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The efforts to understand the universe 1s one of the very few things

that lifts human life a little above the level of farce...
S. Weinberg, 1977






Before 1990















@ IT'he Universe expands
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There 1s baryonic matter:

about 25% of “He, D....heavy elements
Dark Matter???? baryonic origin???

Large Scale Structure: clusters of galaxies!



@ There exists background radiation

with the temperature [ = 3K

IsoTrRoOPY OF THE Cosmic
MicrRowAvVE BACKGROUND
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When the Universe was 1000 times smaller

its temperature was about 2725°K



15 thousand million years

1thousand million years ‘

Zeit (T} = 3 Minulen ‘ .‘\ Zeit (T) = 300.000 Jahre
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There always exist unavoidable

Quantum Fluctuations

Quantum fluctuations in the density distribution are large (10 )
only in extremely small scales ( ~ 107 cm),

but very small ( ~ 10™" ) on galactic scales ( ~ 10” cm)
Can we transfer the large fluctuations from extremely

small scales to large scales???
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6.2 MODEL WITH A QUASI-VACUUM STAGE

The case when p + € < € is realized for the vacuum equation of state Dy = — €g (see, e.g.,

h 4 1 R PN e

Thus the calculations of this section clearly demonstrate the possibility in principle of
obtaining the conditions for galaxy formation by means of the initial vacuum fluctuations.
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Adopting a perturbation of the curvature scalar as a physical variable, we find the corre-
sponding action in the form |6

58 — % / d'z [qs" — V2 ¢Vad + (“7: + M%’) ¢’] : (5)

where ¢ = 1/,/18(4H2 — M?2) aSR/ME, and £ = (8xG/3)"/* = 4.37 x 10® cm is the Planck
length.

A finite duration of the de Sitter stage does not by itself rule out the possibility that this
stage may exist as an intermediate stage in the evolution of the universe. An interesting question
anses here: Might not perturbations of the metnic , which would be sufficient for the formation of
galaxies and galactic clusters, anse in this stage? To answer this question, we need to calculate
the correlation function for the fluctustions of the metnie after the universe goes from the de
Sitter stage to the hydrodynamic stage. By analogy with () we find

. A 1 sin kr dk
(O +n|0) = 55 [ @ - ®)
where h = h2 and where, for the most interesting region, H > k > H exp (-3H?/M?) (M? < H?),
1
Q(k)z3£.'t-l(l+§lnl—:). (9)

The fluctuation spectrum is thus nearly flat. The quantity Q (k) is the measure of the
amplitude of perturbations with scale dimensions 1/k at the time the universe begins the ordinary
Friedmann expansion. With £M ~ 102 —10-° and M/H < 0.1—these values are consistent with
modern theories of elementary particles-the amplitude of the perturbations of the metric on the



Predictions!!!

1) Does space have a shape?

Zero Curvature Positive Curvature Negative Curvature




Perturbations (i1nhomogeneities) are:

2) Adiabatic (MC 1981)
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3) Gaussian (MC 1981)
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o= _+ f,, @, where f,, = Q1) (MC, 81)




4) have log spectrum (MC 1981)
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L.P. 9/6/2003:
We are writing a proposal to get money to do our small angular scale

CMB experiment. If I say that simple models of inflation require
n s=0.95+/-0.03 (95\% cl) is it correct?
I'm especially interested in the error. Specifically, if n s=0.99 would

you throw 1n the towel on inflation?

V.M. 9/8/2003
The "robust" estimate for spectral index for inflation is 0.92<n s<0.97.

The upper bound 1s more robust than lower. The physical reason for
the deviation of spectrum from the flat one is the nessesity to finish inflation....

If you find n_s=0.99 +/- 0.01 (3 sigma) I would throw in the towel on inflation.



After 90 - present
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PREDICTIONS

1) flat Universe

Perturbations are :

2) adiabatic (MC, 81)

3) gaussian: =@ _+ f,, @, where fy, = O(1) (MC, 81)

4) spectrum: @ o In (A/A, ) o< A'=" with ng=0.96 (MC, 81)



with Q,, =1 (prediction) and H,, @ A>$per frOm supernova, deuterium et.cet. we get
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Before Planck After Planck



-Q, . =1+0.0066

—adiabatic pert.!!!, less than 1% from cosmic strings, entropy et.cet.
—gaussian: f,, =2.5+5.8

-ng=0.9585 = 0.0070



CONCLUSIONS

—General Relativity is valid up to the scales 10’ cm

—We all originated from quantum fluctuations



