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clusters, nodos, cpu, and their v-relatives

Cluster?
Node?
CPU?
Process?



A computer cluster is 
a collective of 
individual computers 
yoked together so 
they function like a 
single entity for a 
variety of tasks



High Performance Computing
core  or processor
Processor cores are individual processing units within the central processing unit 
(CPU) + Core memory cache (kiB). Each core is capable to perform individual tasks

processor or core    <- always is the CPU 
Processing power. The more powerful and updated your processor, the faster your 
computer can complete its tasks. 
(multi)-core (c cores) + some fast access memory caches (MiB)

node
an individual computer with p processors with c cores each one, so (p*c is the total 
number of cores)  + local disk storage (TiB) + local memory (GiB)

cluster
A computer cluster is a collective of individual nodes (computers) yoked together so 
they work as a single entity for a variety of tasks. A core could have f front-end nodes 
+ n nodes + distributed memory (TiB) + distributed storage (PiB)



cluster: Marenostrum 4 (BSC)



cluster: Marenostrum 5 (BSC)



Turgalium, ACME, XULA



Turgalium, ACME, XULA



Secondaries (S1)

GCR
Flux Modulated 

Flux

Primaries (S0) Signals or Doses (S2)

Heliosphere

Magnetosphere

Atmosphere Detector

AJ Rubio-Montero et al., (ICRC 2021), DOI:10.22323/1.395.0261, H. Asorey et al, COLAGE202110

Encapsulated pipelines

https://doi.org/10.22323/1.395.0261


Secondaries (S1)
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Encapsulated pipelines

https://doi.org/10.22323/1.395.0261


      onedataSim-S0                        onedataSim-S1               onedataSim-S2

Encapsulated pipelines in docker imagesFlux of CR

Primaries

Secondaries

Signals or Doses

site
altitude, geomagnetic 

field, atmosphere… 
Time-evolving conds:

MAGNETOCOSMICS 
(IGRF13&TSY), 

GDAS and CORSIKA

Astrophysical phenomena:
GRBs, Solar Activity, …

Propagation and response:
type, geometry, materials...

GEANT4 detector models

C. Sarmiento-Cano et al., (ICRC2019), DOI:10.22323/1.358.0412; Hernán Asorey et al., Journal of European Physics G, submitted

4.5 x 108 day-1 m-2

4 x 108 day-1m-2 @4600 m asl
EM : MU : NE : HD= 0.875 : 0.065 : 0.050 : 0.010

12

https://doi.org/10.22323/1.358.0412


Metadata:
- Language syntax:        JSON-LD 1.1 (W3C). 
Enabling linked-data.
- Main vocabulary: DCAT-AP2 (  EC ), a profile of 
DCAT2 (W3C), for government, research centers 
& funded projects.
- The LAGO vocabulary: re-profile of DCAT-AP2, 
extending classes & properties needed 
(geomagnetic locations, expected atmospheres, 
software...).
Data conventions compatible with DCAT-AP2:
- A super-Catalog comprises whole repository
- A Catalog is any complete simulation (S0, S1 or 
S2)
- A Dataset is any file belonging one simulation

Schemas for data and metadata

Metadata of a S0 dataset (CORSIKA output)
AJ Rubio-Montero et al. (2021), WSC’21 13
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Definitions in the LAGO DMP
AJ Rubio-Montero et al. (2021), WSC’21 15
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Schemas for data and metadata

Partial content of LAGOsim repo

Every Catalog 
(simulation)  has 
a Handle.net PiD
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Metadata:
- Language syntax:        JSON-LD 1.1 (W3C). 
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Where are the meta & data stored?

                                         is an object-based distributed FS focused on cloud and HPC: 
- offers unified data access and roles across globally distributed environments; 
- manages metadata and expose them to harvesters.

EGI/EOSC supports the “DataHub” instance that:
- allows extending the capacity by adding providers around the World;
- asks for (Handle.net) PiDs; 
- enable pan-European IdPs and translate Virtual Organisation roles.

https://datahub.egi.eu
AJ Rubio-Montero et al. (2021), WSC’21 17



How are the meta & data stored and retrieved?

Remote Data and 
Metadata access:

- POSIX VFS
- CDMI API
- REST API

Nodes on public clouds

HPC facilities
Desktops

OneData providers can be far 
away from the computing nodes

Simulations are:
- CPU & disk (scratch) 

intensives.
- Multi-threaded

We are only interested in
- getting remote inputs 
- storing final results 
- pipelining the copies
- manage metadata

AJ Rubio-Montero et al. (2021), WSC’21 18



How are the meta & data stored and retrieved?

