveform  information.  Only the coarse fine time-stamp (25 ns) is provided. This reduces the data flow from the DOM to the DOM Hub substantially.  For the PMT noise rate and SN monitoring purposes, this mode is equivalent to Normal  Operation without local coincidence (see next subsection).  Again, the string processor has maximum flexibility for binning since the resolution is ~ 25 ns.

“Hard” Local Coincidence Operation: In this mode of operation, a hit lacking a companion hit within the space-time correlation length provided by the hard-wired DOM interconnections is not transmitted to the surface as a time-stamped datum.   Even though such hits are "local coincidence orphans", they must contribute to the PMT noise rate histogramming equivalently. To obtain noise rate and SN monitoring capability, the DOM must record and transmit a continuous string of noise count histograms with appropriate binning intervals.  An issue arises because the binning occurs with DOM local time boundaries; the bins must be subsequently translated by the string processor into bins associated with the master clock boundaries.  If the DOM bins the hits in sufficiently fine intervals such that a proportional redistribution does not significantly degrade SN burst rise time, this is probably not a genuine complication.

For the SN search, there is motivation to record PMT hits on a rather short time scale, perhaps even as small as 10 ms, but it seems reasonable to exploit the interpolation of ~4800 DOM data strings to provide adequate definition of the SN event leading edge. Taking the interval over which the noise rates shall be recorded as the DOM clock frequency F = 20 MHz divided by 217  leads to an interval of ~0.0262 ms, which seems reasonable.  This assumption should be checked by the SN group.

A set of counters internal to the FPGA will sequentially record the PMT hits during the interval selected.  The number of internal counters must be sufficient to span the largest possible interval between requests for data by the DOM Hub. If data requests occur not less frequently than once per 1.66 seconds, then only 64 counters are required. The normal value expected during a time interval of 0.026 ms is ~20 hits, taking 800 Hz as a typical noise rate.  Each internal counter can consist therefore of only one byte, and there is a negligible chance that a SN event will introduce a count value in excess  255, the maximum counter value.  The string of counter values, associated with a DOM local clock time-stamp, will be transmitted as part of the normal data block.  The interval boundaries will determined by the running phase of the DOM local clock. The FPGA design must accommodate a variable interval between requests, and must report all, but only, fresh values. 

Interestingly, if the hard local coincidence capability is incorporated into the FPGA design of the DOM MB a priori, then the Icecube detector will enjoy the greatest flexibility in operation, as a switch to any of the three local coincidence operational modes will be seamless for the SN detection and PMT/DOM monitoring.

The PMT noise rate data will be channeled to both the DAQ Monitoring Component, for which is the responsibility lies within the Detector Verification group, and also to the SN Detection Component, which is the explicit responsibility of the Mainz group. 

Log# 26 DOM MB
 PDR action #5
Data Extraction Requirements 

Action:  Form a Collaboration Study Group to analyze the data extraction needs and define the appropriate data compression method and CI requirements Threshold/road grader cut?)

Group: David  Nygren,  Jerry Przybylski, , Azriel Goldschmidt, Bob Stokstad, Thorsten Stezelberger, Klaus Helbing, Jodi Lamoreaux, Chuck McParland, Christian Bohm, ….?

Action:  The LBNL group has revisited this issue with four elements in mind:

1. Definition of the "DAQ Data Compression Implementation Plan", by Chuck McParland (June 27, 2003);

2. Design of the baseline data compression implementation, by Klaus Helbing, in concert with other LBNL staff, document in process. 

3. Simulation and analysis of the scientific impact and other effects of lossy data compression, by Jodi Lamoreaux and Klaus Helbing.

4. Exploration of organizational approaches to realize more substantial involvement by IceCube Collaborators in this task; this is a responsibility of David Nygren.

Status: The original notion in the PDD was to perform feature extraction on the waveforms that appear to be SPE in character. In this scenario, the waveform is tested to determine if some criteria for SPE  are satisfied. If the test is positive, the waveform is subjected to  a feature extraction process to measure timing and charge, and the waveform is discarded.  The vast majority of waveforms are expected to satisfy the SPE criteria.  The small minority of waveforms that do not satisfy the test are processed differently, perhaps passed along without modification.  

