P&as“cs 1492 - Scr—i'ew\ozr 4, Zoid

() PS 1 e ovelable ... Please WS”Z’

’ wontﬂr\a-ras ‘Dea\\\‘«\ f\{‘e,xi' Lee (S&ff%)
] A‘Mg Conlaans /cjbw{'ims ehout S%@abus

omdfor Moo clage WL Cum ¢



Charles Augustin Coulomb (1736-185006)
France
Coulomb's Law ~ 1875
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Mini-Ph.D. — Quantum Mechanics 101

Lesson 1:

Size actually does matter.




Determine the postion and velocity
of acar ... no problem




Determine the postion and velocity
of a small particle ... no problem




Problem! Cannot have
_ perfect
Heisenberg knowledge of
uncertainty both the position
principle ® and velocity




The fundamental nature of forces: virtual particles
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A&/A‘Ek; 2 The Standard Model of

Particle Interactions




Same mass - Opposite electric charge and magnetic moment
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Properties of the Interactions

i

Color Charge

Quarks, Leptons

Quarks, Gluons

wt w- z0

Gluons

0.8

104

25
60




Nothing has energy

Nothing interacts with something
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Baryons qqq and Antibaryons qq

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

Symbol] Name | Quark | Electric | Mass |Spin
content| charge | GeV/c? Cl 1
p proton uud 1 0.938 | 1/2
p lantiproton| Tud -1 0.938 | 12
n neutron | udd 0 0.940 | 12
A lambda | wuds 0 L.116 | 172
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
Ne eta-c cC 0 2980 | 0O




Quantum Chromodynamics
QCD

Why bare quarks

have never been
observed.

St

“white” proton
(confined quarks)

E‘ color 281.‘(3

asymptotic freedom

relative strength

distance —

«— energy density, temperature

quark-antiquark pair
reated from vacuum

quark
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“white” r0

h separatiofedHfined quarks)

Thanks to Mike Lisa (OSU)
for parts of this animation
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