Detector Simulation

Why we need simulation?

To model physics processes

To design a set of analysis “cuts” that optimally find what we are looking for

To understand how often we should see a certain type of event in our collision

To train neural networks and other advancedanalysis techniques on specific signatures

To simulate a new physics model invented by a theorist to see whether we can detect it

because .. it takes a lot of “stuff” to detect particles!
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Detector simulation: the process

The detector simulation takes a set of particles, propagates them through the
instrumented volume of the detector, calculating :

e particle energy loss
e particle trajectories
e secondary particles
* response of each of the detector elements to the passage of the particles



Detector Geometry and Materials

For the detector simulation an accurate (enough) detector description is needed.
The detector definition requires the representation of its geometrical elements, their
materials and electronics properties.

The geometrical representation of detector elements focuses on the definition of
solid models and their spatial position.
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Detector response simulation: digitization

The physical signal in the sensitive detector element, the detector response, is transformed with the
help of electronics into a digital signal, which can be stored on tape or hard drive

The simulation of this step is called digitization, and the digitized data, the raw data (“digits”). Typical
usages of the digitizer are

Simulation of ADC and/or TDC
Simulation of readout scheme
Generation of raw data
Simulation of trigger logics
Simulation of pile-up



Geantd
http://geant4.cern.ch/

Geant4 is a C++ tool kit that tracks particles through matter, breaking the particle motion
into small segments, applying appropriate physical processes and probabilities at each
segment. It provides a complete set of tools for all domains of radiation transport:

Geometry and Tracking
Physics processes and models
Biasing and Scoring

Graphics and User Interfaces
Propagation in fields.

Geant4 physics processes describe electromagnetic and nuclear interactions of particles with matter, at
energies from eV to TeV.

A choice of physics models exists for many processes providing options for applications with different
accuracy and time requirements.



Simulation of Physics Processes

Physics processes describe how particles interact with the material.
Seven major categories are provided by Geant4:

° ; innermost layer » outermost layer
electromagnetlc tracking electromagnetic hadronic muon
L hadronlc system calorimeter calorimeter  system
® decay photons
¢ photolepton-hadron
® optical electrons
¢ parametrization
® transportation e
rotons
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pions
neutrons
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Simulation of Physics Processes

Electromagnetic physics processes Hadronic interactions

Photon processes: Compton scattering, lepton-hadron interactions

gamma conversion, photo-electric effect, photonuclear and electronuclear reactions

e+e and muon pair production nucleus-nucleus reactions

elastic scattering

Charged particle Processsed nuclear cascades

(Electron/positron, muons, ions ...): fission, evaporation, break-up models
ionization and delta ray emission low energy neutron interactions
Bremsstrahlung radioactive decay

positron annihilation

Multiple scattering
Optical Photons:

Cerenkov radiation
Scintillation

wavelenght shifting
Absorption

Rayleigh and Mie Scattering..



Geant 4 work flow
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Geant4 kernel

Geant4 consists of 17 categories.

Independently developed and maintained by WG(s)
responsible to each category.

Interfaces between categories (e.g. top level design)
are maintained by the global architecture WG.

Geant4 Kernel
Handles run, event, track, step, hit, trajectory.

Provides frameworks of geometrical representation
and physics processes.
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CMS simulated event




Geantd4d @LIP

Simulation of a Fluorescence Detector of
the Pierre Auger Cosmic Ray Observatory

ISiines = A8
iads = Ba7a
Iiranglies = 86816




Geant4 @LIP

Simulation of particles interacting in the Martian atmosphere




detailed Martian Energetic Radiation
Environment Model
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Detector simulation enables the understanding of complex systems and interactions.
It is a fundamental tool in High energy Physics and also in fields such as radiation

interaction studies with Space and Biomedical and radiological applications.

It is also a valuable tool for to visualize the complex interactions and is can be used to

build virtual experiments!



200GeV gamma ray shower, starting 5km high.
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ALICE as an example

Solenoid:
magnetic field enabling charged particle
momentum measurement

ITS and TPC : trackers
register the passage ofd charged particles

TOF: Time of light detector
register the passage of charged particles with high time resolution

DCAL and EMCAL: calorimeters
Record the energy deposited by charges and neutral particles

TRD: Transition radiation detector
Fro electron identification

HMPID: cherenkov imaging detector
B solenoid magnet (surrounds) [l TOF ging

Bl TS (small ring, centre) B DCAL For high momentum charged particle ID
TPC (“spoked wheel”) B EMCAL
TRD (“stripes”) B HMPID




	Detector Simulation�
	HEP experiment simulation�building blocks
	Slide Number 3
	Detector simulation: the process
	Detector Geometry and Materials
	Slide Number 6
	Detector response simulation: digitization
	Geant4�http://geant4.cern.ch/
	Simulation of Physics Processes
	Simulation of Physics Processes
	Geant 4 work flow
	Geant4 kernel�
	CMS simulated event
	Geant4 @LIP
	Geant4 @LIP
	detailed Martian Energetic Radiation �Environment Model
	Slide Number 17
	Slide Number 18
	backup
	Slide Number 20
	ALICE as an example

