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Much more informations in UK-Latin American tutorial : 

https://indico.ph.ed.ac.uk/event/126/

How-tos / scripts :

https://dune-france.pages.in2p3.fr/analysis-workshop/

https://indico.ph.ed.ac.uk/event/126/
https://dune-france.pages.in2p3.fr/analysis-workshop/


2

How to reconstruct your sample
From Yesterday :

lar -c protodunevd_reco.fcl gen_protodune_vd_cosmics_g4_stage1_g4_stage2_detsim.root

gen_protodune_vd_cosmics_g4_stage1_g4_stage2_detsim_reco.root

To reconstruct the last file (with the detector simulation), type : 

After a lot of cout, one can see what was called and how long it took : 

And a new file has been created : 

Et voilà! Questions ?

(It may take some time)
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Check the output file

lar -c eventdump.fcl gen_protodune_vd_cosmics_g4_stage1_g4_stage2_detsim_reco.root -n 1
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Different types of data products
Description of data products

https://indico.fnal.gov/event/19133/contributions/50492/attachments/31462/38611/dataproducts.pdf
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lar -c evd_protoduneVD_driftX.fcl gen_protodune_vd_cosmics_g4_stage1_g4_stage2_detsim_reco.root

Check the output file

Run the Event display for protoDUNE-VD:

The event is split in TPC volumes

One can look at :


- raw event

- reconstructed

- both overlaid


(Latter two did not work for me)


Window > Ortho3D  should gives a 3D view of 
the reconstructed objects 


- Crashed for me

PRO 


TIP
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Check the output file
Check with BEE : 

lar -c celltree_protodunevd.fcl gen_protodune_vd_cosmics_g4_stage1_g4_stage2_detsim_reco.root

dunesw/fcl/protodunevd/view/upload-to-bee.sh bee/bee_upload.zip 


Django Auth: get csrftoken ... lAOEuamni6tx5Fb9rdZnGdYF4U75A55b

uploading file bee/bee_upload.zip ... 

https://www.phy.bnl.gov/twister/bee/set/42c26001-2e42-4b6c-8ddd-45278e080a04/event/list/

↳ go to the link, where you’ll have an interactive 3D view of 
your reconstructed event in your browser

Check with CheckHitsAndTracks Module of Thibaut : 

lar -c pdvd_hits_and_tracks.fcl gen_protodune_vd_cosmics_g4_stage1_g4_stage2_detsim_reco.root


A file hits_and_tracks_results.root is created, and amount many useful parameters contains the 
3D event display of the reconstructed tracks

PRO 


TIP

https://www.phy.bnl.gov/twister/bee/set/42c26001-2e42-4b6c-8ddd-45278e080a04/event/list/
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Check the output file
With a script: Minimally working example :

Track.h class

(…)

WARNING :This is NOT AN ANALYSIS SCRIPT !

You should make a module for that !

https://github.com/LArSoft/lardataobj/blob/develop/lardataobj/RecoBase/Track.h
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The fcl files

Not re-inventing the wheel : 

Include generic/detector specific fcl files 
and tune the parameters 

To check the full parameters of a fcl file: 

fhicl-dump protodunevd_reco.fcl

(NB : the output can be very long!)

fcl stands for FHICL = Fermilab Hierarchical Configuration Language

-> Configure and run LArSoft modules

-> Written in a JSON-like language

-> Set key values (i.e. no hard-coded parameters in LArSoft)

-> Can change fcl parameters without recompilation

Fcl tutorial

A fcl should contains these 6 elements : 

PRO 


TIP

#include

process_name:

services: {}

source : {}

physics : {}

outputs : {}

In protodunevd_reco.fcl :

(…)

https://indico.hep.manchester.ac.uk/getFile.py/access?contribId=4&sessionId=1&resId=0&materialId=slides&confId=5856
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The fcl files
fcl stands for FHICL = Fermilab Hierarchical Configuration Language

-> Configure and run LArSoft modules

-> Written in a JSON-like language

-> Set key values (i.e. no hard-coded parameters in LArSoft)

-> Can change fcl parameters without recompilation

Fcl tutorial

A fcl should contains these 6 elements : 

#include

process_name:

services: {}

source : {}

physics : {}

outputs : {}

Unique name in your analysis chain of your process

In our example, each stage has its own process_name:

Generation : SingleGen

G4 : G4stage1, G4stage2

detsim : Detsim

Reconstruction : reco

https://indico.hep.manchester.ac.uk/getFile.py/access?contribId=4&sessionId=1&resId=0&materialId=slides&confId=5856
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The fcl files
fcl stands for FHICL = Fermilab Hierarchical Configuration Language

-> Configure and run LArSoft modules

-> Written in a JSON-like language

-> Set key values (i.e. no hard-coded parameters in LArSoft)

-> Can change fcl parameters without recompilation

Fcl tutorial

A fcl should contains these 6 elements : 

#include

process_name:

services: {}

source : {}

physics : {}

outputs : {}

In protodunevd_reco.fcl :

