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GAPA

e We will start this session with two relevant detector metadata descriptions:

TRestDetectorGas (exercise 1) and TRestDetectorReadout (exercise 2).

e Entering in the domain of detectorlib.

e Hits detector processes (exercise 3).

e Generating simulated rawdata (exercise 4).
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TRestDetectorGas CGAPA

https://sultan.unizar.es/rest/classTRestDetectorGas.html Requires to compile REST linking
to Garfield libraries.
-DREST_GARFIELD=ON

A specific metadata class to generate and read gas files using Magboltz interface.

Sometime we use a centralized gas server: https://sultan.unizar.es/gasFiles/gases.rml. It contains

pre-generated Magboltz gas files, produced using the TRestDetectorGas definition.

This metadata class allows to define an arbitrary gas mixture. It provides access to different gas properties,
such as drift velocity, diffusion, townsend coefficients, etc. TRestDetectorGas allows to generate or read gas

Magboltz files, from which the gas properties are extracted.
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TRestDetectorGas CGAPA\

Requires to compile REST linking

https://sultan.unizar.es/rest/classTRestDetectorGas.html to Garfield libraries.

-DREST_GARFIELD=ON

------ User : tfg204 ---- REST version : 2.2.14 ————mmmmmmmm

¥<TRestGas name="Xenon-Ne 33Pct-Iso 0.5Pct 10-10E3Vcm" title="Xenon-Ne-Iso Mixture (33Pct Ne-0.5Pct Iso)">
<parameter name="pressure" value="1"/>
<parameter name="temperature" value="293.15"/>
<parameter name="maxElectronEnergy" value="400"/>
<parameter name="W_value" value="21.9"/>
<parameter name="nCollisions" value="10"/>
<eField Emin="10" Emax="1000" nodes="20"/>
<gasComponent name="xe" fraction="0.665"/>
<gasComponent name="ne" fraction="0.33"/>
<gasComponent name="iC4H10" fraction="0.005"/>

</TRestGas>

root [0] TRestDetectorGas *gas = new TRestDetectorGas("server", "Xenon-Ne 33Pct-Iso
0.5Pct 10-10E3Vcm" );

root [1] gas->SetPressure(1.) Pressure - 1bar
root [2] gas->GetDriftVelocity(100.) —~ Field : 100V/cm
(double) 0.70544740
root [3] gas->GetTransversalDiffusion(100.)
(double) 0.073647210

— Drift velocity : 0.7 mm/us

_.Transversal diffusion coefficient : 0.073 cm™"2
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TRestDetectorGas CGAPA

Time for exercise 1!

Accessing the gas properties through TRestDetectorGas
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GAPA

Once we are in the detectorlib domain we need to build a readout (see TRestDetectorReadout
documentation) that identifies the waveform channel id with a physical detector readout channel.

TRestDetectorReadout allows building any readout topology. See the basic-readouts examples
repository.
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Defining a readout topology CGAPA

The readout class defines the methods allowing to establish a relation
between the hits inside the TPC and the signals read out by the electronics
dagq.

A full readout description is composed by at least one readout plane,
(TRestDetectorReadoutPlane), where we can place any number of readout
modules (ITRestDetectorReadoutModule). A readout module is composed
by readout channels (TRestDetectorReadoutChannel) which describe the
basic active detection area, which can take any complex shape by
combining primitive geometry elements (TRestDetectorReadoutPixel).

Channel

REST processes such as TRestDetectorSignalToHitsProcess use the
TRestDetectorReadout class to transform the spatial coordinates into raw
signal data or vice versa.

Module B

Documentation:
Once TRestDetectorReadout has been initialized, we can find the https://sultan.unizar.es/rest/class/T

corresponding xy-position for a given channel inside a module contained in RestDetectorReadout.html
a readout plane.
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GAPA

MM detector defined with REST

https://arxiv.org/pdf/1512.09034.pdf

Y[mm]

Figure 4. A detail of one of the micromegas readouts being
manufactured for the PandaX-III experiment. This picture cor-
responding to a 3 mm pitch stripped readout. Red vertical lines
and green horizontal lines are drawn to show the different pixels
interconnectivity, which are readout through the same electronic

channel.
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Example: microbulk detector for IAXO and event recons GAPA
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TRestDetectorReadout CGAPA

Time for exercise 2!

