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Journey into the Realm of Elementary Particles



What is “Elementary”?

Cr: Louie Corpe
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What is “Elementary”?

All matters are made of

Electron 

Up-quark matter 

Down-quark

Gluon force carrier

Cr: Louie Corpe
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Known Elementary Particles

Cr: Louie Corpe

Quarks

Leptons

BosonsFermions
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The Higgs Mechanism

Cr: The Princess of Asturias Foundation
9



10



11



12



How do we find the Higgs boson?

Cr: Louie Corpe & CMS 13



What does the equation say?

How matters interact 
with forces

How matters interact 
with Higgs
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How do we find the Higgs boson at the LHC?

Cr: Louie Corpe & CMS
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“Particle physics is a statistical science”

Need to find the signal over (a much larger) 
backgrounds

M

# 
ev
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Higgs Signal over Time

18



Cr: CERN19



Cr: CERN22



Advertisement 
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The Standard Model of particle physics
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The SM in a bit more detail

Cr: Eric Drexler

Cr: Eric Drexler 25



How good is the SM?

● Gyromagnetic moment (g) of electron
○ Dirac: 2
○ SM:    2. 002 319 304 361 0 (6)
○ Exp:   2. 002 319 304 361 4 (5)

Cr: Aoyama et al
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But SM is not enough!

There are so much we don’t know!

Cr: Swinburne
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Mystery in the 5% we think we know #1

How do neutrinos get their masses?

Cr: Symmetry Magazine
28



Status of neutrino masses

● At least 2 massive neutrinos.
● Two mass are closed together, but don’t know the ordering.
● SM predicts massless neutrinos. 
● Massive neutrino is the only clear evidence of BSM physics.

Cr: FermiLab 29



Mystery in the 5% we think we know #2

A new fundamental force?
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Muon precession is faster than expected

Electron

○ SM:    2. 002 319 304 361 0 (6)
○ Exp:   2. 002 319 304 361 4 (5)

Muon

○ SM:    2. 002 331 836 20 (86)*
○ Exp:   2. 002 331 841 18 (44)
○ Needs lepton flavor violation

Cr: Aoyama et al

*For muon, SM prediction is not settled 
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Mystery in the 5% we think we know #3

A new elementary particle?
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A new Higgs boson with LFV?

● CMS see a hint at 146 GeV
● Need a dedicated ATLAS analysis for confirmation
● If exists, lead to other signal that can be observed
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Going beyond the 5%: dark matter

Normal Matter

Dark Matter

Cr. NASA

1305.0456
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Going beyond the 5%: dark energy

Cr. CalTech
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Want to learn more?

https://www.youtube.com/@FriendlyFrontier 37

https://www.youtube.com/@FriendlyFrontier


Enjoy particle physics
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