
Particle Physics and
the Large Hadron Collider

Living through a very special time

The Large Hadron Collider (LHC)

has reached unexplored energies, on Earth,

and discovered a new particle (Higgs boson, July 2012).
We expect this to be the beginning of more

fundamental discoveries.



Particle Physics

• What are the fundamental building blocks (elementary

particles) from which all matter is made?

• What are the interactions between them that govern how they

combine and transform (decay)?



The Standard Model of particle physics

Our current best answer to these questions are given by the
Standard Model

Matter Particles:

six Quarks and six Leptons

Forces:

⊲ electromagnetic (photon

⊲ weak (W and Z)

⊲ strong (gluons)



Open Question: why masses?
Why so different?



Mass through interaction

Particle acquire mass interacting with

the Higgs field.

The corresponding particle has been

discovered at the LHC in July 2012,

with mass MH = 125 GeV.



The Higgs Field and Mass

To understand the Higgs mechanism,

imagine that a room full of physicists

quietly chattering is like space filled

with the Higgs field ...



... a well known physicist walks in, cre-

ating a disturbance as he moves across

the room and attracting a cluster of ad-

mirers with each step ...

... this increases his resistance to move-

ment, in other words ... he acquires

mass! ... just like a particle moving

through the Higgs field ...



... if now a rumor crosses the room, ...

... it creates the same kind of cluster-

ing, but this time among the scientists

themselves. In this analogy the Higgs

field has materialized and acquired a

mass itself!



Accelerators

Particles (electrons, positrons, protons, antiprotons, ...) are
accelerated in particle accelerator machines and smashed together

at huge energies (LHC: 7,8, and 14 TeV).

Many different particles are created during the collisions

⇓

E = mc
2

⇓

The higher the collision energy, the more massive the particles can
be created.



The Large Hadron Collider

LHC and detectors are buried about 100 meters below ground



Particle Detectors

Particles are detected via interactions with matter in
particle detectors



Open shot at the CMS detector



Cartoon of a collision and event
detection



Real event of Higgs production



More Open Questions ...

The Copernican Revolution ... continues!


