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Abstract

A review ol the fundamental cosmological problema i~
giveny possible weys of their solution are disrussed., A
considerable attention is paid to infletionary universe

models,
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1.Introduction A

Kodern cosmology was borm after Eimstein /1 formmlsted
grmtat:l.om theory bassed on Gononl Rnlntivity and Priedman
/2/  found nonstationary eolution of the Einstein equations,
Binstein bdeing the first who put forward the 1«1«: of cosmolo-
gical application of his equatim was hom:r d:llcourag'd
by t'hn tbnnco of stationary lolutionl in eosmlosl.cal
situation, To get rid of this “shortcoming® Einstein proposed
to generalise the equations by adding so called cosmological
term / 3_/ : -h:l.oh could -tab:u.:lh the universe, However it
soon became clear that the universe indeed expanded in accor—
da.ncov with FPriedman's predictions, This was announced by'
Hubble 74/ ‘wno discovered the flowing away of distant astro-
nomical odJjects 'ith thp speed proporf:l.onui to the distance
- to thei. The next natural step, st:l.mlatod by thae thaory of
pr:l.nordial nueloomthe-u ‘was the formulation LY Gamow / 5/
of the hot universe madel, The lattier became a respectful and
well esteblished cosmologicsl modal after discovery of the
relic_ electromagnetic bnckgroﬁnd ‘made by Pensias and Wilson
76/ . ':he detailed calculations of light nuclei synthesis
made by Fowler, Hoyle and Wagoner /7/greatly supported the
status of the hot model a:l.n_co the results An:'n..in excellent
agreement with. astronmosiical obiemtion_l. The most inmpressive
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o2 these was the coincidence with the daia of He* abundance

which was & Qifficult point for other cosmological models.

. The triumphel) success of the Priedman cosmology even
more emphasizes the fect that the mnderlying hypotheses are
completely weird. I 40 not mean of course the theoretical
foundestions (mainly General Relativity); there are few of
them and they are very beautiful., The specific vulues of the
model parameters and the initial conditions which determines
the evolution of our world that is what makes one feel un-
eensy, Hemely the initial state locked very much like wvacuunm
and the parameters Wwere choser = with an extremely high
precision. If this were not the case the universe wouid look
quite different wj.th no condition for life at least in our
understending of the world. One could think that the Creator
took spscial eﬁre to make comfortable comditions for our -
existence looking efter almost all from 1050 particles in the
visible part of the world. The circumstance gives rise to the
86 called a.u"bhropic principle which in its strong form reeds:
the very our existence is the enswer to the question on the - e
properties of our 'nniverae. If the universe were slightly
different such a guestion could not be put because
o curious (a# well as noncurious) creature would exist to
put it, Th; enthropie principle being true, no job ie left
for & physicist, That's why one seeks for another explanstion
of these -eternal comlbgica.l problems, trying to find e
model in which tﬁe universe evolves to the present state more
ot less independently from the inmitial conditions obeyimg only
laws of'-tmi&anental physics. - In recent years e eonsidergble
progress in elenentary particle physice opene& a way to do

e L ¢
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that, Correspondingly cosmology is reaching & new a.nd higher
level: fundamental cosmological parameters formerly taken
from observations or considered as a result of specific initial
conditions now hopefully cé.n be calculated, One should not
think of course tliat all cosmological problems are solved..
There are plenty of difficulties on the way and probably the
final solution will be quite different from the variants which
are considered now. Anyway the possibility to understand the
specific initial conditions in our "best of all possible
worlds® seems %o be at hand now, ‘

The paper is orga.ﬁ:l.sed as follows. In section II e ahort
review of cosmological data, which are of interest in what
follows, is presented, In section III the fundamental cosmolo-
gical problems are considered and possible ways of their
solutions are outlined, In sectionIV the in.f.lationary universe
model, with which the bulk of the recent progresa is connected,-
is discussed in some detail, The results of this presentation
are summarised in conclusion, .

IiI.,The universe todey (meinly

" observational deta)

1. The universe expansiocn is undoubiful now, Probably un-
doubtful is also the Hubble law /4/ 1.e. proportionality bet-
ween the velocity v‘ot a remote astronomical cbject and the
distence to it T : . ' |

: . \
U=Ht -0
Perturbations of these general law due to peculiar motion of )
separats gelaxies or their clasters u-e of course possible.
Less relisble is the numerical value of the Hudble comstant H.
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Majority of recent obaervations /8/ give H -arounﬁ 100 km/aee. [
'“l" but twice lower value is also presented /9/ . ck:lm in
favour of larger value of H seem impressive and, if not the
data on the universe age (see below subsection 6§), they comld
dominate the public opinion pool.

