Unlocking the Mgsteries of the
Top Quark
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Talk Outline

o The F)ig Questions

¢ Distance and Time Scales
o The Standard Model



What are the E)ig Questions
in Particle Phgsics‘?

4
4

ow did the universe begin?

ow will it end?

o What is it made of?

Particle Ph sicists work with astrol:)hgsicists
and cosmo ogists to discover the answers



COBE Cosmic
Microwave Background

Spitzer "First Light"
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Cosmic tug of war

The force of dark energy surpasses
that of dark matter as time progresses.
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(Universe 380,000 years old)

BIG BANG



Distance Scales
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Universe

Milkg Way galaxy
Solar system
JuPiter’s orbit
Sun

USA

Tevatron collider
Person

Infra-red Iiglﬂt
Ultra-violet light
Carbon nanotube
chlrogen atom
Proton

TOP quark

950 Yotta-meters
| Zetta-meter
2.7 Exa-meters
1.6 Tera-meters
1.4 Giga-meters
4.5 Mega-meters
1.9 kilo-meters
1.7 meters

10 micro-meters
100 nano~-meters
I nano~-meter

25 Pico~meters

I femto-meter

<] atto~-meter
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High energy Phgsics
IS

nano nano Phgsics



Time Scales
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Universe
Eartlﬂ

Homo sal:)icns
USA

Tevatron collider
“Fame”

Eye blink

Ligl']t travels 1 km
K, meson lifetime
B meson lifetime
Ultraviolet light
Shortest laser Pulse
X-rays

TOP quark lifetime

45 Peta-seconds
1.4 Peta-seconds
2 Tera-seconds
7.4 Giga~seconcls
0.8 Giga—-seconds
900 seconds

80 milli-seconds

3 3 micro-seconds
Q.5 nano-seconds
1.5 l:)ico-scconcls

I femto-second
80 atto-seconds
500 zePto~seconcls

Q.5 9octo~seconcls
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In high energy Physics,

B° mesons are considered to have

a very long lifetime (1.5 Ps) :
We measure their clecag |ength

to identify them
In toP c]uark clccays.
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The Standard Model
of Particle Phgsics

o Describes the mzﬂoritg of Phenomena in Nature
+ Builds evergthing from quarks and IePtons

o Forces are carried bg
+ Photons — electromagnetic force
+ Wand Z bosons — weak force

+ Gluons — strong force
IS Higgs boson Preclictecl to gi\/e mass to evergthing

¢ SM s accurate to1in10© Precision
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Forces
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More Big Questions
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Whg is there matter—antimatter asgmmetrg?

Do c]uar|<5 have substructure?

Whg are there three quark and lePton generations?

How do Partic:les acquire mass”?

Do sul:)ersgmmetric Particlcs exist?

W
W
W

nhat 1s dark matter?

nat 1s dark energg?

natist

ne space-time structure? (more dimensions?)
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Much work to do!

The Tevatron collider at Fermilab
has been running, for25 years
trging to answer these c]uestions.
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