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GEANT4 Simulation code

https://stash.desy.de/projects/LXSIM/repos/lxsim/browse

Environment on naf (bash):

Repository:

cmake ./
make

./lxbeamsim   luxe_e_gamma.mac    1

./lxbeamsim

Number of parallel threads

Usually starts qt GUI and then command 
/control/execute  vis_ev_e_v1.mac
opens geometry viewer/browser

Runs simulation as configured in 
luxe_e_gamma.mac

. /cvmfs/sft.cern.ch/lcg/releases/LCG_97/Geant4/10.06.p01/x86_64-centos7-gcc8-opt/Geant4-env.sh

. /cvmfs/sft.cern.ch/lcg/releases/LCG_97/Geant4/10.06.p01/x86_64-centos7-gcc8-opt/bin/geant4.sh
alias cmake="/cvmfs/sft.cern.ch/lcg/releases/LCG_97/CMake/3.14.3/x86_64-centos7-gcc8-opt/bin/cmake"

● Typical Geant4 application.
● Can be configured with macro commands file.



Configuration parameters
Type of primary particles:
● MC from txt file with a specific for IPStrong format, header ignored;
● Gaussian beam with given x, σ y (fixed emittance) and arbitrary initial z position σ

(distance to IP);
● Monoenergetic beam of a given particles;
● Arbitrary energy spectrum from the file with (E, N) pairs;
● Arbitrary initial position (can be combined with spectrum settings);

Output:
● Collection of particles crossing the surface of a given (arbitrary) physical volumes;
● Energy deposited in a given (arbitrary) volume, thought virtual segmentation is 

predefined. Each cell has a list of particles with individual contributions.
● Trajectories of all particles;
● Position and segmentation of sensitive volumes, those which configured to record 

deposited energy.
● Histograms (e.g. number of primary simulated, primary particle distribution in phase 

space x, px);  
● GDML geometry file; 



Configuration parameters
Geometry and physics list settings:
● Quite few and not very useful for typical simulation;
● Bremsstrahlung target type (plane wire), material, position, size in x, y, z;
● World size, material;
● Electromagnetic physics list (options 0-4);
● Production range cut for secondary particles.

Visualization attributes:
● Tracks, background color, etc.  
● Volumes visibility and colors (/control/execute vis_lx_color.mac)
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Root file
A ROOT file is like a UNIX file directory. It can contain directories and objects organized in 
unlimited number of levels. It also is stored in machine independent format (ASCII, IEEE 
floating point, Big Endian byte ordering).

https://root.cern/root/htmldoc/guides/users-guide/ROOTUsersGuide.html#the-physical-layout-of-root-files



GEANT4 simulation output

● File with trees (TTree) and histograms:
● In case of multithread simulation run, both trees and histograms are merged and saved in single a 

root file;

● The name is specified in configuration macro file. 

GEANT4 simulation output:

There are 5 trees:
● Tracks            contains information about particles crossing the surface of physical volume
● Hits                 contains energy deposition in sensitive volumes
● HitTtracks    information about tracks which deposited energy in sensitive detectors
● DetSettings  position, segmentation, mass, material of sensitive volumes 
● Trajectory     trajectories of all particles step by step
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Output 
configuration
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Output of hits and tracks

MC weight with scaling possibility

ID of parent track,
For primary contains 
MC_ID

Each hit is one entry;
eventid links them to the 
primary particle.
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Detector Settings Tree
Settings for the sensitive detectors

Translation from local detector element to 
global reference frame:

Mass, material and density for dose 
estimation and test. 
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Tracks TTree
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Simulation example



Summary
In experiment typically: 
● specific settings of experiment (detectors, calibration, beam, etc.) are assigned to 

Run;
● Each BX can produce a Trigger with a certain ID which is assigned to an event;
● Event - Collection of recorded detectors response assigned to the trigger.

In simulation: 
● Specific settings of experiment (detectors, beam, etc.) can be assigned to Run;
● Collection of (primary) MC particles with initial state (particle ID, position, 

momentum):
● could be 1BX weighted (signal also signal+background);
● could be specific distribution of primaries, not weighted 1.5e9 per BX (beam background);

● Simulation of each particle in geometry is independent on others:
● Detector response recorded for to each individual particle

● The concept of trigger is not considered in simulation, at least for the time being;
● Event – as a collection of detector responses assigned to trigger is a bit artificial:

● Can be composed of signal and background 



Summary

Consider intermediate software layer to combine simulated results to Event data:
● Geant4 simulation optimized focused on good timing not on data processing;
● Flexibility in implementing different detector response models.

Link configuration with simulation results:
● Geometry:

● TTree for selected volumes: position size weight, misalignment; 
● Complete geometry in gdml (implemented) or root.

● Primary particles configuration:
● Laser intensity;
● Beam settings: type, energy, etc.

● Fields;

Summarize experience with present data model and combine wish list. 



  

Backup



  15

Primary beam settings

Fixed momentum beam

XFEL beam with fixed emittance and 
given σx,y and focusing distance.

MC, typically Anthony’s out file 

Arbitrary spectra which will be 
interpolated and used for 
generating particles  

Ignored for MC
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Primaries with a given spectra

HICS spectra as tabulated 
function calculated by Anthony

GEANT4, primary and 
 positrons after the 
target

Photon detector performance study w/o MC
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Gaussian beam



  18

Physics list settings
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Output of hits and tracks

SELECT * 
FROM Hits INNER JOIN HitTracks 
                   ON (Hits.eventid == HitTracks.eventid) AND (Hits.track_list == HitTracks.trackid)

SQL query would be:

MC weight with 
scaling possibility
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Add detector
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