2, Whether the universe expension will last forever or
stop end turn into contraction is determined by the ratio of
the average eherg density in the umiverse to the so called
eritical denéity:

:.Q.“f, p‘-——————m 1o hm 4 @

where G ig the gravitationsl constant, G= -2 =

= (1,22,10"% 6ev)2 *), and hygp = E/(100 km.sec” ' mpe~?), It

.Q,>1, ‘the universe is closed, and somewhen in future it will

atart to contract, If .._Q. < 1 the universe is opéen and

the expansibn‘ will never stop. The épecial case 61‘ N¢A = 1

carresponds to the .spat:lally at, euclidean universe, |
 fThe velue of energy density, measured through its gravi-

tational effects now is believed to be more or lesa a.round

0,3 ,PC / 10/ giving evidence :I.n Tavour of the open universe

the accura.cy being not sufficient however. Surprisingly the

directly observed a.mount of luminous matter and of the.matte;

in mtergalactic' gu is an ordér of magnitude smeller: 32;:0,03

‘)_We use here the natural system of inits where the speed of .
light, the Planck. constant, and the Boltzman constant ere’
equal to wnity:' c = h = k = 1, With this convention tempe~ R
reture, mass, and energy have the same dimensionality of in-
verse length or, which is the same, inverse time. Por example
the proton mass My is equal' m =940 r.bv = 103K = (2, 10’“@)‘".
= (7.10° 25aec)™1. : . S
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Index B here shows that this vaiuo of ..Q. corresponds

to the usual baryonie (that is made of protons end neutrons)
matter. The discrepancy between {4 found by the dynamics

of galaries and Klg 15 inown as the problem of a hidden

mass of the universe // « One could think that by some mn-
known resson a considerable part of the usual baryonic matter
escaped modofn observations, Howsver the data on deuterium
abundance in the universe as wisll as the theory of galaxy
formation make it hardly probable., The most popular now is

the point of view that the invisible matter is either in the
form of messive nsutrino or some other not yet discovered
particles (o.g, arxions, photinos, or gravitinos)., The discunssion
of these topics and references to the relevant literature can
be tound in papers /12/ « In connection with the prublem of the
hidden mass one camnot oxeiudo also the posaidbiliity of a modi-
fication of the graviiational interaction at large scales.

' The invisidle matter could in principle raise the value
ofn.Q.np’to1 or even higher but only if this matter is more
mifirmly distributed over the space than galaxies and their
clusters 113/ « The value of o.ﬂ- is of crvoial importance for
the infletionary universe model discussed in 'hnt follows, .

3. A8 is kmown the equations of general relativity can be

generaliszed by introducing tho so called oo-ulogicll torm
13/ '

Rpv- § 3R = 35GT, Ag,w *
where 7;.9 is the -trou ton.-or or matter and thé term pro-
portionsl to A can be conlidorod - contr:l.but:lcn of gre-
vitating vacuum and morrupond:lngly rawritten m the Torm: ‘

Aa" --irGT ,fg-SrGf JI“' - In the standera
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cosmology it is assumed that A = 0, Observational bounds /14/ .
if expressed in terms of critical demsity, are rather week

however:

47
\fmld's'lo me = 10" «%5;; )

On the other hand, if compared with a cheracteristic scale
in elementary particle physics es well as with values of
energy density in the very early universe, fcc is enormous-

1y small, This smallness is the basic reason for the assumption

that ﬂ,u is identically zero.
4, The matter density in the universe averaged over large

scale looks o & high degree homogenecus., Of course fluctus-

* tions are large on the galactic scales but for distances

exceeding 106 Mpe  relative variation of the density are

pretty amall:
% < 107 B ()

Komogeneity of the universe is confirmed eleo by the isotropy

of the nicrowave ele.ctromésnetie 'beckgromq which directional
va:éidtion does not exceed 1_0‘3 s 1074, |
5. Practically no antimatter (i.e; positroiu', antiprotons,

antiﬁeutronn) ip the univiru‘ 18 observed. Theory predicts

however that the number denaity of antinoutrino is not Bmll
Strictly apeaking 4t is pons:l.ble thnt some galad.u are -.dc
of antimatter but 1n all Xnown cases of coni.dn; gnhx:l.u or.
the galaxies covered: with the same » cloud of intersteller ees,

| 4t-is seen that these regiona ere f11led with the matter of
. the same ‘type. Mn.ta.ct u .well..u a low »nux of ants.protont :
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in coanie rays make one to thi.nk fhat thers is no - noticeabls
amount of antimatter in the universe, The prosence of only. one
type of matter is called charge or ‘baryonicfnq-.try of the
universe, .
An important cosmological quantity is the retio of the
average number density of baryons Np to that of relis

photons N r .

