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MEG II readout system

• WaveDREAM board
• DRS4 waveform digitizer in 0.8 – 5 

GSPS, 1024-cell analog memory with a 
resolution of 12 bit

• Raw data ~ 1.5 kB/ch ~ 16 MB/event
• Trigger rate 

• ~10 Hz depending on trigger threshold 
and beam rate

• Original data size  
 ~ 160 MB/s 

• Sampling frequency
• 1.2 GSPS for CDCH
• 1.4 GSPS for others  

including LXe:  
731 ns time window  
for an event
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MEG II readout system

• There are two 
bottlenecks

• WDB readout

• Network speed from 
DCB to DAQ machine
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WaveDREAM board

• DRS4 readout
• 1024 samples * 2 / 20MHz = 100μs

• Hardware limit of 10kHz
• difficult to improve
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DCB
• Data transfer through 1 

Gbit line
• WDB to DAQ machine
• ~ 32kB/event/WDB

• 18ch * 1024 values * 12 
bits + overhead

• 0.5MB/event/crate
• current Maximum 

allowed rate of 200Hz

• DCB output to DAQ 
through 10 Gbit line  
—> 2kHz possible
• Replacement of FPGA on DCB 

necessary
• Require design change in the 

DCB board & firmware
• Done by PSI engineer
• Negotiation should be possible
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TCB
• Trigger concentrator board

• Background suppression by six orders of 
magnitude down to 10Hz

• FPGA cells executed at 80 MHz synchronous 
with the FADC data flow

• Estimate of the photon energy by linear sum of 
pedestal-subtracted signal amplitudes of LXe 
photo-sensors, each weighted according to their 
own gain

• Design of 7% FWHM at Gamma = 52.8 MeV
• Latency ~ 700ns

• This R&D was done by PISA group
• Need further discussion how to proceed
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PIONEER

• Photosensors ~1700 ch / 16ch * 32kB/event/WDB * 2kHz = 7GB/s

• Data reduction for LXe (0.4) and PBzip2 (0.4) (in MEG II) —> 1.1GB/s

• PIONEER assumption ~ 3.5GB/s?
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Summary
• We have investigated the limitation of the WaveDREAM boards as a 

backup solution for the PIONEER experiment

• The hardware limitation from the data transfer would be 2kHz from the 
DCB, and the data storage should be carefully considered

• The organizational requirements are not fully defined, and further 
investigations are necessary
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Which modifications are necessary
• DRS readout

• 1024 * 2 / 20MHz ~ 100μs : limited by 10kHz
• Data transfer

• 1Gbit line going to DAQ machine: 32kB (18ch., 1024 values, 12bits, plus overhead)
• A full crate ~ 0.5MB/s

• DCB
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Readout of the MEG II detector 
• WaveDREAM board

• DRS4 waveform digitizer in 0.8 – 5 GSPS, 1024-cell analog memory with a resolution of 12 bit
• Raw data ~ 1.5 kB/ch ~ 16 MB/event

• Trigger rate 
• ~10 Hz depending on trigger threshold and beam rate
• Original data size ~ 160 MB/s 

• Sampling frequency
• 1.2 GSPS for CDCH
• 1.4 GSPS for others including LXe: 731 ns time window for an event
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• Limitation 
• Online: 130 MB/s
• Offline storage disk: 20 MB/s

• Requirement for data 
reduction 
• about a factor of 10
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LXe rebin
• The data reduction of LXe is 

important
• LXe data size is 40% of all data
• rising part is important for time reconstruction, 

charge doesn’t require fine sampling, small 
pulses are not used for time reconstruction

• Rebinning
• Apk < 10 mV: fully rebinned by eight
• 10 mV< Apk < 50 mV: tail part of the waveform 

is rebinned by 32
• 50 mV< Apk < 400 mV: tail part of the 

waveform is rebinned by 16
• 400 mV< Apk: tail part of the waveform is 

rebinned by 8
• The LXe data size after the rebinding 

becomes 40% of that before

12



Data reduction
• Method

• Waveform re-binning: merge the waveform bins in groups of 2n (n=1,2,3,4,5)
• Region of interest (ROI): slice the waveform in a predefined window around the trigger time
• Zero suppression: discard waveform without pulses

• Detector specific methods are applied
• LXe

• re-binning
• Timing counter

• zero suppression and ROI are applied (S/N ratio is good)
• Cylindrical drift chamber

• re-binning and ROI (no impact from the re-binning for reconstructed tracks)
• Offline storage

• PBzip2 compression will reduce the data size to 40%
• In total, event size reduction is a factor of 10 achieved

• Storage disk of 2 PB is assumed for the MEG II
• 160MB/s * 0.1 (reduction) * 120 days * 5 years ~ 1 PB
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WaveDREAM board
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