Remote Data and 
Metadata access:

- POSIX VFS
- CDMI API
- REST API

Nodes on public clouds

HPC facilities
Desktops

onedataSim images:
- guarantee the compatibility 

across platforms
- packet the communication 

with the OneData APIs

AJ Rubio-Montero et al. (2021), WSC’21 19



Desktops
OneData Web portal

Identity Providers for LAGO

LAGO members can:
- explore whole repository with a Web browser;
- download non-owned data after embargo;
- authenticate through LAGO IdPs;
- maintain their account, roles and permissions 

stored by the eduTEAMs platform  (GEANT).

20

How are the meta & data stored and retrieved?

https://docs.google.com/file/d/1UX5bocZcEVfvabirYjNwNT4D5jVtu9T3/preview


Public harvesters

OAI-PMH API

Metadata gathered for a simulation
Search engine

Handle.net PiD to 
friendly Web page 
and  alternate links 
through CDMI & REST

AJ Rubio-Montero et al. (2021), WSC’21 (in press) 21

How are the meta & data gathered and accessed?



cluster virtualization



Infrastructure manager

https://appsgrycap.i3m.upv.es:31443/im-dashboard/login

https://appsgrycap.i3m.upv.es:31443/im-dashboard/login


https://moodle.learn.eosc-synergy.eu/course/view.php?id=16

google it: “moodle eosc lago course”

https://moodle.learn.eosc-synergy.eu/course/view.php?id=16






You need to enroll yourself at the LAGO VO 

https://moodle.learn.eosc-synergy.eu/course/view.php?id=16&section=5#tabs-tree-start


Creating a new v-cluster at cloud



Creating a new v-cluster at cloud



Creating a new v-cluster at cloud



Creating a new v-cluster at cloud



Creating a new v-cluster at cloud



Creating a new v-cluster at cloud



Current LAGO services at cloud (v-clusters) (+ RES’ HPC)

34

1 FE + 10 vnodes: 8 CPUs, 64GB RAM, 200 HDD

1 FE + 8 v-nodes: 4 CPUs, 32GB RAM, 200 HDD

+ Single 
virtual 
machines 
on-demand

+ 20TB 
cloud 
storage via 
Onedata



How does it work?

web-based service with templates for distributing to 
available resources in virtual clusters. Installs OS, in our 

case, ubuntu 20.04 + slurm manager

HPC provider assigns cloud 
resources to EOSC:

n Nodes, r GB/TB of RAM, d 
TB local storage Results are stored at 

cloud-based storage 
services. Access 
trough personal 

tokens

docker containers with our codes are 
deployed from docker HUB in the virtual 

cluster

PID (Persistent IDentifiers) are 
assigned for each data catalog

FAIR: catalogs are findable, 
accessible, interoperable, and 

reusable

virtual cluster

AJ Rubio-Montero et al., IEEE WSC2021 21706697, 2021



OneDataSim

Free service now 
publicly available at 
EOSC Marketplace

https://marketplace.eosc-portal.eu/services/onedatasim


one $TOKEN to rule them all



LAGO OneDataDim
https://github.com/lagoproject/onedataSim

https://github.com/lagoproject/onedataSim

https://github.com/lagoproject/onedataSim


LAGO docker hub
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lagocollaboration/onedatasim-s0

● CentOS Linux release v 7.8.2003 (Core, rpm based)  

● Standard installation of LAGO CORSIKA (CORSIKA v 7.7402 compiled with 

LAGO standards)

● ARTI v 1.9.0

● onedataSim 1.0  branch: dev commit: dc803020

● FUSE v 2.9 

● oneclient v 20.02.17

● coreutils, vim, rsync, screen, python v 3.6.8, …

40



let’s go to the terminal



The access to the shared resources is granted trought oauth2 TOKEN provided at EGI 
DATAHUB: https://datahub.egi.eu/

export TOKEN="MDAxY2xv…b5Ao"

The provider allows the access to the cloud storage server:

export ONEPROVIDER="ceta-ciemat-01.datahub.egi.eu"

TOKEN & PROVIDER

https://datahub.egi.eu/


Dockers

# Get the docker 

docker rmi lagocollaboration/onedatasim-s0:dev

docker pull lagocollaboration/onedatasim-s0:dev

# Run the docker

docker run \
  --privileged \
  -e ONECLIENT_ACCESS_TOKEN=$TOKEN \
  -e ONECLIENT_PROVIDER_HOST=$ONEPROVIDER \
  -it lagocollaboration/onedatasim-s0:dev \
  bash
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EXTRACT FROM
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G4Course *MyNewCourse::Construct() {

G4Course *course = new G4Course();
course->title(“Geant4 for Beginners. A crash course”);
course->author(“Hernán Asorey”);
course->email(“asoreyh@gmail.com”);
course->description(“a hands-on Geant4 crash course”);
course->school(“La Conga Physics”);
course->site(“github.com/asoreyh/geant4-course”);
course->year(2023);
course->duration(4*h);
course->license(“CC0 1.0 Universal”);
return course;