AIr = 550(7/3E)en™> (6)
In accordance with the modemn (lata this ratio is equal to
- -9 _ =10
ﬁ - NB/NI'"’ - 10 n

6. The time that passed from the initial hot period is
called fho universs cge, ‘t“_ o It is d.oﬁ.n.:l.foly laa.fgor than
5.109y because we kuow for sure that the Barth is so old,
Radiocsctive isotope chronometiry and also observations of old
globular clusters demend the larger value /757 . ‘

'éu:15.109, . (8)\ .

The universe age ‘tu can be oxprea-'odlthrough the
modern value of the Hubble conatant H and the parmtu-sz .
Since the universe spent almost all.li:tc in the state when
nonrelativistic matter dominated enargy density, the Iollal:l.ng
approximate formula 1s validz '

t= zogm’ ﬂ, (,,,_. ]"‘ REC T

" {under ulunpt:l.ou of vanishing cosmplogical term),

_ Bridently valus (8) does not agree with h,n, = 1 (1,6, .
H = 100 im.sec™" "r"c") 22d we are to choose among the folloving
possibilitiesa: ‘ .
a) the Hubble constant is ma:i.lu-'tm 1t 1s claimed m.r_c_ccn't .

T a——————a.



papers, h,,, £ 0,6;

b) the theories of mucleosynthesis and star evolution are not
very accurate, so a smaller value of ‘l:u is péud.u:lbl‘ {e.
 Be ‘tu',:: 10.10’3):

c) The cosmological consiant is nonvanishking and close to
its upper bownd (4). '

Let us note in advance that in the inflationary universe
model the above -ontionad contradiction is slightly worse
because this model demands L& = 1 and correspondingly t,,
is smaller tham for SL = 0,3.
m.rpndanental cosamological

Pr°bvlenms

The Einstein equations on which most of modern cosmolo-

gicai modelrs are based, for the case of homogeneous and iso-

tropic matter distridbution have the very simple form:
| f'i:— 4...g a.(‘p+3 ) (10)
. Z ,
._..5. fﬁ k (1)

where dot meens time derivative, (O and'p ave respectively
energy density and pressure of matter (with possible ta.k:l.n;
into sccount vacuum term), @ isa scele factor, and k is
& numerical constant which value can be chosen as #1 or 0
with o suitadle redefinition of (X .

2q. (11) can be rewritten in the fom

f‘.ﬁ: Q" .’ P‘ 31‘(;&"

£12)

G
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Hence k <0 xorresponds to the closed universe and k3 0
co'r?z-os'pom to the opsn wniverse. The regime of expansiom
depends on equation of atate sz‘f) W writo down bare

' gome interesting Specific examples for the special came

(k= 0):
mlgmiie' , = fl..)ﬁa an~ t‘/" . (12a)
Smrelativistic "P=_= o, fla)w'a et am
i 3;. Pl"-’" ', ant® (13e7

Gravitaticg F.’“f» fh)-cad‘ a.e‘r{ 31’)*] (13e).

Today the miverss is dominsted by nourslativistic matter
and the. expuuimlﬂileloato(ﬁb) (iff) is not too
far from @ ). The chunge of ihs Tegime from relativistic
to aonrelativistio ons, took plece ad the following velue of
the Ted shift tactor 5 = 4 4L b2 .10%. We do mot know
whotheyr strings wdcﬂnﬂlqdﬂmﬂmdmwm
: url!mimso; it is oftan mu-dthtthonn- a'p‘oriodv
shon the commological term was dowinsting. The possible role
 of domsin walls it the tmiverse. was constdered in regf, /16/
‘whare it vas argued thet the wallr bora by the spomtunsous.
Wnaruu-mummamueuom
homogeneity of the univorse.. co-oloﬂ.nl effects dus to -
strings ae discusasd in papers 717/, It is shows Wist the in-
nomogenvities caused by possidle strisg mdnctiu 4in the very

early universe are socceptebly small snd, shst's more, the strings

———

PO R A0 .
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that exist in some unified theories of sgtrong and electro-

weak interaction with a characteristic scale of the order
of 10’4 - 10'2 GeV can explain the large scale structure of
the universe (galexies and/or their clusters),

