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Introduction

These slides give an overview of a standalone Geant4 project to simulate luminosity monitor
for the EIC

All the codes are in the following github repository:

https://github.com/adamjaro/lmon

References to individual parts will be given throughout the presentation
The only prerequisites to start working with a standalone Geant4 are basic knowledge of C++
and CMake
The EIC luminosity monitor here will serve as an illustration of Geant4 principles and
functionalities
In the following two tutorials this standalone Geant4 for luminosity monitor will be used to
show how a standalone simulation can be integrated into existing detector full simulations
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Mechanism of luminosity measurement at the EIC
Luminosity is measured via elastic bremsstrahlung off electrons
Independent of proton (nucleus) internal structure, large cross
section ∼mb
Luminosity monitor detects bremsstrahlung photons

6 8 10 12 14 16 18
 (GeV)γE

0

1

2

3

4

5

6

7

 (
m

b/
G

eV
)

γ
E

 / 
d

σd

γEd
σd

 = 18 GeVeE

 = 275 GeVpE

0 0.2 0.4 0.6 0.8 1 1.2 1.4

3−10×

 (rad)γθ

2−10

1−10

1

10

210

a.
 u

.

γθd
σd

 = 18 GeVeE

Figure: Bremsstrahlung cross section as a function of photon energy Eγ and
polar angle θγ
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Detector concept for luminosity measurement
Following example of similar detector at ZEUS, HERA
High luminosity demands two separate methods to count the bremsstrahlung photons:

1. Photon conversion to e+e− pairs for precise DIS cross sections
2. Direct, non converted photons for instantaneous collider performance

Figure: Layout of ZEUS luminosity detector

Pairs are detected in spectrometer SPEC, direct photons in photon calorimeter PCAL
Nucl.Instrum.Meth. A744 (2014) 80-90, Nucl.Instrum.Meth. A565 (2006) 572-588
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http://inspirehep.net/record/1237232
http://inspirehep.net/record/700823


Basic Geant4 principles

Calculates passage of ionizing radiation in matter

Can simulate light collection of optical scintillation and Cerenkov photons

Geant4 is implemented as a set of C++ classes, a project is built with CMake

Three main steps of user interaction
1. Generation of primary events
2. Definition of detector volumes and construction materials
3. Evaluating energy losses, optical photons and writing the output

Geant4 runs in steps inside each volume along each particle trajectory

At every step it calculates energy deposition and possible creation of secondary particles

Geant4 can execute a user-defined function along every step

Such a function is handed all information about the step, the volume, and particles involved in
the step
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Resources for Geant4

Here is the list biased by my experience:

1. Book For Application Developers, BookForApplicationDevelopers.pdf
Comprehensive review of principles and functionalities
No need to read everything before doing something; first few pages of each chapter give
enough information to begin with

2. Class reference manual, https://geant4.kek.jp/Reference/10.05.p01/classes.html
Good to see class methods all in one place

3. Example codes in Geant4 source directory

4. Topical papers on special subjects, like light collection: J.Phys.Conf.Ser. 798 (2017) no.1,
012218 or Nucl.Instrum.Meth. A898 (2018) 30-39

5. Main page with references is here: http://geant4.web.cern.ch/
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http://cern.ch/geant4-userdoc/UsersGuides/ForApplicationDeveloper/fo/BookForApplicationDevelopers.pdf
https://geant4.kek.jp/Reference/10.05.p01/classes.html
http://inspirehep.net/record/1518495
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http://geant4.web.cern.ch/


Generating events, single particle

The generator class is derived
from
G4VUserPrimaryGeneratorAction

It creates its G4ParticleGun

Functions of the particle gun allow
to set vertex position, direction and
energy

Units of cm and GeV are provided
by Geant4

Function GeneratePrimaries is
called automatically by Geant4 at
the beginning of each event

https://github.com/adamjaro/lmon/blob/master/src/GeneratorAction.cxx
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Generating events, uniform distribution

Works like single particle
generator from previous page

Defines energy range over which
the particles will be generated

Energy for each event is obtained
using CLHEP::HepRandom

The HepRandom::flat() function
provides values of uniform
distribution

https://github.com/adamjaro/lmon/blob/master/src/UniformGen.cxx
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https://github.com/adamjaro/lmon/blob/master/src/UniformGen.cxx


Generating physics events by reading a generator output

Standard C++ functions are used to read a
particular output of event generator, in TX
format in this case

Values of vx, vy and vz and px, py and pz
are interpreted as cm and GeV

They give vertex position and momentum of
bremsstrahlung photon

The event itself is again generated with
G4ParticleGun

https://github.com/adamjaro/lmon/blob/master/src/TxReader.cxx
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Creating a volume
The first step is a shape, G4Tubs in this case
Shape with material makes logical volume
Logical volume placed with G4PVPlacement
makes physical volume
The world of a given project is a composition
of physical volumes

Figure: Outcome of the code on the left, half-pipe tilted
along vertical axis y

https://github.com/adamjaro/lmon/blob/master/src/ExitWindowV2.cxx
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https://github.com/adamjaro/lmon/blob/master/src/ExitWindowV2.cxx


Making a sensitive detector

The particular detector has to be derived
from G4VSensitiveDetector

Geant4 then runs its ProcessHits function
when making steps inside its sensitive
volume

All information about the step and
associated particles comes from G4Step

Information about the volume is provided by
G4TouchableHistory

https://github.com/adamjaro/lmon/blob/master/include/ExitWindowV2.h
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Putting pieces together in project executable and by Geant4 Actions

Figure: Project executable run.cxx setting
DetectorConstruction, physics and ActionInitialization

The simulation is started by running the
executable of the project
The executable runs construction of all
volumes
Then loads the list of physics processes,
including optional optical physics
And finally sets the user-defined actions

