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- =Horizon problem:

s Whysisthe CMIB so smooth?

= The flatness problem:
— Why is O~1 ? Why IS the universeiat, 2 =
= The structure problem:

here,do,the fluctuations in.the CMB =

e relic problem

— Why aren’t there magnetic monopoles, why
S there more matter than antimatter?
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= Age of the Universe at that epoch: 400 000 vr

= The size of patches that can have influenced -
each other: < 400 000 |yr

= Those patches appear today under an angle of
ess th”a:ﬂ---l0

scales larger 197t
0Se region never knew about'each other?



Proglern |2 Trig flatrness problem
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= —— O for most of its age the universe Iooks '
ﬁ_—..:
either to be flat or to be empty

= A>0: for most of its age, the universe looks
either to be flat or to be exponentially

expanding
zlfre) ],Nﬁdﬂ%

Hit'strange that We apjege
| [ WO extremes?™™

= Should we be surprised that the universe -
appears to be flat?

i




S Models Ilke‘CBI\ﬂ‘hlcely explaln how the

fluctuations we can observe Iin the CMB
grew to form galaxies.

= They also can reproduce the observed large
scale distribution of galaxies and clusters of
alaxies. -

—-ﬂ
Mlﬂ@tﬁm the first™

ace?
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= I\/I—tlern Comﬁuws a very successful

#_

e —

Ssynergy of astrophysics and particle
physics.

= Why are there so many photonsiaMie
universe (a billions times more than
PRI GNS)

N anti-matter 2™

= Why aren’t there magnetic m(q)_n—opoles or -
any other relic particles?
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Inflationary epoch
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coricept of Infletlor)

S— he |dea (A;GﬂjﬁT1980) Shortly after the

S —
pIg bang, the universe went through a phase
of rapid (exponential) expansion. linrthis
phase the energy and thus the dynamics, of
the Universe was determined by term similar

cospplogical constant (Vacuum :
iy o —

i

— Why should the Universe do that?
— \Why: doees it help?

-



Triemocel of Inflatior

. Universe according to the inflation theory

T

Inflation

)|

Birth of the universe




\ Phase transition:
water — steam
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Phase transition:
ice — water

Invested energy




2haseansiiensSHiaieiea

Umverq,

e - i

e —

~ = Electro Wéak‘phase transition;
- As the temperature drops below ~ 102K,

the electroweak force separates into
electromagnetism and the weak nuclear
force

— T > 101°K: electroweak force

h —

= but too moderate a phase transition to
trigger inflation
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U j\erse -

“—I'GUTthaTSE'transmon | R
~ As the temperature drops below ~ 10%°K,
GUT force separates into the strong

nuclear force and the electroweak force :
— T > 10%°K: GUT

— T < 10°°K: electroweak force, strong nuclear -

‘force S —
candidates for inflation

= Other candidates: specifically designed
Inflaton fields

ey
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« Universe in the state of
= energy of Universe dominated by

- acts
ike a cosmological
W constant o
= Universerexpands :
" exponentially
= Problem: how to gracefully exit inflation?

False
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Radius of ob=erved universe
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= Be fore Inﬂa‘ﬂ'Gl’T -quantum fluctuatlons
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= |nflation: amplifies quantum fluctuations to
macroscopic scales

= After inflation: macroscopic fluctuations (as
can be observed in the CI\/IB radiation)

ﬂmde therseeds from: w, alaxies,fonm e




— Wlth the cCMB

ﬁ_h

= st peak = universe resonates

= 2nd and 3rd peak = next overtones
(harmonics)

= put In order to “hear” the overtones, all
s” have to be ringingi

ronizes the eIIs

o Recent measurements of the 2nd and 3rd
peaks Is strongly in support of inflation
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e
_ = T > 10%%K unification of GUT and gravity:
e

= Particles:

_ o

—

= Forces: -
— TOE?? (theory of evenrything, guantum gravity)
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general relativity
= Dealing with singularities in general relativity

and particle physics =

— point-like elementary particles
ackholes -

— the “origin” of the Universe?
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: |ectromagnet|sm were tremendously
successful physical theories

= Deterministic world view

— Supposed the initial conditions ofall
particles in the Universe are given

Usingthe laws of phyS|cs the precise
:future euni nﬁm
ted (at least in prnciple)

= perception that all physics was almost
completely known

—




Some outstanding problems

-~ — contradiction between classical mechanics and
electrodynamics = special relativity.
= Black body radiation

— The observed energy distribution cannot e -
explained using the classical lawsiefphysics =
guantum physics

Radioactivity, =
16 canneikdetermmin joactive nucleus

@ aecay
— one can only specify probabilities
= |s light a particle or a wave ?

-



QU2 RININNCOSITNGIEHE)Y,

el

-~ = | calculate the wave function of the Universe

o - - =i = e

___= Problem: observer IS part of the system = the
ﬁ_—..: - ; :
Copenhagen interpretation cannot be applied

= Alternative: many-worlds interpretation
— many universes exist, but mutually unobservable -
— all possible outcomes are realized
— whenever a decision between two:(or more) states has

0 beunade; the universe splits, into two SOI’ more% et




under the many—worlds hypothesis, each quantum
event splits the Universe into U, and U,

and each Universe follows its
own path into the future

EC(@ID

all the possible Universe's exist, but none can communicate with another.




QOuitstane PQ PDroplem:
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—u What IS the‘darkTﬁatter’? =

:‘

= What Is the dark energy/cosmological
constant?
= Quantum gravity/Cosmology

— elementary particles are not points, but very
all stﬁﬁgs (Ioops) (~1O S2aih

C n‘ferent particle types

— there exist extra (compactified/wrapped)
dimensions
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