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Abstract 
Scaling of the transfer function of primordial perturba-

tions in the multicomponent Universe is found. New tests for 

detecting light weakly interacting particles and dark barions 

are proposed. 
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Both fundamental physics and astronomical observations evi-

dence the existence of non-barionic dark matter in the Universe. 

This may be in the form of non-relativistic weakly interacting 

particles (heavy cosmions) which~10-rj50 times the bar ion den-

sity of the Universe and, thus, add the total cosmic mass now-

days to about the critical value. There are also possible rela-

tivistic weakly interacting particles (light cosmions) which 

strongly influenced cosmological expansion in the past. Together 

with the ordinary matter (barions, photons) cosmions make the 

Universe multicomponent which crucially changes the density per-

turbation growth in the Early Universe. 

Two questions arise on this way: 

1 ) Which (and how) the parameters of the dark matter de-

termine in the first hand the development of the primordial per-

turbations in the dominating components 

2) Does any additional possibility appear in the density 

(and velocity) contrast distributions to be set initially for 

the non-dominating components, say for barions? 

These can be reformulated in more astrophysical terms: 

1 ) How many light particles are in the Universe? and 

2) How many barions are in cosmic voids and islands? 

Obviously, neither non-dominating cosmions no dark barions 

can be disclosed dynamically now. The answer requires the per-
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turDation considerations in the Early Universe when the in-

fluence of the relativistic particles and barions on the dyna-

mics was important. Then one can make some observational pre-

dictions about the large-scale structure properties of the 

Universe and of the relic microwave background. And the compa-

rison of these consequences of the past dynamics with the rea-

lity serves as a test of the parameters we are looking for. 

Further on we briefly present some new results concerning 

the above two questions. 

I· Idght particles and the large-scale structure of the 

U n i v e r s e -

We know already one test of the number of species of 

light particles in the Universe. It is the primordial nuclea-

syntesis f • Here we show that the supercluster scales, 

the fluctuations of the relic radiation and other large-scale 

structure parameters are also very sensitive to the presence oi 

relativistic particles in the Early Universe. 

Let us consider a simple 5-component model of the Early 

Universe: two callisionless components 

(ot ) light relativistic particles described by the 

Boltzman-Vlasov equation , and 

( J>) heavy 'dust' *^ particles which will maintain the 

contemporary critical density 

and 

C ̂ ) ideal fluid with the equation of state p - ε/3 

Here we neglect the pressure connected with barionic 

part of the non-relativistic component. 
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T h i s m o d e l i s f u l l y s p e c i f i e d by a s i n g l e p a r a m e t e r 

A (cc ) 
r: — m n cri" <~ s j \ ( 1 ) 

t h a t f i x e s t h e t o t a l number o f t h e l i g h t c o s m i o n s a s compared 

t o t h e t o t a l number o f a l l r e l a t i v i s t i c p a r t i c l e s . Hence t h e 

component e n e r g y d e n s i t i e s c a n be w r i g h t down a s 

( 2 ) 

w h e r e ^ - d - OL ; Ct = iTC j + "C) ^ s ^ e n o r m a l i z e d 

s c a l e f a c t o r and TL i s a s c a l e c o n s t a n t . Time p a r a m e t e r i s 

r e l a t e d t o t h e c o s m i c t i m e a s f o l l o w s : 

(3) 

I n o u r n o r m a l i z a t i o n t h e v a l u e s & = 1 / 4 and 0 . 2 

c o r r e s p o n d t o t h e moment o f e q u a l i t y o f t h e ' c o l d 1 and ' h o t ' 

component d e n s i t i e s C£^^-£^^= E^*) 5 a n d t h e u p - t o - d a t e 

v a l u e s a r e g i v e n a s 

0Lo = 1.05 ΛΟ^^Ιι , Έ0 = 1 . 0 2 Λ02Ιι<ΐγ » 1 ( 4 ) 

w h e r e A £ ( 0 , 5 ; 1 ) i s t h e H u b b l e p a r a m e t e r i n t h e u n i t s 

1 0 0 k m / s / M p c and Τ = 2 · 7 Κ i s t h e b a c k g r o u n d tempeiLa_ture . 

E . g . , f o r t h r e e s o r t s o f m a s s l e s s n e u t r i n o s ( o c ) and p h o t o n s 

) we h a v e 

cC = 0 . 4 0 5 , ^ = 0 . 5 9 5 , f c = 7 9 k ( 5 ) 

We u s e u n i t s C = t _ - < ? Î T G = -/ 
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F i n a l y , t h e m o d e l K, - c o n s t a n t i s c a l c u l a t e d 

Κ = 5 . 6 1 0 ^ A s ^4-5 t eq ( 6 ) 

The p e r t u r b a t i o n s w e r e a n a l y s e d i n g a u g e - i n v a r i a n t f o r m 

( f o r g e n e r a l f o r m a l i s m s e e r e f » 5)· H e r e we p r e s e n t them i n 

t h e c o m o v i n g w i t h t h e j*> - component s i n c h r o n o u s r e f e r e n c e 

s y s t e m 

w h e r e L η = fi} £}j +ByiJ ; U^'^O · The γ~ 

ci - p e r t u r b a t i o n s a r e d e s c r i b e d by t h e v e l o c i t y p o t e n t i a l 

έ 1? ( f> X ) (the n o n - z e r o 4 - v e l o c i t y c o m p o n e n t s : LL^ -Q-'&></2) 

and by t h e d i s t r i b u t i o n f u n c t i o n o f oC - p a r t i c l e s i n t h e 

p h a s e s p a c e w i t h t h e p a r t i c l e momenta = i ^ i J Γ~ Const* 

t h e i n t e g r a l s o f m o t i o n s ) . The e q u a t i o n s y s t e m f o r t h e F o u r r i -

e r - h a r r a o n i c s (~- e ) i s t h e f o l l o w i n g one 

F - L K p F + A ~ c y * ) 2 B - Ο 

n? + ^ (ΐϊ — & ) +• /? - ο 

β + α"2 C ^ U " - 2>Co^K~' j^fjH^M ) = ο 

where d o t d e n o t e s t h e d e r i v a t i v e o v e r tr - p a r a m e t e r and 

JA · = k " ^ w i t h ^ = I IT/ , ^ - / ^ / · H e r e a n d f u r t h e r 

on ^ T R R T ^ r t r ) , / ? = / ? t t r ) ^ B^&^fT) · T h e f u n c t i o n 

. F 1 - F ^ C ^ i s r e l a t e d t o t h e i n t e g r a l o f t h e d i s t r i b u t i o n 

f u n c t i o n o v e r t h e momentum m o d u l u s ^ . 

An i m p o r t a n t q u a n t i t y i s t h e d e n s i t y p e r t u r b a t i o n o f 

t h e ^ - component w h i c h can be d e r i v e d by t h e s o l u t i o n o f 

e q s . ( 8 ) : 
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^ ( ί1 ~ <Lxi<z2>-t'2(j-/))) aconit ( 9 a ) 

E q s . ( 8 , 9 ) h a v e t h e f i r s t i n t e g r a l f o r t h e t o t a l p e r t u r b a t i o n 

^ M ^ ^ ^ V ^ ^ d ^ - i Ä ) + C 9 b ) 

w h e r e 

P r i m o r d i a l c ο s m o l o g i c a l p e r t u r b a t i o n s , p r o d u c e d by any 

mechanizm n e a r t h e c o s m o l o g i c a l s i n g u l a r i t y , form t h e i n i t i a l 

c o n d i t i o n s e t f o r e q s . ( 8 ) · Be low we c o n s i d e r a d i a b a t i c ' g r o -

w i n g 1 mode n o r m a l i z e d a t 'cT—*• Ο : 

where t h e c o n d i t i o n i n b r a c k e t s i s n e e d e d f o r t h e e q u a t i o n 

t e r m s t o b e f o r m a l l y d e f i n e d a t £ ~ = 0 · T h u s , t o f i n d t h e 

p e r t u r b a t i o n a m p l i t u d e a t any moment o f t i m e , one s h o u l d t a k e 

j u s t t h e s o l u t i o n o f e q s . ( 8 ) , ( 1 0 ) t i m e s t h e f u n d a m e n t a l p r i -

m o r d i a l s p e c t r u m £ ( κ ) , t h e l a t t e r b e i n g d e f i n e d a t f - ^ o 

F o r t h e f l a t s p e c t r u m Si 6 f ) - ,S*H c o n s t ( ^ 1 0 " " ^ ) · 

I t i s c o n v e n i e n t t o e x p r e s s t h e r e s u l t i n t e r m s o f t h e 

t r a n s f e r f u n c t i o n d(Xs) w h i c h d e s c r i b e s t h e s o l u t i o n a t 

l a r g e Ί ( j u s t b e f o r e t h e n o n l i n e a r p e r t u r b a t i o n d y n a -

m i c s d e v e l o p ) : 

( 1 2 ) 

à 

do) 

^O. / } -fO ^ ) I'D e ) 
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where Ο = C Ck) and fy

K = C / ^ ) a r e ^ e S a u S e ~ i n v a r i a n , k 

f u n c t i o n a l s o f t h e e v o l u t i o n h i s t o r y . So t h e t r a n s f e r f u n c t i o n 

α,(ί^) i s ^ i n d e e d , t h e r a t i o o f t h e two s p e c t r a - i n i t i a l s p e c t -

rum f o r t h e n o n l i n e a r s i m u l a t i o n s a t s m a l l r e d s h i f t s and t h e 

p r i m o r d i a l p e r t u r b a t i o n s p e c t r u m a t t h e e x p a n s i o n b e g i n n i n g : 

flK c e - » / ; a. 
/ Û / - ^ / i l . , . 

(13) 

The f u n c t i o n dCk) was a n a l y t i c a l l y and n u m e r i c a l l y c a l -

c u l a t e d f o r d i f f e r e n t p a r a m e t e r s ot ( s e e f i g . 1) and t h e 

r e s u l t t u r n e d o u t r a t h e r p u z z l i n g . B e f o r e we p r e s e n t i t , 

l e t ' s c o n s i d e r an a s y m p t o t i c b e h a v i o u r o f CCk) a t l a r g e 

k » 100 i n two l i m i t c a s e s f o r t h e oi - p a r a m e t e r : 

420 J *aiO</32) } f o r o( = 0 

K z ' \ , f o r o< =1 6 ) 

For v e r y s m a l l s c a l e s (ft-*-<><?) t h e d i f f e r e n c e i s s e e n t o 

r e a c h ~ 30 %, b u t t h e p h y s i c a l l y i n t e r e s t i n g a r e t h e l a r g e r 

s c a l e s (K<500, X> 1 Mpc ) s e e e q . ( 1 6 ) ) . 

Now we c a n f o r m u l a t e t h e main r e s u l t : C(i<) i s p r a c t i -

c a l l y i n d e p e n d e n t o f oC f o r Κ < 500. The l i m i t c u r v e s ( f o r 

= 0 and c< = 1) a r e m a x i m a l l y d e v i a t e d a t ~ - 10 where 

c o n v e r g e w i t h g r o w i n g 
t h e d i s c r e p a n c y c o n s i s t s i n a b o u t 8 %, t h e n they \ !and o v e r l a p 

a t Κ^ 100; f u r t h e r on t h e y d i v e r g e ^ r e a c h i n g a g a i n d e s c r e p a n c y 

• v 8 % a t K ~ 500^ and p r o c e e d a c c o r d i n g t o e q . ( 1 4 ) . A l l t h e 

o t h e r c u r v e s C(k) w i t h t h e i n t e r m e d i a t e v a l u e s o f o( ('o<oC<-1^ 

a r e p l a c e d i n b e t w e e n t h e two l i m i t s c o n s i d e r e d . 

Such a weak d e p e n d e n c e o f C(k) on .χ i n no way means 
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Transfer functions C(k) for oC = 0 (upper curve) and 

oc * 1 (bottom curve). 

84 
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t h a t t h e l i g h t c o s m i o n s do n o t i m p a c t t h e s t r u c t u r e f o r m a t i o n 

p r o c e s s . T h i s e f f e c t i s c o n n e c t e d w i t h t h e l u c k y c h o i c e o f t h e 

n o r m a l i z a t i o n o f t h e Κ - p a r a m e t e r . I n t h e p h y s i c a l s p a c e a l l 

t h e s t r u c t u r a l s c a l e s c r u c i a l l y d e p e n d on t h e oC - p a r a m e t e r . 

S o , we c a n r e f o r m u l a t e o u r r e s u l t a s a d i s c o v e r y o f t h e 

s c a l i n g o f t h e t r a n s f e r f u n c t i o n . The f u n c t i o n s h a p e i s p r a c -

t i c a l l y i n v a r i a n t w h i l e i t u n i f o r m l y s t r e t c h e s o r s h r i n k s a s a 

w h o l e when t h e r e l a t i v i s t i c w e a k - i n t e r a c t i n g p a r t i c l e d e n s i t y 

i n c r e a s e o r d e s c r e a s e , r e s p e c t i v e l y . 

I n d e e d , l e t us f i n d a c h a r a c t e r i s t i c s c a l e o f t h e t r a n s -

f e r f u n c t i o n when t h e s p e c t r u m s h a p e c h a n g e s . A s i t i s s e e n 

f r o m t h e f i g u r e ^ w i t h a g o o d a c c u r a c y we can p u t i t a s K = K ^ ^ 

w h e r e ^ (15) 

T h e n , t h e p h y s i c a l s c a l e i s e a s i l y r e l a t e d t o t h e Κ - p a r a m e -

t e r : 

w h e r e % - 21ίαΚ/κ i s t h e p e r t u r b a t i o n w a v e - l e n g t h i n Mpc. 

S o , t h e s c a l e o f t h e s p e c t r u n u j c u t i n l a r g e w a v e l e n g t h s 

g r o w s when t h e r e l a t i v i s t i c p a r t i c l e s ( a t t h e e a r l y e p o c h 

n e a r t.^ ) i n c r e a s e i n n u m b e r . And i t g o e s up t o i n f i n i t y 

( o o j w i t h c^C-^i · A t t h e same t i m e C(K=. i€>Xec^X) 
a s a f u n c t i o n o f ^ , i s i n f a c t i n s e n s i t i v e t o t h e oC - p a r a -

m e t e r i n t h e r e g i o n /< < 500. 

L e t us now t u r n t o t h e b a c k g r o u n d t e m p e r a t u r e f l u c t u a t i o n s 

δ Τ / Τ ( Θ ) due t o t h e S a c h s - W o l f e e f f e c t a s t o be d e p e n d e n t 

on t h e l i g h t c o s m i o n s 1 a m o u n t . F i r s t , a q u a l i t a t i v e l o o k . I f 

one makes a s t a n d a r d n o r m a l i z a t i o n o f t h e p r i m o r d i a l s p e c t r u m 
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and a s s u m p t i o n t h a t g a l a x i e s t r a c e t h e mass d i s t r i b u t i o n . S i m i -

l a r e s t i m a t e s o f oC a r e c a l c u l a t i n g when d i f f e r e n t ΔΤ/Τ 

o b s e r v a t i o n a l d a t a a r e t a k e n i n t o a c c o u n t . 

N o t e i n c o n c l u s i o n , t h a t t h i s t e s t o f l i g h t c o s m i o n s r e -

s u l t i n g i n t h e oC - d e t e c t i o n g i v e s us t h e i n f o r m a t i o n n o t o n l y 

a b o u t t h e numher o f t h e f a m i l i e s o f r e l a t i v i s t i c p a r t i c l e s 

w h i c h i n i t i a l l y w e r e i n t h e t h e r m a l e q u i l i b r i u m , b u t i t a l s o 

c o u n t s g r a v i t o n s and o t h e r n o n e q u i l i b r i u m weak i n t e r a c t i n g 

m a s s l e s s p a r t i c l e s p e c i e s whose r e v e a l i n g by any o t h e r means 

seem i m p r o b a b l e n o w . 

t h e G a u s s i a n a n t e n n a beamwidth w i t h 

(20 ) 

A t l L o r o u g h a n a l y s i s s h o w s t h a t t h e c o s m i c m i c r o w a v e b a c k -

g r o u n d a n i s o t r o p i e s a r e a v e r y s e n s i t i v e t o o l f o r m e a s u r i n g 

t h e od - c o e f f i c i e n t . F o r i n s t a n c e , w i t h t h e q u a d r u p o l e u p p e r 

we g e t a r e a s o n a b l e upper bound 

f o r oC - p a r a m e t e r w i t h i n t h e f r a m e w o r k o f t h e m o d e l m e n t i o n e d 

a b o v e : 

w h i c h i m p l y t h a t t h e c o s m i c b a c k g r o u n d f l u c t u a t i o n s grow w i t h 

g r o w i n g : 

(19) 

w i t h t h e h e l p o f t h e d e n s i t y c o r r e l a t i o n f u n c t i o n now ( s e e e q . 

t h e n we i n f e r 

(17) 

w i t h 

s i m p l e r e l a t i o n s ( c f . eq 

(18) 
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I I . B a r i o n d e f i c i t s and e n h a n c e m e n t s i n s p a c e 

A m o n g s t d i f f e r e n t s c h e m e s f o r b i a s e d g a l a x y f o r m a t i o n 

p r o p o s e d r e c e n t l y t h e r e a r e f e w t h a t s p e c u l a t e on t h e i d e a 

o f l a r g e s p e c i a l p e r t u r b a t i o n s i n t h e b a r i o n c o m p o n e n t : f r o m 

h y p o t h e s i s a b o u t t h e d e f i c i t o f b a r i o n s i n l a r g e c o s m i c v o i d s 

e m b r a c i n g s c a l e s ~ 3 0 r 5 0 Mpc ( c o s m i c b u b b l e s ) ^ , and up t o 

t h e a s s u m p t i o n t h a n a l l t h e v i s i b l e m a t t e r i n t h e U n i v e r s e was 

b o r n i n a b a r i o n i c i s l a n d e x t a n d i n g f r o m h e r e t o t h e r e d s h i f t s 

"2? ~ 4 and b a r i o n d e n s i t y v a n i s h e s b e y o n d t h e c o s m i c i s l a n d 

( 2 > 4 ) . 

T h e s e a n d s i m i l a r s u g g e s t i o n s o r i g i n a t e f r o m a more g e n e -

r a l a s s e r t i o n t h a t n o n d o m i n a t i n g mediums do n o t m a n i f e s t t h e m -

s e l v e s d y n a m i c a l l y now. I t means t h a t e v e n i f t h e y w e r e h i g h -

l y p e r t u r b e d now ( b u t t h e d o m i n a t i n g d a r k m a t t e r r e m a i n s h o -

m o g e n e o u s ) t h e y w o u l d n o t c o n t r i b u t e t o t h e g r a v i t a t i o n a l p o -

t e n t i a l , i . e . t o t h e ' g r o w i n g 1 a d i a b a t i c mode o f p e r t u r b a t i o n s . 

H o w e v e r , t h e w o r k s m e n t i o n e d a b o v e m i s s one p o i n t : s i n c e 

t h e s e l a r g e p e r t u r b a t i o n s w e r e c r e a t e d v e r y e a r l y ( e . g . , . b a r i -

o n s were p r o d u c e d a t GUT 1 s t i m e s , t ~~ ΛθΓ^ s ) , t h e y d i d 

i n f l u e n c e t h e e x p a n s i o n d y n a m i c s d u r i n g t h e e q u a l i t y e p o c h 

*t ~ ί ^ / ^ l O ^ ^ r s a n d , a s a r e s u l t , t h e y i n d u c e d t h e f g r o -

w i n g 1 a d i a b a t i c mode w i t h a h i g h a m p l i t u d e w h i c h , i n t u r n , 

c a u s e d l a t e r l a r g e b a c k g r o u n d δ Ύ / Τ - f l u c t u a t i o n s due t o 

t h e S a c h s - W o l f e e f f e c t a n d , a s a c o n s e q u e n c e , - c o n t r a d i c t i o n s 

w i t h t h e o b s e r v a t i o n s ' . 

In p r i n c i p l e , a s p e c i a l geometry ( e . g . , high degree s p h e r i c a l 
symmetry of the cosmic v o i d or i s l a n d , a c e r t a i n p o s i t i o n of the 
observer e . t . c . ) could concea l these temperature f l u c t u a t i o n s from 
the o b s e r v e r , but here we cons ider a r b i t r a r y d e n s i t y c o n f i g u r a t i o n s 
( f o r d i s c u s s i o n see r é f . H ) ) . 
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* ) This s i m p l i f i c a t i o n a l l o w s one to g e n e r a l i z e the problem : 

i n s t e a d of 1 b a r i o n s ' one may cons ider any heavy p a r t i c l e s , e . g . 

the CDM-part ic les which i n v e r s e the problem. (Note that+JZß 

takes any v a l u e s from zero up to u n i t y , see ( 2 1 ) ) . 

I n o t h e r w o r d s one can s a y t h a t t h e l a r g e p e r t u r b a t i o n s i n 

n o n - d o m i n a t i n g c o m p o n e n t s c a n n o t b e i s o c u r v a t u r e now; t h e y w e r e 

p u r e l y i s o c u r v a t u r e ( 3 i s o t h e r m a l ) a t t h e v e r y b e g i n n i n g when 

r e l a t i v i s t i c p a r t i c l e s p r e d o m i n a t e d , b u t now t h e y a r e a c c o m p a -

n i e d by t h e g r a v i t a t i o n a l a d i a b a t i c p e r t u r b a t i o n s o f a p p r o x i m a -

t e l y t h e same a m p l i t u d e . 

B e l o w , we b r i e f l y o u t l i n e t h e p r o o f . 

L e t us c o n s i d e r an e a r l y m u l t i c o m p o n e n t U n i v e r s e c o n s i s -

t i n g o f t h e r e l a t i v i s t i c ("ε) c o m p o n e n t s ( w h i c h i n c l u d e (u) 

a n d p a r t i c l e s , s e e S e c t . 1^ and o f t h e n o n - r e l a t i v i s t i c 

• d u s t 1 |3 - p a r t i c l e s . The l a t t e r i n c l u d e ' c o l d d a r k m a t t e r ' 

(CDM) and ' b a r i o n s 1 (ê) whose p o r t i o n i s f i x e d by t h e 

p a r a m e t e r 

where τζ £^ + £g · F o r s i m p l i c i t y , we n e g l e c t t h e 

b a r i o n i c p r e s s u r e and t h e r e f o r e b a r i o n s and c o l d p a r t i c l e s move 

t o g e t h e r · T h u s ^ SLÇ i s t h e i n t e g r a l o f m o t i o n , i . e . i t 

d e p e n d s o n l y on s p a c e c o o r d i n a t e s i n t h e s y n c h r o n o u s c o m o v i n g 

f r a m e . 

Now, we c o n s i d e r e a r l y e v o l u t i o n , when t h e c o s m o l o g i c a l 

h o r i z o n was much l e s s t h a n a c h a r a c t e r i s t i c s c a l e o f v a r i a t i o n 

o f t h e —Q.£ f u n c t i o n : 

t « l ^ i J l g / v - S l g i C 2 2 ) 

L e t a l l t h e c o m p o n e n t s be i n i t i a l l y a t r e s t ( • £ - * · 0 ) . Then 
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under condition (22) the metric is locally isotropic 

d S z = d t z - (CLUfcdx^oL^+d ^ } (23) 

where O L Ξ OL(±yT) t & = CONST ^ T^Q ^ i a n<* the 

only non-trivial equations are 

ε "5 s ? ' ^ " R2a3 ' (24) 

where £<v; = ~ space functions fixed by initial 

conditions. The solution for the scale factor is the following 

(cf. eq. ( 3)) 

CL = c < i r c 4 + CT) , ( 2 5 ) 

Let now set the barion excess to be produced extremely 

perturbed initially while the CDM and the dominating com-

ponent were spacially homogeneous (for physical mechanisms see 

ref. This means the following choice of ( 2 ^ - functions 

(see ( 21 ) ) : 

j _ 

4 - S i s 

So that the equality time ( S = Ε ( ^ ) 

QRfunction and AL - p a r a m e t e r a r e g a u g e - i n v a r i a n t s i n c e 

t h e r e f e r e n c e s y s t e m (23) i s f i x e d u n a m b i g u o u s l y by t h e c o n d i -

t i o n ΊΐΨ-0 

(26) 

(27) 
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w h i c h > i n f a c t , i s a sum o f two p e r t u r b a t i o n modes» T h e upper 

l i n e o f e q . (29) p r e s e n t s t h e f i r s t e x p a n s i o n t e r m ( o v e r t h e 

p a r a m e t e r Ί , s e e (22)) o f t h e ' g r o w i n g * a d i a b a -

t i c mode ( sr t h e q u a s i i s o t r o p i c s o l u t i o n ) · The s e c o n d 

l i n e i n (29) d e s c r i b e s t h e i s o c u r v a t u r e p e r t u r b a t i o n s i n t h e 

b a r i o n s a n d i n t h e n o n - d o m i n a t i n g <Z - c o m p o n e n t . 

E q s . ( 2 8 ) , (29) d i s p l a y an i m p o r t a n t c o n c l u s i o n : G r a v i t a -

t i o n a l f i e l d p e r t u r b a t i o n s ( H s c a l e f a c t o r p e r t u r b a t i o n s h e -

r e ) , b e i n g i n i t i a l l y v a n i s h e d , a r i s e a t t h e n o n - r e l a t i v i s t i c 

F o r f u r t h e r e s t i m a t e s we s h a l l s u b s t i t u t e 

f o r t h e b a r i o n c o n t r a s t on s c a l e s ^ t ( s e e ( 2 2 ) ) 

A t ίΓ < r < 2 " . ^ when r e l a t i v i s t i c p a r t i c l e s p r e d o m i n a t e , we 

h a v e 0 

cl = • c z t / R ) y £ -

yf-Slg 

i n a c c o r d a n c e w i t h t h e i n i t i a l c o n d i t i o n s . A t 'ΖΤ'» ί Γ e q s . 

Ts 
( 2 4 ) , ( 2 5 ) y i e l d 

(29) 

m a t t e r d o m i n a t i n g e r a 

T h e s e l a r g e p e r t u r b a t i o n s o f m e t r i c b r i n g a b o u t c o s m i c m i c r o w a -

v e b a c k g r o u n d f l u c t u a t i o n s a t a n g u l a r s c a -

w h i c h d e p e n d on t h e v a l u e o f t h e v a r i a t i o n l e s 

s c a l e o f b a r i o n d e n s i t y c o n t r a c t (L ( s e e (22))· 
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r 

to the oC - parameter. 

We found how large scale temperature fluctuations of the 

relic radiation grow with light particle number growing^which 

allows for an upper estimate ^ 0.8. It is marginally satis-

fied for four flavours of particles like neutrino. This is a 

test of the total number of particles which were relativistic 

at the equality epoch, χ.~Λ0' yrs (including gravitons and 

other non-equilibrium species). 

We analysed observational consequences of a possible ba-

rions* deficit in large cosmic voids and of a possible existence 

of even larger barions* islands, and obtained that it would 

contradict the upper Z i T / T limits in scales ί9·^10 0-90 0

 # 

Mpc (see eq. (16)) while the scale is very sensitive 

Conclusions 

We claim to find scaling of the transfer function 

ιοί adiabatic perturbations in the multicomponent 

Universe. Up to an accuracy of 8 % (see ref· 6; to be indepen-

dent of · the relative number of massless weakly interac-

ting particles, for the wavelengths 
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