}

AND FROM

mailto:asoreyh@gmail.com
https://github.com/asoreyh/geant4-course
http://creativecommons.org/publicdomain/zero/1.0?ref=chooser-v1
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// A toolkit for the simulation of the 
passage of particles through matter.

geant4
// Its areas of application include high energy, nuclear and 
accelerator physics, as well as studies in medical and space 
science

G4Download(“geant4.web.cern.ch/”);
G4Docs(“geant4.web.cern.ch/docs/”);
G4AppDocs(“geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDe
veloper/BackupVersions/V10.7/html/index.html”);
G4Examples(“Check the ${geant4_examples}/ dir for extra fun”);

// IMPORTANT NOTICE 
// I will not spend time showing how to install G4 (and root) -> 

https://geant4.web.cern.ch/
https://geant4.web.cern.ch/docs/
https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/BackupVersions/V10.7/html/index.html
https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/BackupVersions/V10.7/html/index.html
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# While Geant4 have multiple dependencies, 
some of them are required and some others are 
needed for optional features.

G4 install (by @asoreyh)

# Check the official installation guide at 
https://geant4-userdoc.web.cern.ch/UsersGuides/InstallationGuide/html

# I prepared a bash script for installing the required dependencies, 
root and geant4 at ${HOME}/work. (Ubuntu 23.04)
# Warning 1: it will change your .bashrc file.
# Warning 2: it will take time (up to several hours). 

$ curl -Lo install-root-geant4.sh 
https://www.dropbox.com/s/ej67f1hc88u7w1a/install-root-geant4.sh?dl=1
$ chmod 744 install-root-geant4.sh
$ ./install-root-geant4.sh

https://github.com/asoreyh
https://geant4-userdoc.web.cern.ch/UsersGuides/InstallationGuide/html/
https://www.dropbox.com/s/ej67f1hc88u7w1a/install-root-geant4.sh?dl=1
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# Docker is a platform designed to help devs 
build, share, and run modern apps. We handle the 
tedious setup, so you can focus on the code.

G4 docker (by @asoreyh)

# I prepared two Dockerfiles for this course. Follow the instructions 
and download them from (look for them at the utils directory):

$ git clone https://github.com/asoreyh/geant4-course.git

# Otherwise, you can pull the docker image from my docker hub:

$ docker pull asoreyh/root:latest   # root version 6.28.04 (2023) 
$ docker pull asoreyh/geant4:latest # G4 version 10.07.04 (2022)

# Blank installation. Check the docs!
# There is also a virtual machine built by the Geant4 collaboration

https://www.docker.com/
https://github.com/asoreyh
https://indico.cern.ch/event/1242882/page/28222-geant4-virtual-machine
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# Important note: You will need to follow these 
steps and provide privileged access to this 
docker to be able to run the QT Geant4 
visualization from docker.
# open a terminal and enable local access to xhost:

$ xhost +local:root

# and run the docker (if you don’t download the docker images it will 
download them):

$ docker run --privileged -it -e DISPLAY=$DISPLAY -v 
/tmp/.X11-unix:/tmp/.X11-unix asoreyh/geant4:10.07.04

G4 docker (by @asoreyh)

https://github.com/asoreyh
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// A comment about versions. 
/*

By the end of 2022 a new major release, G4 11 
was released (current 11.2.2)

In this course we will use the latest G4 10, 
G4 10.7.4

*/

geant4
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Geant4 philosophy-> Toolkit
Toolkit

Actions

The building blocks of 
your app Classes

Your implementationApplication

Components (interfaces) 
of your app

No main code, tools for 
building your own app

G4Help();

https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/BackupVersions/V10.7/html/index.html
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/* 

This object is the “heart” of any G4 application. It is always mandatory and 
should be defined in your main app.cc code (dose.cc in our example)

It controls the “flow” of the run

All the interfaces (G4 toolkit) are defined and provided here:

* G4VUserDetectorConstruction  <- geometry construction

* G4VUserPhysicsList <- all your physics is here

* G4VUserActionInitialization <- actions

* G4VUserPrimaryGeneratorAction <- primary particles production

* G4UserRunAction <- optionals…

* G4UserSteppingAction, … 

* UIManager, VisManager, …

*/ 

G4RunManager()
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// 0. I/O operations
#include <iostream>
// 1. G4RunManager class
#include "G4RunManager.hh"
// 2. User interface
#include "G4UImanager.hh"
#include "G4UIExecutive.hh"
// 3. Visualization
#include "G4VisManager.hh"
#include "G4VisExecutive.hh"

int main(G4int argc, char** argv) {
//1. create the G4RunManager object
G4RunManager  *runManager = new G4RunManager ();
//5. Initialize the runManager

   runManager->Initialize(); // uncomment to see what happens

//2. create the user interfase
G4UIExecutive  *ui = new G4UIExecutive (argc, argv);
G4UImanager *UIManager = G4UImanager::GetUIpointer ();
//3. visualization manager
G4VisManager  *visManager = new G4VisExecutive ();
visManager->Initialize();
// 4. start the session - and compile to see what happens
ui->SessionStart ();
return 0;

}

First step: the main code (dose.cc)

// Clearly we are still not 
ready for initialize() the 
runManager as we need to 
continue defining our basics 
building blocks 

Before to continue we need to define our 
“volumes”, i.e., where your app detectors and 
volumes will exist and what are they made of?

