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What is WADERS?
A framework which allows to post process data from skipper images [setup independent]

LBC

DAMIC-M

G4-Compton

WADERS
softWAre for Dark matter ExpeRiments 

with Skippers
Compton setup

XXX

common framework for the full collaboration

G4-LBC

G4-DAMIC-M
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What is WADERS?

Library of processes
Collection of predefined algorithms 
(processes) to process the data

CompressSkipperProcess
PedestalSubtractProcess
CalibrationProcess
FitDarkCurrentProcess
FitCalibrationConstant
RnvsNskipsPlot
FFTNoisePlot
ChargeLossPlot
SignalPatterRecognition
ClusterFinder
…

(some processes from Paolo’s CCDTestPython)

Infraestructure
simulations and reconstruction of skippper images

RawData class (input file encapsulation)
Config class     (configuration)
Process Manager
DQM Manager
...

Is a framework

Plug-in ability
Allows to create new algorithms 
to process skipper images within 
this infrastructure



  6

Outlook of WADERS

Output Manager

[JSON] 
Configuration

sequence: sorted set of processes

Process Manager

analysis
process 

commissioning 
process 

digitilized
process

Input data 
(skipper image/geant4 sims)

RawData/G4HitCollection

DQM Manager

report Manager

USER  

process

Monitor 
Elements

set of plots to control the data quality of the data taking

[JSON] 
Configuration

pool of process and MEpool of process and ME

new process and/or ME can be added for the user

[1]

[1]

psimulCCDimg panaSKImg

pool of executables

documentation

Units
singleton
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Configuration
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singleton

https://gev.uchicago.edu/compton/

https://ncastell.web.cern.ch/ncastell/

https://gitlab.in2p3.fr/damicm/pysimdamicmgitlab repo:

                        official web for documentation:
(mostly documentation for simulations)

DQM Compton web:
(documentation for analysis)

psimulCCDimg panaSKImg

pool of executables

documentation

https://gev.uchicago.edu/compton/
https://ncastell.web.cern.ch/ncastell/
https://gitlab.in2p3.fr/damicm/pysimdamicm
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the process concept
This framework is built around 

analysis
process 

comissioning 
process 

digitilized
process

USER  

process

Monitor 
Elements

pool of process and MEpool of process and ME

[1]
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The process concept

WADERS is built around the process concept

process:  algorithm implementation which accesses, and/or 
modifies, and/or manipulates, and/or filter some input data, and 
probably adds some attributes to the original data. 

● A process should focus in one, and just one concrete goal

Each process is configurable at runtime by the user,  through a JSON 
file.

analysis
process comissioning 

process 

digitilized
process

USER 

process

Monitor 
Element

s

pull of process and ME
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process 
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pull of process and ME
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Configuration of a process via an example

Algorithm to estimate and subtract the pedestal from an image.

The behaviour can be changed depending on the configured options

● use overscan or full image or just a region of the image
● mask pixels qith q

ij
> n q

th

● estimated by row, or by column, or by both
● estimate by fitting a gaussian, or mean or a median
● for gaussian: estimate the pixels to consider by using MAD or STD
● …. other general parameters (related to the interactive mode)

Let’s see PedestalSubtractionProcess as an example

analysis
process comissioning 

process 

digitilized
process

USER 

process

Monitor 
Element

s

pull of process and ME

https://gev.uchicago.edu/compton/howto_notebooks/analysis/III_howto_PedestalSubtractedProcess.html

rawdata.image_mean_compressed

pedestal subtracted image

https://gev.uchicago.edu/compton/howto_notebooks/analysis/III_howto_PedestalSubtractedProcess.html
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Configuration of a process via an example

Algorithm to estimate and subtract the pedestal from an image.

The behaviour can be changed depending on the configured options

● use overscan or full image or just a region of the image
● mask pixels qith q

ij
> n q

th

● estimated by row, or by column, or by both
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Let’s see PedestalSubtractionProcess as an example

analysis
process comissioning 

process 

digitilized
process

USER 

process

Monitor 
Element

s

pull of process and ME

This algorithm include the posibility to 
mask some pixels in the selected region 
before to estimate the pedestal. 
Given the value n all pixels with

q
ij
> n q

th

Will not be used to estimate the pedestal

https://gev.uchicago.edu/compton/howto_notebooks/analysis/III_howto_PedestalSubtractedProcess.html

rawdata.image_mean_compressed

https://gev.uchicago.edu/compton/howto_notebooks/analysis/III_howto_PedestalSubtractedProcess.html
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Configuration of a process via an example

Let’s see PedestalSubtractionProcess as an example

analysis
process comissioning 

process 

digitilized
process

USER 

process

Monitor 
Element

s

pull of process and ME

pixels used to estimate the pedestal for column j

pixels used to estimate the pedestal of row k

pixels used to estimate the pedestal of row l 

pixels used to estimate the pedestal of column i (after subtraction estimated-row pedestals)

Algorithm to estimate and subtract the pedestal from an image.

