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A s t a t i s t i c a l  ana l ys i s  i s  made o f  the  random geometry o f  an e a r l  

m e t r i c  mat ter- ant imat ter  un iverse model. Such a model i s  shown 

termine the t o t a l  number o f  the l a rges t  agglomerations i n  the  uni  

as w e l l  as o f  some spec ia l  con f i gu ra t i ons .  Const ra in ts  on the  t i  

velopment o f  the  protoaggloromerat ions a re  a l s o  obtained.  

y sim-

t o  de-

verse, 

me de-

E f e i t a  uma aná l i se  e s t a t í s t i c a  da geometria a l e a t ó r i a  de um modelo de 

un iverso p r imord ia l  com s i m e t r i a  matér ia- ant imatér ia.  Mostra-se que um 

t a l  modelo f i x a  o número t o t a l  das maiores aglomerações do universo,  as- 

sim como o de algumas aglomerações especia is.  Obtêm-se também restr ições 

no desenvolvimento temporal das proto-aglomerações. 

1. INTRODUCTION 

I n the  e a r l y  stages o f  a mat ter- ant imat ter  symmetric standard universe,  

space i s  occupied by an emulsion composed o f  randomly shaped regions,  

each o f  them w i t h  a p o s i t i v e  (matter)  o r  negat ive (an t i - ma t te r )  baryon 

number. A n n i h i l a t i o n  takes p lace i n  the  contac t  layers,  which are  t h i n  

enough, as compared t o  the  dimensions o f  the  regions,  t o  be taken sim- 

p l y  as surfaces f o r  most purposes. 
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This  q u a l i t a t i v e  d e s c r i p t i o n  i s  supposed t o  be v a l i d  up t o  the recombi- 

t i o n  time, when the re  i s  a d i s r u p t i o n  of t he  system and the  general ex- 

pansion takes the regions apar t  t o  c o n s t i t u t e  the l a rges t  inhomogenei- 

t i e s  i n  the universe.  Hlthough i t  a r i ses  as a r e s u l t  o f  c a l c u l a t i o n s i n  

Omnès model', which proposes de ta i  l ed  mechanisms f o r  the  o r i g i n  and the  

growth o f  the  regions, t h i s  p i c t u r e  i s  general enough as t o  be p r a c t i -  

c a l l y  unavoidable i n  any symmetric model. A change i n  i t  would lead t o  

unacceptable consequences, gene ra l l y  a too  small o r  t oo  la rge a n n i h i l a -  

t i o n  ra te .  I n  Omnès model, the  word "emulsionl' i s  j u s t i f i e d  because(1) 

the  w id th  o f  the  contac t  l aye r  i s  shown2 t o  be small so t h a t  i t  can be 

considered as an i n te r face ;  and (2) t he  pressure gap between the  two 

s ides a t  a p o i n t  i n  t he  i n t e r f a c e  i s  shown3 t o  obey the  same Laplace - 
-Ke lv in  equat ion as i n  ord inary  emulsions. The growth o f  t he  average d i -  

mensions o f  t he  regions i s  no t  assured by the  usual argument ( m i  n i m i  - 
z a t i o n  o f  the surface free-energy) o f  e q u i l i b r i u m  thermodynamics becau- 

se temperature grad ients  a re  present and the  problem has t o  be handled 

i n  a more soph is t ica ted way. The maintenance o f  a t h i n  contac t  l aye r  

i s  essen t i a l  because otherwise the re  would be too  much a n n i h i l a t i o n  and 

no matter  would surv ive .  I n te rpene t ra t i on  o f  matter  and an t ima t te r  re-  

gions woujd be Fatal  t o  any symmetric m d e l .  On the  o ther  hand, a com- 

p l e t e  separat ion would cause much more matter  t o  su rv i ve  than i s  found 

i n  t he  un iverse today. 

I n  t h i s  paper, we s h a l l  ignore any d e t a i l s  about mechanisms for  t h e b i r t h  

and the  development o f  the regions, and o n l y  keep the  geometrical p i c -  

t u r e  o f  a primeval emulsion, t r y i n g  t o  ob ta in  some general resu l ts  which 

should ho ld  f o r  a very general c lass  o f  symmetric models. For want o f  

b e t t e r ,  we s h a l l  use words 1 i ke "emul sion" and "mazel', however inaccu- 

r a t e  they may be i n  t he  case. 

We present a s t a t i s t i c a l  t reatment i n  p r i n c i p l e  v a l i d  f o r  any c o n t i -  

nuous random maze and apply i t t o  the  primeval emulsion. ,An important 

q u a l i t a t i v e  aspect i s  t h a t  a symmetric model w i l l  always, besides even- 

t u a l l y  desc r i b ing  the o r i g i n  and evo lu t i on  o f  the  inhomogeneities, f i x  

t h e i r  number. I t  w i l l  be shown t h a t  good numbers a re  o b t a i n a b l e  f o r  

c l u s t e r s  o r  galaxies,  a l though the  t reatment by i t s e i f  i s  no t  ab le  t o  

decide which o f  them the  regions w i i l  o r i g i n a t e .  Only t he  knowledge o f  



t h e i r  dimensions a t  recombination t ime would a l l o w  t o  en l i gh ten  t h i s  

po in t .  

Some general c h a r a c t e r i s t i c s  o f  random mazes are  worth r e c a l l i n g  here. 

Such systems appear i n  a l l  branches o f  science4 and have been the  ob jec t  

o f  a l a rge  amount o f  a t t e n t i o n  s ince the p ioneer ing  work o f  Broadbent 

and ~ a m m e r s l e ~ ~ .  A1 though most o f  the  resu l  t s  concern l a t t i c e  models 6, 

some o f  them are  be l ieved t o  be v a l i d  f o r  general systems, even the 

continuous ones7. These s tud ies  a re  i n  general named a f t e r  the most 

conspicuous phenomenon exh ib i t ed  by such random media, namely, percola-  

t i o n .  Suppose we have a disordered system formed by two d i s t i n c t  subs- 

tances. To f i x  the  ideas, take a homogeneous medium o f  one mater ia l  t o  

which one adds, cont inuously and a t  random pos i t i ons  i n  space ,  s m a l l  

q u a n t i t i e s  o f  the second ma te r i a l .  With growing c o n ~ e n t r a t i o n ~ t h i s  last 

ma te r i a l  w i l l  occupy more and more space and c o n s t i t u t e  l a rge r  an l a r -  

ger regions. A t  a c e r t a i n  value of the  r e l a t i v e  concentrat ions o f  the 

two mater ia ls ,  pe rco la t i on  occurs: the  p r o b a b i l i t y  t o  have an i n f i n i t e  

( i .e. ,  c ross ing a11 the system) reg ion o f  the second mater ia l  becomes 

d i f f e r e n t  from zero. This c r i t i c a 1  phenomenom, according t o  the  mate- 

r i a l s  involved, i s  r e l a t e d  t o  metal-semiconductor t r a n s i  t i c n s 5 ,  d i  l u t e  

ferromagnet i sm
g , t ranspo r t  through porous medi a and many o ther  phenome- 

na5 . An important  outcomes i s t h a t  the  c r i  t i c a l  concentrat  i on  does no t  

seem t o  depend upon the  d e t a i l s  o f  the  system: on l y  i t s  d i m e n s i o n  i s  

important .  For two-dimensional systems, i t  stays around 0.5, and f o r  

three-dimensional somewhere between 0.2 and 0.35. 

I n  the  case o f  a symmetric emulsion, the  concent ra t ion  i s  0.5 and one 

conc lus ion  i s  fo rced upon us: the primeval maze, having concentrat ions 

above the c r i t i c a l  one, w i l l  be percolated.  There w i l l  be reg ions (bo th  

o f  matter  and an t ima t te r )  o f  i n f i n i t e  ex tens ion lO .  These regions w i l l  

be submitted t o  much v io lence a t  the  recombination time" , and an e x t r a  

hypothesis i s  necessary: t h a t  the i n f i n i t e  regions,  which w i l l  f o r c i b l y  

be d is rupted a t  t h a t  time, w i l l  break i n t o  regions o f  the same average 

s i z e  o f  t he  f i n i t e  regions. Th is  seems q u i t e  reasonable i f  we charac- 

t e r i z e  t h i s  s i z e  as the 1 inear  dimension o f  a volume o f  matter  (o r  a n t i -  

mat ter )  which i s  " v i s i b l e "  from a p o i n t  i n s i d e  it, as w i l l  be spec i f i ed  

be l ow. 



There i s  a11 reason t o  be l i eve  t h a t  the regions keep something o f  t h e i r  

i n d i v i d u a l i t y  a f t e r  the  general d i s rup t i on .  I f  the breaking preserves 

them, there  w i l l  be l a rge  inhomogeneities each e i t h e r  o f  matter  o r  a n t i -  

matter. I f  the breaking d i v ides  them i n t o  smaller pieces, there  w i l l  be 

sets o f  neighbouring matter  inhomogenei t i e s .  This l a s t  case has of  cour- 

se some appeal t o  the problem o f  the o r i g i n  o f  galaxies and t h e i r  ten- 

dency t o  j o i n  i n  c lus te rs .  

The s t a t i s t i c a l  approach presented below has not  been, t o  our knowledge, 

sys temat ica l ly  app l ied  t o  the problem o f  perco la t ion .  I t  has been used 

ra the r  l a t e r a l l y  t o  g i ve  a lower l i m i t  t o  the  pe rco la t i on  c r i t i c a l  con- 
A 

cen t ra t i on 8.  I t  cannot r e a l l y  exp la in  perco la t ion ,  as i t  does not  con- 

s ider  l oca l  dens i ty  f l uc tua t i ons .  I t  has been used more ex tens ive ly  i n  

the ana lys is  o f  d i f f u s i o n  i n  porous medial2, but  o n l y  as a means t o  

ob ta in  bounds f o r  the values o f  the  d i f f u s i o n  c o e f f i c i e n t 1 3 .  For t h i s  

reason, we are  forced t o  review the subject  i n  some de ta i  1 i n  Sect ion 2. 

I n  Section 3, we apply i t  t o  the c a l c u l a t i o n  o f  the number o f  inhomoge- 

n e i t i e s .  I n  Section 4, i t  i s  shown t h a t  the  approach a1 lows a l so  t o  es- 

t imate  the r e l a t i v e  concentrat ions o f  some special  k inds o f  inhomoge- 

n e i t i e s .  Some cons t ra in t s  on the average s i ze  of  t he  regions, c o m i n g  

from general arguments about the a n n i h i l a t i o n  ra te ,  are  presentedinsec- 

t i o n  5. 

2. RANDOM GEOMETRY 

Let us consider an emulsion formed by two d i f f e r e n t  immiscible substan- 

ces, forming regions o f  random shape. The regions o f  one o f  the  subs- 

tances (e.g., matter)  w i l l  be s imulated by a bed o f  randomly wer lapp ing 

spheres, a11 o f  them w i t h  one and the same radius, smal ler  than the mi- , 

nimum curvature  radius o f  the  in ter face.  The random character o f  t he  

emulsion i s  provided by a l l ow ing  the sphere centres t o  have equal pro-  

b a b i l i t y  of  being i n  any p o i n t  o f  a la rge volume V. Let  us take a la rge 

nomber N = fi o f  spheres o f  v01 ume vS = 
471 

a 3  . The p r o b a b i l i t y  t h a t  n 

centres be i n  a volume v ,  contained i n  V, i s  given by the binomial d i s -  

tr i  bu t i on  



Notice that  v/V i s  the probabi 1 i t y  f o r  a centre t o  be ins ide v .  The ave- 

rage number o f  centres" i n V i s 

In  the 1 i m i t  o f  large N and V, w i t h  i constant, the binomial d i s t r i bu -  

t i o n  reduces t o  the Poisson d i s t r i bu t i on ,  

l n  par t i cu la r ,  the p robab i l i t y  that  no centre be i n  v ( i  .e., that  V be 

completely i n  the ant imatter)  i s  

An extremely important parameter i s  the r e l a t i on  between the volume 

not covered by any sphere and the t o t a l  volume V. In  our case, t h i s  i s  

the f r ac t i on  occupied by ant imatter.  In  the case o f  porous media, our 

"matter" corresponds t o  the occupied regions and our "ant imatter" to  the 

empty regions, and t h i s  parameter i s  ca l  led the void fraction. Obvious- 

l y ,  i t  i s  the p robab i l i t y  o f  any po in t  i n  the medium t o  be outside any 

sphere, tha t  is ,  t o  be a t  a distance larger than a o f  any centre. This 

i s  the p robab i l i t y  o f  ex is t ing,  around it, an empty region o f  volume vS  

and so 

In  our symmetric case, @ = 1/2. 

We can now ca lcu la te  the p robab i l i t y  P ( E ) ~ E  f o r  a poínt i n  the antimat- 

t e r  t o  be a t  a distance, between E and E&, from the nearest in ter face 

po in t  or, i n  other words, t o  be a t  a distance between (€+a) and (€+d€+a) 

from the nearest sphere centre. This i s  the product o f  the p robab i l i t y  

tha t  no centre i s i n  a sphere o f  radius (€+a) around the po in t  by the 

p robab i l i t y  that  some centre i s  i n  the volume h ( ~ + a ) ~ d ~  enveloping i t :  



This al lows one t o  measure the are  S o f  the i n te r face  as the probabi- 

l i t y  o f  a  p o i n t  t o  be on i t ,  i.e., 

i n  our case. 

The p r o b a b i l i t y  f o r  a  cent re  t o  s tay  a t  a  distance P from i t s  nearest 

cent re  i s ,  i n  an analogous way, 

4~ Z r 3  - - 
w ( r )  = 4vNr 'ar e 3 

Two spheres are  connected (i.e., they over lap) i f  t h e i r  centres are a t  

a  distance smal ler  than & from each other.  So, the  p r o b a b i l i t y  t ha t  a  

given sphere. is  connected t o  a t  l eas t  another one i s  

Hence, the  p r o b a b i l i t y  P f o r  a  sphere t o  be i so la ted  i s  Q8,  or ,  i n  our 
i 

case, 

The p r o b a b i l i t y  f o r  a  s . t ra ight  l i n e  w i t h  one end f i x e d  i n  the antimatter 

t o  cross the i n t e r f a c e  a t  a  d is tance i n  the  i n t e r v a l  (A, X +dX) i s  

where 

a) the  f i r s t  term i n  the exponent excludes centres around the two ends 

o f  t he  s t r a i g h t - l i n e ;  

b) the  second excludes them from a cy l i nde r  o f  rad ius  a a11 around the 

l i n e ,  which there fore  i s  e n t i r e l y  i n  the ant imat ter ;  



c) the remaining f a c t o r  i s  the  p r o b a b i l i t y  t o  have a t  l e a s t  one cent re  

i n  the i n t e r v a l  (a, a +dXcose) enveloping the sphere around the  cross ing 

p o i n t  a t  the  i n t e r f a c e  ( t h i s  guarantees t h a t  t h i s  p o i n t  i s  on the sur-  

face) ; 

d) f i n a l l y ,  8 i s  the  angle between the  l i n e  and the  normal t o  the inter-  

face a't the  meeting poi  nt ;  the  average va lue o f  dhcos0 can be obtained15 

i f  we remember t h a t  on l y  po in t s  i n  the  matter  are  t o  be considered here: 

The average d is tance from an ant imat ter  p o i n t  t o  the surface i s  

I terms o f  R, Eq. (1 1) becomes 

.(12) can a l so  be w r i t t e n  

f o r  Q = 1/2, we have 

A good cha rac te r i za t i on  o f  the  average l i n e a r  dimension o f  a reg ion w i l l  

be 



For a po in t  i n  the matter, i t  i s  easy t o  show that  the average distance 

t o  the in te r face  w i l l  be 

O f  course, i n  our case, t h i s  coincides w i t h  R. 

Recal l ing t ha t  the volume element f o r  a cone o f  length X and angle & 

i s  (X3/3)dn, one can evaluate the average volume ins ide a region which 

i s  scanned by s t r a i gh t  Tines from a po in t :  

This "v 

reg i on . 
the t yp  

i s i b  

For 

i ca l  

le"  volume gives a lower l i m i t  estimate f o r  the volume o f  a 

the reasons given i n  the introduct ion, we w i l l  take i t  as 

v01 ume. 

The e f f i c i e n t  volume o f  a sphere, ve , the superposit ions discounted,is 

def i ned by 

t h i s  leads t o  

0 -  1 
v e = v  IncP S '  

or, i.n our case, t o  

The comparison between (15)  and (16), using (14), a1 lows one t o  obta in  

the r e l a t i on  between the number densi t y  o f  regions Nc and the number 

densi ty o f  spheres 5 : 



3. THE NUMBER OF AGGLOMERATIONS 

During the  h i s t o r y  o f  the  symmetric universe,  p r i o r  t o  recombination, 

mat ter  and an t ima t te r  c o n s t i t u t e  a system which i s  p r e c i s e l y  a geome- 

t r i c a l  emulsion as j u s t  described. A t  any i ns tan t '  t, the system can be 

s imulated by a bed o f  spheres as above. A model w i l l  g i v e  the  average 

s i z e  ~ ( t ) .  As ~ ( t )  va r i es  w i t h  time, so w i l l  vary the minimum curvatu-  

r e  rad ius  and we s h a l l  always be ab le  t o  d e f i n e  spheres wi t h  rad ius  a ( t )  

s a t i s f y i n g  Eq.(14). I n  t h i s  way, i t  w i l l  be poss ib le  t o  sirnulate the  

primeval emulsion cont inuous ly  i n  t ime. As 0 = 1/2 i s  of course kept  

constant, the number dens i t y  o f  centres w i l l  change w i t h  t ime according 

t o  

The number dens i t y  o f  regions w i l l  s a t i s f y  

Le t  us consider now the emulsion a t  recombination t ime. Le t  us suppose 

the  regions t o  g i v e  o r i g i n  t o  c l u s t e r s  o f  galaxies.  The present day 

number dens i t y  o f  c l u s t e r s  w i l l  be 

the  index R i n d i c a t i n g  t h e  values o f  the expansion t and o f  t he  red- 

- s h i f t  z a t  recombination t ime, These a re  i l l - d e f i n e d  i n  t he  symmetric 

model, i n  which recombination takes p lace i n  a very long per iod .  Fur- 

thermore, us ing  Eq. (181, the  above expression becomes 



and no model i s  known which g ives  a f a i t h f u l  value f o r  L(tE). We s h a l l  

est imate i t  from the mass o f  the  Coma c lus te rs ,  f o r  which we take16 

As acc re t i on  does no t  seem t o  be ab le  t o  change t h i s  order  o f  magnitu- 

deI7,  we s h a l l  take t h i s  mass as the  one o f  a reg ion a t  recombination. 

A t  t h a t  time, the dens i t y  i n s i d e  the  p ro to- c lus te r  i s  the  un iversa l  ho- 

mogeneous average mat ter  densi t y18  

where 

Using (15), ~ ~ . ( 1 9 )  g ives  f i n a l l y  

a value cons i s ten t  w i t h  the  present est imate" o f  Nc between 3 x  10-' and 

1 .Ç x M ~ C - ~ .  Also the  Zwicki  sca le  o f  maximum c l ~ s t e r i n ~ ~ ~  can be 

estimated 

O f  course, these are, a t  best, order-of-magnitude ca l cu la t i ons ,  intended 

on l y  t o  show t h a t  good numbers can be obtained.  Furthermore, these r e -  

s u l t s  a re  no t  a t  a11 unexpected: Eq.(18) o n l y  g ives a c o r r e c t  geometri- 

ca l  f a c t o r  t o  an unavoidable consequence o f  supposing t h a t  a t  the  t ime 

o f  t h e i r  format ion the  c l u s t e r s  were packed side-by-side. The argument 

o n l y  favours symmetric models as f a r  as t he re  i s  no reason t o  suppose 

such a packing i n  c l u s t e r  format ion i n  the  usual non-symmetrical s tan- 

dard model. 

The above cons idera t ions  a re  not  enough t o  decide whether the regions 

indeed o r i g i n a t e  c l u s t e r s :  E ~ .  (19) can a l s o  be appl i ed  t o  galaxies.  As 

these a r e  self-bound systems whose average s i z e  has probably not  changed 



very much s ince the  epoch o f  format ion,  one can take L = 2 x 1 0 - ~  Mpc. R 
As z f o r  a symmetric modelZ1 i s  = 100, 

R 

which i s  a very good number. Whether c l u s t e r s  o r  galaxies a re  formed 

i s  t o  be decided by a dynamical de ta i  l ed  model which f i x e s  L ( tR ) .  A rea- 

son f o r  p r e f e r r i n g  t o  take the  regions as p ro toc lus te rs  i s  simply t h a t  

ga lax ies  seem simpler  t o  get  formed by o the r  mechanisms. I f  ga lax ies  

were o r i g i n a t e d  by the  regions, another way should be found t o  o r i g i n a-  

t e  c lus te rs .  I n  t h i s  case, ga lax ies  and an t i ga lax ies  would q u i t e  proba- 

b l y  coabide i n  a same c l u s t e r .  Th is  would no t  cause much t r o u b l e  from 

the observat iona l  p o i n t  o f  view, as the  usua l l y  accepted arguments ba- 

sed on the  non observat ion  o f  high-energy y- rays f rom c l u s t e r s  are  t o  

be r e ~ i s e d ~ ~ .  

4. THE NUMBER OF "QUASARS" 

An i n t e r e s t i n g  exerc ise  i s  t o  reconsider an o l d  proposal by Omnès o f  a 

scherne f o r  a quasar model: quasars would come from a reg ion o f  matter  

trapped by an t ima t te r  (or  v ice- versa) which remained so a f t e r  the  d i s -  

r u p t i o n  a t  recombination. A n n i h i l a t i o n  would be a very e f f i c i e n t  ener- 

gy source, b u t  the  s t a b i l i t y  o f  such a system i s  a very complicated pro- 

b l e ~ n ~ ~  and the  model i s  no t  fashionable nowadays. Nevertheless, i t  i s  

remarkable t h a t  t he  symmetric mode 

posed con f i gu ra t i ons .  

A f i r s t  idea i s  t o  use the  probabi 

f i x e s  a l s o  the number o f  those pro-  

i t y  P. o f  a sphere t o  be iso la ted,  
Z 

Eq.( l0) .  A f r a c t i o n  -4 x o f  a11 the N spheres are  iso la ted;  from 

Eq. ( l 7 ) ,  the number o f  such systems would be NQ = 0.23 Nc . There would 

e x i s t  one "quasar" f o r  every 4 o r  5 l a rge  inhomogeneities. From ( 2 0 )  , 
t h i s  would g i ve  



The est imate of 1 o7 detectable quasars24 corresponds to 

A more realistic estimate would come from the probability to have insi- 

de a volume V a number of spheres large enough to constitute a signifi- 

cant nucleus of rnatter, while small enough for this matter to remain 

surrounded by antimatter. Quasars w 

would probably no more exist as such 

in minority could have been complete 

detailed analysis of the lifetime of 

th too large or too mal1 nuclei 

today, as the kind of particles 

y annihilated. Of course, only a 

these systems could te11 the ne- 

cessary volume for the nucleus, but the statistical approach gives a 

"spectrum" for its initial values. If we take a central region of vo- 

lume ranging from vS up to (say) V / 3  (which correçponds to about 18 
spheres) , Eq. (3) gives 

where we have used (14), (15) and Tvs = 0.69. This, combined with (20), 

g i ves 

5. CONSTRAINTS ON THE MEAN SIZE 

Let us now apply the above geometric statistical scheme to the discus- 

sion of the annihilation. Forgetting any details on how it takes place 

in the contact layer, we shall suppose simply that every particle cros- 

sing the interface is instantaneously annihilated. The interface spe- 

cific surface area is, from (12) and (141, 

In the time interval dt, a 

are in a volume (1/3)Svdt, 

552 

1 1  part 

and so 

icles will cross the interface which 

their annihilated fraction will be 



The velocity v will be regulated by different phenomena at each epoch. 

During the annihilation period, in Omnès model, it will be fixed most 

of the time by the neutron diffusion, with a coefficientI0 

and the diffusion velocity will be 

This is practically constant during the period, which goes from t=10-~s 

to t = ls, and Eq.(26) shows that. annihilation is much more intense at 

its beginning (when ~ ( t )  is smaller) than at its end. Unfortunately, 

there is no acceptable model for ~(t). it is simple to see from (26) 

that the once proposed10 growth by diffusion, 

would lead to a very quick extinction of all rnatters. Nucleosynthesis 

con~iderations~~ lead to two lower bounds for L at t = 1s. If the stan- 
dard He abundance is to be obtained, 

~ ( t  1s) 2 3 x 1D6 cm. (30) 

If, after nucleosynthesis is over, there is still enough annihilation 

to create deuterium by the disruption of He nuclei, then 

Although detailed calculations should be done to allow a definite sta- 

tement, one can say that E ~ .  (26) favours the f irst of the above lower 

limit, as it shows that annihilation will take place mainly at the be- 

ginning of the period. An interesting condition can be obtained for 

L(t). From (26), the neutron number density variation with time will be 



given by dN/dt = - 4vN/L, and so 

~ ( t )  = No exp 

The baryon t o  photon r a t i o ,  

has a present day value18 o f  

up t o  now unexplained. One o f  the  ambit ions o f  symmetric models is  pre-  

c i s e l y  t o  account f o r  i t .  Using 

N ( t )  = 1.1 x 
Y 

and the va lue n=3 f o r  very smal 1 t, Eq. (32) y i e l d s  

where t i s  the beginning o f  the  a n n i h i l a t i o n  per iod .  The sirnple requi- i 
rement, t h a t  n ( t )  be a decreasing func t i on  a t  an i n s t a n t  t, impl ies t h a t  

or ,  i f  (28) i s  used f o r  v ( t ) ,  

Equation (37) i s  a q u i t e  i n t u i t i v e  r e s u l t :  i f  t h e  regions grow tou  

q u i c k l y  as compared t o  v t ,  no a n n i h i l a t i o n  w i l l  take place. Comparing 



(38) and (30), one i s  faced w i t h  a puzzle:  nucleosynthesis seems incom- 

p a t i b l e  w i t h  the  small present  values o f  q. Rea l ly ,  the o n l y  poss ib le  

issue i s  t h a t  ~ ( t )  remain c lose t o  the  d i f f u s i o n  length  f o r  some t ime 

(dur ing  which s t rong a n n i h i l a t i o n  br ings  q(t) t o  near ly  i t s  present va- 

lue) and a f te rwards  i t  grows very q u i c k l y  t o  surpass the lower boundat 

t = 1 sec. Th is  means t h a t  the  a n n i h i l a t i o n  era  must sh r i nk  t o  a sho r t  

pe r i od  f o l l o w i n g  the  separat ion t ime and t h a t  ~ ( t )  already had p r a c t i -  

c a l l y  i t s  present value a t  t he  nucleosynthesis epoch. 

6. FINAL COMMENTS 

There has been much d iscuss ion about t he  up-to-now unexplained.value o f  

the pro ton t o  photon r a t i o  q ( t , ) .  The i l l - f e e l i n g  i t  causes comes from 

i t s  s ta tus  o f  an a d d i t i o n a l  un iversa l  constant i n  the  standard model . 
Much o f  the  .appeal o f  Omn& model comes f rom the poss i b i  1 i t y  i t h i  n t s  

a t  t o  c a l c u l a t e  i t .  

On the  o ther  hand, no t  much a t t e n t i o n  has been c a l l e d  upon the  necessi- 

t y  t h a t  a cosmological model, besides p rov id ing  mechanisms f o r  the  o r i -  

g i n  o f  the  l a rge  agglomerations, a l s o  e x p l a i n  t h e i r  numbers. We b e l i e -  

ve having made i t  apparent t h a t  knowledge i s  no t  needed, on the  d e t a i -  

l ed  fo rmat ion  process, t o  ob ta in  such numbers. A symmetric model w i l l  

f i x  t h e i r  values, and a l s o  poss ib l y  the  concentrat ions o f  some spec ia l  

inhomogeneities. Furthermore, simple s t a t i s t i c a l  considerat ions impose 

severe cons t ra in t s  on the  very h i s t o r y  o f  the  protoagglomerations. 
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