However, two problems have been perceived within this approach. First, the recognition that a high level of correlation in the noise pulses due to scintillation exists has made this approach less effective. A substantial fraction of waveforms have more than one isolated SPE pulse present.  While not intractable, the development of an algorithm that can process such waveforms efficiently within the FPGA is much more complicated.   Second, taking into account the scintillation, the waveforms do not fall naturally into two distinct classes; instead there exists a continuum between the simple isolated SPE pulses and the more complicated waveforms presumably arising from physics and optical effects in the ice. So the distinction between two types of information appears artificial. 

The design of the more recently proposed baseline data compression plan is conceptually different, but still very simple.  In this approach, waveform samples whose numerical value is less than the pedestal + some programmable threshold are not transmitted.  This conceptually very old approach is known by various nicknames, such as zero-suppression, run-length encoding, or “ road grader”.  The baseline approach will thus be a lossy compression, but the loss of information content appears to be very small, even negligible.  The goal #3is to evaluate quantitatively the loss relative to uncompressed data.  The margin of safety for data flow bandwidth on the wires from the DOM MB to the DOM Hub appears to be more than a factor of two for an assumption of 800 Hz PMT noise rate and 1 Mbaud DC-balanced signal encoding.  We note that the rate to include all hits, without dead-time may be significantly higher, and that a more dense signalling method explored at DESY may permit a bandwidth perhaps twice 1 Mbaud.

The implementation plan calls for an initial realization in software, followed by a transfer of those algorithmic elements that are more naturally or efficiently done in firmware.  

Finally, the exploration of broader collaboration involvement has been long recognized, and active steps together with the involvement of the L2 lead should bring results.

Log# 29 DOM MB
 PDR action #8
Local Clock Trade Study 

Action:  Perform a trade study to determine risk of utilizing low-cot commercial oscillator versus higher grade industrial alternatives.  (Up-rated part, quality control, supplier continuity concerns). 

Group: David  Nygren,  Jerry Przybylski,  Azriel Goldschmidt, Bob Stokstad,  Joshua Sopher, Ed Kujawski, Bob Minor 

Action: A new search was undertaken among qualified manufacturers, leading to two promising vendors of qualified product lines which meet our QA plan goals, Piezo Products, and Corning.  Tests of the corning devices in particular appear promising, and the evidence indicates that these parts will meet our requirements by a substantial margin.  As expected, the up-rated parts are considerably more costly than the inexpensive Toyocom parts.   Ed Kujawski has prepared a note describing this trade study. 

Log# 30 DOM MB
 PDR action #9
Change Dynamic Range Requirement 

Action:  Update requirements documentation to reflect change of the integral dynamic range from 2,000 to 10,000 <PE>.  

Group: David  Nygren,  Jerry Przybylski,  Azriel Goldschmidt, Bob Minor

Action:  The wording of the requirement shall now read “The DAQ shall be capable of recording an integrated number of <PE> of not less than 10,000, occurring over an interval of 4 (seconds.

Justification:  no changes

Status:  The last three sentences shall be changed to “ The FADC channel, if recording for 6000 ns a sustained 50 <PE>/15 ns, is capable of recording an integrated signal of not less than 10,000 <PE>.

Log# 31 DOM MB
 PDR action #10
On-board LED Light Attenuation

Action: Add a requirement to attenuate the light in the fiber optic cable from the LED to the PMT to prevent PMT saturation.

Group: David  Nygren,  Jerry Przybylski,  Azriel Goldschmidt, Bob Minor

Proposed Requirement:  The OBLED-to-PMT fiber optic coupling path shall contain an in-line neutral density attenuator, of 10,000  (20%.  The optical path of the OBLED shall have light leaks not more than 1% of the output at the fiber end.

Justification:  The most important task of the OBLED is to be able to generate SPE spectra, which require very weak light intensity, ~ 0.01 <PE>/pulse.  Normal DC operation at maximum output of LEDs produces ~106 photons/ns.  It is not easy to pulse LEDs such that they produce such very weak bursts.  Much more stable operation is obtained if the LED is operated at least above ~1% of maximum intensity.   There is considerable uncertainty in the needed attenuation value, as the optical coupling of the fiber to the PMT is not yet defined.

