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3.1 Raw-signal processing



Author Name REST-for-Physics School 2

Outline

● Overview of event data processing in REST-for-Physics

● Basic description of rawlib

● Signal data analysis

● Signal conditioning
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● Main project
○ Framework

● Libraries for montecarlo and detector 
data processing

○ Rawlib / Geant4lib
○ Detectorlib / Tracklib
○ Axionlib
○ Connectorslib

● Packages that exploit REST libraries
○ restG4
○ restSQL
○ …

3

REST-for-Physics repositories ecosystem

The full REST-for-Physics project is splitted in different Github repositories

https://github.com/rest-for-physics
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REST-for-Physics repositories ecosystem

The full REST-for-Physics project is splitted in different Github repositories

Naming convention: 
TRest + library name + process name

TRestAxionAnalysisProcess

TRestRawToDetectorSignalProces

TRestDetectorElectronDiffusionProcess

Helps autocompletion and class identification

https://github.com/rest-for-physics/rawlib
https://github.com/rest-for-physics/geant4lib
https://github.com/rest-for-physics/detectorlib
https://github.com/rest-for-physics/tracklib
https://github.com/rest-for-physics/axionlib
https://github.com/rest-for-physics/connectorslib
https://github.com/rest-for-physics/restG4
https://github.com/rest-for-physics/restFileIndexer
https://github.com/rest-for-physics
https://github.com/rest-for-physics/axionlib/blob/0b2704a02684a4af00d8fca3be5de1061717b13c/src/TRestAxionAnalysisProcess.cxx
https://github.com/rest-for-physics/connectorslib/blob/4053c789e53be296d934310c7d7631b3347236dd/src/TRestRawToDetectorSignalProcess.cxx
https://github.com/rest-for-physics/detectorlib/blob/53b99225ee31bcfe0b8d119a182a148b02e9ce4b/src/TRestDetectorElectronDiffusionProcess.cxx
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TRestRun definition for event processing

A reserved keyword. The runTag from the input file, 
or from other initialization method will be used.

Output filename will be built using metadata members given 
between brackets []. Any metadata member is allowed. If the 

class name is not given, TRestRun is assumed.

Inside our TRestRun section we can define any metadata 
class that will be accessible inside the data processing chain.

The input filename created by the data acquisition might 
have a format with meaningful information.

“inputFormat” allows to define the input filename format.

Then we can decide which metadata members will be 
assigned with the values identified in the filename.
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The TRestProcessRunner for event data chain

In order to create a processing chain we need to define the TRestProcessRunner

Defines the range of 
events to be processed

Event storage. Seen 
already in session 2.3

First process definition

More process definitions within the <addProcess key follow 
in sequential order to define the data processing chain.
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Process definitions
In-line metadata 

parameters definition

In-section metadata 
parameters definition

Disabled process

External process definition
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TREX-DM processing chain

A working example for the TREX-DM data processing is provided inside the validation pipeline.

See directory pipeline/trexdm/ 

Pipelines are running at GitLab CERN instance and at GitHub workflow pipelines.

See implementations at .gitlab-ci.yml and .github/workflow.md

The pipeline guarantees that the TREX-DM 
pipeline keeps working properly and 

reproducing the same results, and that it does 
not break with future contributions to the 

REST-for-Physics code.

Only if pipeline succeeds we will be able 
to merge our new codes to the master 

branch repository.

https://github.com/rest-for-physics/framework/tree/master/pipeline/trex
https://gitlab.cern.ch/rest-for-physics/framework/-/pipelines
https://github.com/rest-for-physics/framework/actions/runs/3583617954/jobs/6029492057
https://github.com/rest-for-physics/framework/blob/master/.gitlab-ci.yml
https://github.com/rest-for-physics/framework/blob/master/.github/workflows/validation.yml
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RawSignal in processing chain

Binary 
data

TRestRawSignalAnalysisProcess

TRestRawXYZToSignalProcess

sipm pmt triggerA triggerBraw

User given names

Analysis Tree

Rawlib domain → We have still access to waveforms

Baseline 
(perhaps more)

Width, risetime, 
charge (integral)

Width, risetime, 
charge (integral)

Width, risetime, 
charge (integral)

Starts the 
detectorlib 

domain

TRestRawToDetectorSignalProcess

nchi2ndf

The user decides which rawsignals (waveforms) will be used at each process
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TRestRawSignalEvent

TRestEvent
Int_t fId;
TTimeStamp fTimeStamp;
….

TRestRawSignalEvent
std::vector <TRestRawSignal> fSignal;

TRestRawSignal
Int_t fSignalId;
std::vector <Short_t> fSignalData;

TRestRawSignal is not only storage, it also 
implements methods that operate on the waveforms, 

such as retrieving risetime or pulse amplitude.

A TRestRawSignal contains a given number of 
samples with fixed sampling time.

Values such as the sampling time is stored 
as a metadata member at a dedicated 

metadata class

Data class to store a set of pulses.
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The rawlib library

rawlib : In this library processes using TRestRawSignalEvent only (as input and output).