The behaviour can be changed depending on the configured options

● use overscan or full image or just a region of the image
● mask pixels qith q

ij
> n q

th

● estimated by row, or by column, or by both, or full
● estimate by fitting a gaussian, or mean or a median
● for gaussian: estimate the pixels to consider by using MAD or STD
● …. other general parameters (related to the interactive mode)

https://gev.uchicago.edu/compton/howto_notebooks/analysis/III_howto_PedestalSubtractedProcess.html

rawdata.image_mean_compressed

https://gev.uchicago.edu/compton/howto_notebooks/analysis/III_howto_PedestalSubtractedProcess.html
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Configuration of a process via an example

Let’s see PedestalSubtractionProcess as an example
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https://gev.uchicago.edu/compton/howto_notebooks/analysis/III_howto_PedestalSubtractedProcess.html

rawdata.image_mean_compressed

https://gev.uchicago.edu/compton/howto_notebooks/analysis/III_howto_PedestalSubtractedProcess.html
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Configuration of a process via an example

Let’s see PedestalSubtractionProcess as an example
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https://gev.uchicago.edu/compton/howto_notebooks/analysis/III_howto_PedestalSubtractedProcess.html

pedestal subtracted image

rawdata.image_mean_compressed
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https://gev.uchicago.edu/compton/howto_notebooks/analysis/III_howto_PedestalSubtractedProcess.html
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Configuration of a process via an example

Let’s see PedestalSubtractionProcess as an example
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s
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Algorithm to estimate and subtract the pedestal from an image.

The behaviour can be changed depending on the configured options

● use overscan or full image or just a region of the image
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ij
> n q

th
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● for gaussian: estimate the pixels to consider by using MAD or STD
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Set all options in the input JSON file:

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_Config.html

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_Config.html
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List of available processes

Depending on the working scope, the processes are grouped 

analysis
process comissioning 

process 

digitilized
process

USER 

process

Monitor 
Element

s

pool of process and ME

detector response: to digitilize the geant4 monte carlo simulations 
(which have to be compatible with the one from DAMICG4)

pysimdamicm/processes/detector_response.py

commissioning: for any [skipper] CCD image
pysimdamicm/processes/skipper_comissioning.py

analysis: for any [skipper] CCD image
pysimdamicm/processes/reconstruction.py
pysimdamicm/processes/skipper_analysis.py

Monitor Element: a plot or quantity as data quality of your data taking
pysimdamicm/dqm/me.py

DigitizeProcess

SKImageProcess

SKImageProcess

MEabs

Abstract Class

https://ncastell.web.cern.ch/ncastell/compton_web_site/Visit the Compton Setup web site              
to see the full set of available ME

https://ncastell.web.cern.ch/ncastell/compton_web_site/
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List of available processes
DigitizeProcess

Diffusion: Process to generate the creation of eh pairs and its diffusion 
PixelizeSignal: Process to group the energy depositions into pixels

DarkCurrent: Process  to add thermal generaion of eh pairs in the depletion region
ElectronicNoise: Process to emulate the electronic noise during readout

PixelSaturation: Process to emulate the saturation of one of the color channels of the sensor 
(which responds at its maximum value). 
Note that the concequente overflow or blooming is not included

CreateFitsImage: Process to create a fits image to be used as DATA (allows to use a blank image as bkg)

ContinuousReadout: Process to mimic the pixel charge loss due to continuous readout

detector response

analysis
process comissioning 

process 

digitilized
process

USER 

process

Monitor 
Element

s

pool of process and ME
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List of available processes
DigitizeProcess
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List of available processes

ChargeLossPlot: Process to create a set of plots to study charge loss between skips

FFTNoisePlot: Process to do the Fast Fourier Transform of an skipper image 
to study its noise in skips and pixels

FitCalibrationConstant: Process to find the calibration constant (or gain) 
by fitting n-consecutive single electron peaks. 

RNvsNskipsPlot: Process to study the signal-to-noise ratio as a function of N
skips

commissioning

SKImageProcess

Mostly to create a set of plots to study skipper CCD images
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List of available processes

CompressSkipperProcess:    Process to combine all single skips into a single value
PedestalSubtractionProcess:  Process to get the pedestal-subtracted image 

(pedestal estimation and subtraction)
FitDarkCurrentProcess:    Process  to fit ¸, ¹

0
 , gain, single e- resolution 

CalibrationProcess:    Process to apply the calibration to signal: convert ADU to  e-→

[also used in simulations]
SignalPatterRecognition:    Process for the discriminate between signal and noise
ClusterFinder:    Process to find clusters sensor 

analysis

SKImageProcess
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MEabs

List of available processes

MEMeanDCperRow, MEDCslope, MEDCintercept, MESensorMedianperRow, 
MESensorMADperRow, MEImageMedianperCol, MEImageMADperCol, 
MEOverscanMedianperRow, MEOverscanMADperRow, MEPedestalMu, MEPedestalSigma, 
MEMaskedPixels, MESinglePED, MEOverscanPCDMu, MEOverscanPCDSigma, MEFitDC, 
MEFitDCMu0PerRow, MEFitDCSigmaPerRow,MEFitDCLambdaPerRow,  MEFitDCMu0, 
MEFitDCSigma, MEFitDCLambda, METempShift

Monitor Elements

Go to https://ncastell.web.cern.ch/ncastell/compton_web_site/

In collaboration with the Compton setup group

https://ncastell.web.cern.ch/ncastell/compton_web_site/
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All processes are well documented

Dedicated documentation for each process can be found

 → USING THE EXECUTABLES PROVIDED BY WADERS
● for a short description

[user @dm ~]$  panaSKImg --help

[user @dm ~]$  psimulCCDimg --json

documentation
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All processes are well documented

Dedicated documentation for each process can be found

 → USING THE EXECUTABLES PROVIDED BY WADER
psimulCCDimg panaSKImg

pull of executables

[user @dm ~]$  psimulCCDimg --json

continue ...
documentation
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All processes are well documented

Dedicated documentation for each process can be found

 → USING THE EXECUTABLES PROVIDED BY WADER

[user @dm ~]$  panaSKImg --help

documentation

continue ...
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All processes are well documented

Dedicated documentation for each process can be found at

 → ONLINE 
● for a more detailed explanation (params, algorithm,examples)

https://gev.uchicago.edu/compton/

https://ncastell.web.cern.ch/ncastell/pysimdamicm/getting_started.html

Find all notebooks (.html, .ipynb) also within the 
repository under the folder
    
pysimdamicm/notebooks/howto/analysis

documentation

https://gev.uchicago.edu/compton/
https://ncastell.web.cern.ch/ncastell/pysimdamicm/getting_started.html
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How to use it?

psimulCCDim
g

panaSKImg

pull of executables
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How to use WADERS

WADERS provides two executables
● configured via JSON file and/or command line options

psimulCCDimg:  using a Geant4-created input file (ROOT file 
compatible with DAMICG4’s output), simulates the CCD sensor 
response and, emulates the electronic response and performs 
cluster reconstruction
It can also provide a CCD image (fits format) to be processes with 
panaSKImg (as if it was real data).

panaSKImg:   using (n) input image file(s) (fits,ROOT,…), performs 
data analysis (both commissioning/operational  and  high level 
data reconstruction).  

● Comissioning: study the linearity with single electron peaks, noise studies, skip-
charge losses studies, ...

● Operational: Data Quality Monitor 
● High level data: pedestal subtraction, dark current fit, cluster reconstruction, …

psimulCCDimg panaSKImg

pull of executables
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How to use WADERS: Configuration JSON file

psimulCCDimg: main sections for the configuration JSON file

output: mostly to define the prefix of the output ROOT file
detector_response: define the list of processes and its parameters
reconstruction: define the list of processes and its parameters

panaSKImg:main sections for the configuration JSON file

input: parameters to define the input image (overscan and prescan regions, 
active area, number of skip measurements, … )

process:   define the list of ordered processes and its parameters

WADERS provides two executables
● configured via JSON file and/or command line options

psimulCCDimg panaSKImg

pull of executables

The user has no control over the order in which the process will be executed (these are 
internally sorted)

The user must define the order of execution of the process. This is done in the  JSON file, 
setting the parameter sequence.
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How to use WADERS: JSON file example for psimulCCDimg

deprecated

to define 
   - CCD size 
   - pixel size (and binning)
   - CCD thickness
   -  ADC  eV→
   -  mean E to create eh pair
   - detector name

Output root file naming
out_simulCCDimg_<input_file_name>.root

PROCESS SECTION

    Configurable options

pysimdamicm/json/psimulCCDimg_config_file.json
units –> ONLY INFORMATIOVE
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How to use WADERS: JSON file example for psimulCCDimg

Use “active” to switch on/off a process, the 
process manager will executed secuentially the 
list of process internally sorted.

pysimdamicm/json/psimulCCDimg_config_file.json
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How to use WADERS: JSON file example for panaSKImg

to define 
  - reading skips axis
  - overscan/prescan
  - skip/col/row to ignore
   - set setup-dependent   

mandatory!

pysimdamicm/json/panaSKImg_config_file.json
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How to use WADERS: JSON file example for panaSKImg

Corrections to be applied to data before processing
Invert polarity: max  min→
leach_bug  for COMPTON setup→

pysimdamicm/json/panaSKImg_config_file.json
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How to use WADERS: JSON file example for panaSKImg

active
Only process listed in “sequence” will 
be secuentially executed and in order of 
appearance!

pysimdamicm/json/panaSKImg_config_file.json

PROCESS SECTION

    Configurable options
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How to use WADERS: JSON file example for panaSKImg

