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APM galaxy catalog
(2 million galaxies,  1/10 of  the  Sky)
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the model
no theory of 

origin of matter 

no model 
theory of origin of 
initial conditions
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SS--modemode ((density perturbationsdensity perturbations))
TT--modemode (gravitational waves)(gravitational waves)
VV--modemode (vortex perturbations)(vortex perturbations)
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 h = 0.65h = 0.65 ¸̧̧̧̧̧̧̧ 0.70.7

�� #�����!�$#�#�����!�$#� T = 2.725  KT = 2.725  K

�� %����	��	�%����	��	� ��	����	�� WWWWWWWW = 1 = 1 
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S+T+VS+T+V



Tegmark, Zaldarriaga 2002

only Sonly S



All values  (All values  (All values  (All values  (T+V)/S > 0.2> 0.2> 0.2> 0.2 are are are are 
excluded as in this case amplitude excluded as in this case amplitude excluded as in this case amplitude excluded as in this case amplitude 
of Sof Sof Sof S----mode is insufficient for the mode is insufficient for the mode is insufficient for the mode is insufficient for the 

formation of the structure formation of the structure formation of the structure formation of the structure 

T++++ S+V==== (10(10(10(10----5555) ) ) ) 2  2  2  2  ��� � fixed by CM B fixed by CM B fixed by CM B fixed by CM B 
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quantum gravitational creation of quantum gravitational creation of masslessmassless
fields under the action of a nonfields under the action of a non--stationary stationary 
gravitational potentialgravitational potential (external coupling) (external coupling) 

�� Creation of matterCreation of matter ((particlesparticles, , GribGrib, , StarobinskyStarobinsky……19701970ss))

�� Generation of Generation of �� --modemode ((gravitational wavesgravitational waves, , GrishchukGrishchuk 19741974))

�� Generation ofGeneration of SS--modemode ((density perturbationsdensity perturbations, , V.N.L.V.N.L. 19801980 ) ) 
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Tq - transverse-traceless component   
of gravitational field

Sq - gauge-invariant superposition of 
longitudinal gravitational potential 
and the velocity potential of matter 
multiplied by the Hubble parameter

182 == bpa       ,  G/a2
T

c/c,G4/ s
222
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equation of state in 
perturbation sector

Sufficient conditions 
to resolve S-mode

edbd
dd

cc

c

p   0,E
 vXXX

2==
-= �

b
a

b
a

b
a de puu)p(T -+=

!
������
�����	���	���




 �
�

������
��
	���������������

Scalar field jjj j is just potential 
of the 4-velocity of the matter
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Rotationless ideal fluid = field theory
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two polarizations of gravitational waves
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Uniqueness of ground state in Uniqueness of ground state in 
FriedmannFriedmann geometry geometry (V.N.L.2006)(V.N.L.2006)
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Two ways to realize conditionTwo ways to realize condition U>0:U>0:

:2££££gggg scattering problem (g=2 � RD)

(T~k2  - blue spectra , Kompaneets, V.N.L. 1981)
*

* ������'����		 )1(0)H( <<<<gggg>>>>====···· �� inflation

(T~H2 - red spectra , Starobinski 1979)

1
S
T

5.02nT <<<<====gggg====---- - Inflation test!
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�� T/S T/S –– a clue to very early Universea clue to very early Universe

�� T/S < 0.2T/S < 0.2

�� PowerPower --law inflation: law inflation: 
only massive field (only massive field ( mm22jjj jjjj j 22 ) remains) remains

�� nnSS>1 >1 -- LLLLLLLL --inflationinflation
nnSS<1<1 -- ««chaoticchaotic » » oror ««newnew »» oror ……
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Only hypothesesOnly hypotheses , , no theoryno theory
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1010--2121 eVeV

1010--55 eVeV

10  10  keVkeV

1  1  GeVGeV

100  100  GeVGeV
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•• Initial small scale perturbations Initial small scale perturbations 
prevent cusp formation in DM halosprevent cusp formation in DM halos

101066 MM��� ���� � < M < 10< M < 1012 12 MM��� ���� �

// GG** �
���
�� : underestimation of initial : underestimation of initial 
conditions, results depend on program  conditions, results depend on program  
((Moore, NFWMoore, NFW, �, � lypinlypin ) ) 

&��

�&��

� ((talk of talk of E.MikheevaE.Mikheeva herehere ):):
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Gain in the annihilation signal ~ 10

Probability for Earth to be in minihalo ~ 10%

Excess of DM particles in minihalo ~ 10

BerezinskyBerezinsky et at 2004, et at 2004, DiemandDiemand et al 2005et al 2005
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example: example: massive gravitonsmassive gravitons ((gravitational creation gravitational creation 
in early Universein early Universe ,, monochromatic signal for LISAmonochromatic signal for LISA ))
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allowed massesallowed masses conversionconversion �� xionxion --photon    photon    
--�� xionxion in magnetic fieldin magnetic field
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Constraints onConstraints on ���	�
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DM is not dark because of oscillations to DM is not dark because of oscillations to 
ordinary neutrino and matter interactionordinary neutrino and matter interaction

remaining region forremaining region for 1010--keVkeV neutrinosneutrinos




���	�������
���	�������
���	�������
���	�������
���	�������
���	�������
���	�������
���	������� ��	���
����	���
����	���
����	���
����	���
����	���
����	���
����	���
�� C�-1C�-1 -M-M ��4��4
++�
	���	��
�	���
�	��
����������	
��������
���
	���	��
�	���
�	��
����������	
��������
�� ..

<
������
�'�	���
�

���
���"%!#�����
�����
�<
������
�'�	���
�

���
���"%!#�����
�����
�



S��&����
��	����
���,-1S��&����
��	����
���,-1 TT�� ��� ���� � 	�� �C�21�	�� �C�21�

S��!

�����
�S��!

�����
� "" 225���5��� UUC-1C-1 MM �� ��� ���� � 55 ��	
��
����	
��
��
�

�	��
��

�	��
� 	�	�  C-1�� C-1�� ++VV�
�
 CWCW××××××××-1-1 ** QQ VV ��� ���� � ..

��
�����	
���
�	�����	����
���

S��S�� �#$��#$� �

��

� �$"��$"� ++ >-1 >-1 .. �� (@�9&������(@�9&������
+W1H��#$+W1H��#$ 	�	�  >W. >W.

9�
����	�	����





X(������	�	����������
�'�X(������	�	����������
�'�
S�K�X(��	�S�K�X(��	�  >T�+�������� >T�+�������� C�W1.C�W1.
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ConclusionsConclusions

�� Independent determination Independent determination 
of late and early Universeof late and early Universe

�� Stable predictionStable prediction ::

nnSS @@@@@@@@1,     1,     WWWWWWWWkkkkkkkk @@@@@@@@0,     0,     WWWWWWWWLLLLLLLL @@@@@@@@0.70.7

�� SCM:   SCM:   ffbb ~ 17%,  ~ 17%,  WWWWWWWWm m ~ 0.3,  h~ 0.7~ 0.3,  h~ 0.7
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The situation reminds the previous The situation reminds the previous 
discoveries:discoveries: quarksquarks , , WW--bosonsbosons , , neutrino neutrino 
oscillationsoscillations , , CMB anisotropy & polarizationCMB anisotropy & polarization
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Observational constraints Observational constraints 
on inflationary modelson inflationary models

Observational constraints Observational constraints 
on on jj --field potential energyfield potential energy
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example - power law inflationpower law inflation - all p>1 forbidden !
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ForForForFor p=1p=1p=1p=1 ((((massive fieldmassive fieldmassive fieldmassive field) ) ) ) the amplitude of  the amplitude of  the amplitude of  the amplitude of  
TTTT----mode is just 5 times as much less than mode is just 5 times as much less than mode is just 5 times as much less than mode is just 5 times as much less than 
the amplitude of Sthe amplitude of Sthe amplitude of Sthe amplitude of S----modemodemodemode (((( 0.040.040.040.041/2 1/2 1/2 1/2 = 0.2= 0.2= 0.2= 0.2 ))))



...... unconfirmed resultsunconfirmed results



60 Mpc/h



Cusps in DM halos
(simulations)

Diemand et al. 2004

r ~r-g

gÎgÎgÎgÎ (1, 3/2)