Services are tools commonly used 

E.g: geometry, physical properties, file management 


https://indico.hep.manchester.ac.uk/getFile.py/access?contribId=4&sessionId=1&resId=0&materialId=slides&confId=5856
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The fcl files
fcl stands for FHICL = Fermilab Hierarchical Configuration Language

-> Configure and run LArSoft modules

-> Written in a JSON-like language

-> Set key values (i.e. no hard-coded parameters in LArSoft)

-> Can change fcl parameters without recompilation

Fcl tutorial

A fcl should contains these 6 elements : 

#include

process_name:

services: {}

source : {}

physics : {}

outputs : {}

What is your input type, default name, how many 
events to process (-1 means everything)


In protodunevd_reco.fcl :

Other cases examples :

For MC generation :  
module_type: EmptyEvent


For Top-CB Data Reconstruction :

module_type: VDColdboxTDERawInput

https://indico.hep.manchester.ac.uk/getFile.py/access?contribId=4&sessionId=1&resId=0&materialId=slides&confId=5856
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The fcl files
fcl stands for FHICL = Fermilab Hierarchical Configuration Language

-> Configure and run LArSoft modules

-> Written in a JSON-like language

-> Set key values (i.e. no hard-coded parameters in LArSoft)

-> Can change fcl parameters without recompilation

Fcl tutorial

A fcl should contains these 6 elements : 

#include

process_name:

services: {}

source : {}

physics : {}

outputs : {}

Define and configure the modules to be called on your events

(i.e. where the magic happens) -> two types of actions : mo

physics:{

  producers: {}

  filters : {}

  analyzers: {}


  stream1 : []

  trigger_paths : []

  end_paths : []

}


Generates new informations to be added the products
Removes informations 
Transforms informations (plots, histograms, …)

Where to store the information
List of actions with impact on the products 
List of actions with no impact on the products

https://indico.hep.manchester.ac.uk/getFile.py/access?contribId=4&sessionId=1&resId=0&materialId=slides&confId=5856
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The fcl files
fcl stands for FHICL = Fermilab Hierarchical Configuration Language

-> Configure and run LArSoft modules

-> Written in a JSON-like language

-> Set key values (i.e. no hard-coded parameters in LArSoft)

-> Can change fcl parameters without recompilation

Fcl tutorial

A fcl should contains these 6 elements : 

#include

process_name:

services: {}

source : {}

physics : {}

outputs : {}

In protodunevd_reco.fcl :

The output file(s) to be produced : type, name, what to keep/discard (‘drop’)


https://indico.hep.manchester.ac.uk/getFile.py/access?contribId=4&sessionId=1&resId=0&materialId=slides&confId=5856
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The fcl file - services
A service is a generic algorithm/tool

E.g pdsim_dataprep_tools_wirecell 
service is defined here : 

NB : here we are simulating & reconstructing simulation with no correlated noise injected

↳ The dataprep stage here is fairly simple, while it can be more complicated for real data

https://github.com/DUNE/dunesw/blob/develop/fcl/vdcoldbox/reco/crpcb_top_process.fcl

https://github.com/DUNE/dunedataprep/blob/develop/dunedataprep/DataPrep/fcl/protodune_dataprep_services.fcl
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Producers of the our reco fcl

The chain of producers is defined in trigger_paths

e.g. : Generic producer_adcprep_notool described here :

Generic parameters can be changed in your fcl, e.g.:

In protodunevd_reco.fcl :

https://github.com/DUNE/dunedataprep/blob/develop/dunedataprep/DataPrep/fcl/dataprep_dune.fcl


16

Producers of the our reco fcl

In our case the producers called are : 


1. caldata: prepare the waveforms

2. rns: random number module (for reproducibility)

3. wclsdatavd: Wirecell call (mostly deconvolution)

4. gaushit: search & fit the hits with gaussian within 
waveform

5. reco3d: build (x,y,z) out of matching hits in multiple 
views

6. hitpdune: Disambiguates the hits


7.8. pandora, Track, (Shower): builds tracks/shower out 
of found hits


9.10. pandoraStdcalo, pandoraGnocalo : computes the 
dQ/ds from the found tracks

In protodunevd_reco.fcl :

NB : Some producers 
are defined but not 
called in trigger_paths
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What happened - data preparation
Binary decoder

Channel Mapping

Noise Filtering

Data 
only

-CNR

-Microphonics

-Sticky Code

- …

-> Handled by services

• CNR (Coherent Noise Removal):

Removes noise seen at the same time by a group of channel

-> Compute & subtract the median noise in group

Group = same electronic card and same view 

2 CNRs : normal and weighted


-> Weighted by channel RMS

• Microphonic :


Removes slow pedestal fluctuations in space and time

-> Sinusoid pattern smoothed (LOWLESS method)


• Other waveform/noise corrections possible:

- Sticky code : Digitizer sticks to certain ADC value

- Tail removal : Long-term response of the electronics

Baseline subtraction

PRO 


TIP To keep the waveforms, change this command in your fcl file: 

#outputCommands: [ "keep *", "drop raw::RawDigit*_*_*_*" ]

outputCommands: [ "keep *"]

-> Histogram each waveform & fit a gaussian

MicroBoone 
paper on noise


ProtoDUNE-
SP paper

https://arxiv.org/pdf/1705.07341.pdf
https://arxiv.org/pdf/1705.07341.pdf
https://arxiv.org/pdf/2007.06722.pdf
https://arxiv.org/pdf/2007.06722.pdf
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What happened - Raw waveform
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Example for ColdBox CRP1 data :

-> Raw waveform

PRO 


TIP Use Yoann’s script ! 