(always 3 volumes, see next)

Create your G4VUserDetectorConstruction
(and register it at your runManager)
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// 0. I/O operations

#include <iostream>

// 1. G4RunManager class

#include "G4RunManager.hh"

// 2. User interface

#include "G4UImanager.hh"

#include "G4UIExecutive.hh"

// 3. Visualization

#include "G4VisManager.hh"

#include "G4VisExecutive.hh"

// once the detector construction is ready, include it

#include "construction.hh"

int main(G4int argc, char** argv) {

   //1. create the G4RunManager object

   G4RunManager *runManager = new G4RunManager();

   // once detector is created, then define it

   // but we are still not ready for init

   runManager->SetUserInitialization(new MyDetectorConstruction());

   //5. Initialize the runManager

   // runManager->Initialize(); //

   //2. create the user interfase

   G4UIExecutive *ui = new G4UIExecutive(argc, argv);

   G4UImanager *UIManager = G4UImanager::GetUIpointer();

   //3. visualization manager

   G4VisManager *visManager = new G4VisExecutive();

   visManager->Initialize();

   // 4. start the session - and compile to see what happens

   ui->SessionStart();

   return 0;

}

And the new dose.cc

asoreyh@caronte:~/Dropbox/projects/geant4/geant4-course/codes/src/build$ make
[ 33%] Building CXX object CMakeFiles/dose.dir/dose.cc.o
/home/asoreyh/Dropbox/projects/geant4/geant4-course/codes/src/dose.cc: In function 
‘int main(G4int, char**)’:
/home/asoreyh/Dropbox/projects/geant4/geant4-course/codes/src/dose.cc:26:18: 
warning: unused variable ‘UIManager’ [-Wunused-variable]
   26 |     G4UImanager *UIManager = G4UImanager::GetUIpointer();
      |                  ^~~~~~~~~
[ 66%] Building CXX object CMakeFiles/dose.dir/construction.cc.o
[100%] Linking CXX executable dose
[100%] Built target dose

It compiles! :)

But will not work… :/

Before to continue we need to define 
our “physics”, i.e., what kind of 
physics our app will implement?

Create your G4VUserPhysicsList
(and register it at your runManager)
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Physics, this is why we are here…

// Physics process

Physics processes describe how particles interact with materials.
● electromagnetic
● hadronic
● transportation
● decay
● optical
● photolepton_hadron
● Parameterisation

G4PhysicsListDocs(“https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplication
Developer/BackupVersions/V10.7/html/TrackingAndPhysics/physicsProcess.html”);

https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/BackupVersions/V10.7/html/TrackingAndPhysics/physicsProcess.html
https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/BackupVersions/V10.7/html/TrackingAndPhysics/physicsProcess.html
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// [...]

// once the physics list is ready, include it

#include "physics.hh"

int main(G4int argc, char** argv) {

// [...]

// once the physics is created, reigster it

runManager->SetUserInitialization(new MyPhysicsList());

// [...]

// after the physics, draw the OGL and set the viewpoint...

UIManager->ApplyCommand("/vis/open OGL");

UIManager->ApplyCommand("/vis/viewer/set/viewpointVector 1 1 1");

// ... draw the volumes

UIManager->ApplyCommand("/vis/drawVolume");

// [...]

}

And the new lines at dose.cc

asoreyh@caronte:~/Dropbox/projects/geant4/geant4-course/codes/src/build$ make
[ 33%] Building CXX object CMakeFiles/dose.dir/dose.cc.o
/home/asoreyh/Dropbox/projects/geant4/geant4-course/codes/src/dose.cc: In function 
‘int main(G4int, char**)’:
/home/asoreyh/Dropbox/projects/geant4/geant4-course/codes/src/dose.cc:26:18: 
warning: unused variable ‘UIManager’ [-Wunused-variable]
   26 |     G4UImanager *UIManager = G4UImanager::GetUIpointer();
      |                  ^~~~~~~~~
[ 66%] Building CXX object CMakeFiles/dose.dir/construction.cc.o
[100%] Linking CXX executable dose
[100%] Built target dose
asoreyh@caronte:~/Dropbox/projects/geant4/geant4-course/codes/src/build$ ./dose

It compiles! :)

And works! (I know, I know)

Ok, we have volumes, materials and physics… 
We are almost ready -> we need actions!

Create your G4VUserActionInitialization 
and G4VUserPrimaryGeneratorAction
(and register them at your runManager)
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Actions, let’s the things evolve

// We need two interfaces

● G4VUserActionInitialization is an interface to create and register the 
G4VUserPrimaryGeneratorAction (mandatory) and other user actions

○ Build() <- function

● G4VUserPrimaryGeneratorAction is an interface (action!) to describe how the 
primary particles (injection) should be produced

○ GenerateParticles() <- function
○ Typically, but not always -> G4ParticleGun
○
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and “that’s it”
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Geant4 philosophy-> the problem
Toolkit

Actions

The building blocks of 
your app Classes

Your implementationApplication

Components (interfaces) 
of your app

No main code, tools for 
building your own app

G4Help();

too complex for users

https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/BackupVersions/V10.7/html/index.html


1
2
3
4
5
6
7
8
9
10
11
12
13
14

Meiga, the sorceress
developed by A. Taboada-Núnez et al.

Download Meiga from GitHub

me|ga

https://github.com/ataboadanunez/meiga
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me|gaMEIGA: modular matter-radiation interaction simulations
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Detector 
(XML)

Salidas
(JSON) 

Flux 
(ASCII)

Modelos Flujo

Códigos 
propios

Clases de 
Salida

Config
(JSON)

Análisis 
(C++&py)

Resultados

MEIGA

me|gaMEIGA: modular matter-radiation interaction simulations



MEIGA: modular matter-radiation interaction simulations
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Detector 
(XML)

Salidas
(JSON) 

Flux 
(ASCII)

Modelos Flujo

Códigos 
propios

Clases de 
Salida

Config
(JSON)

Análisis 
(C++&py)

Resultados

MEIGA

me|ga

after install root, Geant4 and Meiga dependences, download 
meiga from GitHub and follow the typical installation 
sequence:

$ git clone git@github.com:ataboadanunez/meiga.git

$ cd meiga

$ mkdir build install

$ cd build

$ cmake -DCMAKE_INSTALL_PREFIX=../install ../src

$ make -j 4; make -j 4

$ make install



MEIGA: modular matter-radiation interaction simulations
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Detector 
(XML)

Salidas
(JSON) 

Flux 
(ASCII)

Modelos Flujo

Códigos 
propios

Clases de 
Salida

Config
(JSON)

Análisis 
(C++&py)

Resultados

MEIGA

me|ga

or, use docker (all running dependencies included)

$ docker pull asoreyh/meiga:dev 

of course, you need docker properly installed in your system



asoreyh/meiga:dev

● Ubuntu 22.04.03 LTS

● At /opt dir you will find:

○ root 6.28.06, from $ docker pull asoreyh/root:6.28.06

○ geant4 10.7.4, from $ docker pull asoreyh/geant4:10.7.4

○ Meiga 2.1.1-dev commit 39b950

○ MEGAcmd 1.6.3.2 (for cloud interactions using mega.io CLI)

● coreutils, vim, rsync, screen, python v 3.10.12, …
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http://mega.io


asoreyh/meiga:dev

● Ubuntu 22.04.03 LTS

● At /opt dir you will find:

○ root 6.28.06, from $ docker pull asoreyh/root:6.28.06

○ geant4 10.7.4, from $ docker pull asoreyh/geant4:10.7.4

○ Meiga 2.1.1-dev commit 39b950

○ MEGAcmd 1.6.3.2 (for cloud interactions using mega.io CLI)

● coreutils, vim, rsync, screen, python v 3.10.12, …

but it will be updated soon…
- Meiga 3 (G4-11 compatible)
- Meiga 2 (G4-10 compatible)
+ numpy, + pandas, + tools
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Framework
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Meiga is supported on a 
hierarchical structure to 
handle the detector 
description and to 
access simulation data 
at different levels

Hierarchy: Event, Detector & SimData



Applications
Three methods in the main() function to manage information at the Event object level
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int main (int arg, char** argv) {
(…)
// initialize the Event object
Event theEvent;
// create Application class object
fG4ExSimulator = new G4ExSimulator();
// set the simulation up using using the configuration file
fG4ExSimulator->Initialize(theEvent, fCfgFile);
// run Geant4 simulation
fG4ExSimulator->RunSimulation(theEvent);
// write output data
fG4ExSimulator->WriteEventInfo(theEvent);
(…)
return 0;

}
Check the examples in the Applications directory



Initialize
Read the config.json file and sets the simulation within this application
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G4ExSimulator::Initialize(Event& theEvent, string fileName) {

