T he fundamental nature of forces: virtual particles







Force Source Range Strength
Gravitation mass infinite  10™°
Electromagnetism Electric  infinite 10
charge
Strong nuclear Color 10°m 1
charge
Weak nuclear Weak  10m 107

charge
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http://particleadventure.org/

http://hepwww.rl.ac.uk/Pub/Phil/ppintro/ppintro.html

the Atom
Quark

Size < 107"%m

~ Nucleus
E Ske=~10"m

Size = 107"0m

If the proton and neutrans in this piclure were
10 cm across, then tha quarks and eleclrons
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Properties of the Interactions

The strengths of the interactions (forces) are shown relative to the strength of the eleciromagnetic force for two u quarks separated by the specified distances.

Weak Electromagnetic

Enteractm"{Electmweak} Interaction

Property

Acts on: Mass — Energy

Particles experiencing: All Quarks, Leptons Etectrically Charged

Particles mediating: t m?ﬁﬁﬂ:{éﬂed] wt w- z¢ i

- - .
10— 4 10-4 1

Strength at
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Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.
These are a few of the many types of baryons.

Symbol] Name | Quark | Electric | Mass |Spin
content| charge | GeV/c? q 1
p proton uud 1 0.938 | 1/2
p lantiproton| Tud -1 0.938 | 12
n neutron udd 0 0.940 | 1/2
A lambda | wuds 0 1.116 | 1/2
Q~ | omega SSS -1 1.672 | 3/2

Mesons qq

Mesons are bosonic hadrons
These are a few of the many types of mesons.

Symbol] Name | Quark | Electric | Mass |Spin
— content| charge | GeV/c?
0\ n pion ud +1 0.140 | 0
K~ kaon su -1 0494 | O
p* tho ud +1 0.776 | 1
B | B-zero db 0 5279 | 0 |,y
Ne eta-c cC 0 2980 | 0O
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Quantum Chromodynamics QCD
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Particle Processes

These diagrams are an artist's conception. Blue-green shaded areas represent the cloud of gluons.

A free neutron (udd) decays to a proton
{uud), an electron, and an antineutrino
via a virtual (mediating) W boson. This
is neutron B (beta) decay.

An electron and positron
(antielectron) colliding at high
energy can annihilate to produce
BY and B” mesons via a virtual Z
boson or a virtual photon.
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