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Standard Model



Quantum Field Theory

Source: Fermilab
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Particles of Standard Model
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symbol
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Parameters of the Standard Model

Description

Electron mass.

Muon mass

Tau mass

Up quark mass

Down quark mass
Strange guark mass
Charm guark mass
Bottom quark mass
Top quark mass

CKM 12-mixing angle
CKM 23-mixing angle
CKM 13-mixing angle
CKM CP-violating Phase
U(1) gauge coupling
SU(2) gauge coupling
SU(3) gauge coupling
QCD vacuum angle
Higgs vacuum expectation value

Higgs mass

Renormalization
scheme (point)

Uis = 2 GeV
Ui = 2 GeV
UnE = 2 GeV
s = Mg

s = My
On-shell scheme

hide:
Value

511 keV
105.7 MeV
1.78 GeV
1.9 MeV
4.4 MeV
87 MeV
1.32 GeV
4.24 GeV
172.7 GeV
13.1°

2.4°

0.2°

0.995
0.357
0.652
1.221

~0

246 GeV

~ 125 GeV (tentative)
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Hierarchy problem

Planck




Dark matter

Estimated matter-energy content of the Universe

26.8%
Dark Matter

68.3% - X:L7Y Ordinary
Dark Energy Matter
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New Physics
Beyond Standard Model:

Supersymmetry?
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Image by zarubin-leonid on Freepik
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https://www.freepik.com/free-vector/black-white-symmetrical-pattern-background_1118473.htm

Role of Symmetries in Physics

Source: youtube.com/@ScienceClicEN




Supersymmetry (SUSY)

Particle zoo

Particles are divided into two families called bosons and fermions. Among them are groups known as leptons, quarks and
force-carrying particles like the photon, Supersymmetry doubles the number of particles, giving each fermion a massive boson
as asuper-partner and vice versa. The LHCis expected to find the first supersymmatric particle
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The lightest supersymmetric particle is
called the neutralino. it could be any one
of the -inos, ora combination of them
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Direct searches for SUSY

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

March 2023 Vs=13TeV
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Hints of New Physics



Moun anomalous magnetic moment (g — 2)
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Source: Fermilab 13715



ATOMKI Anomaly - X17

ATOMKI PAIR
7 . SPECTROMETER
Li

8Be

Source: Phys. Rev. D 95, 035017 (2017)
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