How far can one travel backward in time depends on our
knowledge of particle interactions at high energies and
densities, Reletivistic expansion law (13a) is surely velid
up to temperatures of several tens or even hundreds MeV,
Somewhere in this energy region the equastion of atate of the
primeval plasma could change due to quantum chromodynamicel
phase transition to hadrons from free quarks and giuons. Before

. the phase trzmsition the equation of state was algo close to
that of the ideel relativistic gas of elementary particles,
And we believe that this continued sterting et least from the
temperatures of 100 GeV, Roughly up to this energy we have
information on particle interactions cdni’irme‘d by expérimeitt. /,-.
Extrapoletion into region of higher temperatures is noi so
reliable because for E 100 GeV there exist almost mo experi-
mental date on plementary particles, There is however & theory
which in & inified manner describes strong and elecirowsak
interaction, has also some other attractive features, and
states that .nathing unusual happens up t0 the Planck energy
E = 10'9 GeV, when effects of quentum gravitation. were of ' ;
importence, ﬁn:tortunately no ‘.theéry of the latter is yet es..
tablished. In the frameworks of Grand Unified models cme ras
hope to describe the universe history t111 the qmntum gravie
tational era as définitely as e concrete model (which is in
fact not singled out) permits, If all the phase trasaitiors
happened in the course of the universe sxpansion wui sooling.
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down were that of the I order or weak I order them the ..
influence of them on the expansion regime were not mmch im-
portant and equations (13a) were approximately valid  $il11
the Planck energy. If a phase transition was strong I order
Vone and the stress tensor was dominatad by the cosmolc;giegl
term then for some time the expansion was exponential (13e),
The statement about phase tra.naitiona with chansing temperature
in field theories with a sponta.neouslv proken syrmetiry was
made in papers /18/ and since iz used in cosmclog:l.cal rodels,
Roturning to eq. (12) lot rewrite it in the form
.._4 — (S _ch_;_.z_’:_ - ae

whexe indices 1 and 2 mean that the corresponding quantities
are teken at t:l.m moments t1 and t2 ‘respect:l.vqu. Choosing '
t, and t, to be the todsy's moment and the moment: of the
change from the relativistic expe.ﬁs'ion regime to fb.e nonrela-
tivistic one we find ..Q.‘_;-f—_- L)'= 1074, 12 t, is taken
as a moment when the primordial nucleosynthesis started (tz'z

1 sec, T,2x,1 MeV) - one can be sura that the universe was
:'.n this gtate since it is conﬁmd by the observational data.
on the abundances of light elements, then ._Q - 1106, Ie
one travels even farther in time till t, =. . 1093 sec and T, =

T, = 10'9ge¥ -then 52 1216772, In other words if & universe.
created at the Planck moment is to survive to- the present

state the value of the cosmoLogical paremeter fL must be

very well tuned. This fine tuning reflects the huge difference
betwesn the l’la.nck time and the modexrm. univarao age, Indeod i
& -1=001) st t = tg then the characteristic expension’

timo would be of order 10'43uc. :I..o. ror the cloud univerao b
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the expangion would twrn into contraction in sbout that time
and the open universe would expand so fast that no galaries,

stars, and planets could form. Thus the very our existence
gives evidence ln favour of very special initial conditiom,
of elmost spatially flat early universe,

Tuis mysterious fact is one of the most important cosmo-
logical procblems which is called ~

1) the fiainess probiem.

There are some other important cosmological probleme
without solving wihich we cannot hope to understand how our

world e created.

2) Isotropy and homogeneity problem,

These also suggest some very specific initiel conditioms,
large violatlon of whick are not forbidden even by antropic
principle, So a natural expension of this fact is even more

(PN

desirable.

Isotropy of the microwave background supporting the
isotropy of the universe gives rise to another problem

3) the horizop problem which is due.to the slow rise
_of the scale factor (I in regimes (13a) end (13b) in comperi-
son with the mise of the causally comnected region {horizon)
r A~ t, | ' 4
The relic electromegnetic quanta becams fres, i.o, stoped ,
to interact with the metter in the universe when the tempers- ?
utre fell lower than the hydrogen recombination tempereture

T = = 3000 E. From that time the scale factor rose 7,= h_ .

