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High-Energy Physics (HEP)

Seeks to understand matter and its

Standard Model of Elementary Particles

three generations of matter
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Not so easye¢

Leptones Quarks
e,H,T u,c,t
Ves Vis W

Foton Gluones

Boson de Higgs
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The standard model has been an extremely successtul
theory, but...

Leptones Quarks
e,H,T u,c,t
Why do neutrinos Ves Vis d,s,b

Why are there three

have mass? i
generations of matter?

Foton Gluones

Is there a particle

associated with gravity? What is dark matter?

Boson de Higgs

Why does the Higgs boson
has a mass of 125 GeV?
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New idease

%OAK RIDGE

National Laboratory

CHANGES T WOULD MAKE T0 THE STANDARD MODEL

CONSISTENT QUARK NAMES
(VSE "STRANGE AND ‘CHARM" FoR BOSONS)
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Experimental High-Energy Physics

Super-Kamiokande Tevatron (Particle Accelerator) Large Hadron Collider
(Neutrino Observatory) Hlinos, USA (Particle Accelerator)

Japan, underneath mount Ikeno )
P Switzerland
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[ooming into the sub-atomic world

Electron

Nucleons

107 °m a few 10 Pm 10 °m
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Force Particles

E—— StronQ E——

Gluons (8) m

e
o6

Quarks
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Baryons Nuclei

mm Electromagnetiomm

Photon » N\
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Atoms
Light
Chemistry
Electronics

m Gravitationa| =

Graviton ? Q

g:l'ar isystom O ,
axies
Black holes ¥/
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Bosons

(W,2)

-~
-

Neutron decay ~
Betaradioactivity ¢
Neutrino interactions
Burning of the sun
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Force Name Symbol | Number | EM charge
Strong [ Gluons g 8 0

EM Photon y 1 0
Weak | Wand Z | W, Z0 3 +1, 0




Matter Particles T [ o | e | Basiciene |

15t [ 20d [ 374 | Units of e | Strong | EM | Weak

U-Type Quarks (x3 colours) | c t +2/3 4 Y Y
D-Type Quarks (x3 colours) | d | s b -1/3 Y Y Y
Charged Leptons e | u T -1 N b b4
Neutral Leptons (Neutrinos) | ve | v, | vr 0 N N Y
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BottON‘,m; Qfgc Top Tau‘ % ‘ L:l:minq
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eachquark.:R B G 3colowrs

Anfi-partficle: same mass as ordinary matter but
$ OAKRIDGE opposite charge and magnetfic moment
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Composite Particles: Hadrons

Mesons: quark-antiquark states - bosons
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What is thise
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Antistrange
quark

Antibottom

Antitop
quark

Antitop
quark

Strange Antistrange

quark



John Ellis

PengUin diCIngIm OBE FRS HonFinsiP

antibottom antistrange
quark quark

antitop
quark

strange  antistrange
quark A w, quark

Born 1 July 1946 (age 76)
Hampstead, London, England, UK

Nationality British
Alma mater King's College, Cambridge

Known for Penguin diagram
Coining the term "theory of

v - everything"['112]
EET\ | TR/ ) Awards  Mayhew Prize (1968)
Jie Wogy! | Maxwell Medal and Prize (1982)

) 3V #o9

Paul Dirac Medal and Prize (2005)
Scientific career
Fields Physics

Institutions King's College London
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Feynman Diagrams

The line is indicative
of particle progress,
but not a trajectory

'/ vertex

,-"'
Solid line i
for particle

%OAK RIDGE

National Laboratory

»

An electron enters,
emits or absorbs
a photon, and

1€ Primitive exits.

Wavy line or other
type of line for particle
which is its own
antiparticle

Feynman diagram for

€  Primitive like charge repulsion

/ vertex

time

e Q e
Solidline  P3C€ N\ Aline which begins and ends
for particle in the diagram represents a

"virtual particle”. In this case
it is a virtual photon.



Relativistic Kinematics

At HEP experiments, we often deal with particles traveling close
to the speed of light, so we define:

v
b= -, bl <1

14 y =1

V1B
Thus, the total energy of a particle with non-zero mass is
E = ymc?

And momentum p = ymyv = ymcpf

OAK RIDGE Lorentz Transformations!




Multi-particle systems

 In collisions, or decays, more than one particle is involved. The
total energy and momentum of the system, are always
conserved. We call “frame independent” the condition that:
m-2ct = E.2 — p..2(2
T T prC

And we usually consider two cases:

Lab CoM P,
P,
The parficle mx can be
identified from its decay 4 . .
oroducts, since mx = mT! s '“‘
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References

 Halzen & Martin “Quarks & Leptons: an Infroductiry Course In
Modern Particle Physics” Although somewhat out of date
(1984), many lectures are still taught out of this book,
theoretical oriented.

o Grifiths “Infroduction to Elementary Particle Physics” An easy 1o
read reference, nice historical overview, less robust in terms of
content.
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