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THE STANDARD MODEL OF PARTICLE PHYSICS

Lo o wht Lt ey g I R .

e e Fermions Bosons ot e -

ety L e Nedeme e
R e ]
—

e Generation: SCALAR H — e ¢ st e o

" . o

gy gl o b oy 4 pate w W
e e GRS oy & e P e -~
St N f o e

e ey, Peae e L le B
i et T s

T g dad o e been o @ e ] — Nnrn § pmnn S Bes b - pe @ P
-t 5 O -y

Sl e paty S pedten N e
Poe amd bk H i e o d

I » rpe mar gy e e
[ s S S
Bl e e el e

o ey

Lot
e e WMy v Py e
il e et e R
Loty e e b Bn Fan 4 e b
GAUGE oD
Mesons
0 A o 4 e *.":.:...‘..o-.-
LT, ~ BOSONS i
LR |
1 Quanrs
e vane F e s '1"4“3-‘"
I P . - Ly | e Aop
R e e e s
Pion
R

APB s o oo o= pgee W
B S 1 pete o
el I L)
N N prgan e f e s
e I

g -
A -

- ’ Latard
- -

STRONG

INTERACTION | ,
fundamental

Al T —a

i LRt e e S e S e e v Ve
o~<¢‘.—n4~n~-‘o”~*¢
e I I
e

-y PR P o e | A
P e e e o P -~
B I
e
P = vt fme g e b Pmn ey g s o 8 e W e g e,
B et gt N S m msww e pRe e guet  w@em

B T N I el )

N & ©
_ L R e I A ol
: : ) Guume - e M’Q”

LR B g

. W

W m e L s e guaeiy
R Rl o IR

' ELECTROMAGNETISM '
o PO o iabn e e AP

A e v | ELECTROWEAK '
e R G LEPTONS ! INTERACTION ,

- - m——r )N -
b s Aty b bl e o : WEAK INTERACTION
I LT S ] . | ——

RIS | “GRAND UNIFIED '

et T
— b )

yrrprhr Vc Vl e J 81 | |
: . THEORY . |

A - _—— - . s N

ol

e _ - D I
‘!

- o Bl el o g

| )

L
l b podt sdad Noey " s b ad, By b o . by = |
Gt Bty 4 b o ahem b e o ssane voro b gt tee e e e Rew e Pag o e w8 S99 P
R b e o CDO o sshensun i Gutind tysed st Potesn e o et
L e T B L L RSP ISaT S—— YOR A B 00 0 Sy Mt By Snvhing Pevte
BERAGIOEB B e s S el 5 8 T e i e Pt - — e e e L

B I R AT

e |t e v S Peot o Pammy o v ) -
L Oy G o S o Vot g W SuPer g Moty v Uhd anme
- LR
- Senges P b ¥ pete mn WL Lmarn Pt oW Pe sene s s s by Saml e b \. - -

Th SR By ey R e e e e pars vn ot ABmew e 48 e
P ek ol R Frel e ene

T e R ER e EVERVTHHNG S e e s

" ot PP -t L R o

[ 3 L L X

[ e . s ki Rt e L T

it i QUANTUM GRAVITY

Sapme A W S ] ' e - ! B ] P | » - LAY - s ) — SR iALTANw b b L - LR ) U -
-y - : - teogp 1 4 L L] S L 12 - . A ] ——— @ EL LA e —— L ol L W8 -l
A - ——p g L “‘-.- e L AT -




T AN VDRI EREL?

o ETFENRTHEXNIL
*i?fﬂlﬁ&,jﬁﬁf’ﬁ

TE=Fi7e. R

NPy B Rt

H 538N,

~

Wi




T AN VDRI EREL?

L ERNTHEXTIE
*i?ﬁﬂlﬁ&,ﬁﬁﬁﬂ?

AT ES

T=F1718. FEA

YY) IEAR B

ANERE5|7IHEER;

H 55 BEAT,

~

ik




T AN VDRI EREL?

*i?r?H)ﬂZ&,J‘EEﬂE
R A S

- HXEE——5

S

l l

=818

ANEE5| B EER;

Y sFig1e. Ed
V4 IR AR BY

REmIR. ERE;

H 55 BEAT,

N

il




T AN VDRI EREL?

=T ERNTHENIE

*i?r?H}ﬂZ&,J‘EEﬂE

TEHRNZ B[R
BXIeHE— —S8ES

Y sFigie. ik
V4 IR AR BY

5| HHEEER;
E. BRE;
—RM%;

H 55 BEAT,

)

ik




T AN VDRI EREL?

FEENTHEBN S EF1718. #ih

*i?iﬂlﬂz&,ﬁﬁﬁfﬁ 43R AR B

CERE — — T EES| A EE;
ESH — — AR, ERE:
BT —— R, R

g — — i F BFFE:

|-

H 55 BEAT,

Wik

N




T AN FYIIE R EREL?

FENE—-—AZE5| 71
- HXIEE——SEEE. B
- EF——HN. KR RIE;
- 7B — ="M EATFIE;

|-

- EB338Efrn——100GeV;

L T AN FHE. ik
1748 A AR E R PR R A

E{FR;

RiE;

3 S5 HEMT,

~

Wik




T AN FYIIE R EREL?

_\/"

IRIE=EEXEEE 1718, fEn

*1?2552&,\1‘55115 DI AL

FENE——AZE5| IHEFR;
Bt — -SSR, ARE;
S ——MW. KAUZRME;

it — — K F HRTIE:

B ANRL

J

FE358EHT— —100GeV;

!

RN RGN, PTEIEREFA.

3 S5 HEMT,

~

Wi




NXXX>2CPO

nzaz20—-wvmr

AR PR B R F

3 R £ )
UP CHARM TOP
mass 2,3 MeV/c? 1,275 GeV/c 173,07 GeV/c?
charge % % %
spin Y2 2 Y2
. & J
s B & i )
DOWN STRANGE BOTTOM
4,8 MeV/c 95 MeV/c? 4,18 GeV/c?
-3 -5 -3
V2 V2 %)
\_ \ Py >
@ D @ N
ELECTRON MUON TAU
0,511 MeV/c? 105,7 MeV/c? 1,777 GeV/c?
-1 -1 -1
7] /) /)
\ & J J
N
" ELECTRON | [ MUON TAU
NEUTRINO NEUTRINO NEUTRINO
<2,2 eV/c? <0,17 MeV/c <15,5 MeV/c?
0 0 0
/) /) /)
57

(@ B
HIGGS BOSON
126 GeV/c?

Z BOSON
91,2 GeV/c?

\

=

-

W BOSON

80,4 GeV/c
+1
1

\

nzoundoomAoacrano

0
0
. 7y




I The Standard Model of particle physics we Leptons | Theorised/explained

Years from concept to discovery : 33:?:: | Discovered
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Electron neutrino ]
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Charm
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Gluon

W boson
Z boson
Top

Tau neutrino

HIGGS BOSON
Source: The Economist
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Weak Nuclear Force

Ce

Converting protons into neutrons

When two protons collide and fuse, a disruption in the weak nuclear force emits a
positron and neutrino, which converts one of the positively charged proton to a
neutrally charged Nuetron. Without the weak nuclear force converting protons into
nuetrons, certain complex nuclei cannot form.

Releasing radiation

Heavy atoms have an imbalance of
protons and nuetrons, so the weak
nuclear force converts protons to
nuetrons releasing radiation.

Center of Mass

The Sun and the planets all orbit- =" "
a shared center of mass

Gravity forms stars, planets, and moons, and forces these objects to spin on

an axis and move along an orbital path. The planets appear to be orbiting

the center of the Sun, but the Sun and planets all orbit a shared center of mass.
Planets with enough mass can develop orbiting moons or rings of debris.

Creating energy

Gravity is the force that creates
pressure and fusion energy in
the core of stars allowing them
to burn for millions of years.

Electromagnetic Force

Forming atoms and molecules

The electromagnetic force pulls negatively charged electrons into bound orbits around
positively charged nuclei to form atoms and molecules. As a gas cools, electrons will
find their way into the presence of atomic nuclei. Larger nuclei with a greater positve
charge pull in more electrons until atoms and molecules have a balance of charges.

Generating light

When a negative electron interacts
with a positive proton, the
electromagnetic force adds energy to
the electron generating a photon.

Strong Nuclear Force

m

Binding protons in atomic nuclei

Positively charged particles naturally repel each other, it takes an extreme amount
of force to hold protons together. The strong nuclear force overcomes the
repulsion between protons to hold together atomic nuclei. Without the strong
nuclear force, complex nuclei cannot form.

Breaking the bond

Enormous energy is released as
gamma rays and nuetrinos when
the strong nuclear force is broken
between protons and neutrons.
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o Q)

03}
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0.1

April 2016

v T decays (N3LO)

a DIS jets (NLO)

0 Heavy Quarkonia (NLO)

o e'¢ jets & shapes (res. NNLO)
® c.w. precision fits (N3LO)
v pp —> jets (NLO)
v pp —> tt (NNLO)

QCD o (M,) = 0.1181 + 0.0011

10 Q [GeV] 100 1000
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At any rate, | am convinced that He [God] does
not play dice.

(Albert Einstein)
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GOD

not only plays dice,
he also sometimes

THROW

the dice where

they cannot be seen

Stephen Hawking via GeckoSFly
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‘\Ijout> — S‘p1p2>

<plp2‘STS‘p1P2> = 1.
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Wout) = S|p1p2).

(p1p2|STS|p1pa) = 1.
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Wout) = S|p1p2).

(p1p2|STS|p1pa) = 1.

(P1D2| (ier — 7“7) [p1p2) = <p1p2|yTg’p1p2>~
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Wout) = S|p1p2).

(p1p2|STS|p1pa) = 1.
L= (ppa| (I = iTT) (I +4T) |pipa2) = (pap2| (I =i T +1.T + T T ) [p1pa).-
(mp2| (1TT =iT) |pip2) = (p1p2| T T |p1p2).-
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Wout) = S|p1p2).

(p1p2|STS|p1pa) = 1.

(P1D2| (ier — 7“7) [p1p2) = <p1p2|ﬁ7T<7’p1p2>~
i{{p1p2] T |pipa) — i{prpa| T |pip2) = Z/dﬂ(p) |<\Ifn(p)]<7|p1p2>]2.

i(p1p2| T |p1p2) — i{p1p2| T |pipe) > /dHX |<X]9|p1p2>|2.
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(p1p2|STS|p1pa) = 1.
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(p1p2|STS|p1pa) = 1.
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Im. A (pi1p2 — pip2) = 2Ecm|pil Z o (pip2 — X).
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A (0) = 167 Z ag (20 + 1) Py (cosb)

=0
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M (0) = 16772@6 (20 + 1) P (cos0)

=0
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M (0) = 16772@6 (20 + 1) P (cos0)
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