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The “Elementary” Particles
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Image from https://www.bloomberg.com/news/features/2019-08-28/the-modern-triumph-of-the-periodic-table-of-elements, http://www.differencebetween.net/science/difference-between-atom-and-mole/,
http://www.schoolphysics.co.uk/age16-19/Nuclear%20physics/Nuclear%20structure/text/Quarks_/index.html



The “Elementary” Particles

’
He
i

3 L 2

Li Be B

Lithium enyliie s o
7

Na Mg Al

e A

Sotien  Bapwniee Maine Si000 Digrvw  Mpw
b4 » " n n " n » L - » » ) -~ n »

K Ca S¢ Ti V Cr Mn Fe Co Ni Cu Zn Ga Br Kr
P Caleium Beanitem THmbe Seniin Demive Speese  Tran Gt Bubel Cueer v Sollie e Ao Brmive  Wryplen
ar K » - - - a - - - .7 - .~ “ " - L] -

Rb S ¥ Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
Bt e Woetie TEUrSeE Do Nt Bimns et Mttesis Bhariie Mllenie B0 Cateben D e Tha  Aslimesy Teihesn ol s
= - ” o ) ™ . ” - ~ ~ " [+ [ 2 - -

Cs Ba Hf Ta W Re Os Ir Pt Au Hg T1 Pb Bi Po At Rn
Contem  Barium Safeiue Tntahn Tompeter Bamien OSentin  Irighe Miatinm  Geld  Bottwry ™'l L Blemts Aol Batetve B
. e e e e o e e "e e " " L s ™ o "

Fr Ra Rf Db Sg Bh Mt Ds Rg Ch Nh F1 Mc Lv Ts 0Og
Framiem s At AT B BT R B e R S Ve e B e e T S

la Ce Pr Nd Pm "sa "Eu "ed -Tb 'oy "uo Er Tm Yo Lu
i e - bdr. 1-»- lv.oo Uw- lvmn m nuuu- LT N '- Miwries  Lutel
; owe L
Es Fm Md No Lr

“m

[ —

Image from https://www.bloomberg.com/news/features/2019-08-28/the-modern-triumph-of-the-periodic-table-of-elements, https://www.teepublic.com/t-shirt/3033200-never-trust-an-atom



The Elementary Particles

Image from https://en.wikipedia.org/wiki/Standard_Model

\,,
three generations of matter interactions / force carriers
I ] 1
mass | =22 MeVic* -128Gevict | [-1731Gevir | fo ) 12497 Gevie?
charge | % % 1 &8 0 0
- @ | - @ |I/O |- ®
up charm top gluon higgs
(}/‘) 47 MeVic* ~96 MeVic* =4.18 GeV/c? 0 k (é)
% 48 -» g8 % a8 0
‘oo |®|f@] 3
— | down strange bottom photon O
O\ o0
0511 MeVict | [-10566Mevic: | [-1.7768Gevicr | [-91.19Gevic | 0 %
-1 ; -1 ; -1 0
®[o[o|fe®]: :
electron muon tau Z boson 8 . )
2 [<10evic (017Mevic | [<182mevic | [-8039Gevicc | w
O |o ﬂl' 0 ii’ 0 i' #1 . O o
E Kolcctron i muon i tau | 28
.1 | neutrino || neutrino neutrino W boson oS



The Forces and Force Carriers

r-\

~

Electromagnetic Force

\ frcw ldnls sbwvn .JJ

frong terce [ gluon
\ Binds 1he rucieUs J

~

Strong Nuclear Force

ran

Weak Nuclear Force

—  g——

. , =91.19 GeVic* - |
@ |‘3 ® |'®
l’&‘i‘ﬁéﬁ: :;‘ocay Z boson [W boson
\_ /

~

~B0.39 GeV/c*

Image from https://indico.cern.ch/event/710220/contributions/2918000/attac hments /1610748/2557544/ATLAS_Masterclasses.pdf, https://en.wikipedia.ol

rg/wiki/Standard_Model



The Forces and Force Carriers

Image from, https://en.wikipedia.org/wiki/Standard_Model
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Forces from Particles
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Image from https://en.wikipedia.org/wiki/Electron_scattering, https://www.quantumdiaries.org/tag/feynman-diagrams/



Forces from Particles
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Forces from Particles
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Quarks: The Gregarious Particles
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Quarks: The Gregarious Particles
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The Elementary Particles

Image from https://en.wikipedia.org/wiki/Standard_Model
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Neutrinos and Particle Oscillations
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Particle Masses and the Higgs Field
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Higgs Mechanism
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‘Virtual’ Particles
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Image from https://www.quantumdiaries.org/tag/feynman-diagrams/



The “Empty” Vacuum
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Image from http://www.physics.adelaide.edu.au/theory/staff/leinweber/VisualQCD/Nobel/index.html,, https://www.wired.com/2016/07/feynman-diagrams-almost-saved-space/



The Elementary Particles
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Image from https://en.wikipedia.org/wiki/Standard_Model



