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The baryogenes i s  s c e n a r i o  based on t h e  Aff leck  and Dine 

model /1-5/ has  a t  l e a s t  two a p p e a l i n g  f e a t u r e s .  F i r s t ,  i t  p e r m i t s  

t o  r e a l i z e  b a r y o s y n t h e s i s  at r e l a t i v e l y  low tempera ture  and, second, 

i t  i s  w e l l  compatible  w i t h  t h e  Universe i n f l a t i o n .  However, one of t h e  

s ta tements  of  t h e  o r i g i n a l  p roposa l ,  namely, t h e  r e s u l t  t h a t  t h e  re -  

l a t i v e  baryon number d e n s i t y  p= 6 / !dy can be much l a r g e r  

t h a n  u n i t y  seems r a t h e r  d i s t u r b i n g .  

I n  t h i s  connec t ion  we a r e  go ing  t o  r e a n a l y z e  t h e  thermodynamics 

of  t h e  cosmological  plasma i n  t h e  p resence  of t h e  boson condensate  

w i t h  a nonvanishing baryon charge. The thermodynamical equ i l ib r ium 

s t a t e  of p a r t i c l e s ,  produced a f t e r  t h e  decay of  the  s c a l a r  f i e l d  -% 
w i t h  a g iven  baryon charge 0 and energy d e n s i t y  9 , i s  conside- 

red.  The dependence of t h e  e q u i l i b r i u m  s t a t e  c h a r a c t e r i s t i c s  (such 

as, the  plasma tempera ture ,  t h e  chemical p o t e n t i a l s  of  t h e  p a r t i c l e s ,  

t h e  baryon charge of  t h e  fermions,  t h e  boson condensate  d e n s i t y )  

on t h e  i n t t l a l  v a l u e s  of [ .  and 9 i s  s tud ied .  

It i s  shown, t h a t  f o r  s u f f i c i e n t l y  l a r g e  v a l u e s  of B and 9 ,x  
condensate  cannot decay completely and t h e  thermodynamical equi- 

l i b r l u m  i s  e s t a b l i s h e d  i n  t h e  p resence  of t h e  boson condensate. A t  

sma1:L v a l u e s  of 3 t h e  complete decay of  t h e  condensate  i s  p o s s i b l e  

bu t  t h e  prqduced eq i l i b r i u m  plasma h a s  a low tempera ture ,  T d  WX. 
In t h e  models based on t h e  Aff leck  and Dine mechanism t h e  

baryon excess ,  genera ted  d u r i n g  t h e  i n f l a t i o n a r y  s t a g e ,  i s  s t o r e d  i n  

t h e  condensate  of t h e  s c a l a r  f i e l d  2 . The l a t t e r  i s  produced at t h e  

i n f l a t i o n a r y  epoch a s  a r e s u l t  of t h e  growth of  t h e  f i e l d  quantum 

f l u c t u a t i o n s .  According t o  t h e  model X f i e l d  h a s  a non z e r o  baryon 

charge,  t h a t  i s  no t  conserved at g r e a t  v a l u e s  of t h e  f i e l d  ampli tude,  

e.g. t h e  t e rms  of t h e  type  ( x S + 3 * )  i n  k: s e l f - i n t e r a c t i o n  a r e  

e s s e n t i a l .  A s  a r e s u l t ,  d u r i n g  i n f l a t i o n  quantum f i e l d  f l u c t u a t i o n s  
3 

c r e a t e  a baryon charge d e n s i t y  of t h e  o r d e r  of HI . (Here HI i s  t h e  
k b b l e  parameter  of  t h e  i n f l a t i o n a r y  epoch). Note t h a t  i n  case  of 8 - 
conserva t ion ,  t h e  baryon charge  d e n s i t y  would have been d e c r e a s i n g  

l i k e  axp (-3&t) due t o  expansion. small v a l u e s  of 3 when t h e  

term 1x1' dominates  i n  t h e  p o t e n t i a l  energy,  t h e  nonconserva t ion  

of B becomes n e g l i g i b l e .  A t  t h a t  s t a g e  X can be c h a r a c t e r i z e d  by a 
2 

baryon chrage b=xmx X ,  where i n d i c a t e s  t h e  v a l u e  of t h e  



baryon charge contained i n  t h e  3 condensate. specif . ies  the  

r e l a t i v e  va lue  of t he  condensate of lo with 070 and lo wi th  
L 0 . The f i e l d  energy dens i ty  i s  defined a s  ql = ' ~ 1 i ~ f .  

It i s  u sua l ly  assumed t h a t  .b i s  t h e  s c a l a r  superpar tner  of qua$ 

( = ) and i t  decays predominantly i n t o  t he  channel 1 -l erL 
Consequently, t he  baryon charge contained i n  X goes i n t o  t h e  

baryon charge of quarks or ,  i n d h e r  words, a  charge nonsymmetric 

plasma, cons i s t i ng  of quarks lep tons ,  photons, f i e l d  quanta and 

1 condensate, i t  produced. 

In  the  models discussed i n  l i t e r a t u r e ,  the  temperature of t he  

plasma, c rea ted  by the  decay of t h e  condensate was est imated a s  

Z 

For the  n a t u r a l  va lues  of t he  parameters t h i s  g ives  T-10 mA and 

correspondingly l a r g e  baryon asymmetry: /j - / o ~ B / M ~ .  , 
However l a r g e  baryon charge means l a r g e  chemical p o t e n t i a l s  of the  

p a r t i c l e s  i n  t he  plasma and i n  t h i s  case the  naive es t imate  ( I )  of 

t h e  temperature i s  not va l id .  P a r t i c u l a r l y ,  f o r  b ig  energy dens i ty  

9/m4 >> i and baryon charge #.N ( l i k e  those proposed i n  
P - 

the  o r i g i n a l  A-D model) t h e  es t imates  of the temperature 1 > m.% 
and the  baryon charge dens i ty  of fermlons jjJ =gf>> 4- seem t o  be 
overestImated. ,This i s  due t o  t h e  f a c t  t h a t  1n"tXese models the  con- 
s i d e r a b l e  chemical p o t e n t i a l s  have not  been accounted for .  

Large baryon oharge dens i ty ,  p>7 1 or ig ina t ed  from the  decay 

of t he  condensate, was questioned i n  paper /'/ . It was c l a w e d  

t h e r e  t h a t  i n  t he  frameworks of the  model ~3 should be at most of 

t h e  order of u n i t y  and the  temperature of t h e  equil ibrium plasma 

I 
'r2mA . Our r e s u l t s  a r e  e s s e n t i a l l y  t h e  same but we th ink  t h a t  t h e  

mechanism proposed i n  r e f .  3 of the  high temperature suppression 

of t he  1 -decays i s  not genera l ly  opera t ive ,  whereas simple themo-  1 .  
dynamical cons ldera t ions  presented below are always va l id .  

In  what fol lows we w i l l  determine the  c h a r a c t e r i s t i c s  of t h e  

plasma, produced by &-condensate evaporat ion,  f o r  a wide range of 

i 
t he  va lues  of t h e  i n i t i a l  parameters 3 and % . m e  plasma tem- 

' pera ture  w i l l  be ca lcula ted  with an  account f o r  the  nonzero chemical 

p o t e n t i a l s ,  corresponding t o  t he  nonzero baryon charge. It w i l l  be 

shown tha t  t he  system has d i f f e r e n t  behaviour depending on the  

baryon charge dens i ty  va lue  (or  on t h e  parameter). At small '2? 

1 completely decays when T >> mIC . % i s  i s  i n  a good 
I 

accordance wl th t he  es t imate  (I) but t he  r e s u l t i n g  baryon asymmetry 

i s  small. A t  g r ea t  % t he  temperature i s  l e s s  than  t h e  mass. For 

b i g  baryon charge d e n s i t i e s ,  1. e. f o r  % N 1 , and b i g  energy 

d e n s i t i e s  Y/WI ))i thermodynaiical equil ibrium i s  e s t ab l i shed  

with nonvanishing X -condensate. 
As the Universe expands the  energy dens i ty  decreases  and f o r  

Y 
some Y(Wx t h e  complete evaporat ion of t he  condensate becomes 

possible.  But, the account f o r  the  2 - c o n d e n s a t e  presedce g ives  new 

es t i i i a t e s  f o r  the  t e rma l i aa t ion  temperature, T C  mx , and f o r  t h e  
baryon asymmetry. 

2. A q u a l i t a t i v e  d i scus s ion  

Let us consider a  system of p a r t i c l e s  i n  thermal equil ibrium . 
The p a r t i c l e  number dens i ty  i n  the  phaee space i s  defined by the  

well-knovm formulae of  the  Fermi s t a t i s t i c s  and Bose s t a t i s t i c s  

where %; s tands  f o r  the  number degrees of freedom and d~ = 
- dJp / ( ~ g ) ~  i s  t he  phase volume. For a r r t i pa r t i c l e s  chemical 

po t en t i a l s  d!Zfer by s i g n .  

In orde: t o  h a ~ / e  pos i t i ve  d e f i n i t e  p a r t i c l e  d e n s i t i e s ,  ( ( .P ,H)  
and ( P P ~ ' ,  boscrn chamical p o t e n t i a l s  a r e  boupded by the condition 

L where YY)& i s  t he  boson mass. 

' p 6 1 i ~ i t i n g  value Ipg(=Wls corresponds t o  t he  case of bosonlc 

condensate. I n  t h e  presence of a condensate the  bosonic number 

dens i ty  i s  given by: 

where r ~ = ~ &  , and h(; denotes t h e  p a r t i c l e  number dens i ty  i n  
the  condensate. 

Indeed, the  k i n e t i c  equations f o r  the bosons look l i k e :  



I n  equ i l ib r ium mg = 0 . Substituting t h e  d i s t r i b u t i o n  f u n c t i o n  
(3) i n t o  t h e  k i n e t i c  e q u a t i o n  (4) f o r  t h e  bosons,  one can  s e e  t h a t  

i f  hT, + 0 t h e  c o l l i s i o n  i n t e g r a l  v a n i s h e s  o n l y  when pg = m& 
I n  t h e  presence of t h e  condensate ,  g iven  t h e  d e n s i t i e s  of a l l  

conserv ing  charges  b; and t h e  energy d e n s i t y  9 , r e  can determine 

t h e  chemical p o t e n t i a l s  and t h e  plasma tempera ture ,  u s i n g  t h e  

e q u i l i b r i u m  Bquations. 

When i n  a d d i t i o n  a  boson condensate  e x i s t s  t h e  plasma e q u i l i b r i u m  
s t a t e  i s  a l s o  completely def ined  due t o  t h e  f a c t  t h a t  i n  t h a t  case  1 

1 
t h e  additional c o n d i t i o n  pb=h7c must be f u l f i l l e d .  Thus t h e  a d d i t i o -  
n a l  p a r a 7 e t e r  de te rmin ing  t h e  condensate  d e n s i t y  i s  a l s o  

def  ined .  

Symbol ica l ly  t h e  equa t ions  f o r  t h e  equ i l ib r ium plasma wi th  a 
g i v e n  energy d e n s l t y  and a baryon-charge d e n s i t y  B , can 
be w r i t t e n  a? f o l l o w s :  

i 
I 

I f 146 
where 0 ~ D o f  G - ( 2 r ) - 3 J d 3 ~ n ~ ( F 7 f f )  i s t h e  baryon 

number d e n s i t y .  The sum i s  t aken  over a l l  t h e  components of t h e  

system. For  small  charges and i n  case  of r e l a t i v i s t i c  p a r t i c l e s  

9 - ' ( + ) , f ( ~ l T ) ( f  and t h e  tempera ture  i s  
a?proxlmately g iven  by T N  9% ( i. e. e s t i m a t e  (1) i s  c o r r e c t ) .  

A t  a  f i x e d  tempera ture  t h e  i n c r e a s e  of t h e  i n i t i a l  v a l u e  of B 

1 e . d ~  t o  an i n ~ r e a s e  of  p . gut  p6 f o r  bosons i s  l i m i t e d  , IP&\,C% 
( s e e  f ig .1) .  So t h e r e  e x i s t s  a  c r i t i c a l  v a l u e  f o r  t h e  baryon charge 

beri~ ( rd= me) of t h e  e q u i l i b r i u m  system wi thout  a  condensate. 7'hen 

0 , b c ~ t  ( ac > 2 , ; ~ )  t h e  e q u i l i b r i u m  at a f i x e d  tempe- 
r a t u r e  can be main ta ined  on ly  by a  condensate  which c o n t a i n s  t h e  
excess  baryon charge b,=b- B&,& . 

Then ,at 0 >, Rc,;t 

It i s  obvious,  t h a t  one and t h e  same v a l u e  of 0 a t  h i g h  

tempera tures  needs an e x i s t e n c e  of t h e  condensate  whi le  at low 
tempera tures  t h e  e x i s t e n c e  of a condensate may not be necessary as 
6 N p /T  . The c r i t i c a l  v a l u e  bur;t i s  i n v e r s e l y  p r o p o r t i o n a l  

t o  t h e  t empera ture .  
t h e  o t h e r  hand with i n c r e a s i n g  B and cor responding ly  r t h e  

p a r t  of the energy d e n s i t y  con ta ined  i n  t h e  condensate  increases .  

';;ith t h e  i n c r e a s e  of r f ($1 I n c r e a s e s ,  1.e. t h e  plasma tempe- ' 

r a t u r e  d e c r e a s e s  ( f o r  f i x e d  energy d e n s i t y )  w i t h  t h e  i n c r e a s e  of  B. 
The e s t i m a t e  TI. 9"' i s  no l o n g e r  c o r r e c t ,  i n  f a c t ,  '174 9 % .  
',Vhen t h e  condensate  i s  formed, t h e  chemical p o t e n t i a l  reaches  i t s  
maximum v a l u e  pL= mg and s t a y s  cons tan t .  So, f u r t h e r  i n c r e a s e  of B 

needs a n  i n c r e a s e  of t h e  condensate  number d e n s i t . 1  $ . The excess  

charge 6,- 0- Bct;t = 0- NB ( m / ~ )  - ME I - m / ~ ) l  i s  accumula- 

t e d  i n  t h e  condensate. The e x i s t e n c e  of  t h e  condensate  at a given 
energy d e n s i t y  l e a d s  t o  t h e  d e c r e a s e  of  t h e  energy d e n s i t y  of t h e  

r e l a t i v i s t i c  p a r t i c l e s ,  s i n c e  9 = yc + 9 (T) , and consequently 

t o  t h e  d e c r e a s e  of t h e  temperature.  With a n  i n c r e a s e  of B 9, 
i n c r e a s e s ,  a n d  t h e  temperature decrexses .  I n  t h e  case  considered 

below, t h e  tempera ture  becomes l e s s  t h a n  t h e  boson mass i f  

I n  o t h e r  words, f o r  b i g  charge and energy d e n s i t y  t h e  equ i l ib r ium i s  
e s t a b l i s h e d  at low tempera tures .  

The evapora t ion  of  t h e  condensate  at b i g  charges  becomes 

p o s s i b l e  when t h e  energy d e n s i t y  d e c r e a s e s  by s e v e r a l  o r d e r s  of 

magnitude. This  i s  connected w i t h  t h e  a l r e a d y  mentioned dependence 

of k i t  o n - t h e  tempera ture :  nCt;t T-I 9 .  
Note t h a t  i n  caee of b i g  baryon charge t h e  evapora t ion  tempera- 

t u r e  becomes l e s s  t h a n  t h e  boson mass, i n  c o n h r a s t  t o  t h e  case of  

small  charge ,  when T > mg. 
I n  what f o l l o w s  we w i l l  c a l c u l a t e  t h e  c r i t i c a l  v a l u e  of t h e  

baryon charge,  f o r  which t h e  boson condensate  i s  formed (at a given 
energy) ,  and t h e  equ i l ib r ium tempera ture  of  t h e  plasma as a f u n c t i o n  

of  b and q . 



3. Basic asswnptions,  c a l c u l a t i o n s  and r e s u l t s  

Let us  determine t he  temperature of the  thermalized plasma, 
obtained a f t e r  t h e  ( p a r t i e l )  decay of t h e  &-condensate knowing t he  

energy d e n s i t y  9 and t he  baryon charge dens i t y  B of t h e  plasma 

before  the  decay. 
Vie assume t h a t  t he  t he rma l i za t i on  r a t e  i s  much b igger  than  the  

expansion r a t e  of t h e  Universe. I n  t h e  case 0-L = 0 , where L 
i s  t he  l e p t o n  number of t h e  X f i e l d ,  t h e  chemical p o t e n t i a l  of 
t h e  quarks, pq, equals  t h a t  of t h e  l ep tons  rt.  
I n  thermal equ i l i b r i um p1 = -!F 7 p(l - - p$ , &S*+ 
The d i r e c t  and t h e  i nve r se  decays 1 at++ e + e  i n  equi l ib r ium 
r e s u l t  i n  t h e  condi t ion :  = 3 p e  + pt + pf . It i s  
assumed t h a t  Vrlr = 0 and correspondingly pr = 0 . Then, having 

i n  mind t h e  connect ion between rq and we o b t a i n  PA= *&, . 
The s t a t e  of  t he  plasma formed by t h e  decay of t h e  J% -conden- 

s a t e ,  depends on t h e  value of t h e  parameter  , cha rac t e r i z i ng  

t h e  baryon charge,  s t o r ed  i n  t h e  condensate 0 - 2 q/mx , and  

t h e  energy d e n s i t y  of t h e  condensate Q at t h e  time of i t s  decay 

For s i m p l i c i t y  we w i l l  assume t h a t  t h e  fermion c r e a t i o n  r a t e  

i s  small and 3 f i e l d ,  a f t e r  i n f l a t i o n  i s  over, starts harmonic 0s- 

c i l l a t i o n s  with s lowly decreas ing  ampli tude due t o  t h e  Universe 

expansion. Then X-x., , where X,, i s  the  va lue  of t h e  
f i e l d  at t h e  end of i n f l a t i o n .  I n  t he  fo l lowing  we w i l l  d i s cus s  
t h e  case 9 >> ~2 . 

A. Let  u s  determine t h e  cond i t i ons  under which t h e  equi l ib r ium 
plasma without  condensate can be r ea l i z ed .  The equa t ions  f o r  t h e  
energy d e n s i t y  and t h e  baryon charge dens i t y  of t he  system, ob ta ined  
a f t e r  t he  condensate decay and t he  es tab l i shment  of t he  equi- 
l i b r i um,  have t h e  form: 

where s t ands  f o r  fennions  p,l.(f. %, L!). $ = f l J .  

6 

The c a l c u l a t i o n  of the  m t e g r a l s  from d i s t r i b u t i o n s  (2) i s  
descr ibed ,  f o r  e x m p l e ,  i n  r e f s .  6 and 7 . 

From now on we assume t h a t  Q$ = me = 0. m5 Z - 
A.1. case of n o n r e l a t i v i s t i c  -k. 

~ ~ we have 

It  i s  obvious t h a t  i f  y/rr?' b > i  and w>T equat ions  (8) a r e  

incompatible. 

A.2. Nor. we cons ider  t he  oppos i te  case  m d  '. 
When 3 a l e  r e l a t i v i s t i c  then  qy - 2 9% ~ ( 9 ) s  (~IT'/z*' 
and bZ - 2s l"x TZ 13 . The express ion  f o r  t he  

energy d e n s i t i e s  and t h e  charges  of t h e  r e s t  of plasma components 
a r e  unchanged .Then : 

4 

m e  equat ions  a r e  not c o n s i s t e n t  f o r  l a r g e  9 and ~ - 0 ( 1 )  
So the  numerical v a l u e s  used i n  r e f s .  1-3 , 1.e. aC 1 and 

T>>VV cannot be r ea l i z ed .  



The system has a s o l u t i o n  without  a condensate 

on ly  when 3e i s  small: 2? C im6/I/w u 

' $ = 0 6 ae j;p/m4'. - 48 r fwo.4y , For 9,,,=36, 9 ) -  
( s e e  f i g . 1  and 2 ). 

So, we have shown t h a t  on ly  i n  c a s e  of s m a l l  1 - condensa t e  

may completely decay and a s  a r e s u l t  t h e r e  appears  a ho t  plasma, 
v r h i ~  t h e  temperature whlch i s  h igher  than t h e  chemical p o t e n t i a l s  

and +.he & boson mass: < ( 4 'r  he estlmatie of  t h e  
temperature Twf"" ( I)  used ir,  l i t e r a t u r e  i n  c a s e  of l a r g e  energy 

de ns i t y ,  p/m4 >> 1 and charges,  'X w i s  no t  cor rec t ) .  
m e  baryon asymmetry of t h e  plasma i s  equal  t o  

The baryon asymmetry of quarks i s  t e s  t h an  one h a l f  of  t h e  
t o t a l  one: ?p, 0.05 /M7 /T . The baryon asymmetry ob ta ined  i s  

considerably l e s s  t han  1, i n  c o n t r a s t  t o  t h e  rough e s t ima t e s  t h a t  

can be found i n  l i t e r a t u r e .  Note t h a t  t h e  smal lness  of ~3 1s a 
r e s u l t  of t h e  smal lness  of % . - 9 

B e  observa t ions  g ive  J%b l o  - 4°-'0 hence e i t h e r  an  
a c c i d e n t a l  smal lness  of  % ( see  e.g. r e f .  5 ) o r  a  cons iderab le  
r e l e a s e  of en t ropy  a t  t h e  l a t e r  s t a g e s ,  d i l u k i n g  ,b i s  necessary.  

I n  c a se ,  when X i s  no t  small, t h e  set . o f  equa t ions  
d e s c r i b i n g  t h e  thermodynamical equi l ib r ium s t a t e  of t h e  p a r t i c l e s  
vrithout a condensate,  cannot be solved.  The complete decay of t h e  
& -condensate at 2 > i s  no t  pos s ib l e .  

- q m  

Fig.1. Chemical p o t e n t i a l  of t h e  & ppart icles  as a func t i on  

of t h e  baryon charge va lue :  = /4 f o r  d i f f e r e n t  
c a se s  descr ibed  i n  t h e  t e x t .  q/m' = 100 . 4 0.16 
corresponds to t h e  case  without  n condensate, % > 0.16 
corresponds t o  a nonaero condensate. 

It i s  necessary  t o  add i n t o  t h e  equa t lons  a term, a l lowing  
f o r  t h e  presence of t h e  condensate. 

B. Now l e t  u s  cons ider  t he  case  of t h e n a l l z e d  plasma a f t e r  
t h e  p a r t i a l  decay of t h e  condensate. Using d i s t r i b u t i o n  (3)  f o r  t h e  

p a r t i c l e s  we w i l l  have t he  fo l lowing  equa t ions  f o r  t h e  energy 
d e n s i t y  an3 t h e  charge of  t he  system: 

The equi l ib r ium d e n s i t i e s  o f  t h e  p a r t i c l e s  a r e  c a l cu l a t ed  
a t  (\Ax 2 yY1 , 1. e. i n  c a se  of nonvanishing &condensate. I n  
t h e s e  exp re s s ions  9L*cm IS t h e  condensate energy d e n s i t y ,  BC = 
= G.25 is t h e  condensate baryon charge. %e exp re s s ions  f o r  t h e  
energy d e n s i t i e s  and t h e  charges  of t h e  fennions  have no t  changed 
t h e i r  form but  r X  = have been s u b s t i t u t e d  i n  them. 



'ihe t empera tu re  i s  approx imate ly  g iven  by: 

; r w  O . S m  /= 

Fig.2. 'I'he s o l i d  l i n e  g i v e s  t h e  dependence o f  t h e  plasma tempera- 

t u r e  oh t h e  initial baryon charge  of  t h e  system: (%) 
The dashed l i n e  g i v e s  t h e  dependence Of t h e  condensate  

p a r t i c l e  number d e n s i t y  & on  : ( Y )  x p a r t i c l e s  

a r e  r e l a t i v i s t i c .  L 0.16 cor responds  t o  t h e  c a s e  

wi thou t  a condensate  (A.2). 0.2 ,X 2 0.16 cor responds  t o  

a nonzero condensate  (B.I). 

B.1. ~ a l o g o u s l y  t o  A. 2 c a s e  we o b t a i n  from e q u a t i o n s  (10) 

f o r  > W  t h e  express ions :  

z r(u)y( 3?Tqg $;($ t$% ,. G ~ + $ L  - zliz i-+ C 

The s e t  of e q u a t i o n s  can  be r e s o l v e d  f o r  T>m only  i f  

i s  s u f f i c i e n t l y  s m a l l ,  i .e.  7)m .cf 5 0.2 
and q / m q  , 62 . 

As can be s e e n  from t h e  e q u a t i o n s ,  t h e  plasma tempera tu re  

does  no t  depend on the  energy d e n s i t y ,  but i s  determined by t h e  v a l u e  

of  t h e  baryon charge ( i .e.  by t h e  parameter) .  

The p a r t i c l e  number d e n s i t y  of  t h e  condensate  i s  g iven  by t h e  
express ion :  

Curves T ( x j  and a r e  p l o t t e d  on fig.2. 

It i s  s t r a i g h t f o r w a r d  t o  show t h a t  t h e  baryon asymmetry of t h e  

plasma, exc lud ing  t h a t  of t h e  condensate ,  i s  l e s s  t h a n  one. 

The e x i s t e n c e  of  t h e  nonzero condensate  d e n s i t y  imposes an  

a d d i t i o n a l  c o n d i t i o n :  h1,+0 . 'This i s  i n  accordance w i t h  

t h e  r e s u l t  A i . e .  wi th  t h e  case  wi thou t  a condensate  ' X C  I - 6 / ~  m 9 

i f  vc 50. 50,. when t h e  v a l u e  of  i s  i n  t h e  range  C G K ~ L X L Q ~  
and T > m  t h e r e  e x i s t s  a condenate. 

E.2. At l a s t  we w i l l  c o n s i d e r  t h e  c a s e  ~ 7 0 . 1  cor responding  t o  

n o n r e l a t i v i s t i c  X p a r t i c l e s  9~ ?T and t o  t h e  p resence  o f  a 

condensate .  I n  t h i s  c a s e  t h e  s e t  o f  e q u a t i o n s  (10) h a s  t h e  form: 

Neglec t ing  e x p o n e n t i a l l y  smal l  t e rms  we c o n s l d e r  d i f f e r e n t  

c o n t r i b u t i o n s  i n t o  t h e  t o t a l  energy  d e n s i t y .  It i s  easy  t o  s e e  t h a t  
t h e  r i g h t  hand s i d e  of t h e  f i r s t  equa t ion ,  exc lud ing  t h e  term 

Qc = m i s  small.  The condensate  c o n t a i n s  t h e  main p a r t  of t h e  
energy d e n s i t y  9 Z 4, . Consequently, one can e x p e c t  a low tempera- 
t u r e  T -  9 - 9 ~  I 
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- 2 
when ac = d. , Iql'W'( n. 3. while when X = O - ~ , ~ ? ' " ~  h+ 

After  t h e  evaporat ion of t he  condensate, t he  temperature can be 
determined from t h e  equat ions  (8) . In  case  of small  25 
t h e  avapors t ion  i s  pos s ib l e  at b i g  energy d e n s i t i e s ,  a s  well.  I f  
9/mY > 0 ( " )  the. evapora t ion  i s  p o s s i b l e  only at 'X. a s  small 
a s  'X 0.2 which i s  o u t s i d e  t h e  case  considered,  1.e. Ir, >T 
( fo r  t he se  %, values  see B.1). 

!.The baryon asymmetry i n  t h i s  case  i s  determined by the  

expression: 

where i = x7  e,yl 7 
'Phe condi t ion  Q I'M'>> 4- l e a d s  t o  I ~ / T ~  > 5 . !he p a r t  

of t h e  baryon asymmet)ry contained i n  quarks, at m>T i s  l e s s  
than  u n i t y  J?JJ - [ O.oO?L1 (?)J + OSJ (T) c C  

Evidently,  t h e  maln p a r t  of t h e  baryon charge i s  s tored  i n  
t h e  condensate. Using t h e  obtained express ion  T/m = f 4 ( a e )  
( see  eq. (11) ) we can determine t he  baryon asymmetry of  t h e  quarks. 

s o , f o r  ? ~ = 4  mlT-.36 gf-0.004 , & f o r  %=0.47 

In t he  course of t h e  Universe expansion, t h e  e n e r a  dens i t y  
decreases  at t-2 . I n  case  of n o n r e l a t i v l s t i c  p a r t i c l e s  t h e  condensate 
dens i t y  9' = & SCYIZ has  t h e  same behaviour. rK s t a y s  constant  

p, . rrl t i l l  t h e  moment, when disappears.  An evaporat ion of 

t h e  condensate wi th  t h e  decrease of t he  energy d e n s i t y  proceeds. T I 1 1  

t h e  moment of t h e  evaporat ion t h e  temperature of t h e  system a l s o  re-  
mains cons tan t ,  IT= * s t  > WI determined by X . After  t h e  
condensate evapora t ion  t he  chemical p o t e n t i a l  decreases  a s  t h e  tem- 
pera ture  goes down with t h e  expansion. 

Let u s  e s t ima te  t h e  condensate ewaporation time i n  the process  
of t he  Universe expansion. For s imp l i c i t y  we t ake  t h e  case  'X-. d 
t hen  a s  i t  has  a l r eady  been oa lcu la ted  9eu/rvlr N 3.40-'. 
Using 9 =  go ( t o / t ) 2  

we ge t  t,. 6 (p,l~q)"' . 
Af te r  t h e  evapora t ion  t he  temperature time dependence i s  t h e  sane a s  

i n  t h e  standard Fridman cosmology CT TW.) N [h. / t 1% 

f o r  t he  case of n o n r e l a t i v l s t i c  mat te r  dominance. I n  our case  t h i s  
can be r ea l i zed ,  i f  except f i e l d  and i t s  d e c a  products  t he r e  
e x i s t s  an a d d i t i o n a l  n o n r e l a t i v i s t i c  ma t t e r  i n  t h e  Universe, g iv ing  
t h e  dominant con t r i bu t i on  i n t o  t he  energy dens i ty .  It could be f o r  
example t he  coherent ly  o s c i l l a t i n g  i n f l a n t o n  f i e l d  f'. 

- 

As i t  was shown above only  t he  energy d e n s i t y  ye decreases  
w i th  t he  Universe expansion, whi le  t h e  temperature s t a y s  constant  
t i l l  t h e  condensate evaporation. So, t h e  r e s u l t s  f o r  j3+ obtained 
above a r e  app l i cab l e  t i l l  the  moment of evaporat ion . 

To get  an  agreement wi th  t h e  observa t ions  a r ehea t i ng  sources 
a r e  necessary,  l i k e ,  f o r  example, t he  i n f l a n t o n  decay i$ i s  t akes  
p l ace  a f t e r  t h e  condensate evapora t ion  rly rX. 

I f  t he  i n f l a n t o n  decays e a r l i e r  and a f t e r  some moment qX 
dominates t he  energy dens i t y ,  some 6 and L nonconserving processes  
a r e  necessary. %ey could wash t h e  excess  of B and L charges and 
could l e ad  t o  t h e  necessary rehea t ing .  

As we show i n  a separa te  pub l i ca t i on  t he  process  of p a r t i c l e  
production by t he  c l a s s i c a l  o s c i l l a t i n g  f i e l d  l e a d s  to  a v e r y  
small  value of and so t o  a reasonably  small va lue  of . 

%us no r ehea t i ng  i s  necessary.  
P 
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