Any of these options (column, row or skips range) can 
be parameters of any Process
If one process requires a different region, just add the 
corresponent parameters into its section

pysimdamicm/json/panaSKImg_config_file.json
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How to use WADERS: running psimulCCDimg

MANDATORY Configuration JSON file 

For simulations G4-LBC

https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#

psimulCCDimg   psimulCCDimg_LBC_config.json --g4file ../DAMICM/G4Run/LablCeiling_241Am.root --g4out ../outputs

https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#
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How to use WADERS: running psimulCCDimg

[absolute/relative path] input ROOT file

For simulations G4-LBC

DAMICG4 (or compatible)

https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#

psimulCCDimg   psimulCCDimg_LBC_config.json --g4file ../DAMICM/G4Run/LablCeiling_241Am.root --g4out ../outputs

https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#
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How to use WADERS: running psimulCCDimg

absolute or relative path for the outputs 
(automatic naming for the ROOT file)

<prefix_from_json>_logab87863_input_file_name.root

For simulations G4-LBC

psimulCCDimg   psimulCCDimg_LBC_config.json --g4file ../DAMICM/G4Run/LablCeiling_241Am.root --g4out ../outputs
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How to use WADERS: running psimulCCDimg

Detailed documentation for the output ROOT file at https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#

Parameters for the simulated process with their configuration values 

Properties of the pixel (evt,ccd,x,y,z,pdg,Edep, ...)

Properties of all found clusters (evt,ccd,x,y,z,Energy,Qmax,...)

Some parameters from the geant4 ROOT file: properties of the simulated volumes,
         simulated SS [CCDs]
         simulated PP, ...

For simulations G4-LBC

psimulCCDimg   psimulCCDimg_LBC_config.json --g4file ../DAMICM/G4Run/LablCeiling_241Am.root --g4out ../outputs

https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#
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How to use WADERS: running psimulCCDimg

Detailed documentation for the output ROOT file at https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#

Parameters for the simulated process with their configuration values 

Properties of the pixel (evt,ccd,x,y,z,pdg,Edep, ...)

Properties of all found clusters (evt,ccd,x,y,z,Energy,Qmax,...)

Some parameters from the geant4 ROOT file: properties of the simulated volumes,
         simulated SS [CCDs]
         simulated PP, ...

For simulations G4-LBC

psimulCCDimg   psimulCCDimg_LBC_config.json --g4file ../DAMICM/G4Run/LablCeiling_241Am.root --g4out ../outputs

https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#
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How to use WADERS: running psimulCCDimg

Detailed documentation for the output ROOT file at https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#

Parameters for the simulated process with their configuration values 

Properties of the pixel (evt,ccd,x,y,z,pdg,Edep, ...)

Properties of all found clusters (evt,ccd,x,y,z,Energy,Qmax,...)

Some parameters from the geant4 ROOT file: properties of the simulated volumes,
         simulated SS [CCDs]
         simulated PP, ...

For simulations G4-LBC

psimulCCDimg   psimulCCDimg_LBC_config.json --g4file ../DAMICM/G4Run/LablCeiling_241Am.root --g4out ../outputs

https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#
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How to use WADERS: running psimulCCDimg

Detailed documentation for the output ROOT file at https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#

Parameters for the simulated process with their configuration values 

Properties of the pixel (evt,ccd,x,y,z,pdg,Edep, ...)

Properties of all found clusters (evt,ccd,x,y,z,Energy,Qmax,...)

Some parameters from the geant4 ROOT file: properties of the simulated volumes,
         simulated SS [CCDs]
         simulated PP, ...

For simulations G4-LBC

psimulCCDimg   psimulCCDimg_LBC_config.json --g4file ../DAMICM/G4Run/LablCeiling_241Am.root --g4out ../outputs

https://ncastell.web.cern.ch/ncastell/pysimdamicm/howtouse.html#
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How to use WADERS: running psimulCCDimg

For simulations

...

expected ouput

Extracting info from:
Sensitive detector
where PP were placed (if used)

reconstruction starts
 … 

reading input ROOT

reading from JSON file
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How to use WADERS: running psimulCCDimg

For simulations debug mode

zoom into
clusters found with Npix > 3

all energy depositions in CCD id 2
event with id number 5

psimulCCDimg   psimulCCDimg_LBC_config.json --g4file ../DAMICM/G4Run/LablCeiling_241Am.root --g4out ../outputs
--debug     --event 5   --cls-pix-min 3
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How to use WADERS: running psimulCCDimg

zoom into
clusters found with Npix > 3

E
dep

 after diffusion

G4 simulated E
dep

 

G4 simulated E
dep

 plotted with different 
shape/color according its PDG

For simulations debug mode

psimulCCDimg   psimulCCDimg_LBC_config.json --g4file ../DAMICM/G4Run/LablCeiling_241Am.root --g4out ../outputs
--debug     --event 5   --cls-pix-min 3
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How to use WADERS: running panaSKImg

configuration JSON file 

For skipper CCD images Compton setup

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_panaSKImg.html

panaSKImg   --json panaSKImg_config_compton.json “/data/compton/data/*Image*Source*fits” --skip _598 full_1.fits -o .