PlotDecoPulses.C

https://gitlab.in2p3.fr/dune-france/analysis-workshop/-/blob/master/macros/PlotDecoPulses.C
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What happened - After CNR
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Example for ColdBox CRP1 data :

-> pedestal subtracted and CNR applied
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What happened - Deconvolution 

Take-away message : This part is complex and would require a dedicated workshop on its own!  

To retrieve the true signal, an FFT is performed. 

F(ω) is a filter function (Gauss or Wiener) to mitigate the 
high frequency noise after deconvolution

The measured output M is a convolution of the 
true signal S with a function R 

-> R contains the electronic response function 
and the field response

This part is done in Wirecell : 

The output of wirecell is zero padded : 

-> The noise region are set to 0

-> the waveforms are the same length as the input

-> MicroBoone paper on signal 
processing  part I and part II

Wirecell have its own ROI finder:

-> Hardcoded thresholds at the moment

-> Could need some fine VD-tuning

Wirecell deconvolution still to be improved : 

-> PCB- Weighting Field 

-> Top and Bottom electronics

https://arxiv.org/pdf/1802.08709.pdf
https://arxiv.org/pdf/1804.02583.pdf
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What happened - Deconvolution
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Example for ColdBox CRP1 data :

-> Waveform deconvolved : no more bipolar signal ; zeros where no signal
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What happened - Hit Finder 
Gaushit 


- searches for signal ≥ Threshold × Channel noise RMS


Thresholds are defined in the fcl files:

Example (6m drift data)

Low ROI threshold High ROI threshold
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What happened - Hit Finder 
Gaushit 


- searches for signal ≥ Threshold × Channel noise RMS

- Fits them with gaussian (one or multiple)

Same Gaus fit examples : 

Train of hits returned with long 
deposition of same width

The peaking time and area of the pulse(s) are 
then stored

-> The fit initialization parameters are tunable in 
the fcl files

dunefd_gaushitfinder defined here: 

https://github.com/DUNE/dunereco/blob/develop/dunereco/HitFinderDUNE/hitfindermodules_dune.fcl
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Side Note on Disambiguation
For technical reasons, a CRP is treated as four volumes in LArSoft


-> The separation follow the collection mapping

-> In the induction views some channels are split into two wires in two volumes

     Can be problematic : a deposition can be seen in different volumes

View 0 View 1 View 2

TPC 0 TPC 1

TPC 2 TPC 3

TPC 0 TPC 1

TPC 2 TPC 3

TPC 0 TPC 1

TPC 2 TPC 3

 →A disambiguation process is needed to reattribute hits to their correct volumes
-> Done by hitpdune and/or SpacePointSolver

Searches for depositions at similar times in the three planes and tries to match them

- Assign Hits to the correct volume

- SpacePointSolver computes the corresponding (x,y,z)

EXERCICE : try to reconstruct the event without disambiguation !  
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What happened - Reconstruction

-> The reconstruction is done by Pandora - which can be seen as a black box for most of us

« Pandora is a multi algorithm approach »

Goes from hit collection (in {channel, time} or {x,y,z}) to set of hierarchical showers, tracks

For ProtoDUNE data, two reconstruction chains:

-> Beam : Particles from known position in space and time, usually with many generations

-> Cosmic : Muon-like tracks from above

[For FD a neutrino event reconstruction chain is called]

Three main reconstruction steps : 

1. Clustering : Assemble hits in the same plane together based on proximity/topology

2. Matching: clusters across planes merged together based on granularity, geometry, topology and 
training from 2D-patter recognition 

3. Hierarchy: Identify and organize the tracks/showers into a history (example : K->π->µ->e)
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What happened - Reconstruction

Pandora needs to be adapted for Module-0 data:

- Beam location and direction

- e- drift direction/ CR topology

- Profit from Ghost tracks

Clear cosmic are identified with a set of criteria : 

-> very vertical, t0 not in time with the beam, track 
enters from top of the volume, part of the track is out 
of time if t0 = tbeam, …

-> Clear cosmic are identified and « removed »


 All unclear objects (« slice ») are analyzed further 
under the « Beam » or « Cosmic hypothesis


-> A BDT helps to distinguish one hypothesis from an 
other (one outcome per slice)

Example of BDT inputs: 


- Distance from the object endpoints to the beam 
pipe entrance

- Direction of the object wrt to the beam line

- Distance to the closest detector boundary, …

Cosmic

Beam (π+)

Beam Halo

Procedure for ProtoDUNE-SP: 

ProtoDUNE-SP Pandora paper

https://arxiv.org/abs/2206.14521

