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Journey into the Realm of Elementary Particles



What is "Elementary”?

Cr: Louie Corpe



What is “Elementary”?

All matters are made of

‘ Up-quark matter

. Down-quark
@ Gluon —3 force carrier

Cr: Louie Corpe
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Known Elementary Particles
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Cr: Louie Corpe
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The Standard Model of particle physics Leptons | Theorised/explained
Bosons

Years from concept to discovery Raaits | Discovered
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Source: The Economist




The Higgs Mechanism

Cr: The Princess of Asturias Foundation
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VIEW LETTERS 19 OCTOBER 1964

‘In the present note the model is discussed mainly in
classical terms; nothing is proved about the quantized
theory. It should be understood, therefore, that the
conclusions which are presented concerning the masses

of particles are conjectures based on the quantization
of linearized classical field equations. However, es-
sentially the same conclusions have been reached in-
dependently by F. Englert and R. Brout, Phys. Rev.
Letters 13, 321 (1964): These authors discuss the

same model quantum mechanically in lowest order

perturbation theory about the self-consistent vacuum.




When one considers theoretical models in
which spontaneous breakdown of symmetry under
a semisimple group occurs, one encounters a
variety of possible situations corresponding to
the various distinct irreducible representations
to which the scalar fields may belong; the gauge
field always belongs to the adjoint representa-
tion.® The model of the most immediate inter-
est is that in which the scalar fields form an
octet under SU(3): Here one finds the possibil-
ity of two nonvanishing vacuum expectation val-
ues, which may be chosen to be the two Y =0,

I, =0 members of the octet.” There are two
massive scalar bosons with just these quantum

numbers; the remaining six components of the

scalar octet combine with the corresponding
components of the gauge-field octet to describe




How do we find the Higgs boson?

Cr: Louie Corpe & CMS



What does the equation say?

How matters interact
with Higgs

=

How matters interact
with forces
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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
12
C
s |\
o
=1\
\ s ¥
\0 ]
~
~
S~ —

16



Higgs Signal over Time

Vs =7 TeV

¥s =8 TeV

Events / GeV

|

Ldt=4.83fb " Nov 3,2011
Ldt = 20.65fb ' Dec 9, 2012

ATLAS Preliminary
H—yy channel
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The Standard Model of particle physics
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The SM in a bit more detalil

leptons
D €
gluon w

photon

Higgs boson

weak bosons
Cr: Eric Drexler
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How good is the SM?

Cr: Aoyama et al

e Gyromagnetic moment (g) of electron &
o Dirac: 2

o SM: 2.002319 304 361 0 (6)
o Exp: 2.002 319 304 361 4 (5)
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But SM is not enough!
Atoms
4.6% \

Dark
Matter

23%

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

normal hierarchy (NH) inverted hierarchy (IH)

2
m

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 59



Mystery in the 5% we think we know #2

A new fundamental force?
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Muon precession is faster than expected

e

Cr: Aoyama et al

Electron Muon
o SM: 2.002 319 304 361 ' (6) o SM: 2.0023318 (86)
o Exp: 2.002 319 304 361 ~ (5) o Exp: 2.002 331841 15 (44)

o Needs lepton flavor violation
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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?

my =146 GeV

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

."- Dark'v'a?teff s iRl

Cr. NASA
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Going beyond the 5%: dark energy

Hubble Diagram for Type la Supernovoe
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Want to learn more?

> YouTube friendly fromtier

Il

Home

Onyos WTION 0:06

QN 2

Shorts

Subscriptions

il

You >

[R]  Your channel
@ History

== Playlists

[»]  Yourvideos

@ Watch later

e (B0 T TTds
5  Liked videos & (u* A
Subscriptions X A )
NoU 9Nsavy ¢
©  PBSSpace Time =« ; =5 10 videos

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

Friendly Frontier

@FriendlyFrontier + 670 subscribers

Friendly Frontier 2019

Friendly Frontier - Playlist

glanga Imidrsanddeilifis: Tamd - n13u Snsaals « 20:17

The Pursuit of Hidden Structures - Ufjn o anensa - 21:08

VIEW FULL PLAYLIST

37


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

Enjoy particle physics