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_panaSKImg.html
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How to use WADERS: running panaSKImg

For skipper CCD images Compton setup

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_panaSKImg.html

panaSKImg   --json panaSKImg_config_compton.json “/data/compton/data/*Image*Source*fits” --skip _598 full_1.fits -o .

mandatory input file(s)
(accept wildcards, you need “”)

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_panaSKImg.html


  49

How to use WADERS: running panaSKImg

For skipper CCD images Compton setup

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_panaSKImg.html

panaSKImg   --json panaSKImg_config_compton.json “/data/compton/data/*Image*Source*fits” --skip _598 full_1.fits -o .

Image(s) to be ignore
(those containing this pattern)

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_panaSKImg.html
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How to use WADERS: running panaSKImg

For skipper CCD images Compton setup

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_panaSKImg.html

panaSKImg   --json panaSKImg_config_compton.json “/data/compton/data/*Image*Source*fits” --skip _598 full_1.fits -o .

output directory
automatic naming for output plots and images
(using input file name, process class, sub-string if needed)

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_panaSKImg.html
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How to use WADERS: running panaSKImg

For skipper CCD images

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_panaSKImg.html

panaSKImg   --json panaSKImg_config_compton.json “/data/compton/data/*Image*Source*fits” --skip _598 full_1.fits -o .
 --save-plots --save-img  --display --verbose 
 -s ChargeLossPlot,CompressSkipperProcess,PedestalSubtractionProcess,SignalPatternRecognition,ClusterFinder                 
 ...

Useful command lines
to store plots
to store images
to display the final plots before ending
to display intermediate plots

and print more msm
to set the sequence of process

All command lines has preference over 
the JSON file values

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_panaSKImg.html
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How to use WADERS: summary

executableexecutable

psimulCCDimg psimulCCDimg_LBC_config.json --g4file ../DAMICM/G4Run/LablCeiling_241Am.root --g4out ../outputs
 --event 5 --cls-pix-min 5

panaSKImg --json panaSKImg_compton_config.json “/data/compton/data/*Image*Source*fits” -o ../Run145/avg 
 --skip _598 full_1.fits --save-plots --save-img --verbose 
 -s CompressedSkipperProcess,PedestalSubtractionProcess,SignalPatterRecognition,ClusterFinder
 --skip-start 3 --skip-end 1569 --func-to-compress mean

JSON config file output directoryinput file[s]
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How to use WADERS: summary

psimulCCDimg   psimulCCDimg_LBC_config.json --g4file ../DAMICM/G4Run/LablCeiling_241Am.root --g4out ../outputs
 --debug --event 5 --cls-pix-min 5

panaSKImg --json panaSKImg_compton_config.json “/data/compton/data/*Image*Source*fits” -o ../Run145/avg 
 --skip _598 full_1.fits --save-plots --save-img --verbose 
 -s CompressedSkipperProcess,PedestalSubtractionProcess,SignalPatterRecognition,ClusterFinder
 --skip-start 3 --skip-end 1569 --func-to-compress mean
 .

A lot of optional command lines
   → mostly to launch without changing the JSON file
So far, all configurable parameters have a command line which has preference over 
the json file one

Optional command lines related to debug mode
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For developers only

analysis
process 

comissioning 
process 

digitilized
process

USER  

process

Monitor 
Elements

pull of process and MEpull of process and ME
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Do you need a process 
that is not available?

analysis
process 

comissioning 
process 

digitilized
process

USER  

process

Monitor 
Elements

pool of process and MEpool of process and ME
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Extending the library of process
Plug-in ability

Any new process must inherit from the abstract class 
SKImageProcess/G4DigitizeProcess

Mandatory ingredients to create a new process class

● class attribute name  __name__ : string uniquely identifying the process
● class attribute sequence id __sequence__:  int definining the per default order in the 

sequence of the process to be executed
● any parameter to be configured from the json file must be added to the object dictionary 
__units__

● the algorithm must be implemented in the method 
execute_process(self,rawdata)

● The automatic plug-in mechanism is still work in progress
● So far, the process manager must be informed ad hoc (add the process in the 
ProcessManager.__valid_processes__ class attribute)

WADERS allows any new algorithm to be added as a new process

Do you need a process that is not available?
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A few words on the operational outline

But before …. 
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WADERS: operational outline

[JSON] 
configuration

sequence, set of processes 
 → sorted and 
 → configured 

by the Process Manager

G4HitCollection
.x
.y
.z
.pdg
...
.Edep

RawData
.header
.ncols
.nskips
.image
…
.image the data we want to manipulate

Input file encapsulated into runtime containers
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WADERS: operational outline