Figure: Action initialization to set the event generator
and functions to be run at the beginning of each event
and at the beginning of the run

https://github.com/adamjaro/lmon/blob/master/run.cxx
https://github.com/adamjaro/lmon/blob/master/src/ActionInitialization.cxx
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Constructing a simple framework
Every detector, or part of the detector, in the luminosity framework inherits from Detector and
from G4VSensitiveDetector
Both base classes automatically run functions to manage output creation and Geant4 stepping
It is easy to replace a simple model with more sophisticated detector

Figure: Base class for the detector
Figure: Registering every sensitive detector with
Geant4 to make the mechanism with ProcessHits
function working

https://github.com/adamjaro/lmon/blob/master/include/Detector.h
https://github.com/adamjaro/lmon/blob/master/src/DetectorConstruction.cxx
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https://github.com/adamjaro/lmon/blob/master/include/Detector.h
https://github.com/adamjaro/lmon/blob/master/src/DetectorConstruction.cxx


Writing output to ROOT tree

Every detector is handed a pointer to the output ROOT TTree
The detector can define its branches pointing to single numerical variables (example on the
left)
Or the branch could be and ROOT class, like histogram or TClonesArray
Or the detector can add itself as a branch (example on the right)

Figure: ROOT variables in optical photon detector
OpDet to be written as a single branches in ROOT
TTree

Figure: A detector which adds itself as a branch to the
ROOT TTree; the fAddr is pointer to the detector
object itself

https://github.com/adamjaro/lmon/blob/master/include/OpDet.h
https://github.com/adamjaro/lmon/blob/master/src/ExitWinZEUS.cxx
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https://github.com/adamjaro/lmon/blob/master/include/OpDet.h
https://github.com/adamjaro/lmon/blob/master/src/ExitWinZEUS.cxx


Running the simulation with a steering macro

The project executable takes a steering
macro as a command line parameter

With the help of G4GenericMessenger , it is
possible to configure the individual
components

Input from physics generator and output
ROOT file also come from the messenger

The messenger provides methods to create
new commands

https://github.com/adamjaro/lmon/blob/master/run_eic.mac
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Use case of luminosity monitor

photon detector
and spectrometer detectors

dipole magnet

collimator
exit window

1.5 m
2.5 m

12 m

Full Geant4 model of all essential part of luminosity monitor
Preliminary desing according to example from ZEUS
Provides simulation chain from physics event generator to number of detected photoelectrons
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Photon exit window

Half-cylinder of 1 mm thick aluminum

Conversion layer for the photons

Also provides shielding against low energy
background

Although it will be a passive material,
Geant4 can consider it as a detector to
evaluate its performance as a conversion
layer

It was used as an example of sensitive
detector in the previous section

https://github.com/adamjaro/lmon/blob/master/src/ExitWindowV2.cxx
https://github.com/adamjaro/lmon/blob/master/include/ExitWindowV2.h
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Collimator

Figure: Bremsstrahlung photon passing through the
collimator

Block of stainless steel to shield the
background
The volume with opening inside is created
with G4SubtractionSolid
Outer shape and inner opening are created
as G4Box

https://github.com/adamjaro/lmon/blob/master/src/Collimator.cxx
https://github.com/adamjaro/lmon/blob/master/include/Collimator.h
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https://github.com/adamjaro/lmon/blob/master/src/Collimator.cxx
https://github.com/adamjaro/lmon/blob/master/include/Collimator.h


Spectrometer dipole magnet

Figure: Electron and positron are deflected
in the magnet

The magnet in Geant4 is a volume with magnetic field
The shape for the magnet is G4Box
The magnetic field is G4UniformMagField
The field is associated with the volume by
G4LogicalVolume::SetFieldManager

https://github.com/adamjaro/lmon/blob/master/src/Magnet.cxx
https://github.com/adamjaro/lmon/blob/master/include/Magnet.h
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https://github.com/adamjaro/lmon/blob/master/src/Magnet.cxx
https://github.com/adamjaro/lmon/blob/master/include/Magnet.h


Photon detector

Implemented as a composite calorimeter
CompCal
Consists of 7×7 PbWO4 cells
Each cell consists of 3×3 cm casing made
of carbon fiber, 2 mm thick, holding the
PbWO4 crystal inside
Length of each cell is 35 cm, same for
casing and crystal
Plot shows response to a 1 GeV photon
The cell inherits from both Detector and
G4VSensitiveDetector
The calorimeter itself inherits only from
Detector

https://github.com/adamjaro/lmon/blob/master/src/CompCal.cxx
https://github.com/adamjaro/lmon/blob/master/include/CompCal.h
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Spectrometer detectors

Pair of calorimeters for converted e+e− pairs

Located in front of the photon detector

Electrons and positrons are deflected by
dipole magnet

The plot shows event with e+ and e− at
3 GeV

https://github.com/adamjaro/lmon/blob/master/src/CompCal.cxx
https://github.com/adamjaro/lmon/blob/master/include/CompCal.h
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Simulating scintillation and Cerenkov optical photons

Figure: One calorimeter cell with 2 MeV
deposition on the far side (facing the IP)
and optical photon detector (magenta) on
the opposite side. Optical photons are
shown as green lines.

Optical and scintillation properties for the Cell are
defined in OpTable, Geant4 needs empiric
parametrizations
Optical photons are detected in optical detector
OpDet , placed at the end of the cell
The ProcessHits function of optical detector can get
the origin of the photon

https://github.com/adamjaro/lmon/blob/master/src/Cell.cxx
https://github.com/adamjaro/lmon/blob/master/src/OpTable.cxx
https://github.com/adamjaro/lmon/blob/master/src/OpDet.cxx
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Summary
With Geant4 it is straightforward to begin with simple things up to integrating into big projects
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