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1. Summary of the Standard Model

¥Matter is composed of 6 quarks and 6 leptons:
Quarks: u,d,c,s,b,t
Leptons: electromnuon, tay, and their neutrinos

¥As matter Is probed at higher energies, forces start to behave
In similar ways, that is, they become undifferentiated
®» above 10@GeV: Electromagnetic and weak interactions
become the ELECTROWEAK interaction
[mass of a proton = 1GeVc
conbrmed aFermilaband at CERN
Electroweak unibcation!!



Limitations of the Standard modet

Several numbers are added in from experiments: would like
to explain them from fundamental physics:

¥what sets the value of the elect@®electric charge and mass?

¥why electrons and protons have the same electric charge?

¥what sets the mass of the elementary particles?
®current answer: another particle named the HIGGS.
When Higgs Is zero, particles have no mass and when

It IS not particles get a mass

¥where is the Higgs? (not seen by current accelerators)

¥Can the other forces, strong and gravity, be unibPed with
electroweak forcat even higher energie?

¥Since unibcation implies in simpler theory, less parameters,
possible answers!!

¥but Qquantizing gravita problem: discrete space and time?’



2. Summary of the Big Bang Model

¥Successes: observation of the cosmic microwave backgrc
conbPrmation of the abundances of light nuclei:
He, = 24%, H=75%, D = 0.0001% ...

¥Some limitations:

a) The Flatness Problemvhy is universe so 3at?
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B) The Horizon ProblemwWhy is temperature of
microwave background so homogeneous?

[to one part in 19!]




a) The Flatness ProblemVhy is universe so (3at?
=" critical 1

¥If " >" icq €arlier on, universe would havecollapsed
¥if " < " Liicq €arlier on, universe would have expanded t
fast for galaxies (and stars, and people) to have fo

B) The Horizon ProblemwWhy is temperature of
microwave background so homogeneous?
[to one part in 19!]




3. Unifying Forces of Nature: Searching for T.O.E.s

¥1919:Theodor KaluzgresentQunibedtheory of
gravity and electromagnetism in 5 dimensions
[extra dimension curled into tiny circle]

4d space-time /) > T (extra dimensio®

\

¥2005: Attempts to unify all forces in 10 dimensions:

superstring theories - vibrating strings give the particles
but only effective at energies of @GeV!!

These theories generate lots of r@weldOwhich carry

energy, specially in the early universe, when temperatures anc
energies were high enough, t ~¥@o 103° seconds!!

They offer possible solutions to Big Bang problems as well!!



4.The Early Universe: Inner Space/Outer Space
¥Early universe, t << 0.01 sec, was very hot:
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Forces were unibed very early on and were separated di
expansion!



¥Solving Big Bang problems wittnRatiorO

Use one of the belds from unibcation, called@n@atorD
Its energy dominates early universe, making it expand
ultra fast, faster than speed of light:

/

Universe becomes Ratter due to rapi
expansion: Ratness problem is solve

In fact, inBation PREDICTS 3atness of Universe!
And we live in a tiny portion of whole universe...
[Multiverseand universes bubbling along]



¥MnRation also solves th@orizon problend

=®» Tiny portion, causally-connected, is stretched to huge
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Combining particle
physics and cosmology
may help solve

many open questions!!