[JSON] 
configuration

sequence, set of processes 
 → sorted and 
 → configured 

by the Process Manager

G4HitCollection
.x
.y
.z
.pdg
...
.Edep

Input file encapsulated into runtime containers

RawData
.header
.ncols
.nskips
.image
…
.image the data we want to manipulate

.image_mean_compressed
create plot
.A

.Edep

.x

.y

.z

Process Manager

process1
execute_process
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WADERS: operational outline

[JSON] 
configuration

sequence, set of processes 
 → sorted and 
 → configured 

by the Process Manager

G4HitCollection
.x
.y
.z
.pdg
...
.Edep

Input file encapsulated into runtime containers

RawData
.header
.ncols
.nskips
.image
…
.image the data we want to manipulate

.image_mean_compressed

.gain 

.Edep

.x

.y

.z

Process Manager

process1
execute_process

create new data members
from existing ones [or news]

or maniupate existing ones
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WADERS: operational outline

[JSON] 
configuration

sequence, set of processes 
 → sorted and 
 → configured 

by the Process Manager

G4HitCollection
.x
.y
.z
.pdg
...
.Edep

RawData
.header
.ncols
.nskips
.image
…
.image

Input file encapsulated into runtime containers

the data we want to manipulate

Process Manager

process1
execute_process

.image_mean_compressed
 
.gain 

.Edep

.x

.y

.z

process2
execute_process

.pixel_Edep

.pixel_x

.pixel_y

.pixel_z

...

create some 
plots(rawdata.gain)

Goes to plots container to be displayed at the end (if booked)
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WADERS: operational outline

[JSON] 
configuration

sequence, set of processes 
 → sorted and 
 → configured 

by the Process Manager

G4HitCollection
.x
.y
.z
.pdg
...
.Edep

RawData
.header
.ncols
.nskips
.image
…
.image

Input file encapsulated into runtime containers

the data we want to manipulate

Process Manager

process1
execute_process

.image_mean_compressed

.gain 

.Edep

.x

.y

.z

process2
execute_process

.pixel_Edep

.pixel_x

.pixel_y

.pixel_z

...….

create some 
plots(rawdata.gain)
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WADERS: operational outline

[JSON] 
configuration

sequence, set of processes 
 → sorted and 
 → configured 

by the Process Manager

G4HitCollection
.x
.y
.z
.pdg
...
.Edep

RawData
.header
.ncols
.nskips
.image
…
.image

Input file encapsulated into runtime containers

the data we want to manipulate

Process Manager

process1
execute_process

.image_mean_compressed

.gain 

.Edep

.x

.y

.z

process2
execute_process

.pixel_Edep

.pixel_x

.pixel_y

.pixel_z

...….

create some 
plots(rawdata.gain)
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WADERS: operational outline

[JSON] 
configuration

sequence, set of processes 
 → sorted and 
 → configured 

by the Process Manager

G4HitCollection
.x
.y
.z
.pdg
...
.Edep

RawData
.header
.ncols
.nskips
.image
…
.image

Input file encapsulated into runtime containers

the data we want to manipulate

Process Manager

process1
execute_process

.image_mean_compressed

.gain 

.Edep

.x

.y

.z

process2
execute_process

.pixel_Edep

.pixel_x

.pixel_y

.pixel_z

...….

create some 
plots(rawdata.gain)
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WADERS: operational outline

[JSON] 
configuration

sequence, set of processes 
 → sorted and 
 → configured 

by the Process Manager

G4HitCollection
.x
.y
.z
.pdg
...
.Edep

RawData
.header
.ncols
.nskips
.image
…
.image

Input file encapsulated into runtime containers

the data we want to manipulate

Process Manager

process1
execute_process

.image_mean_compressed

.gain 

.Edep

.x

.y

.z

process2
execute_process

.pixel_Edep

.pixel_x

.pixel_y

.pixel_z

...….

.image_mean_compressed_e .image_noiseprocessN
execute_process

create some 
plots(rawdata.gain)
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WADERS: operational outline

[JSON] 
configuration

sequence, set of processes 
 → sorted and 
 → configured 

by the Process Manager

G4HitCollection
.x
.y
.z
.pdg
...
.Edep

RawData
.header
.ncols
.nskips
.image
…
.image

Input file encapsulated into runtime containers

the data we want to manipulate

Process Manager

process1
execute_process

.image_mean_compressed

.gain 

.Edep

.x

.y

.z

process2
execute_process

.pixel_Edep

.pixel_x

.pixel_y

.pixel_z

...….

