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Stable and unstable nuclel we have done
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From you to the quark

MATTER NUCLEUS PROTON QUARK

electron neutron

-

Electrons d type u type
orbiting quark guarks
nucleus



The Matter Particles




How do we know about quarks?

Rutherford found a nucleus in the atom by firing
alpha particles at gold and seeing them bounce back
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Fire electrons at protons: See big deflections!
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The Matter particles
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From you to the quark

NUCLEUS

eleo‘tron

P

neutron

PROTON

QUARK

pons
and chen

iical reactions

muon |
Aheavier
e
of the electron.

ity| Rarely interacts

with other matter,

Protons have 2 up quarks
Neutrons have | up quark

“C-'

down

Electric charge ~1/3.

...and one down quark.

Created with
nuons when some

| patticles decay.

muon neutrino

¢charm
A heavier
o relative
-of the up.

fau

Heavier
still.

tau neutrino.
Not'yet observed
| directly.

top .
Heavier
2 still,
' recently
observed.

strange
A heavier
relative

~of the down.

bottom

Heavier
still,

... and two down quarks.

O




How do quarks combine?

A proton:

two ‘u’ quarks and one ‘d’ quark

With 6 quark
types there are
A neutron: hundreds of
2 ‘d’ quarks and 1 ‘w’ combinations

quark

Mesons have a quark and an
anti-quark




Forces in Particle Physics

High energies and small distances < quantum mechanics

Continuous field - exchange of quanta

For Electromagnetism

<

The quanta are photons, y



Mediation of the Forces
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Particles and forces

Heavier generations have identical
pattern



An LHC experiment: ATLAS

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Muon Detectors Electromagnetic Calorimeters

ATLAS
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Barrel, Torpwd ‘ Hadronic Calorimeters In COnStrUCtlon Ahigleing




electrons

neutrino

g=-1

Leptons
charge neutrino
Baryons =1
y Baryon number laws
q=+1/3 anti = minus
Lepton Number otherwise zero conservation fermions
Lepton =1

spin 1/2
strangeness

Quarks

Fundamental (not separate)
=0 except
Mesons Bosons
Baryons Hadrons
9.9.9 standard

Fermions
model

13/10/02 - v15

anti Baryons
ag,aq,aq

Exchange lect i
electromagnetic Photon

etc ? strong

Higgs gluon

ravitational .
g graviton ?
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Leptons spin =1/2 Quarks spin = 1/2

. Approx. :
Mass  Electric Flavar Mass Electric

FI
S GeV/c2 charge Gev/c2 Charge

ve electr_on <1x10-8 U up
neutrino

€ electron |0.000511 d down

HOM <0.0002 C charm
M neutrino

JL muon 0.106 S strange

tau <0.02 t top
T neutrino

T tau 1.7771 b bottom




; .
BOSONS spin-o0.1.2 ..

Unified Electroweak spin = 1 Strong (color) spin =1

Mass Electric Name Mass Electric
GeV/c2 charge GeV/c2  charge

Name




Mesons qq

Mesons are bosonic hadrons.
There are about 140 types of mesons.

Quark Electric  Mass
content charge GeV/c?

Symbol Name
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