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Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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Periodic table of the elements

[] Alkali metals [] Halogens

Qg group [] Alkaline-earth metals [_] Noble gases
8 ! [] Transition metals [[] Rare-earth elements (21, 39, 57-71) 18
] 1 O oth al and lanthanoid elements (5771 only) 2

H 2 er metais 13 14 15 16 17 He

3 4 [[] Other nonmetals [[] Actinoid elements 5 6 7 8 9 10

2 .

Li | Be B C N (0] F | Ne
) 11 12 13 14 15 16 17 18

Na | Mg 3 4 5 6 7 8 9 10 11 12 Al Si P S Cl Ar

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

‘'K |cal|sc| Ti|Vv|cr|mMn|Fe|Co|Ni|Cu|zn|Ga|Ge|As|sSe|Br|kKr
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
*'Ro|sr| Y |zr|Nb|Mo|Tc|Ru|Rh|Pd|Ag|Cd|In|sSn|sb|Te| I | xe
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
®/cs|Ba|La|Hf | Ta| W |Re|Os| Ir | Pt |Au|Hg| TI | Pb| Bi | Po | At | Rn
. 87 88 89 104 (105 (106 (107 |108 |109 |110 |[111 112 (113 (114 |115 |116 |117 |118

Fr | Ra | Ac | Rf [Db | Sg |Bh |Hs | Mt [ Ds |Rg |Cn | Nh | FI [Mc | Lv | Ts | Og

58 |59 |60 |61 (62 (63 |64 |65 |66 |67 (68 (69 |70 |71
Ce | Pr  Nd |Pm|Sm | Eu ([Gd | Tb | Dy | Ho | Er [ Tm | Yb | Lu

90 91 92 93 94 95 96 97 98 99 100 |101 (102 |103
Th [Pa| U I [Np|[Pu|Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr

lanthanoid series 6

actinoid series 7

*Numbering system adopted by the International Union of Pure and Applied Chemistry (IUPAC). © Encyclopeedia Britannica, Inc.
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W, Z bosons A\, photon
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Particle Data Group, LBNL, © 2013.
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Standard Model of Elementary Particles

three generations of matter interactions / force carriers
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Three “generations”
Getting heavier and heavier
Top quark especially heavy

No clue why. ..

Electron
0.000511 GeV

Up Quark
0.0025 GeV

»

Down Quark
0.005 GeV

Muon
0.1057 GeV

Charm Quark
1.27 GeV

Strange Quark
0.101 GeV

Tau
1.777 GeV

—

Top Quark
172 GeV

Bottom Quark

4.2 GeV
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Gluon-mediated
interaction between @ @
two quarks.
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Uwquhuwljut nhuyny dnuktwn

a=g/2-1
e LiEjupnu

a=0.001 159 652 181 643 (764) mtkuwljut
a=0.001 159 652 18059 (13) ®npd

u Ujninl

a=0.001 165 918 04(51) mbEuwljut
a=0.001 165 920 59(22) thnpd



ATLAS Preliminary —e—Total Stat. === Syst. || SM
Vs=13TeV, 36.1-79.8 b
my =125.09 GeV, |yH| <25
_ o,
pSM =81%
Total Stat. Syst.
gg—H, 0-jet ] 1.18 10.13 ($0.10, 0.09)
ot pH +0.39 4032 +0.22
99—H. 1-jet, p7 < 60 GeV = 053 038 (031 —0.21)
¥ H +0.33 4028 +0.17
gg—H, 1-jet, 60 < pY < 120 GeV HeH 0.82 531 (o270 _0.15)
r H +0.68  +0.58 +0.36
gg—H, 1-jet, 120 < p7 < 200 GeV —= 1.18 63 (_o560 —028)
et pH +0.62  +0.53 +0.32
99—H, = 1-jet, p! > 200 GeV H=- 179 (55 (o520 _028)
Ziet. pH +0.48 ,+0.39 +0.29
gg—H, = 2-jet, pll <200 GeV ==1 1.02 545 (o380 —024)
+0.32 4025 +0.21
gg—Hqq, VBF topo + Rest Hs=H 1.37 -0.30 ( —0.24> —0.18)
1.19 ,+1.15 +0.29
, —e—— 011 ©
qq—Hqq, VH topo 011 400 (098 —021)
i . , +1.30 ,+1.15 +0.61
q9—Hqq, P’ =200 GeV H—====—H -0.88 108 (‘1100 -0e4)
v +0.75  +0.57 +0.48
qq—Hlv, pY <250 GeV == 170 ;.7 (056 -_044)
v +0.72 +0.61 +0.39
qq—)H/V, pT > 250 GeV === 1.14 _0.68 (_0_57, _0_37)
v +0.82 ,+0.63 +0.52
99/qq—>Hll, p7 < 150 GeV == 085 579 (Lot —-0.49)
99/aq—HIl, 150 < pY < 250 GeV H==— 0.62 +0.68 (1oor, 038)
v +0.94  +0.81 +0.47
99/qq—Hil, py2 250 GeV —==— 184 5 (0777 _029)
+0.26 +0.20
ttH + tH == 1.20 55y (2017, 54g)
I | | | | 1 | | | | 1 1 | | | | 1 1 1 | | | 1 | | |
-6 -4 -2 0 2 4 6

Parameter normalized to SM value



| [ [ | [ [ [ | | [ [ | [ [ [ | [ [ [ | [
ATLAS Preliminary .o Stat. == Syst. "1 SM
Vs=13TeV, 24.5-79.8 fb
my, = 12509 GeV, |y, | <2.5
Py =71% Total Stat. Syst.
agF vy m;q 0.96 +o1a( o1, 3%
ggF 27 FeH 1.04 318 ( +o14, +006)
ggF Ww Ilﬁl 1.08 +od49( +o11, =o0.15)
oF T ke 0% NE( N, %)
ggF comb. =l 1.04 o009 ( 007, ‘oo8)
VBF vy i 139 0% ( 0%, 1o%)
VBF ZZ ——— 268 ‘0% ( 1osts o30)
VBF WW  i===H 059 93 ( 9%, +o21)
VBF 1t He=e= 116 "9 ( toaa, o)
VBF bb == 3.01 IE( M. 8%
| VBF comb. = 121 024 w0de Torotey
VH vy E—— 1.09 0% ( 04, lo3s)
VHZZ —a— 068 i%( Tovr. i)
VH bb ot 119 9% ( 1o, o)
[ VHcomb. | I 115 *024( o4, *OIT)
ttH+tH vy = 110 108 ( 0%, o)
ftH+tH vV >|-EE—| 150 93 ( ‘0a. o%)
ftH+tH Tt HE—— 1.38  Toee( ok, 8L
ttH+tH bb === 0.79 33 ( +oze, +052)
| ttH+tH comb. B 121 02 ( Loy, 02y
| | | | | | | | | | | | | | | | | | | | |

—2 0 2 4 6 8
Parameter normalized to SM value
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