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Fundamental constituents of matter -- history
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Fundamental constituents of matter -- history
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Avogadro number – link between the world of particles and your 
“normal” everyday world:

Any 1 gram of any matter contains 6 * 1023 nucleons (protons or neutrons)

That’s a very large number -- 600’000 billion billion

Linking the mass scales
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Interactions and scales
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Particle physics – What is it about?
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Constituents of the Standard Model
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What do particle physicists do?

THEORISTS:

⚫ come up with mathematical models which describe experimental observations 
better and better, starting from more and more general principles and following 
the maths

⚫ calculate various measurable quantities with better and better uncertainty to 
confront with experimental data

EXPERIMENTALISTS:

⚫ measure those measurable quantities with better and better precision

⚫ look for phenomena which the theory is unable to describe

If and when there is a mismatch -- we need a bigger theory!
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Is SI system of units useful in particle physics?
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Can we make things even simpler?
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Natural system of units
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Collisions – the way to go!

One way to study particle properties is to collide them

Even in bird-watching, there are collisions involved:

⚫ Photons (particles of light) from the Sun collide with the bird and get scattered, 
some of those scattered photons get into your eyes

⚫ After all, a photon is just another type of an elementary particle!

We collide particles and observe what happens, trying to make sense of 
the results

Naked eyes are not fast or sensitive or versatile enough –- we need 
sophisticated detectors
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Large Hadron Collider at CERN
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Schematic view – not to scale!
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CERN accelerator complex
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ATLAS detector – insider view
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Geography of ATLAS collaboration
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ATLAS detector – schematic view
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Collide two oranges at low energy – you get two oranges

At higher energies they will get squashed, some pulp, some juice…

You will never get any cherries, apricots, apples, or water-melons

Collide two protons at low energy – you get two scattered protons

At higher energies, you will still always get two pristine protons – and 
often a lot of other stuff:  pions, kaons, Z and W bosons, top-antitop
quark pairs, and an occasional Higgs boson…

Are proton-proton collisions weird?
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Are we really colliding protons?

Protons are composite – consist of 
quarks gluons and even some 
antiquarks

Here a quark and an antiquark 
collide to create a muon-antimuon 
pair
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Quarks and gluons inside a proton
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Resonances in dimuon system
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Z boson production candidate
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CERN overview video
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Fundamental constituents of the Standard Model  
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First LHC discovery -- χb(3P)

Excited bound state of a b quark and a b antiquark

Discovered by our group 
at Lancaster
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Media reaction back in 2011
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Top quark mass measurement progress
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Generations and masses

Three “generations of fermions

Each is much heavier than the 
previous

The top quark is especially 
heavy

Nobody really knows why…
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Physical theories: how things work

Lesson to learn: Do the math first, think later!
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SM predictions versus experiment
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Properties of the Higgs boson

Introduced by theorists well before you were born – to make the Standard 
Model much more appealing mathematically 

Rock-solid predictions for all its properties – except the mass…

It took almost 50 years – and 
construction of the LHC and 
its two general-purpose 
detectors, ATLAS and CMS, 
to discover…

… in the most interesting place!
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First observation of the Higgs boson
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Higgs boson mass measurements
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Higgs couplings vs SM predictions

Once the Higgs mass 
has been measured, the 
Standard Model has
very specific – and fairly 
precise  – predictions 
for the couplings of the 
Higgs field with various 
types of fermions and 
bosons

So far (sadly) no 
significant deviations 
have been found, but 
uncertainties are still 
quite lagre… 
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Questions to the Standard Model
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Beyond the Standard Model
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Supersymmetry searches
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Summary and outlook
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THANKS FOR LISTENING!

ANY QUESTIONS?
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Hadronic production of charmonium
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CERN overview video