    // JSON parser from boost

    boost::ptree root;

    boost::ptree::read_json(fileName, root);

    // get the particle flux

    fInputFile = root.get<string>("InputFile");

    // read the DetectorList.xml

    fDetectorList = root.get<string>("DetectorList");

    (…)

    // Fills the Event from with the particle flux

    theEvent = ReadParticleFile::EventFileReader(fInputFile);

    // Fills the the Detector Configuration in the Event

    ConfigManager::ReadDetectorList(fDetectorList, theEvent);

}



RunSimulation
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1. Checks for particles
SimData& simData = theEvent.GetSimData();
if (!simData.GetTotalNumberOfParticles())
    return false;

2. Construct and sets the Geant4 RunManager
auto fRunManager = G4RunManagerFactory::CreateRunManager();
// Inititalize the DetectorConstruction class
auto fDetectorConstruction = new G4ExDetectorConstruction(theEvent);
fRunManager->SetUserInitialization(fDetectorConstruction);
// Initialize the PhysicsList
fRunManager->SetUserInitialization(fPhysicsList);
// Initialize PrimaryGenerator Action
auto fPrimaryGenerator = new G4ExPrimaryGeneratorAction(theEvent);
fRunManager->SetUserInitialization(fPrimaryGenerator);

3. Loop over particles list or particle beams
for (auto it = simData.GetParticleVector().begin(); it != simData.GetParticleVector().end(); 
++it) {
    G4ExSimulator::CurrentParticle = *it; // Allows access to primary particle during 
simulation process
    fRunManager->BeamOn(1);
}



Actions
G4Actions is where the user can access data from G4 simulation. To store information in the Meiga 
classes, just ensure the constructor of the G4Action class takes the Event object as an argument.
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// get the pmt object by its ID

auto& pmt = fEvent.GetDetector(detId).GetOptDevice(pmtId);

// check if Cherenkov photon is detected using its energy and the PMT QE

if (!pmt.IsPhotonDetected(energy))

return continue;

// if we arrive here, photon is detected. Get PMT SimData

auto& pmtSimData = fEvent.GetDetectorSimData(detId).GetOptDeviceSimData(pmtId);

// save photon time

pmtSimData.AddPETimeDistribution(time);

Time distribution of photo-electrons in a PMT, from meiga/src/G4Models/G4MPMTAction.cc



WriteEventInfo
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1. Retrieve simData from the Event

// for accessing Simulated Data at Detector/Event level
SimData& simData = theEvent.GetSimData();

2. Loops over Detectors and get DetectorSimData

// access using the detector ID
for (auto detIt = theEvent.DetectorRange().begin(); … detIt++) {

int detId = detIt->second.GetId();
DetectorSimData& detSimData = simData.GetDetectorSimData(detId);

}

3. Gets the PMT SimData for that particular detector
OptDeviceSimData& odSimData = detSimData.GetOptDeviceSimData(odId);

// get the photo-electron time distribution

const auto *peTimeDistribution = odSimData.PETimeDistribution();

// and the number of PE

size_t npe = *(peTimeDistribution)->size()



G4WCDSimulator : the LAGO detector simulation
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A typical LAGO WCD detector

● cylindrical water container of configurable r 
radius and h height

● material: PEHD of configurable t thickness
● Internal coating: Tyvek
● Hamamatsu R5912 8” PMT, including QE
● Tap water optic characteristics
● Cherenkov production and tracking
● PE production, timing and accounting 



The DetectorList.xml
<?xml version='1.0' encoding='ISO-8859-1'?>

<detectorList>
  <injectionMode type="eCircle">
    <x unit="m"> 0 </x>
    <y unit="m"> 0 </y>
    <z unit="m"> 0 </z>
    <radius unit="m"> 1.5 </radius>
    <height unit="m"> 2 </height>
  </injectionMode>

  <detector id="0" type="eWCD">
    <x unit="cm"> 0.0 </x>
    <y unit="cm"> 0.0 </y>
    <z unit="cm"> 0.0 </z>
    <tankRadius unit="cm"> 98 </tankRadius>
    <tankHeight unit="cm"> 120 </tankHeight>
    <tankThickness unit="mm"> 10 </tankThickness>
  </detector>
</detectorList>
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eCircle: particles are injected in a circle of radius <radius> 
and at height <height>.
eHalfSphere: particles are injected over a semi-sphere of 
radius <radius> and origin <x>, <y>, <z>.
eVertical: particles are injected vertically at a fixed 
position (given by <x>, <y>, <z>).
eFromFile: injection coordinates are taken from the input file.

WCD id “0” of radius <tankRadius> and height 
<tankHeight> and thickness <tankThickness>
located at position <x>, <y> and <z>. 

