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Current Situation for ICARUS
• The ICARUS detector consists of 2 Cryostats each containing two identical 

TPCs 

• >50,000 total channels 

• Waveforms for each channel currently appear in a single RawDigit instance per event 

• Signal processing has 3 stages beginning with above: 

• Noise Filter 

• Deconvolution  

• Hit finding (gauss hit finder) 

• 3D SpacePoint creating (utilizing the Cluster3D module) used to reduce 
spurious noise hits on the 3 planes, takes single hit collection and outputs a 
new single hit collection 

• Pattern Recognition, Track and Shower Recon, etc. run on the single hit 
collection produced by Cluster3D
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Alternate Approach

• Question posed at a recent LArSoft meeting: Can you break 
your tasks up and run on a TPC basis? 

• Signal processing only cares about channels in a given TPC 

• What about higher level processing? 

• Pattern recognition in ICARUS probably wants to be done on a 
Cryostat basis  

• Allow for tracks which cross the common cathode 

• Goal would be to break into groups which technically could 
be run in parallel (eventually).
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First Step: Modify Detector Sim
• To test we first need a source of RawDigits for each individual 

TPC and for ICARUS this comes from the Detector Simulation 

• Quickest way to test: Four instances of the detector simulation get 
configured 

• Each instance only outputs RawDigits for the TPC it is configured to 
operate on. 

• Next iteration 

• Since we are looping over the full set of SimChannels anyway, one 
could use a single instance of detector simulation which is now 
capable of outputting a separate instance of RawDigits for each TPC 

• In either case, the difference to the downstream recon is the 
InputTag that is used…
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Signal Processing

• No code changes necessary at this point, can all be done by 
fhicl configurations 

• Define a “single processing block” which consists of the 
noise filtering, the deconvolution and hit finding 

• Note that for the deconvolution, avoid using the SignalServices and 
LArFFT to try to avoid potential issues that might arise from single 
definitions there of FFT size, etc.  

• Currently using the Eigen package interface but can convert to anything 

• probably this needs to be explored a bit going forward 

• Run four of these blocks, one for each TPC
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Downstream Reconstruction
• Want pattern recognition to run on a Cryostat basis 

• Needs to get signal processing output from two TPCs 

• Want to avoid having to modify Pandora at this time… 

• Choose to modify Cluster3D to be able to take input from 
multiple signal processing producers 

• Essentially, change the art::InputTag for the input hit collection to a 
std::vector<art::InputTag> to allow multiple hit collections 

• This is a common them for any other changes that need to be made 

• Cluster3D now outputs a single hit collection on a Cryostat basis 

• This is what is input now to Pandora, with a separate Pandora instance 
for each Cryostat
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What Else Needs To Change?
• Similar to MicroBoone, would like to create MCParticle<—>Hit 

associations for streamlined truth matching in analysis 

• Similar to Cluster3D must make the art::InputTag for hits into a 
std::vector<art::InputTag> 

• This is in the LArAna package 

• Additionally, the event display needs a similar set of changes in order 
to display the RawDigits, Wire and Hit information in the 2D event 
display 

• This is in the LArEventDisplay package 

• Note that making this change requires modifying associated fhicl files  

• Technically, this is a “breaking change” 

• Various experiment fhicl files will need to change their fhicl files accordingly
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Standard ICARUS “Gauss path” Reconstruction

Run the standard reconstruction over 5 simulated Cosmic Ray Events generated 
during the last MCC  

LArSoft v08_18_00, run interactively on OSX (High Sierra)

Average over 5 events is 823 seconds/event
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Multi TPC Workflow, ICARUS “Gauss path” Reconstruction

Average over 5 events is 710 seconds/event



Summary
• ICARUS would like to move to the scheme of handling signal 

processing on a TPC basis, downstream reconstruction on a 
Cryostat basis 

• The current set of needed changes in LArSoft affect 

• LArAna - MCParticle<—>Hit creation 

• LArReco - Cluster3D 

• LArEventDisplay - input source info for 2D drawing 

• Note that with this update there is also a beginning OpHit and OpFlash 
display for the 3D display 

• The above are, unfortunately, “breaking changes”
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