Generating a detector readout using a TRestDetectorReadout
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Data processing chain

GAPA

ACQ system

dR:ra’ )_‘ TRestMultiFEMINOSToSignalProcess H TRestRawSignalEverD_‘ TRestRawToDetectorSignalProcess H TRestDetectorSignaIEv@

‘ TRestDetectorSignalToHitsProcess ‘

A

y

TRestG4Event

TRestGeant4AnalysisPorcess TRestG4Event _‘ TRestG4toHitsProcess )—»@estDetectorHitsEvenD

TRestDetectorElectronDiffusionProcess.cxx
TRestDetectorHitsReductionProcess.cxx
TRestDetectorHitsAnalysisProcess

A

y

( TRestTrackEvent ><—‘ TRestDetectorHitsToTrackProcess }-—@estDetectorHitsEve@

TRestTrackAnalysisProcess ‘

v

( TRestTrackEvent >
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Data processing chain

GAPA

Experimental data

Simulation data

v

—»@estDetectorHits EvenD

TRestDetectorElectronDiffusionProcess.cxx
TRestDetectorHitsReductionProcess.cxx
TRestDetectorHitsAnalysisProcess

A 4

( TRestTrackEvent ><—‘ TRestDetectorHitsToTrackProcess }-—@estDetectorHitsEve@

TRestTrackAnalysisProcess ‘

v

( TRestTrackEvent >
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Data processing chain CGAPA
::;"a’ )_‘ TRestMultiFEMINOSToSignalProcess )_>< TRestRawSigna]EverD_‘ TRestRawToDetectorSignalProcess

TRestDetectorSignaIEv@

ACQ system

TRestDetectorSignalToHitsProcess

TRestG4Event TRestGeant4AnalysisPorcess TRestG4Event _‘ TRestG4toHitsProcess

TRestDetectorElectronDiffusionProcess.cxx
TRestDetectorHitsReductionProcess.cxx
TRestDetectorHitsAnalysisProcess

( TRestTrackEvent ><—‘ TRestDetectorHitsToTrackProcess

TRestTrackAnalysisProcess ‘

TRestDetectorH itsEve@

detectorlib

v

( TRestTrackEvent >
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Event data types and process interconnec

GAPA

Geant4 MC data

A process itself is a

TRestRawSignalEvent TRestGeant4Event TRestMetadata
: structure that receives

------------------------------------------------------------------------------------------------------- .input through XML.
i TRestSignalToRawSignal TRestRawSignalToSignal |
| '|.e. sampling rate, gas
' time,data v TRestSignalToHits ‘mixture,
! t.d. TRestSignalEvent TRestHitsEvent Coordinates, energy
TRestHitsToSignal Xi’Yi’Zi’Ei""

TRestHitsToTrackProcess
TRestFasHitsToTrackProcess

TRestTrackToHitsProcess

TRestTrackEvent

Hits classified by proximity
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Event data types and process interco

Rawlib domain

GAPA

Connectorslib process

TRestRawToDetectorSignalProcess

Detectorlib domain

TRestRawSignalEvent
Std::vector <TRestRawSignal>

A TRestRawsSignal is a fixed
sampling short-precision data.

protected:
/// An integer value used to attribute a
Int_t fSignallD;

/// Vector with the data of the signal
std: :vector<Short_t> fSignalData;

-

TRestDetectorSignalEvent

Std::vector <TRestDetectorSignal>

v

XYZ in action

A TRestDetectorSignal is a vector
of float-precision that contains the
times and amplitudes.

protected:
Int_t fSignallD = -1;

std: :vector<Float_t> fSignalTime;
std: :vector<Float_t> fSignalCharge;
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Event reconstruction CGAPA