.image_mean_compressed_e .image_noiseprocessN
execute_process

create some 
plots(rawdata.gain)
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WADERS: operational outline

[JSON] 
configuration

sequence, set of processes 
 → sorted and 
 → configured 

by the Process Manager

G4HitCollection
.x
.y
.z
.pdg
...
.Edep

RawData
.header
.ncols
.nskips
.image
…
.image

Input file encapsulated into runtime containers

the data we want to manipulate

Process Manager

process1
execute_process

.image_mean_compressed

.gain 

.Edep

.x

.y

.z

process2
execute_process

.pixel_Edep

.pixel_x

.pixel_y

.pixel_z

...….

.image_mean_compressed_e .clustersprocessN
execute_process

create some 
plots(rawdata.gain)
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WADERS: operational outline

G4HitCollection
.x
.y
.z
.pdg
...
.Edep

RawData
.header
.ncols
.nskips
.image
…
.image

Input file encapsulated into runtime containers

the data we want to manipulate

Process Manager

process1
execute_process

.image_mean_compressed

.gain 

.Edep

.x

.y

.z

process2
execute_process

.pixel_Edep

.pixel_x

.pixel_y

.pixel_z

...….

.image_mean_compressed_e .clustersprocessN
execute_process

create some 
plots(rawdata.gain)

dc =  FitDarkCurrentProcess()

analysis
process comissioning 

process 

digitilized
process Monitor 

Element
s

pool of process and ME

within any process
another process can be invoked 
(if required)

Be very careful: a process is an algorithm with a single objective, If this objective is the product of a 
two-process sequence means your process is not well define within this framework!!!
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Extending the library of process
Plug-in ability

WADERS allows any new algorithm to be added as a new process

How to

Do you need a process that is not available?
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Extending the library of process
Plug-in ability

WADERS allows any new algorithm to be added as a new process

Do you need a process that is not available?

Abstract classAbstract class

An extension of an available process? Or new?
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Building a new process

Extending the library of process: how to
Plug-in ability

It has mandatory ingredients

● (class attribute name) string uniquely identifying 
the process

● (class attribute sequence id) integer defining the per 
default order in the sequence of the process to be 
executed

● any parameter to be configured from the json file 
must be added to the object dictionary __units__

● the algorithm must be implemented in the method 
execute_process(self,rawdata)

● The process does not return nothing: 
● any needed parameter must be appended into 

the rawdata object
● The automatic plug-in mechanism is still work in 

progress. So far, the process manager must be 
informed ad hoc 

add the process in the 
ProcessManager.__valid_processes__ 
class attribute

Documentation is really important!!

must inherit from abstract class
    DigitizeProcess, SKImageProcess or MEabs
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Building a new process

Extending the library of process: how to
Plug-in ability

Documentation is really important!!

must inherit from abstract class
    DigitizeProcess, SKImageProcess or MEabs

It has mandatory ingredients

● (class attribute name) string uniquely identifying 
the process

● (class attribute sequence id) integer defining the per 
default order in the sequence of the process to be 
executed

● any parameter to be configured from the json file 
must be added to the object dictionary __units__

● the algorithm must be implemented in the method 
execute_process(self,rawdata)

● The process does not return nothing: 
● any needed parameter must be appended into 

the rawdata object
● The automatic plug-in mechanism is still work in 

progress. So far, the process manager must be 
informed ad hoc 

add the process in the 
ProcessManager.__valid_processes__ 
class attribute
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Building a new process

Extending the library of process: how to
Plug-in ability

Documentation is really important!!

must inherit from abstract class
    DigitizeProcess, SKImageProcess or MEabs

It has mandatory ingredients

● (class attribute name) string uniquely identifying 
the process

● (class attribute sequence id) integer defining the per 
default order in the sequence of the process to be 
executed

● any parameter to be configured from the json file 
must be added to the object dictionary __units__

● the algorithm must be implemented in the method 
execute_process(self,rawdata)

● The process does not return nothing: 
● any needed parameter must be appended into 

the rawdata object
● The automatic plug-in mechanism is still work in 

progress. So far, the process manager must be 
informed ad hoc 

add the process in the 
ProcessManager.__valid_processes__ 
class attribute
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Building a new process

Extending the library of process: how to
Plug-in ability

Documentation is really important!!

must inherit from abstract class
    DigitizeProcess, SKImageProcess or MEabs

It has mandatory ingredients

● (class attribute name) string uniquely identifying 
the process

● (class attribute sequence id) integer defining the per 
default order in the sequence of the process to be 
executed

● any parameter to be configured from the json file 
must be added to the object dictionary __units__

● the algorithm must be implemented in the method 
execute_process(self,rawdata)

● The process does not return nothing: 
● any needed parameter must be appended into 

the rawdata object
● The automatic plug-in mechanism is still work in 

progress. So far, the process manager must be 
informed ad hoc 

add the process in the 
ProcessManager.__valid_processes__ 
class attribute
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Building a new process

Extending the library of process: how to
Plug-in ability

must inherit from abstract class
    DigitizeProcess, SKImageProcess or MEabs

It has mandatory ingredients

● (class attribute name) string uniquely identifying 
the process

● (class attribute sequence id) integer defining the per 
default order in the sequence of the process to be 
executed

