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High Energy Physics

What is High Energy Physics?

It is the branch of physics that studies the nature of the 
particles that constitute matter and radiation, usually 
investigates the irreducibly smallest detectable particles and 
the fundamental forces necessary to explain their behaviour. 

Main Models: Standard Model, Supersymmetry etc..

The currently dominant theory explaining these fundamental 
particles and fields, along with their dynamics, is called the 

Standard Model.

https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Radiation
https://en.wikipedia.org/wiki/Fundamental_forces
https://en.wikipedia.org/wiki/Standard_Model


Standard Model



Dark Matter

What is it?
It is a hypothetical type of matter distinct from Standard Model (ordinar
y matter such as protons and neutrons), neutrinos and dark energy. The 
existence of dark matter would explain a number of otherwise puzzling 
astronomical observations.The name refers to the fact that it does not e
mit or interact with electromagnetic radiation, such as light, and is thus 
invisible to the entire electromagnetic spectrum.

Observational Evidence: 

Galaxy rotation curves

Gravitational lensing

Cosmic Microwave Background Radiation etc ..

https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Proton
https://en.wikipedia.org/wiki/Neutron
https://en.wikipedia.org/wiki/Cosmic_neutrino_background
https://en.wikipedia.org/wiki/Dark_energy
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Electromagnetic_spectrum


Timeline of my internship

First 2 weeks

• Studied 

related 

Physics and 

basic 

examples 

on Geant 4

Next 4 weeks

• Studied 

advanced 

examples 

on Geant 4, 

completed 

profiling. 

Did basic 

Madgraph

examples 

Last 2 weeks

• Performed 

advanced 

Madgraph

examples 

and did 

data 

collection 

and analysis 

of the 

simulations

Two main things that I did:
- Madgraph
- Geant 4 profiling 



Madgraph

What’s Madgraph ?

Madgraph is a fortran-based software pack
age that is used for high-energy physics a
nalysis, most often for particle colliders.

It’s basically an implementation of Feynma
n diagrams of particle interactions



What did I do?

- Studied two following interactions to learn  
the system:

e+ e- > mu + mu –
e+ e- > e+ e-

- And three Dark Matter background interact
ions:

e+ e- > vm vm~
e+ e- >  ve ve~
e+ e- > mu+ mu- mu+ mu-



e+ e- > mu+ mu-
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e+ e- > e+ e-
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e+ e- > vm vm~
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e+ e- > ve ve~
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e+ e- > mu+ mu- mu+ mu-





e+ e- > mu+ mu- mu+ mu-
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Findings from this interaction

Found 8 dominant Feynman diagrams from 
the possible 48 



Geant 4 Profiling

What’s Geant 4?
Geant4 (for GEometry ANd Tracking) is a platformfor "t
he simulation of the passage of particles through matter," 
using Monte Carlo methods. It is the successor of the GE
ANT series of software toolkits developed by CERN, and t
he first to use object oriented programming (in C++)

www.geant4.cern.ch

https://en.wikipedia.org/wiki/Platform_(computing)
https://en.wikipedia.org/wiki/Simulation
https://en.wikipedia.org/wiki/Elementary_particle
https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Monte_Carlo_methods
https://en.wikipedia.org/wiki/GEANT_(program)
https://en.wikipedia.org/wiki/CERN
https://en.wikipedia.org/wiki/Object_oriented_programming
https://en.wikipedia.org/wiki/C++


What did I do?

• Studied four examples to profile following three different ve
rsions of Geant 4 on KISTI supercomputer Tachyon 2:
g4 10.01.p01 - sequential
g4 10.03mt  - multithread
g4 10.03  - sequential

• Basic : B1 (Energy deposit calculated in a volume)
B2 (Simulates a fixed target experiment)
B3 (Simulates a Positron Emitted Tomography System

)

• Advanced: Brachytherapy (Simulates energy deposit by Iridi
um, Iodine sources in water)



B1 comparison 

• > =============================================================

• >
======       Pre-compound/De-excitation Physics Parameters   

• >
=============================================================

• >
Type of pre-compound inverse x-section              3

• >
Type of de-excitation inverse x-section             3

• >
Min excitation energy (keV)                         0.1

• >
Level density (1/MeV)                               0.1

• >
Time limit for long lived isomeres (ns)             1e+07

• >
Correlated gamma emission flag                      0

• >
=============================================================

Hadronic Processes for He3

• >
Process: hadElastic

• >
Model:              hElasticLHEP: 0 eV /n ---> 100 Te

• >
Cr_sctns: Glauber-Gribov nucleus nucleus: 0 eV ---> 2.8

• >
Cr_sctns:            GheishaElastic: 0 eV ---> 100 TeV

• >

g4.10.01
.p01 seq
uential

No

G4.10.03
mt

Yes

G4.10.03
sequenti
al

Yes



g4.10.01
.p01 seq
uential

Yes

G4.10.03
mt

No

G4.10.03
sequenti
al

Yes

Start closing geometry. <
G4GeometryManager::ReportVoxelStats -- Voxel Statistics <

<
Total memory consumed for geometry optimisation:   0 kByt <
Total CPU time elapsed for geometry optimisation: 0 secon <

<
Voxelisation: top CPU users: <
Percent   Total CPU    System CPU       Memory  Volume    <
------- ---------- ---------- -------- --------- <

0.00         0.00         0.00            0k Envelope  <
<

Voxelisation: top memory users: <
Percent     Memory      Heads    Nodes   Pointers    Tota <
------- -------- ------ ------ -------- ----- <
100.00          0k         1        3          4         <



OpenGL graphics B1
Version 10.01.p01                        Version 10.03mt



B2 comparison
g4.10.01.p01 sequ
ential

No 

G4.10.03mt Yes

G4.10.03 sequential Yes

g4.10.01.p01 sequ
ential

No 

G4.10.03mt Yes

G4.10.03 sequential Yes

g4.10.01.p01 sequ
ential

Yes 

G4.10.03mt No

G4.10.03 sequential Yes



OpenGL graphics B2  

V 10.01.03

V 10.03mt

V 10.01.p01



B3 Comparison

g4.10.01.p01 s
equential

No 

G4.10.03mt Yes

G4.10.03 seque
ntial

No



OpenGL graphics B3

V 10.01.p01

V 10.03mt

V 10.01.03



Brachytherapy Comparison

g4.10.0
1.p01 s
equenti
al

No 

G4.10.0
3mt

Yes

G4.10.0
3 seque
ntial

Yes



OpenGL Brachytherapy

V 10.03mt V 10.01.03



Conclusion of Geant 4 profiling

• Found errors in OpenGL in 10.03mt version, led t
o reinstallation of Geant 4 at KISTI’s supercompute
r Tachyon 2. New version 10.03 sequential installed

• Found three main differences in three versions:

- Both versions 10.03mt and 10.03 have new phys
ics features such as deexcitation parameter data (in s
hort, they give more info than 10.01.p01)

- 10.03mt has additional information in output fi
les as G4MT0 and G4MT1

- Both sequential versions, 10.01.p01 and 10.03 gi
ve some information about the memory used



Future Prospects

Got interested in Deep Learning and its ap
plication in high energy physics

Using Geant 4, I can work in not only parti
cle physics but also space physics, radiatio
n medicine, microelectronic radiation and 
nuclear physics

• It was an amazing experience!



Thank you!




