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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






Betfore 1990

“Only by their breaking could the divine configurations be perfected”

Kabbalistic text; Ta’alumoth Chokhmah (The Channels of Wisdom)
1629, Joseph Samomon del Medigo of Crete












@ The 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

IsoTroPY OF THE Cosmic
Microwave BACKGROUND
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When the Universe was 1000 times smaller

its temperature was about 2725°K



Zelt (T) = 3 Minulen ‘ Zolt (T) = 300.0400 Jahre




18 degrees

3 degrees K













15 thousand million years
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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???



Chibisov, G. V. & Mukhanov, V. F., 1980. Lebedeyv Phys. Inst. Preprint No. 162.
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Galaxy formation and phonons

G. V. Chibisov and V. F. Mukhanov 7neoretical Department of

P. N. Lebedev Physical Institute, USSR Academy of Sciences, Leninsky Prospect,
53, Moscow 117934, USSR

Received 1981 November 25;in original form 1981 August 3



6.2 MODEL WITH A QUASI-VACUUM STAGE

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

¥ 1 a4 MmN 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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ANNALS OF PHYSICS 115, 78-106 (1978)

The Creation of the Universe as a Quantum Phenomenon
R. Brour, F. ENGLERT, AND E. GuNZIG

Faculié des Sciences, Université Libre de Bruxelles, Bruxelles, Belgium

Received July 7, 1977



JETP Lett, Vol. 33, No.10, 20 May 1981

Quantum fluctuations and a nonsingular Universe

V.F . Mukhanov and G.V. Chibisov
P. N. Leboedev Physics Institute, Academy of sciences of the USSR
(Submitted 26 February 1981; 15 Apnl 1981)

Pis'ma Zh. Eksp. Theor. Fiz. 33, No.10, 549-553 (20 May 1981)

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’f) ¢’] : (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)zSt‘M(l+§lnl—kl). (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)

1 7;1.:}. ;:_3;1, /-:7[
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3) Gaussian (MC 1981)

o= _+ f,, @, where f,, = Q1) (MC, 81)



4) have log spectrum (MC 1981)
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4) @ o In (M/A, ) & 1\ with ng= 0.96 (MC, 1981)




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.
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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)



from supernova, deuterium et.cet. we get

bar

with Q, , =1 (prediction) and H,, Q A
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Dark Energy Dark Energy

Before Planck After Planck



- =1%£0.005

—adiabatic pert.!!!, less than 1% from cosmic strings, entropy et.cet.
—gaussian: f,, =0.5%5.2

—n,=0.96 = 0.0040



CONCLUSIONS

—NONPERTURBATIVE GR is valid from 10" cm to 10*°cm

—We all originated from quantum fluctuations



BB - %2 PTE = 1.3x10™"
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M siiddeutsche.de als Startseite einrichten

kisse ihrdér Urknall-Theorie

Signale aus der Geburtsstunde des Universums: Mitte Mérz jubelte ANZEIGE

ein Forscherteam iiber eine bahnbrechende Messung von
Gravitationswellen. Moglicherweise haben die Physiker sich zu frith
gefreut.

Diskutieren ~Wer meint, die Welt erkldren zu kénnen, indem er am kleinen

n schraubt, bekommt es mit Viatcheslav Mukhanov zu tun.

"Vollkommener Unsinn', schimpft der an der Uni Miinchen

Drucken  aktive russische Physiker, "die Zeitschriften sind voll davon,
aber es bleibt trotzdem Unsinn!"

Versenden
Popmusik aus Bayern
und dem Alpenraum

amazonde

Ei
v Auch wer sonst nichts von seinem Vortrag kiirzlich am Max-Planck-Institut fiir
Astrophysik in ; bei Miinchen verstanden hat, eines diirfte jedem
5§ Zuhdrer klar geworden sein: Das kleine 7 in den Formeln iiber den Beginn des
Universums, auch "spektraler Index" genannt, sollte man in Ruhe lassen, wenn
Feedback man sich nicht mit Mukhanov anlegen méchte.

Das sind schlechte Nachrichten fiir all die Fachleute,

ekundenbruchte nact ) T 1: Vielleicht war der Jubel
verfriiht, das Ergebnis widerspricht anderen Messungen.

Spuren von Gravitationswellen, die vor 13,82 Milliarden Jahren entstanden sein
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