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Periodic Table of the Elements

aroups = VA Vil A
période | 18
Hydrogéne Heélum
1 2
! H A "B VB VB VIB  VIB He
1,007975 2 13 14 15 16 17 4,002602
Béryllium | «— nom de I'¢élément (gaz, liquide ou solide & 0°C et 101,3 kPa) Bore Carbone Azote Fluor Néon
4 <— numéro atomique 5 6 7 9 10
2 Be | symbole chimique B (o] N F Ne
9,0121831 | «=— masse atomique relative [ou celle de l'isotope le plus stable] 10,8135 12,0106 14,006855 18,9984031¢( | 20,1797 (6)
& [ CIAAW "Atomic Weights 2013" —_—
é +rev.2015] “Aluminium | [Silicium | [Phosphore Chiore Argon
12 15 17 18
3 Mg 0 A VA VA VIA Vil A Vil I8 e Al Si P Cl Ar
24,3055 3 4 5 6 7 8 9 10 17" 12 26,9815385| | 28,085(1) | [30,9737620¢ 354515 39,948 (1)
Calcium Scandium Titane Vanadium Chrome Manganese| Fer Cobalt Nickel Cuivre Zinc Gallium i Arsenic Sélénium Brome Krypton
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
4 Ca Sc Ti \'} Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
40,078 (4) 4,955908 (¢ 47,867 (1) 50,9415 (1) | | 51,9961 (6) | | 54,938044 55,845 (2) 58,933194 58,6934 (4) 63,546 (3) 65,38 (2) 69,723 (1) 72,630 (8) 74,921595 78,971 (8) 79,904 83,798 (2)
Strontium Yetrium Zirconium Niobium Molybdéne | |Technétium! | Ruthénium Rhodium Palladium Argent Cadmium Indium Etain. Antimoine Tellure lode Xénon
38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
] Sr Y Zr Nb || Mo || Tc Ru || Rh Pd || Ag || Cd In Sn Sb Te I Xe
87,62 (1) 88,00584 91.224(2) 92,90637 95,95 (1) 98] 101,07 (2) | | 10290550 | | 106,42(1) | [107.8682(2)] | 112.414(@) | [ 114,818(1) | | 118,710(7) | | 121,760(1) | | 127.60(3) | [ 126,90447 | | 131,293 (6)
Baryum Lanthanides Hafnium Tantale Tungsténe Rhénium Osmium Iridium Platine Or Mercure Thallium Plomb Bismuth Polonium Astate Radon
56 74 79 80 81 82 83 84 85 86
6 Ba DA Hf || Ta w Re || Os Ir Pt || Au || Hg Tl Pb Bi Po ;! At ! Rn
137.3277) 17849(2 | | 180,94788 | | 183841 [ [ 186207(1) [ [ 190.23@® | [ 1922173 | | 195,084 (@) | |196.966569] | 200.592(3) | | 2043835 || 2072(1) | | 20898040 | I (2091 2101 22
Radium Actinides | Dubnium Bohrium Hassium Nihonium Flérovium L Tennesse Oganesson
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7 Ra 89-103 Rf ii Db | Sg Bh Hs i Mt i Ds Rg Cn i Nh Fl Mc Lv Ts Og
[226] 267] 268] [269] 270] 2771 278] [281] 282] 285] 286] [289] [289] [293] [294] [294]
Lanthane Cérium é Néodyme éthi Samarium Europium linit Terbium Dy i Holmium Erbium Thulium Ytterbium Lutécium
58 59 60 61 63 64 66 67 69 70 71
= La Ce Pr || Nd || Pm ;| Sm || Eu || Gd |[ Tb Dy || Ho Er || Tm || Yb Lu
138,90547 140,116 (1) 140,90766 144,242 (3 [145] 150,36 (2) 151,964 (1) 157,25 158,92535 162,500 (1) 164,93033 167,259 (3) | | 168,93422 173,045 174,9668
“Actinium | [Thorium: Uranium Plutonium | { Américium ; | Carium | § Berkdiium | iCaiifornium? {Einsteinium ; Fermium | Mendaieviur | Nobaiium i
89 920 91 922 93 94 95 96 97 98 929 100 101 102 103
Th Pa U Np ! Pu i Am | Cm | Bk cf Es : Fm || Md ;| No Lr
232,0377 231,03588 238,02891 [244] [243] 1247 [247] 252) 257] [258]
Métaux Non métaux
. " . ésintégratior] H
Alcalino Lanthanides Actinides Mecauxde Metaux Metalloides autes Halogénes  [GSeSERM  Non dassés o teial E dautres | | synthétique |
terreux transition pauvres non-métaux | dléments | i H
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More fundamental...
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What is the world made of?

Atom
(Noyau de I'atome et
nuage électronique)



That’s all, right?