The connectors libra ry https://github.com/rest-for-physics/connectorslib

DOI ' 10.5281/zenodo.7495016 | user EeNIGEME user WM user Rielgily

This library contains different processes that inter-connect fundamental REST libraries, requiring to transfer an event
type into another. Le. hit clustering to transform detector hits into a track event, or raw signal to be transformed into
a detector event. It also may contain other complex processes that require to use 2 libraries simultaneously.

rawlib detectorlib
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Event reconstruction CGAPA

TRestGeant4Event TRestDetectorHitsEvent TRestDetectorSignalEvent TRestDetectorHitsIEvent
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Simulated event Appearance of the Reconstructed signal Reconstructed hits
event after diffusion event event. The effect of
the readout are clearly
seen.

From Topological background discrimination in the PandaX-Ill neutrinoless double beta decay experiment
https://arxiv.org/abs/1903.03979
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TRestDetectorReadout CGAPA

Time for exercises!

3: Diffusing and smearing of punctual detector energy deposits .

4: Transforming our detector hits into a rawsignal (electronics
acquisition-like data).

Exercise 3 Exercise 4

TRestGeant4Event TRestDetectorHits/SignalEvent TRestRawSignalEvent
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Event reconstruction CGAPA

The connectors IIbrary https://github.com/rest-for-physics/connectorslib
[E:-g guide EUECEQ API WVEEId forum

This library contains different processes that inter-connect fundamental REST libraries, requiring to transfer an event
type into another. Le. hit clustering to transform detector hits into a track event, or raw signal to be transformed into
a detector event. It also may contain other complex processes that require to use 2 libraries simultaneously.

detectorlib .
! tracklib
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Event reconstruction

GAPA

An event changes its type as it goes through the different processes.
The figure shows how both a calibration and a background signal event evolve along the processing chain, and
how the ROOT tree is populated with observables computed at different stages of the processing chain.

Background event

Calibration event

Hits analysis process

Observables
ROOQOT tree
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Example: background discrimination CGAPA

The computed observables are used
to define selection algorithms. Three
main types of cuts are applied:

£ Background | £ Calibration
T b | event T o5 event
Energy cuts: e.g. (1,10) keV. B ° r;;?;m;_
Fiducial cut; to select the size of =z ™ % 2 | &
® 110} S sk
2 e E o
the spot (e.g. 10 mm?). W Q_v
e Topological cuts: event size and sof- §-:
shape in the XY plane and in the TEETSTE e sy 5ok gt
axis [mm
Z direction.
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GAPA
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Event reconstruction CGAPA

And how is all this implemented in practice?

<?xml version= encoding= standalone=

The analysis is handled by RML configuration files where . .vuna0er

one can define:
e the variables common to all processes
e the list of processes to be executed ey P |
e the parameters/cuts for each process

And a readout root file specifying the characteristics

of the detector and the readout. 0t ol el

<parameter name="ev value= />

<TRestProcessRunner name="F title=

<!-- Initial data processing: raw signal generation -->
<addProcess type= t | A name= A value="0N" verboseLevel=
<parameter name="p¢ value= />
<parameter name= value= />
<parameter name= value= />
<parameter name= value= />
</addProcess>
<addProcess type= t1 name= A value="0N" verboseLevel= file= />
<addProcess type="TR A name= value="0N" vetoSignalld="4 verboseLevel= file= 7

<!-- signal analysis -->

<addProcess type="TF A name="sA value="0ON" file= ! />

<addProcess type= v : name= value= Fu file= />

<addProcess type= t name= value="0ON" file= >

<addProcess type= t y name= A v value="0ON" file= />

<!-- Signal to track reconstruction and track analysis -->

<addProcess type= name= value="0N" verboseLevel= file= />

<addProcess type="TF t A name= A value="0N" file= />

<addProcess type= A y
<parameter name= value= />

</addProcess>

<addProcess type= t name= value= file= />

<addProcess type="TRest name= value="0ON" verboselLevel= file= />

<addProcess type= A y name="tckA value="0ON" file= />

name= A value=

Y[mm]

</TRestProcessRunner>
<addTask type= v value="ON" />

</TRestManager>



