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MOTIVATION

● Implemented larsoft signals are unrealistic (OLD 
TEMPLATE).

● DUNE X-ARAPUCA signals will have undershoot 
(bipolar signals).

● To better estimate the total charge and time of each 
pulse, a deconvolution needs to be implemented.

○ Especially important for scintillation signals!

● A deconvolution approach is needed and should provide:

○ Scintillation time profiles.

○ Linear amplitude distribution.

○ Charge and arrival time reconstruction.

Normalized

Simulated scintillation signal

late light

zoom
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DIGI. WVF REQUIREMENTS
● Digitizer module provides option to include pulse template from version v09_65_00

● SPE template is simulated with DAPHNE V2 and the Cold Amplifier (with 48 SiPM FBK/HPK ) enters in both 
digitizer and deconvolution modules -> Provide ideal response.
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DIGI. WVF REQUIREMENTS

Digitization

● SPE template is simulated with DAPHNE V2 and the Cold Amplifier (with 48 SiPM FBK ) enters in both digitizer 
and deconvolution modules -> Provide ideal response.

● From digitization module observed:

○ if padding = 0 -> Template pretrigger = Digitized wvf pretrigger. But photon arrival times do not coincide with 
signal peak

○ else observed variations in pretrigger lengths (?) and negative TimeStamps.

Pretrigger 
conservation
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DIGI. WVF CHALLENGES
● From digitization analyzer:

○ Time axis constructed from lowest TimeStamp in (us).

Notice negative 
TimeStamp
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WORKFLOW
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● Performance test require to switch off dark noise and 

crosstalk (this #PE are not stored as true photoelectrons 

and thus make the analysis more difficult)

● Pretrigger and array length are adjusted:

○ With padding = 0 pretrigger from template gets 

passed to raw wvf. Looking for best config.

○ Total window length gets defined with the input 

parameters of SSP algo:

7

DIGITIZER FCL
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DECONVOLUTION FCL
Deconvolution module takes as input raw::OpDetWaveform and 
returns recob::OpWaveform. Some config features include:

● Gaussian noise computed according to RMS [ADC].

● Pedestal [ADC] subtracted before deconvolution.

● Path to SPE template.

● Module structured to provide a 3-step processing:

○ New Postfilter config!: Currently only “Gauss” filter 
implemented.

○ Prefilter config: Currently only “Gauss” filter 
implemented.

○ Filter config: Currently “Gauss” and “Wiener” are 
implemented. Frequency cutoff can be adjusted to 
change “strength” of gauss filter.

● Boolean variables can be used to choose filter combinations 
and scaling options and more.

https://internal.dunescience.org/doxygen/classraw_1_1OpDetWaveform.html
https://github.com/LArSoft/lardataobj/blob/develop/lardataobj/RecoBase/OpWaveform.h
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● Pretrigger and array length are adjusted.
● Module performers the fft of signal, SPE and noise.
● The module proposes three deconvolution approaches: 

○ Wiener Filter:

○ Gauss Filter:

○ No filter.
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DECONVOLUTION MODULE
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https://github.com/mjdelgadog/Deconvolution.git
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OPHITFINDER MODULE
● The product recob::OpWaveform was included in the 

algorithms used by OpHitFinder to produce optical 
hits: OpHitAlg.cxx, OpHitAlg.h.

● The RunHitFinder_deco function was created to 
make analysis independent of raw::OpDetWaveform.

● Currently it is possible to use this algorithm with the 
two products raw and recob.

https://github.com/LArSoft/lardataobj/blob/develop/lardataobj/RecoBase/OpWaveform.h
https://github.com/LArSoft/lardataobj/blob/develop/lardataobj/RecoBase/OpWaveform.h
https://github.com/LArSoft/lardataobj/blob/develop/lardataobj/RecoBase/OpWaveform.h
https://github.com/LArSoft/lardataobj/blob/develop/lardataobj/RecoBase/OpWaveform.h
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OPHITFINDER MODULE

● In the RunHitFinder_deco function:

● PulseRecoManager.cxx: raw Waveform is defined as 
a short vector, a loop was included to convert the 
std::vector<float> OpWaveform::Signal() to short.   So 
far it works (with a corresponding sacrifice in 
resolution).

● ConstructHit calls a double TimeStamp, but after 
conversion we get unsigned integers (not suited for 
this purpose). See slide 23.
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OPHITFINDER MODULE
But despite the drawbacks, we obtain from ophitfinder the number of hits per channel and the analysis of the deconvoluted 
signals has been carried out.
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● Resulting dec. waveforms are returned in units of SPE template. Regular amp*time integration does not convert to 
original charge but this fact is already accounted for in OpHitFinder module.

● An automatic rescaling according to SPE amp. can be applied or imputed from the fcl config. after a calibration 
process.

○ Best scaling strategy depends on ophit finder algorithm configuration. Currently being studied!

13

MODULE OUTPUTS
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ANALYSIS
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ANALYSIS FRAMEWORK
● Currently we are using 3GeV muon sample. We aim to produce dec. wvfs with all previously mentioned filter 

configurations and analyze resulting: Amplitude linearity, charge and t0 recovery.

● Additionally provided a analysis module to be used in larsoft.

