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Creating HepMC files - MadGraph

MadGraph is a software capable of producing simulated data of particle collisions 
with multiple styles of constraints to vary the results produced.



The Process - MadGraph

Our specific restraints:

P e- > P e+



Pythia8 - MadGraph

Pythia8 is a software included with Madgraph. Using this software we can include 
all the sub-collisions after the main event including quarks and particle decay. 



Simulation Finished - MadGraph

Example of a completed simulation



Analyzing HepMC files

Each line contains information about the collision.

P = Particle

E = Event

V = Vertex



Graphing the dark particles

From the HepMC file



Graphing the daughter particles

From HepMC file using dark particles



Plotting Scattered Electrons Energies

With quarks included, but not wanted: Without quarks, and just scattered electrons:



Creating Root Files

Using GEANT4 a reconstructed root file is produced by propagating HepMC 
truth-level events through detector simulation, digitization, and reconstruction 
algorithms to produce analysis-ready physics objects stored in ROOT format.



Root files

How are they organized?

Contains a tree of branches, each branch containing relevant information on the 
particle collision. 

We want the reconstructed particle branch and the MCparticle branch.



Graphing reconstructed scattered electrons

Using C scripts to find data in a reconstructed.root file in the MC particle branch



Matching scattered electrons

At this phase we are comparing particles in the two branches we specified earlier



Visualization

Green - Gamma Ray

Blue - Negative

Red - Positive



Visualization cont.



Requirements

User Interface

File Interface

Software Interface

Data Generation and Input

Detector Simulation and Reconstruction

Physics Object Identification and Extraction

Visualization and reporting

File Creation and Analyzation



Design



Test Plan

Data Organization - Test how accurately we are gathering data from the files we 
are generating.

Data Comparison - Test by comparing file data we are producing to existing 
research data.

Data Reproduction - Test how easily we can reproduce the correct data given 
different constraints on the creation of the initial particle collision.



Milestone 1 Task Matrix
Task Completion % Nikhil Sam Jacob

Learn and understand how to use Mad Graph, HepMC, and ROOT 100% 1/3 1/3 1/3

Start reading HEPMC files 100% 1/3 1/3 1/3

Use ROOT to identify particle id numbers ie 1023 is dark photon candidate as a parent particle 
and its decays (children) and graph physics related quantities ie Momentum of scattered particle 

100% - - 100%

Install EiC RECO and Use EIC Geometry, NPSIM to output reconstruction root file 100% 100% - -

Use ROOT to graph signals of initial proton and electron, the scattered electron and decay 
products at the madgraph generator level, and compare it to the EIC reconstruction level 

50% - - 50%

Produce EIC visualization using inner detector obtaining dark matter decay product e- e+ tracks 100% 100% - -

Using HepMC file data, produce a Python script that works along with ROOT to produce 
histograms of scattered electron energy

100% - 75% 25%

Requirement Document 100% 100% - -

Design Document 100% - 100% -

Test Plan 100% - - 100%



Milestone 2

■ Complete graph of background subtracted signal of dark matter at 
the end of the EIC pipeline.

■ Explore 10-20 different invariant masses and have them get run 
through the simulation pipeline

■  Visualize the invariant masses to identify most probable dark matter 
invariant mass and incorporate the background subtracted 



Milestone 2 Task Matrix
Task Nikhil Sam Jacob

Complete graph of background 
subtracted signal of dark matter at 
end of EIC pipeline

- 50% 50%

Explore 10-20 different invariant 
masses and have them get run 
through the simulation pipeline

- 50% 50%

Visualize the invariant masses to 
identify most probable dark matter 
invariant mass, and incorporate the 
background subtracted 

100% - -



Thank you, Questions?