ELEKTRON UP-QUARKS OWN-QUARKS

V‘V

m =5 MeV/c?
q=-/3

- i., -

m = 0,511 MeV/c?
q=-1




Quarks

e Electric charge: +2/3 or -1/3
e Quarks never exist alone!
e Strong force: three charges — red,
green, blue*
e Weak charges +’2 or -
e Quarks form hadrons:
o Total electric charge = whole
number
o Total strong charge = color
neutral (white)

UP-QUA:Ig
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m =2 MeV/c?
q=+%3

nowu-cn%(s |
VV

m =5 MeV/c?
q=-%3
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m = 1300 MeV/c?
q=+%3
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m =100 MeV/c?
q=-%3

TOP-QUARKS

A
AA

m=173 000 MeV/c?
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norrom-o;;(s |
VV

m = 4200 MeV/c?
q=-3




UP-QUARKS DOWN-QUARKS

Hadrons o o AAA vv‘v

(2 Up-Quarks + 1.
1 Down-Quark) m = 2 MeV/c? m =5 MeV/c?
Proton: pro q=+%3 q=-Y3
% +2 Y5 = 1 A a
‘ , CHARM-QUARKS ' STRANGE-QUARKS
u+u+d \d A

blue + red + green = neutral 5 AAA vvv

m = 1300 MeV/c? m =100 MeV/c?

Neutron: q=+%3 q=-Y3
7-Y3-73=0
TOP-QUARKS BOTTOM-QUARKS
utd+d Neutron A ki) 4
blue + red + green = neutral (1 Up-Quark + 3 A v
2 Down-Quarks) ' A V

m=173 000 MeV/c? m = 4200 MeV/c?
q=+%3 q=-Y3




Leptons

Electron, Muon, Tau:

o No strong charge
« Intergral electric charge
o Weak charge

Neutrinos:

o No strong charge

e Zero electric charge

« Weak charge — only interactions
e Tiny mass

ELEKTRON ELEKTRON-
NEUTRINO
m=0511 MeV/c? m < 0,000 002 MeV/c?
q==1 q=0
MYON MYON-
NEUTRINO
m=106 MeV/c? m < 0,000 002 MeV/c?
q = -1 q= 0
TAUON TAU-NEUTRINO

m = 1777 MeV/c?
q=-1

v

m=< 0,000 002 MeV/c*
q=0




Three Generations

PR R Quarks .................... AT Leptons ..................
UP-QUARKS ‘ DOWN-QUARKS ELEKTRON E'}.Eill’(;'l‘ll?‘lg
AA v‘v
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neutrons, and electrons. | (B TEColpRuC | oo oene
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Antimatter - Antiparticles

Antiquarks e Antileptonsi -

ELEKTRON-

UP-ANTIQUARKS 0 POSITRON
ANTINEUTRINO

. | A
For each type of particle de ; A/" ~
matter there is an antiparticle | mm2wewe ] Tm=swevic || m=0st e
with:

STRANGE-
ANTIQUARKS
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ANTIQUARKS ANTI-MYON MYON-

/ ANTINEUTRINO
4 (g

m = 1300 MeV/c m=106 MeV/c m < 0,000 002 MeV/c
q:.7/3 (]:01/3 q—_o] q=0

e Same mass

o Same lifetime

o Opposite charges:
- Electric
o Strong 3

We a k m=173000 MeV/c? || m=4200 MeV/c? m=1777 MeV/@ || m=<0000002Nev/c
q:.?/; Q:‘]/z q=+1 q=0
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The Four Elementary Interactions

g Gravitation © Strong
Electromagnetic Weak




The Four Elementary Interactions

(% Hmmm...maybe General O{vj@ Gluons e
Relativity is enough. Or () X
not. 9%%
m=0
q=0
n Photon g+ 93) W+ Boson, W- Boson & Z
‘/7. PHOTON ‘8 | Boson

m =80 400 MeV/c? m =80 400 MeV/c* m=91200 MeV/c
q=+ q=s q=0



Particle interaction quiz!

e Mobile phone call

e Beta decay v
e Atomic nuclei are stable even though
protons repel electromagnetically 4
e A compass points north
e Two atoms form a chemical bond ;

e Aglass falls from the table v/
e Two up quarks and a down quark form a

proton
e The sun shines 4 v v



Examples of interactions

Electrons repel
time

<<kace




Higgs
HIGGS BOSON
o Electrically neutral DISCOVERED: 2012

e No strong charge

o Weak charge -1/2

e Responsible for the masses of elementary ( H
particles N

o Last to be discovered: 2012




Service graphique, CERN




Review
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More...

e Hwo do we know?
e How can we measure particles?

@ATLAS
EXPERIMENT
http://atlas.ch




The fundamental particle physics experiment

L'experience Rutherford c’est I'expérience prototype de physique des
particules. fluorescent

e |e faisceau
e La cible (fixe)

gold foil
e Detecteur

radiation source (radium)



Qu’est que c’est le LHC? (CERN en 3 minutes, 2019)

P> Pl ) 0:10/400



http://www.youtube.com/watch?v=Do8rP6ymO4w

Large Hadron Collider - LHC

Grand - 27 km circonférence, ~100 m
souterrain

Collisionneur - 2 faisceaux entrent en
collision en 4 points autour de I'anneau

Hadrons - Entre en collision des
hadrons comme des protons
(généralement) et des ions (parfois)

https://www.innovationnewsnetwork.com/technology-in-

relativistic-heavy-ion-collider-physics-research/6466/



https://www.innovationnewsnetwork.com/technology-in-relativistic-heavy-ion-collider-physics-research/6466/
https://www.innovationnewsnetwork.com/technology-in-relativistic-heavy-ion-collider-physics-research/6466/

Collider experiments: the beam is the target!




One possibility: A neutral particle (Z boson, for example) is
produced — and decays into 2 muons

Decans Neaitrad
2 onS



Speaking of muons...

Primary Cosmic Rays

Ju

|
Electromagnetic /
Shower