● any parameter to be configured from the json file 
must be added to the object dictionary __units__

● the algorithm must be implemented in the method 
execute_process(self,rawdata)

● The process does not return nothing: 
● any needed parameter must be appended into 

the rawdata object
● The automatic plug-in mechanism is still work in 

progress. So far, the process manager must be 
informed ad hoc 

add the process in the 
ProcessManager.__valid_processes__ 
class attribute
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Building a new process

Extending the library of process: how to

Each abstract class
 (DigitizeProcess, SKImageProcess or Meabs) 

has already a pre-defined configuration parameters.
Use the super mechanism to call the constructor
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Extending the library of process: example
Plug-in ability

Let’s see a very simple example

mandatory

Building a new process
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Extending the library of process: example
Plug-in ability

Any JSON configurable param 
must be defined here

Building a new process

Let’s see a very simple example
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Extending the library of process: example
Plug-in ability

This is the pure virtual method
were your algorithm must be 
implemented

https://gev.uchicago.edu/compton/howto_notebooks/analysis/I_howto_RawData.html

Building a new process

Let’s see a very simple example

https://gev.uchicago.edu/compton/howto_notebooks/analysis/I_howto_RawData.html
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The configuration parameter: image
Plug-in ability

The ‘image’ in the JSON file [only for panaSKImg]
● is the name of the image to be manipulated
● some processes (as this one) append a new image into the RawData object as a data 

member, which can be used for any further process
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The configuration parameter: image
Plug-in ability

The ‘image’ in the JSON file [only for panaSKImg]
● is the name of the image to be manipulated
● some processes (as this one) append a new image into the RawData object as a data 

member, which can be used for any further process

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_Config.html

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_Config.html


  82

The configuration parameter: image
Plug-in ability

The ‘image’ in the JSON file [only for panaSKImg]
● is the name of the image to be manipulated
● some processes (as this one) append a new image into the RawData object as a data 

member, which can be used for any further process

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_Config.html

https://gev.uchicago.edu/compton/howto_notebooks/analysis/howto_Config.html
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The Units Class
Plug-in ability



  84

The Units Class
Plug-in ability

The singleton class Units defines the unit system and its default
● Any configurable parameter has units 

● 1: for strings, boolean and addimensional
● execute_process: the algorithm implementation must be done in the 

default units
● Be careful with the units when adding an attribute to RawData object. For 

instance, if you just want to have something in units of keV
something_keV = something/u.keV

p
y
s
i
m
d
a
m
i
c
m
/
u
t
i
l
s
/
u
n
i
t
s
.
p
y
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Overview

● WADERS is a framework for both simulations and reconstruction of skipper 
images

● defines and provides the infraestructure
● provides an extense library of processes
● and can be extended
● the latest version v3.0.1 is functional and stable 

● extensively used for simulations, Compton setup, … 

● Can be used 
● for comissioning purposes
● for high level analysis
● as a data quality monitor
● as a plotter 
● …

● Extensively documented
● Implementation details (design, classes, definitions, interfaces, …)
● howto notebooks (algorithm description, running examples, ...)

● Huge effort, but still needs to be improved, feedback will be welcome 
https://ncastell.web.cern.ch/ncastell/pysimdamicm/

https://gev.uchicago.edu/compton/

https://ncastell.web.cern.ch/ncastell/pysimdamicm/
https://gev.uchicago.edu/compton/
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  But in continuous development

Working on 

● In the Simulations Scope
● allow Saturation process to be applied even when noise is not booked [Nuria]
● paste clusters into blank image (coming soon, needed now for Compton) [Nuria/Nick]
● Karthik Diffusion model [Nick]
● allow to record clusterTrue and clusterRec (now goes all into clusterRec) [Nuria]
● add library of plots for background mitigation studies (the one I have is part of another 

module) [Nuria]
● link to a data base for contamination materials 

● In the analysis scope
● still to premature to plan improvements … we just started to use it!

● DQM 
● set/unset ME via JSON [Agustin]
● write documentation for each ME process [Agustin]
● output as a pickle object  migrate to mongoDB → [Alvaro/Jordi/Nuria]
● create an interactive web [Jordi/Nuria]
● include automatic publication to a web [Jordi/Nuria]

● [general] Framework
● process library on runtime to avoid to add the process into the process_manages [Nuria]
● analysis code documentation  [Agustin/Nuria]
● integrate all documentation into the official web [Nuria]
● clean code from deprecated options [Nuria]

The code will improve as the people start to use it!
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Any bug? Any suggestion?
contact me on slack,  by e-mail
or preferently open an issue on gitlab.in2p3.fr 

https://gitlab.in2p3.fr/damicm/pysimdamicm/-/issues

The code will improve as the people start to use it!

WADERS Framework
softWAre for Dark matter ExpeRiments with Skippers

pronounced [v AI d e r s]

Questions?
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