Default are used if no magnitude is given. 
Defaults can be changed in the 
DetectorProperties.xml file

repeat this block for each detector in an array.

id should be alphanumeric but unique
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Multiple detectors
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WCD “cross talk”
e- 10 GeV



The config.json - input
        "Input" :

        {

                "Mode" : "UseARTI",

                "InputFileName" : "../../../src/Documentation/SampleFlux/vertical_muon.txt"

        },

78

Mode: can be UseARTI or UseEcoMug for selecting between the two input types
InputFileName: path to input file in case UseARTI is chosen.
InputNParticles: number of muons to be injected in case UseEcoMug is chosen.

If UseARTI is chosen, InputFileName should be an ASCII 12-col ARTI-like:

CorsikaId px py pz x y z shower_id prm_id prm_energy prm_theta prm_phi

e.g. for a vertical muon+ with p=1 GeV/c in the -z direction (position will depend on 
injection mode) 

5 0 0 1 0 0 0 0 0 0 0 0



The config.json - output
        "Output" :

        {

                "OutputFile" : "./output.json",

                "CompressOutput" : true,

                "SaveInput" : true,

                "SavePETimeDistribution" : false,

                "SaveEnergy" : true,

                "SaveCharge" : true

        },
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OutputFile: path to the output file.
CompressOutput: enable compression of output file (.gz).
SavePETimeDistribution: save photo-electron time distributions for each injected 
particle.
SaveComponentsPETimeDistribution: save photo-electron time distributions by particle 
component (electromagnetic, muons, hadrons).
SaveEnergy: save energy deposits in the detector.
SaveCounts: save particle counters (for scintillator bars).
SaveComponentsEnergy: save energy deposits in the detector by particle component.



        "DetectorList" : "./DetectorList.xml",

        "DetectorProperties" : "./DetectorProperties.xml",

The config.json - Detectors
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DetectorList: path to the detector list file.
DetectorProperties: path to file with the default detector properties.



SimulationMode: eFull by default. Some applications allow eFast for fast simulation
GeoVisOn and TrajVisOn: if True, a render file with geometry (and particle trajectories) 
of the detector is generated.
CheckOverlaps: if True detects overlaps between detector volumes.
Verbosity: level of Geant4 verbosity output. Warning, >1 could produce large outputs
RenderFile: type of render file. For now, only .wrl files are allowed.
PhysicsName: name of the physics list.

        "Simulation" :

        {

                "SimulationMode" : "eFast",

                "GeoVisOn" : false,

                "TrajVisOn" : false,

                "CheckOverlaps" : false,

                "Verbosity" : 1,

                "RenderFile" : "VRML2FILE",

                "PhysicsName" : "QGSP_BERT_HP"

        }

The config.json - Simulation
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VEM (Vertical Equivalent Muon)
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Vertical (and central) Equivalent Muon

Calibration magnitude:

1 VEM = <tbd> photoelectrons = (2·h) MeV



{
  "Output": {
    "Event_0": {
      "InputFlux": {
        "ID": -13,
        "Position": [0.0, 0.0, 2000.0],
        "Momentum": [0.0, 0.0, -5000.0]
      },
      "Detector_0": {
        "EnergyDeposit": 199.62353614726368,
        "OptDevice_0": {
          "Charge": 670
        }
      }
    }
  },
  "DetectorList": {
    "Detector_0": {
      "ID": 0,
      "Name": "eWCD",
      "Position": [0.0, 0.0,0.0],
      "OptDeviceList": [0]
    }
  }
}

The output.json(.gz)
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$ docker run -it asoreyh/meiga:dev bash

# cd /opt/meiga/build/Applications/G4WCDSimulator

# ll

total 1052

drwxr-xr-x 3 root root    4096 Nov 12  2023 ./

drwxr-xr-x 8 root root    4096 Nov 12  2023 ../

drwxr-xr-x 3 root root    4096 Nov 12  2023 CMakeFiles/

-rw-r--r-- 1 root root     383 Nov 12  2023 DetectorList.xml

-rwxr-xr-x 1 root root 1033392 Nov 12  2023 G4WCDSimulator*

-rw-r--r-- 1 root root     557 Nov 12  2023 G4WCDSimulator.json

-rw-r--r-- 1 root root   15349 Nov 12  2023 Makefile

-rw-r--r-- 1 root root    2273 Nov 12  2023 cmake_install.cmake

Let’s do it together
warning: docker images only include defaults
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Our main files



<?xml version='1.0' encoding='ISO-8859-1'?>

<detectorList>
  <injectionMode type="eVertical">
    <x unit="m"> 0 </x>
    <y unit="m"> 0 </y>
    <z unit="m"> 2 </z>
    <radius unit="m"> 1.5 </radius>
    <height unit="m"> 2 </height>
  </injectionMode>

  <detector id="0" type="eWCD">
    <x unit="cm"> 0.0 </x>
    <y unit="cm"> 0.0 </y>
    <z unit="cm"> 0.0 </z>
    <tankRadius unit="cm"> 98 </tankRadius>
    <tankHeight unit="cm"> 120 </tankHeight>
    <tankThickness unit="mm"> 10 </tankThickness>
  </detector>
</detectorList>

edit the DetectorList.xml
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Use your own values

Vertical muon starting at z=2 m



# vim muon.txt

5 0 0 1 0 0 0 0 0 0 0 0

edit the input file
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1 muon+ with Pz=5 GeV/c
(add one line per secondary for multiple particles)



                 "InputFileName" : "./muon.txt"

(...)