● Standalone interactive python notebook that read the output of larsoft’s analysers (digitizer, deconvolution).

https://github.com/CIEMAT-Neutrino/LARSOFT_OPDET_ANALYSIS.git
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AMP COMPARISON AND CALIBRATION

E.G. FIT PARAMETERS FOR GAUSS:

● A plot of amp vs true PE can be used to obtain a scaling value that would bring the deco wvfs to the original 
amplitude of the raw signal ( -> avoid changing thresholds in other modules).

● Of course SPE area would still need to be updated (even if abs amplitude is corrected)
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#PE RECOVERY (ESTIMATED)

● RAW RECO PEs are 
calculated from the 
positive part of wvf 
and template.

● DECO RECO PEs 
are calculated 
summing the whole 
array.

● Very naive reco 
strategy. Results 
should improve with 
ophitfinder.
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#PE RECOVERY (OPHITFINDER)

● OpHitFinder Algo: 
SlidingWindow.

● RAW RECO PEs are 
calculated from the 
calibration of a SPE 
wvf.

● DECO RECO PEs. 
The area of a SPE is 
by definition 
1*scaling.
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T0 RECOVERY

● Deconvolution can 
be used recover t0 
with an easy 
calculation of the 
peak time. 

● For a row wvf this 
would require a 
more sophisticated 
algorithm.
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SCINTILLATION FIT

*

*

*
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● OpHitFinder algorithms work with integers:

○ Deconvolved wvfs are returned as floats.

○ Possible workaround -> rescale recob::OpWaveform and change SPE area config.

● New TimeStamp class:

○ raw:OpDetWaveform returns TimeStamp_t which is a double.

○ recob::OpWaveform returns a raw::RDTimeStamp which returns a ULong64_t. 

■ Conversion from original TimeStamp is not possible. Ideas?

■ Possible workaround -> keep using TimeStamp from raw:OpDetWaveform in 

OpHitFinder and other modules.
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CURRENT PROBLEMS

https://github.com/LArSoft/lardataobj/blob/v09_58_02_br/lardataobj/RecoBase/OpWaveform.h
https://github.com/LArSoft/lardataobj/blob/v09_58_02_br/lardataobj/RawData/OpDetWaveform.h
https://github.com/LArSoft/lardataobj/blob/v09_58_02_br/lardataobj/RecoBase/OpWaveform.h
https://github.com/LArSoft/lardataobj/blob/develop/lardataobj/RawData/RDTimeStamp.h
https://github.com/LArSoft/lardataobj/blob/v09_58_02_br/lardataobj/RawData/OpDetWaveform.h
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● OpHit finder now works with new class recob::OpWaveform (but only with scaling as a workaround).
○ Ideal algorithm settings still to be found.
○ In future we would like to write an algorithm that works natively with floats.

● To complete the workflow:
○ TimeStamp of the raw wvfs needs to be imported to the OpHitFinder module.
○ Provide fcl file configs for all 3 modules (digitizer, deconvolution, ophitfinder)

● A pull request will be made in the coming days of the OpHitFinder and the Deconvolution modules, both 
of which will be considered in the next HD MC production.
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NEXT STEPS
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BACKUP
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● Currently we are using 3GeV muon sample. We aim to produce dec. wvfs with all previously mentioned filter configurations 
and analyze resulting:

○ Amplitude linearity, charge and t0 recovery.

24

TEST SAMPLE
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ANALYSIS FRAMEWORK
● Additionally provided a analysis module to be used in larsoft.

● Standalone interactive python notebook that read the output of larsoft’s analysers (digitizer, deconvolution).

https://github.com/CIEMAT-Neutrino/LARSOFT_OPDET_ANALYSIS.git
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#PE RECOVERY
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#PE RECOVERY (OPHITFINDER) WITHOUT POSTFILTER

● OpHitFinder Algo. 
SlidingWindow

● RAW RECO PEs are 
calculated from the 
ideal wvf.

● DECO RECO PEs.
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● OpHitFinder Algo: 
SlidingWindow.

● RAW RECO PEs are 
calculated from the 
calibration of a SPE 
wvf.

● DECO RECO PEs. 
The area of a SPE is 
by definition 
1*scaling.

#PE RECOVERY (OPHITFINDER) WITH POSTFILTER
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#PE RECOVERY (OPHITFINDER) WITH POSTFILTER



FD SIM/RECO - 27 MAR 2023 30

#PE RECOVERY (OPHITFINDER) WITH POSTFILTER
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#PE RECOVERY (OPHITFINDER) WITH POSTFILTER
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T0 RECOVERY WITH POSTFILTER

● Deconvolution can 
be used recover t0 
with an easy 
calculation of the 
peak time. 

● For a row wvf this 
would require a 
more sophisticated 
algorithm.
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X-ARAPUCA SPE
Deconvolution algorithm tested on one of the latest available wvf template*.

The rise time (0.21us) of the 
signal measured from 
baseline to max amplitude.

 
Orange wvf is a fit (details in 
backup).
-> Use to remove the residual 
noise of the template.

ZOOM
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     Check consistency with 
SPE and MC simulation         Deconvolution Method

Theoretical deconvolution method:

● Use ideal SPE signal as 

deconvolution template.

● Calculate Wiener filter from 

signal (S) and noise model (N). 

● Adjust Gauss curve to filter 

correspondent frequencies.

● Divide filtered signal in frequency 

space.

● Compute baseline of 

deconvolved wvfs.

Analyse frequency space

Wiener filter:

Gauss filter:


