e ——— e — e — e —— e

- e e e e = S e ey

- - ———— — ——

Particle Physics
Pole théorie IJClab
Journée des Nouveaux Entrants

26/03/2025




M. Strassler 2011

Elementary particles so far ==

~172 GeV
h

Weak Nuclear Force
wwe z20 =

Bottom Quark
91.2GeV 1 5 Gey
Tau Charm Quark 0
1.78 GeV ‘ | ~1.3 GeV |‘
Muon ° Strange Quark e
0.106 GeV ~0.1 GeV

Down Quark

Neutrinos: Q Electron ° ~0.005 GeV

< 0.000000001 GeV 0.000511 GeV ook
Heaviest at least p Quar
0.00000000001 GeV I ~0.003 GeV |

Electromagnetic Force
Photon

massless massless

Gravitational force

Borrowed from Matt Strasslers blog: http://profmattstrassler.com/



http://profmattstrassler.com/

M. Strassler 2011
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Theory of everything (we know)

Lagrangian can be organized according to canonical dimensions of each term:

gz\/—g 30+g1+32+g4+35+36+

This organises the infinity of possible interactions according to their importance at low energies
Each £, contains all possible interactions terms allowed by Poincaré invariance, locality, hermiticity, and the
gauge symmetry (totalitarian principle)
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BSM/Higg

BSM/Higgs group
asks a lot of question

Acve there wew partieles beyond those of the Standard Model
s nature natural

How Ls electroweak symmetry broken

How do neutrinos get thelr mass

what was happening in the first seconds of the universe
what Ls the nature of dark matter

what caused matter-antimatter asymmetry

Are there extra dimensions of spacetime
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Flavor Physics
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Flavor physies group is straddling the line between

beyond and within the standard Model

It Ls focused on the dywnamics and decays of compostte
particles containing a heavy quark (b or ¢)

Oown one hand, these allow us to better understand the
Standard Model, in particular the action of the strong force
Ow the other hand, flavor transitions are naturally
suppressed in the Standard Model and therefore they are
very sensttive to physics beyond the standard model

tests



Flavor Anomalies
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gluons & quarks
inside a proton
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* RCP group attempts to better understand the consequence of the
standard Model strong dynamics tn various systems

* Many conceptual and quantitative problems rematns to be
solved

* Examples of problems tackled in l)clab tnclude quarkonium
production, (generalized) parton distribution functions for
niucleons and nuclel, Distribution Amplitudesfor light ano
heavy mesons, small x ph 531&3 and gluonic saturation , non-
perturbative power corrections
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