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Fluctuations in the Universe 

• Our Universe is isotropic and 
homogeneous, but tiny perturbations exist. 
Fluctuations are divided into three types: 
scalar perturbations (density 
perturbations), vector perturbations 
(rotational perturbations), and tensorial 
perturbations (cosmological gravitational 
waves)  (Д.С.Горбунов, В.А.Рубаков,  
Введение в теорию ранней Вселенной. 
М.:КРАСАНД, 2010) 



Spectrum of primordial 

fluctuations 
• Zeldovich Ya. in 1972 put forward a 

hypothesis about the initial state of our 
Universe and its perturbation from very 
general assumptions. 



Harrison-Zeldovich spectrum 

• The paper MNRAS (1972), v.160, 1P 

Ya.B.Zeldovich predict a spectrum of 

fluctuation in our Universe which is called 

now Harrison-Zeldovich spectrum. 20 

years later this magic prediction was 

confirmed by the observation of anisotropy 

of the CMBR. Hope that this spring it was 

also confirmed by the polarization 

observation of the CMBR. 



Cosmological Gravitational Waves 

• Grishchuk, L. 1974 – parametric 

mechanism of graviton creation 

• Starobinsky, A. 1979 – graviton creation in 

the early Universe with f(R) gravitation 

• Rubakov, V.; Sazhin, M.; Veryaskin A. 

1982 – Graviton creation in the early 

Universe and Grand Unification Scale, 

Phys.Lett., 115B, 189 (1982) 
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Equation that describes the anisotropy of the CMBR 

r

rjiij e
c

v
ee

xth

T
T



















 












4
1),(

2
1 )()(

)1(

12

1

),(
),(

0

2

,













ll

c
c

a
l

c

Ya
T

T

l

l

lm
lml

lm
ml

lm 


-  HZ-spectrum 



10 

 The last observational fact 

amoung the main is anisotropy 

of the CMBR.  

 

     The anisotropy was discovered 

in 1992.  

 Two groups announced the 

observation of the anisotropy 

signal. The first was the Relic 

group and the second was  

COBE. 
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Polarization of the CMBR 

Stocks parameters: 

 1221

2112

IIiV

IIU

IIQ

III

rl

rl


















ml

lmlm

ml

lmlm

YaiUQ

YaI

,

22

,

),(

),(





 

 22

22

2

2

1









lmlm
B

lm

lmlm
E

lm

aa
i

a

aaa

l


r




Polarization of the CMBR 
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WMAP 
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WMAP 
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WMAP 
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Angular measure 

Power spectrum of CMB anisotropy 

WMAP 

all data 
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WMAP 

Reonization 

                        Multipol mumber     

Correlation of the temperature  

and polarization E-mode 
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Anisotropy and Polarization 



• Therefore one may resolve this equations and 
obtains          

 

                          and       

 

 

• Sazhin, M. 1984; Sazhin, M., Benitez, N. 1995; 

• Sazhin, M., Toporensky, A., 1995,1996; 

• Sazhin, M., Shulga, V., 1996. 

Anisotropy and Polarization 

Sh GWh



Multipole expansion of Polarization 
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Sazhin, M., Shulga, V., 1996. 
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Seljiak , U.,  1997;  Scalar perturbations do 

not produce B mode of polarization 



BICEP Experiment 



Gravitational waves from inflation generate a faint twisting pattern in the 

polarization of the cosmic microwave background, known as  B-mode 

pattern. For the density fluctuations that generate most of the polarization of 

the CMB, this part of the primordial pattern is exactly zero.  

Here is the actual B-mode pattern observed with the BICEP2 telescope, 

which is consistent with the pattern predicted for primordial gravitational 

waves.  



















Thank you  

very much  

for attention! 