"DetectorList" : "./DetectorList.xml",

(...)

"GeoVisOn" : true,

"TrajVisOn" : true,

(...)

edit the G4WCDSimulator.json
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our file

our detector

enable vis output



run the simulation (~ 7 s in my notebook)
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#  ./G4WCDSimulator -c G4WCDSimulator.json

# ll

(...)

-rw-r--r-- 1 root root   34403 Nov 17 19:16 g4_00.wrl

-rw-r--r-- 1 root root      24 Nov 17 19:09 muon.txt

-rw-r--r-- 1 root root     177 Nov 17 19:16 output.json.gz

(...)



open a new terminal and copy the .wrl file
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$ asoreyh@caronte:~$ docker ps 

CONTAINER ID   IMAGE               COMMAND   CREATED          STATUS          PORTS     NAMES

7b1d505586d8   asoreyh/meiga:dev   "bash"    18 minutes ago   Up 18 minutes        beautiful_albattani

$ docker cp  beautiful_albattani:/opt/meiga/build/Applications/G4WCDSimulator/g4_00.wrl .

Successfully copied 2.05kB to /home/asoreyh/.

$ view3dscene g4_00.wrl

if the viewer is not installed (in ubuntu):

$ sudo apt install view3dscene



Problem 1: VEM charge distribution
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Let’s use, say, N=1000 vertical muons for calculating the VEM charge equivalent. For 

doing this: 

1. Edit the muon.txt accordingly and run the simulation again.

2. Edit the config file for turning off the visualization outputs (Set GeoVision and 

TrajVision to false), and use the “eFast” mode

3. Run the simulation. It should take ~ 3 minutes

4. From the host terminal, copy the output.json.gz

5. Get the histograms of charge and deposited energy



Get the charge

(...)
"Event_3": {
  "InputFlux": {
    "ID": -13,
    "Position": [0.0, 0.0, 2000.0],
    "Momentum": [0.0, 0.0, -5000.0]
  },
  "Detector_0": {
    "EnergyDeposit": 195.0362666897439,
    "OptDevice_0": {
      "Charge": 475
    }
  }
},

(...)

For example, in your terminal:

$ zcat output.json.gz | jq | grep "Charge" | awk '{b=5; print int($2/b)*b}' | sort -n | uniq -c > 

charge.dat
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1 VEM ~ 430 p.e.



Get Ed

(...)
"Event_3": {
  "InputFlux": {
    "ID": -13,
    "Position": [0.0, 0.0, 2000.0],
    "Momentum": [0.0, 0.0, -5000.0]
  },
  "Detector_0": {
    "EnergyDeposit": 195.0362666897439,
    "OptDevice_0": {
      "Charge": 475
    }
  }
},

(...)

For example, in your terminal:

$ zcat output.json.gz | jq | grep "EnergyDeposit" | awk '{b=0.5; print int($2/b)*b}' | sort -n | 

uniq -c > ed.dat
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1 VEM ~ 198 MeV



Problem 2: Sample flux (at home)
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In meiga/src/Documentation/SampleFlux/, we included a sample for the BGA 

background calculated using ARTI (~34k part). Let’s see the expected charge histogram:

1. Edit the config file for using this input (be sure “eFast” is selected): 

‘/opt/meiga/src/Documentation/SampleFlux/salida_bga_30.shw’

2. Edit the DetectorList.xml for using the “eCircle” mode: radius and height should be 

at least 2x the tankRadius and tankHeight (the larger the better, but… time)

3. Run the simulation. It should take ~ 6 minutes

4. From the host terminal, copy the output.json.gz

5. Get the histograms of charge and deposited energy



Charge
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Deposited energy
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Problem 3: Explore G4HodoscopeSimulator (at home)

1. Take a look to the files in the directory: what similarities do you 
observe with G4WCDSimulator? what differences?

2. From what you learnt up to now and obtain a visualization of a 
muon event detected by the default hodoscope

3. Change the default hodoscope for a Mute2.0-like hodoscope and 
obtain a new visualization

4. Get the panels hits for a 10k muon flux for Mute2.0
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MEIGA modular approach
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