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High-Energy Physics (HEP)

• Seeks to understand matter and its
interactions at the fundamental
level.

• The standard model (SM) is
currently the best description that
we have about the subatomic
world.

• Within the SM context, the
interaction between the
fundamental blocks of matter - the
leptons and quarks - are mediated
by the four fundamental forces.
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Not so easy?
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The standard model has been an extremely successful 
theory, but…

… it is incomplete.

Why are there three 
generations of matter?

Why does the Higgs boson 
has a mass of 125 GeV?

Why do neutrinos 
have mass?

What is dark matter?
Is there a particle 
associated with gravity?
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New ideas?
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Experimental High-Energy Physics

Super-Kamiokande
(Neutrino Observatory))
Japan, underneath mount Ikeno
First evidence of neutrino oscillation

Tevatron (Particle Accelerator)
Illinois, USA
Top quark discovery

Large Hadron Collider 
(Particle Accelerator)
Switzerland
Higgs boson discovery
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History of Particle Physics
Griffiths has a nice historical overview of particle physics, what follows is a brief timeline of important events.
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Zooming into the sub-atomic world
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Force Particles
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Matter Particles

Anti-particle: same mass as ordinary matter but 
opposite charge and magnetic moment
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Composite Particles: Hadrons

Baryons: 3 quark states - fermions

Mesons: quark-antiquark states - bosons

Spin 3/2Spin 1/2
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What is this?
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Penguin diagram
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Feynman Diagrams
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Relativistic Kinematics
At HEP experiments, we often deal with particles traveling close 
to the speed of light, so we define:

𝛽 =
𝑣
𝑐
, |𝛽| < 1

𝛾 =
1

1 − 𝛽!
, 𝛾 ≥ 1

Thus, the total energy of a particle with non-zero mass is
𝐸 = 𝛾𝑚𝑐!

And momentum 𝑝 = 𝛾mv = 𝛾mc𝛽

Lorentz Transformations!
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Multi-particle systems

• In collisions, or decays, more than one particle is involved. The 
total energy and momentum of the system, are always 
conserved. We call “frame independent” the condition that:

𝑚"
!𝑐# = 𝐸"! − 𝑝"!𝑐!

And we usually consider two cases:

The particle mx can be 
identified from its decay 
products, since mx = mT!
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References

• Halzen & Martin “Quarks & Leptons: an Introductiry Course in 
Modern Particle Physics” Although somewhat out of date 
(1984), many lectures are still taught out of this book, 
theoretical oriented.

• Grifiths “Introduction to Elementary Particle Physics” An easy to 
read reference, nice historical overview, less robust in terms of 
content.


