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Equazioni di campo di Einstein
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Georges Lemaitre




Alexander Friedmann







Vesto Slipher - Edwin Hubble




Hubble's Plot of Galaxy Velocity & Distance

o Nearby galaxies can be moving towards us
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BElackbody spectra for different temperatures
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Multipole moment, ¢
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(a) Curvature 1L (b) Dark Energy

. (c) Baryons
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Time after Big Bang (s)
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Big Bang Nucleosynthesis Predictions
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Radius (meters)

Inflation era =
10'35 to 10'33 sec.

STANDARD MODEL
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Interazioni fondamentali

a) Nucleare forte => gluoni
1

b) Nucleare debole => W,Z
1/100.000

c) Elettromagnetica => fotone
11137

d) Gravitazione => gravitone (?)

1/1000000000000000000000000000000000000000



age of universe

We can see gas at
now points A and B before
they knew about each

------- K-~ Y- - - - - 500,000 yr
) . distance
Gas at point A has received signals Gas at point B has received signals
from this part of the universe. from this part of the universe.
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(a)

1 Inflation
Overly Stable ends abruptly
False Vacuum gy
/ | Rapid _ dissipates |
/ leaving an empty univefse
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False Vacuum
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Problemi deli modelli inflazionari:
fine tuning ?

g)l — infazione troppo breve

g<1 —> 1nfazione non finisce



Problemi dei modelli inflazionari

 Sintonizzazione fine del self-coupling

A{10™"

» Piattezza del potenziale - modelli di
Higgs.

» Condizione iniziale del campo intorno a
® =0.



V' (Energy
Density)




Problemi dei modelli inflazionari

“No - Hair theorem” generale in caso di spazi-
tempi non-omogenei

Il problema generale della costante cosmologica
come energia del vuoto.

Correzione dovute ad effetti di fisica planckiana
o trans-planckiana

Problemi termodinamici
Natura del campo “inflatone”
Il problema della singolarita iniziale permane



BICEPIl - Polarizzazione del CMBR
Background Imaging of Cosmic
Extragalactic Polarization




Inflation

Key: W,Z bosons  A\f\, photon

q quark @ esory star
g gluon @‘.baryon -
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Particle Data Group, LBNL, © 2000. Supported by DOE and NSF



Matter-Antimatter Asymmetry of the Universe

D. Kirkby - 6 Apr 2003






. - "
—
- -
. -
-
-
. -




. » > . . y 4
. ' v . .
¥ ’ y )
. L ‘ ‘ ® : '. .-
| ” . . .
4 . ! NI 0 S \
' X : ‘
. . - f ' ; d
. ~. . x .
) X o g »
L ‘. : ,. ._ )
. .) o W .
5 ¥ ’ - \ ¢
. N x i W

‘' v ’
L ; .
. 0 R
| IR
» ' .
\ a =
. ’ .
B ’
-’ .
' h ....
R et 8
e -\ . ‘ S
]
. - \ g
.. ' B ’ ’
\ . .

-






£
E- 200
a
2
5

20,000 40,000 60,000
Distance from galactic center (ly)







Max Planck Millenium




Accelerazione cosmica - energia
oscura : Adam Riess, Saul Perlmutter
and Brian Schmidt




Hubble Plots

Preliminary Analysis
T T T T T T T

Supernova

elfective Mg

Hamuy et al
(A.J. 1996)
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Preliminary Analys
Supemova

Cosmology
Project

Residual (in Magnitudes) from
Best Flat-Universe Fit (at Q,, = 0.25)

I'he Hubble diagram with the data from the supernovae already published (Perlmutter et al, Ap.J.. 1997
with the supernovae at Z ~ 0.4, and Perlmutter et al., Nature. 1998, with the supernova at Z = 0.83) show
as dark red circles with black outlines, and the next 35 supernovae shown as lighter red circles. The four

ashed blue curves show the locus expected for a flat universe for four values of €2)4 (listed at right). and
the three solid black curves are for a A = O universe. The lower plot is a histogram of residuals from the
best fit values: Q, ;= 0.25 [+ 0.06 statistical] [+ 0.3 systematic]

A = O universe: Q,; = -0.4 [+ 0.1 statistical] [+ 0.5 systematic]

I'he green dashed curve shows the distribution of residuals from this flat-universe fit expected, given the
statistical uncertainties on the supernova apparent magnitudes (primarily due to sky-background photon
noise). The systematic uncertainty quoted corresponds to a 0.2 magnitude uncertainty.
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expansion
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Arthur Eddington
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- luminosity (solar units)
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Protoplanetary Disks HST - WFPC2

Orion Nebula

PRC95-45b - ST Scl OPO - November 20, 1995
M. J. McCaughrean (MPIA), C. R. O’Dell (Rice University), NASA
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Boltzman’s constant k= 138x10% j/fK

Planck’s constant h= 6.63 %103 J/s

Speed of light ¢c= 3.00x10% m/s

2
Gravitational constant G=667x 1011 N-m

kg




