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Fundamental Particles

Neutrinos are massive

but extremely light!

Dedicated neutrino experiments 

to study these properties
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Fundamental Particles

Increasing 

mass

m top = 173 GeV

Similar mass as a 

Tungsten atom (W)

74 electrons

74 protons

108 neutrons

The Top quark

1995: Discovered by CDF and D0 

experiments at Fermilab, Chicago

Three complete families of fermions
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Strong force (gluons)

Beta 

decay: n 

Ễ p e-ɜe

Electromagnetic force
(photon)

Weak force(W and Z 
bosons)
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The Weak Force

The weak nuclear force has a very small range (10ī18ά)            

Ÿ force carriers (W and Z boson) have to be massive

It is impossible to build a consistent theory for massive 

bosons like the W and Z without an additional particle.
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The Higgs Boson

Solution proposed by several theorists in 1964
Higgs, Brout, Englert, Hagen, Guralnick and Kibble

A new fundamental particle with spin 0 (the only one in the 

Standard Model) could make the theory consistent again!

The LHC was built to test this theory
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Discovered in 2012 

after 40 years!
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CERN, Geneva

Higgs Particle 
Discovery 

Announcement

July 4th, 2012

ICHEP, 
Melbourne
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CERN

Large Hadron Collider
proton -proton collisions

Center of mass energy: 7 -8-13 -13.6 -14 TeV

Lake Geneva

SPS ring

4

pp

LHC ring:
27 km circumference

1111



CMS

General Purpose

CERN

Large Hadron Collider
proton -proton collisions

Center of mass energy: 7 -8-13 -13.6 -14 TeV

Lake Geneva

SPS ring

4

LHC ring:
27 km circumference
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ATLAS 

General Purpose

LHCb

B-physics

ALICE

Heavy ion physics



Particle Detection in ATLAS



Direction Ÿ Tracking

ÅCharged particles pass through 

detecting medium and knock out 

electrons

Gas, Silicon

ÅReleased electrons are 

collected and read out as hits

ÅReconstruct trajectory out of 

hits

ÅUsually in a magnetic field so 

momentum can be determined 

by curvature
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Trackers in ATLAS
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Energy Ÿ Calorimetry

ÅCalorimeters measure total energy of particles

electrons, photons, jets

ÅDense material causes particles 

to interact

Lose energy to ionization 

and nuclear interactions

Create cascade of electrons, 

photons

ÅSensitive or active material

Ionizes the material and charge 

is collected (e.g. LAr)

Excitation & scintillation 

processes can also be used 

Pb

LAr

electron

or photon
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Calorimeters in ATLAS
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Muon Tracking

ÅMuons escape full detector Ÿ 
only other particle is neutrino

ÅUse tracking detectors that 

cover large areas far away from 

collision region to identify muons
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Muon System in ATLAS

Installation completed in 2008
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Muon System in ATLAS ïUpgrade in 2021
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40 million per 

second

~1000 per second 

stored for

analysis
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Large Hadron Collider
proton -proton collisions

Center of mass energy: 7 -8-13 -13.6 -14 TeV

4

pp
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10-22 s

10-25 s



Higgs Boson in 4 Muons
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Higgs Boson in 4 Muons
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Higgs Boson in 4 Electrons
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