Exception: processes to read data from binaries. Those that inherit from TRestRawToSignalProcess

Event type: TRestRawSignalEvent.cxx

Analysis: TRestRawSignalAnalysisProcess.cxx

Manipulation: TRestRawSignalShapingProcess.cxx
    TRestRawSignalAddNoiseProcess.cxx
    TRestRawCommonNoiseReductionProcess.cxx
    TRestRawSignalGeneralFitProcess.cxx

And many others…

https://github.com/rest-for-physics/rawlib
https://sultan.unizar.es/rest/classTRestRawToSignalProcess.html
https://github.com/rest-for-physics/rawlib/blob/952c92d85d8d6fd47f3aeedc4357032ce3ab8ee8/src/TRestRawSignalEvent.cxx
https://github.com/rest-for-physics/rawlib/blob/952c92d85d8d6fd47f3aeedc4357032ce3ab8ee8/src/TRestRawSignalAnalysisProcess.cxx
https://github.com/rest-for-physics/rawlib/blob/952c92d85d8d6fd47f3aeedc4357032ce3ab8ee8/src/TRestRawSignalShapingProcess.cxx
https://github.com/rest-for-physics/rawlib/blob/952c92d85d8d6fd47f3aeedc4357032ce3ab8ee8/src/TRestRawSignalAddNoiseProcess.cxx
https://github.com/rest-for-physics/rawlib/blob/952c92d85d8d6fd47f3aeedc4357032ce3ab8ee8/src/TRestRawCommonNoiseReductionProcess.cxx
https://github.com/rest-for-physics/rawlib/blob/952c92d85d8d6fd47f3aeedc4357032ce3ab8ee8/src/TRestRawSignalGeneralFitProcess.cxx
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RawSignal processes

TRestRawSignal
Shaping
Process

TRestRawSignal
AddNoise
Process

Add random noise to 
emulate real data

22

Simulation
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Plotting RawSignalEvents

DrawEvent() method of 
TRestRawSignalEvent

It allows to select signals by range or ids and apply “good signal” selection:

ev0->DrawEvent("0-10:onlyGoodSignals[3.5,1.5,7]:baseLineRange[20,150]:printIDs");

Signals 10 to 19

Signals 50 to 59

https://sultan.unizar.es/rest/classTRestRawSignalEvent.html
https://sultan.unizar.es/rest/classTRestRawSignalEvent.html#a5445f401b350b1d952670a7323594f6d
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“Good signal” selection

TRestRawSignal::InitializePointsOverThreshold is the key function.

Identifies signals with points over threshold using 3 parameters: pointThreshold, signalThreshold and nPointsOver

pointThreshold 2.2
signalThreshold 1.5
nPointsOver 7

8 points

Baseline range

Points over 
threshold

https://sultan.unizar.es/rest/classTRestRawSignal.html#a776c98830eaf701b8401ba94688b0589
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“Good signal” selection

TRestRawSignal::InitializePointsOverThreshold is the key function.

Identifies signals with points over threshold using 3 parameters: pointThreshold, signalThreshold and nPointsOver

pointThreshold 2.2
signalThreshold 1.5
nPointsOver 9

https://sultan.unizar.es/rest/classTRestRawSignal.html#a776c98830eaf701b8401ba94688b0589


Author Name REST-for-Physics School 16

RawSignal Analysis

The process TRestRawSignalAnalysisProcess produces observables from 
TRestRawSignalEvent.

Some of them only take into account the selected points over threshold.

https://sultan.unizar.es/rest/classTRestRawSignalAnalysisProcess.html
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RawSignal Analysis
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Modifying RawSignalEvents: Common Noise Reduction



Author Name REST-for-Physics School 19

Modifying RawSignalEvents: Common Noise Reduction

TRestRawCommonNoiseReductionProcess sustracts median value per bin to each signal.

Reduces the variance of the baseline without changing the baseline value.

Blue: common 
noise reduction

Red: without 
common noise 
reduction

https://sultan.unizar.es/rest/classTRestRawCommonNoiseReductionProcess.html
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Other processes

TRestEventSelectionProcess -> Apply conditions to select events

TRestEventRateAnalysisProcess -> Rate and other time observables

TRestSummaryProcess -> Save as metadata parameters from observable distributions

TRestMySQLToAnalysisProcess -> Add observables to AnalysisTree from database

Not only for RawSignal events but for any kind of event

https://sultan.unizar.es/rest/classTRestEventSelectionProcess.html
https://sultan.unizar.es/rest/classTRestEventRateAnalysisProcess.html
https://sultan.unizar.es/rest/classTRestSummaryProcess.html
https://sultan.unizar.es/rest/classTRestMySQLToAnalysisProcess.html
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Time for exercises!
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Exercise 1. Launching a first processing chain

1. Binary file: 

R10513_Calibration_15min_Vm_340_Vd_113_Pr_1.4_Gain_0x1_Shape_0xD_Clock_0x02-000.aqs

2. Processing file: cast.rml

3. Open: R10513_00000_BasicRaw_Calibration_15min_${USER}_2.3.15.root

4. Print metadata: md_detector->PrintMetadata()
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Exercise 2. Processing chain with several RawSignalAnalysis processes

1. Binary file: R01208_Ar2Iso_Background14h_14Vetos_IccubFEC-000.aqs

2. Processing file: veto.rml

3. Open: R01208_quickData.root

4. Print metadata: run0->GetAnalysisTree()->PrintObservables()

5. Save ids: ids.txt
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Exercise 3. Re-processing events on a given event selection

1. Binary file:

R01208_Ar2Iso_Background14h_14Vetos_IccubFEC-000.aqs

2. EventSelectionProcess in vetoOnSelection.rml

3. Check IDs of output events.
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Exercise 4. Testing individual raw processes

4.1 - Adding signal noise

Write a python script to generate a noise signal. 

4.2 - Signal convolution

Write a C++ macro to convolute a pulse.
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REST-for-Physics workflow in a processing event chain
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Different ways of invoking/using REST-for-Physics
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Some examples of using REST commands

(1) You can also call REST packages 
without Python bindings (using !)

(2) Let’s run a simulation with restG4!

(3) You can see config file contents via 
console or

(4) To see ROOT file contents:
(5) To access simulation event information:


