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Abstrect

It is shown that the baryon asymmetry in inflationary
universe under certein constraints on messes of superheavy
bosons can be larger then theat in the standard baxryosinthesis
scenario. An important property of the model considered is
that the final baryon asymmetry does not depend om initiel
conditions in the early universe in contrast to what occcurs

in the standard scenario based on (B-L) conserving GUT=e,
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A new approach %o the long-stending coamological problems
such as the horison and flatness problems and the problem of
spatial homogeneity and isotropy h;a been proposed recently

-5 | This is done in the framework of the so-called inflatio=
nery universe scenario iﬁ which the universe is suppoged to
expand exponentially, like de Sitter space for a sufficilontly
long period, During this period the atress teansor 18 domineted
by the vacuum (vosmological) term,

Inflationary universe scepnario is based on the théory of
the phase- {ransitions 6 in grand unified theories (GUTs),

If the ftransition from symmetric to asymmetric stefe 13 the
first order phase transition with a lerge supercooling, then
thé atregs tensor in the supercocled phase is indeed dominatedL
by the cosmological term - f\fao and the universe

inflates sxporentially fast,

The original ssenario of this type proposed by CGuth 1

results however in a very inhomogeneous and arisotropic universe 7.
The new inflationary universe scenario suggeated in ref, 2 {ace

also refs, 3-5 ), seams to be free from these shortcomings,
According +to fhis scenario the inflation proceeds during the
early stage of the phase transition in the asymm:tric phase
when the vacuum condensate of the Higgs field Ef ig not
yet completely developed. If the classical fieid EP grows
to its equilibrium value ?o slowly enough, then at the end
of the de Sitter stage the universe becomes almost exactly
flat, homogeneous, and isotropic independently of the initiel
conditions at the beginning of the phese transition 2 ,

Thig ascenario provides also a poasible solution of the

primordial monopole problem 8 and may explain the origin of




2
inhorogeneitties which are necessary for the gelexy formatien 2,

It seems to us that the oddds for thim scenario to bs
trus might be rather» high, However many problems are to be
solved before the final version of this scemerio is formuiated,
One of the mest interesting end important problems here is the
problex ¢f the baryosynthosis 10 ir the new lnfletionary
universe gcenario, In the present paper we shall show that the
mechanisn of the baryon production im this scenario differs
considerzbly from the usuil one,

The finsl baryon esymmeiry depends on the relations between
masges of superheavy bosons (vector as well es scelsr ones)
and cen be about two oxrders of magnitude larger than in the
standard scenarlo.

Yhe pariicle production in the discussed model looks as
fellowas, For some period of time the de Sitter law of expansion
is velid, During this period ")0 £ H << T" end the
sﬁress tenso. is dominated by the cosmologicsl term

-T' ~ ac
r =g ‘”
gince the usual matier diszppeere because of long and fast
expansion, The scale factor Cl(t) behaves as

817 Vel ‘/Z
~ L£X = (2)
@~ ep (H)  H (7%;-)
where ﬁ45p = 1,2 o 1019 eV is the Plench mass,

After the exponential expansicn period (which, hoﬁerullyé
lasts for A‘f 2 60 H') the classical field y(t') rapidly

grows and then convergently escillates near some constent
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equilibrium value yo approximately as

bo(f);: o (1- e"ﬁa5m3f) (3)

whers my ia the mass of the Higgs boson 57 when the
classical field T becomes equal to ‘fo .

The oscillation damping factor X for the norinteracting
field 50 would be given by 3/2H due to the “friction”
terz 3H in the equation for the apatially homogoneous fiseld
ff in the expanding wniverase:

?+3H3+m"(5)3=0 4
However in our case at the atage of rapid oscillations (3)
(though pot at the exponential expansion stage) the main
contribution to : arises because of the particle production
by the oscillating field () o.

To get insight into this process one should consider a
concrete theory in vhic:h the pew inflatiorary scenerio car be
realized. We will discuss here the SU(5) Coleman~-Weinberg theory
with the symmetry breaking  SU(S) -— §U(3) x SU(2) x U (4)
dus to appearance of the classiocal field d) = \/271_5- .
y0(4,4,1,—-3/z,—3/z) . Bumerical values of the
essential paranete?a in this theoxry are the following:vector
meson passes, M,: llﬂly 3 equilibrium value of the Riggs
fiedd, Y, 3My  ; vecumm emerey, V€
- SM: /32.'-?- - n‘;‘%‘ /[5 ; the Hubble constant at
the begimming of the phase transition, H, = Vi/xr Mi / (.?Mg)
The typicsl valus of My 1s 5.10'% GeV, ema #0 Ho =
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L

- 1619 eV,

The theory of particle production by the large oscillating
field is rather ocmplicated and will not bs considered here.
Fortunetely, howmever, ons may obtair reasonzble estimates of
the particle procduction rate by means of perturbation theory,

To thet end one should calculate ithe lowsst-order coatribution
of particles cf any given type to the imaginary part of the
effective action \/{ 3) in external field (3). This
gives in particular the lowest-order estimate ¢f the probability
of the ? particle preduction per unite time per unit

volume
4
W m
.f_l_-i = Q -—i—-
dvolt 5127 *

where (I  1s some numericel factor, @ = O({).

An iuwportant feature of this result ;Ls the Wi “_ dependence
of dW/alVo{t on the mass of the particles produced, There-
fore if ihe _(f ~bomsons are the heaviest Higgs bosone in
the theory (as we shall admit for a while), then only these
Biggs bosons will be produced by the fisld  (f (t) . As for
the vecter bosons X , y ., they ere pot produced in the
lowest oxrder in the gauge coupling L since M X is
{approximately) four times larger tham the fregquency ’my of

the oscillations (3), However tkese particles are produced in

higher orders in L , and ia fact this leads to the contri-
bution to AW /AVAt of the same order in ?Z since
the exiermal fiold is large, ot 500 Lo Mx /j + Nevertheless

some suppression of x » Y —~ preoduction eppears due to

- ]
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combinatorial fectors., On general grounds one would expect
§ -EM, [n

dny/dVo“‘N xe ,ywherc £ = 0(‘!) » and

indeed the gimples“ diagrams for V{ ) which give a
nonvanishing contribution to dwx /a(Vo(l’ are O( e ) qu‘I‘
Y 479 ™

and the corresponding comtribution to dwx,‘l /ath is

AW 4
o My -3 Mx (€)
Vot ~— 1510 - 36 Ss - Célo S120

shere C = (Q(1) ,1,5'.10-9 'is the above-menticned combinatorial
feotor and 36 13 the number of heavy vector meson spacies
(moluding helicity states) in the SU(5) theory,

Taker by their face values expressions (5) and {6) ,rediet
& somewhat larger production of heavy vector mesons with
M = l‘ m y a8 ocompared to the production of scalar particles
with M é ms o There can bs however some enhancement of
scalar particle productior if M:My (1.8, quanta of y
-field iiself) because of resonant effects. At the moment we
cannot definitely say ﬁat kind of particles, the omnes with
Mm=imn, or with M ™> M, , are domninately proiuced by the
oscillaiing rield 5’(_{-) « This problem deserves a further in-
veatigation and in what follows we consider both posasibilities:

1) the field (9 {t)  trenaforms predominantely imto X |,

Y- bosons (nvector dominance®); 2) the classical field y (t)
transforns predominantely into ‘130 bosona ("scalar Gominancet).
1) Let us consider first the "vector domirance” scenaric

and astmte the time during which tle vacuum energy Jo“"""
SM / 32 rz' transforns into the energy of non-

relativistic x ’ Y  bosons:
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r~ 3 M -
at = YR ~ 5.10 _,;\.;.,HD! -

X oAVolt

Note, that for M < 5 0'4 Gev +the rate of the heavy
meson production is higher than the rate of the universe expan-
sion, at <« H" « In the theories with large M X
creation of pariiclee by the eleilllting fisld y(f) pro-
ceeds during the tims AtS> H;' , which would modiry
to some extent the baryosynthesis scenario to be discussed,
Howsver in the present paper we restrict ourselves for simplicity
to the dimcussion of the theories with sufficiently smell My ,
otmet At £ H' .

The produced X and \/ -bosons decay intc quarks
and leptons with the lifetime whick is als- smaller than the
characteristic expansion time H . the baryon asymmetry
generated by thease decays is

- Ne— N3 ~ 3 _!"()L—bﬁ)-r(i-aiﬂ s}
Po N‘f"'”‘f"'/\’e*”i 4 [ (x-2ape)

This value is about two orders of magnitude larger than

that obteined in the siandard scenario (if C and CP violating
sffects in vector and secalar boson decays are of the same
order of nmagnitude, and in confrast to the standard scenario
is bora by the nonequilibrium decays of vector but not scalar
(Higgs) bosons,

Baeryon asymmetry ﬁo (8) can be somewhat washed out
in the course of the further evolution of the universe, The
dangerous processep are the baryomic charge nonconserving

inverse deceys of the veotor X , Y -bosons and the scalar
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+ 3
fractionally charged Hig:s partioles H « To evaluaie
their destructive role we take intc account that the number
density of K end Y ©bosums just after their produstion

is

I AR
) S /s/’,~ 331”2.. (9

and the number density of fermions boru by their dscays is
Ng = RNy . The tmportent point is that this number
density i1s the equilibrium number density correspcnding to
va.c if the number of particle species js about 102 {as

18 indeed the case). Consequently tho thermodynamic equilibrium
is sstablished by the processes J €» .  which do mot change
the totel particle number and are fast aa compered to H, ' .
The resulting plasms tewperaturs is J,=5 M, [$ . end thus
the inverse vector mesons decays cannct considerably diminish
baryon excess (8). The processes with H* b s2em to be
more impertant, Thelr contribution to washing out the initial
baryon assymmetry can be evaluatsd ss Q;P {.. ((;' [ﬂo‘r (T.lu.“)z.
CO’ﬁﬁtj » whers const- a1}, r”‘.: Anmul2 ic
the decay width of Ht %3  and Ay = J0=Y . this does
not considerably change our result (8) 1z H ¥ B are
heavy enough ( My = 5-10'2 ca¥), Othernise the iuitial
value of }3 o 1is completely washed out and we come to tke
atandard scenario ol baryon asymmetry generaticn through the
near-equilibrium decaye of HE (; ~mesons,

2} I‘Z 39({} fraduca:s' maim";- y—gosqq tpe taryon gensration becomes
more complicated. The number density of ? bozons just after

the phase transition is
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jpon-d M (10)

/e

Then the universe becomes Friedmen cue with the energy

mouentum tensor dominated 'by nonrelativistiq €7 bosons:
-~

f‘ t= L{r (Hfo)z” | o
where to is defined by JQ(O)':: ng /611'{':":-’ mg‘j’://é

Note that the number density »f 9') bosons is much
larger than the equilibrium number density which corresponds

to the energy density P(Q)
The further development of the initial .(f -boson state

depende upon the relation between their decay reie into a

pair of lighter Riggs bosons }(

‘fo.
F(ge}f) ——#—-—— (4~ ~—-f5-) (12)
gyt gl
and the rate of their number density decreasa through the

processes 3‘9"9 2 3 ' ll f -2 25’ and so on

F3y-+44)= 3,3'”‘33*’@” lﬁ—l 0z & Pl

Yhe rates of the précesaes 4 y —923’ etc are much
gpaller,

Comparing expressions (12) and (13) one can conclude
that at the first stage of the process the quasitermalization
of the‘ f -boson gas takes place which leads to their
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equilibrium number density and the equilibrium distribution in

energy, particles of other types being not produced end only
later the 97 -decays enter the game. This pleture ig valid
if the rate of the universe expansion (see eqa. (2), (4), and
(11)) is smaller than F(Sy %23) « Their ratio is

given bdy.
HO o 3 j foB
‘_(334'?3) 2 ' (14)

As it was already ncted, lf, 3MX 12 ms , 80 the

expansion is slow if “mj { 54107 3M37 , which is true in
the standard SU(5)-model. Thus the emergy density of 50 ,5

remains practivally unchanged, ." 33’0 //b , while

their number density decreases a.ns becomes equal to

3/
30
Nf(: 0,2 GF"-) U"jj’) ~ 02/\/50 “5)

The corresponding temperaturs is '.:',?mf.

Note that despite the cannibalism of y ~bosons
their number density remains greater than the equilibrium one
because particles of_ other types have not .enough time to be
produced &t this stage of the proceas, Thi's results in a
larger baryon asymmetry because the number density of quarks
which are produced after the successive deceys _50-9 H vl
+ H -3 and H* ’/3 0(7, , is also larger than the
equilibrium one. 4&

It the Zfractionally charged H bosons are the
pearest in mess to S? then the decay 37—9 H * H* s
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the dominent one. In other cese,when there exist scalar mesons
/( with & moas such that '7773 >;?m/ >Zny . the
process of querk production becomes more complicated:
Y= = diHn)= 4(37).

Let us first consider the more simple case when 7,> i
If other processes can be neglected, then after the chain
of decays 37—-? H+H . H—977, -9.? ,7—9 ?5‘;,7/

the quark-lepton plasma i8 produced with the relative baryon

excesa:
s ML 3 Tlbeg)or(aeTg)
J A/frﬁfffALMfé— 4 I (H-a¢¢)
This number is larger than that obtained in the standard
gcennrio "

i~ I K

}J:__L 2 Dot *’* (0 L j0 )ﬁ ()

tot

. 4 &
vhere At ti?- {0 is the total number of particle species
o

{(including the number of =pin states) in the equilibrium plasma,
However the comparison of the decay rate r r(ngH}"Z)

withh the expansion rate Ho Velo m)’j’"M ,» that is
'—i "1H Mj, ‘/l IUI“IM -y m M
SRR 2y TAS I g
Ho mky] ’ ms
f b J
shows that o & Hy 12 My is sufficiently small,

In this cagsc the decay of nonrelstivistie j -bhosons leads
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to the entropy increase which is propartional to (H, / [f,
and to the corresponding docrease of ﬂ + Pinally thau
fcllowing exprossion holds for ﬁ after the totsl therme-~
lisstion:

1fy

i1y r
ﬁ 'xﬁ, (‘Z%) IOK‘;:‘_‘(A;%‘) (19)

where o iB given by eq. (16) and N' is given by eq. (15),
7

/Y sy I
The factor (0K (o: ( Nﬁ‘ /mj) & which leads to some
eppears due to the fact that the initiel

increase of
numbey density of quarks is greeter than the equilibrium one,
To meke an estimate of the finel baryon asymmetry in this
scenario let us teke 1y = 02 My 2.10'> GeV, In thia
case eq, (19) yields C:’(LS' 0>> ) » i1.6. the
resulting baryen asymmeétry is mich greater tuen that in the
standard scenario,
In deviation of eq., (19) we have implicitely assumed that

H bosons disappear only because of the deceys of the type
H-— 7 + ? , but not because of the annihilation

H+H -

AV » where |s are light vector mesons. Let
ug analyse, whether this assumption is true. The 'dccay rate is

equal to
O(H m\
— —_ H
= M(ogg)= S
2
where £ H =~ 1074 is the coupling constant of coloured

Higgs mesons with fermions, With & reasonsble choice of the
parsmeters ( ?”H = OZMy ) it appears that ﬁ'l S r‘s,

In this cese H-mesone produced in the decays of ff ere
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relativigtic at tae momént of the decay H —n 2 , and
consequently the H-decay raie is (M” / mx) rH .

Taking into ac_ci?unt only the processes 8-% H+ F{-
end H —«9026,) 7»@ it is easy to cmlculate the concentra-
tion of these particles as functions of time, the condition
My ly /mjb I} being assumed,

(137: ex,o(—rgt)’ 'ZH‘:é"Hﬁf)/(”'yr_‘})‘exP(“Bf)
(21)

PC? = ;‘%— C1- expo (- th)]

3
where rld = /Y} aQ Lf) and a(i’) is the scale factor with
tke normalization condition 03{0) A/S' = 1.
Now we can evaluate the concwniration of vector bosons

produced in the proceas H+H -~ 2V as

Ty= S (Wi 2V). 242 Ny, 5 r; rot =
. s (22)
-4 gt Mg My dmy
0" 5 5o (- 55%)
0/5 m‘y j’o : My

i

-) -
which is valid for ero‘:Véfri dHMu mg, m_‘f 3"! (here
D{, = 2-10’2). One can see that the vector meson production
is small for sufficiently small My ( My = 0, My ).

Arnalogously the contribution of other processes of particle

: +3
production or the Inverse H -decays does not considerably

change our result {19) because at the essential stage the

expansion rate is large in comparison with l— .

In a nore complicated case when 7}73 ),?m)‘ > ,?mH




- I

I3
& somewbst smaller value of jB_ can be obtained. The
councrete number depends on the ratio of expansion rute and
different Jdecay rates and can be evalueted along the scme
lipes a3 above. The baryon asymmetry could be very much suppress-
ed in a rahter lmprobeble case when mH \/> m5.

We see therefore that the baryon esymmetry generation in
the inflationary universe crucially depends on the parameters
of the thedry. and for certain relatioms between masses of super-
heavy bosons tne resulting baryon esymmeiry proves to be one
or two crders of magnitude greater than that in the stendard
baryosynthesis scenario,

There is also a rather important point concerning the
dependence of the baryon asymmeiry om initiel conditions, It
is believed ususlly 10 thaet in the standard scenario any
initisl baryon asymmetry is washed out by the ﬁg -non- onser-
ving processes during thermodinamically equilibrium stuge,
Bowever this might be {true only in the theories in which
strong B-1L violation is possible, and it is definitely not
the case for the simple models considered in the literature, in
which B~L is conserved, Cnly in the inflationary universe
scenario, when practically no metter is left efter the exponen-~
tisl expansion, all the initial conditioms in the early
universe become unimportant for its evolution after the phase
transition, ard the finel baryon ssymmetry becomes a calculable
number, This independence of the present baryon esymmeiry on
the initiel zconditions in the universe is a very attractive

feature of the inflationary universe scenario,
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