T IK
= 31000-fold. Por standard expansion regime (13a) the horizon

" size was sbout. 1013 sec at that moment end corncpondingly
the phyaieal proceuu forming olect'-onagnetic ba.ckground

BERVE L e e,
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could occur only in a smaller domain. ¥arednys the sise of
this region became R = 2 1013 sec. The radiation having
ceased to interact with mattexr 1010 ‘years ago, regions with
the angular size larger than 0,03 are discomnected physically.
NMeantime relic radiation coming from different directions om
the sky is the same, This shows that some deviation from the
gstandard expansion regime must exist which mede possible sig-
nal (interaction) exchange between different parts in the sky,

4) The problem of the cosmological cbnata.n + 48 was
mentioned before Py (< 107460%, It 1s fantasticelly smell
in comparison with standaxds of elqmntary particle physics
119/ o Indeed quantum field theory predicts that vacuum fluc=-
tuations of quantum fields give some contribution into vecuum
energy. This contribution is infinits for any particle type
but there is a hope based on supersymmeiric models that these
infinities cancell when summed over all boson and fermion
species, However supersymmetiry being not exgct, a finite
part in this sum does not generally vanish and is of the ordsr
. of mg’ where m, is a characteristic mass scale 61’ supersymmetry
breeking, Besides in gauge theories which describe elementary
paxrticls interactions phase transitions with changing tempera-
tures are poésible /18/ o During such transitions wvacuum emergy
changes its value.For example the change of vacuum emergy due to
phase transition in QCD is about Afm=(1o‘3 - 1074) »}, 1n
electroweak interaction APvacc 108mﬂ’., and in grand
unified theories A0, =10%"nd | Since the today's value
of vacuum energy is known to be zero (vacuum does not gravi-
tate now) these phase transitions which took place during the
cooling down of the universe imply thet initially the wacuum

gu——
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energy m.honvauish.tng and prepared with the fantestic

accuracy of noi less than 10-106 if g more naiural mechanism
of eating up the cosmological term will not be found,

5« The -'Eroblém of singulerity and universe creestion
seems to be most difficult of all we encounter now, Recently
the hypothesie of universs creatidn from "nothing” a5 & result
of quantum jump became popular /20/ . Such & universe is necessa~
rily closed with vanishing all net conmserved gquentum numbers,
From the infinite multitude of universe created in this wey |
only those are suiteble for life which do not much differ
from ours, This gives an answer to the question of thegpecific'
initial conditions mentioned above, Unfortunately we have no
relieble —the.ory for descripiion of such & quantum jump,

The idea of ever existing_ ;:losed oscilleting universe
encounters difficultios beceuse of infinite entropy generation,
To evoid -this e crucial alteretion of physicel lews ai small
distances is necessery, Anatit’empt of this kind based on the
asumption of @ 1limiting value of energy density was made in
rer, 72V, The question of entropy generation in the frame-
worke of this model 18 ‘not yet clear however, '
.~ 6) The io % _problem of cherge as of the
K uﬁiverse i.e. o:t don:i.nance particles over antiparticles can
be considered as resolved now. / 22/ In the frameworks of
Gre.nd Unified Hodels not only qualitative but alao renon.ble ’

qnantitats.vo agreenent with the astronomical a.ata for Ala /N‘r

ie obta:l.ned. I.ct desc-ibe briefly hcw one underatend- todly

~ the nechaninm or genentian of an: a-ceal of particlos over . -
antiparticlea so thst we noed not to z-et\n'n to th:l.n in whet
"onon giﬂ.ng the bulk of the paper o other not so well o

s emn

H

i
|
i
H
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understood puzzles. AA.nor- detailed d;scuu:tcn can bde fonnd .

1a review /2 op in popular paper /2. -
The basic point is the hypothesis of baryonic charge

nonconservation which is in fact inherent to the Grand Unifi-

cation Bodels. Some of these models predict the existence of

superheavy p-:rticles (B and X bosons) with masses about 10’4 -

1015 GeV., These particles can decay into states with different
valyes of baryonic cinrge B, Two other esssntial ingredients

of the mechanism are & violation of charge symmetry (l.e., dif-
ferent interactions of particles and antiparticles) and viole~

tion of thermodynamical eqt_x:l.librimi caused by the universe

expansion., It can be shown that in thess conditions decays

and inverse decays of H and X bosons produce an excess of
perticles over antiparticles (or vice versa) and the latter

is not compensated by other processes because of nonequilibrium,

The exact value of this excess can not be calculated because
we do not know much about X and H meson deca.j- but an ordexr

of magnitude estimates are in reasonsble agreement with obser-
vations, It is especially aitreactive that for some models the
result does not depand upon initial cqn.dit_d.bna 1.0, upon initial

excess of baryons or antibaryons, An importan’ feature of the

considered mechanism in its classical form is the presence in

the primeval plasss of large amount of X and/or H bosons and
correspondingly e high temperature of the plasma, "7"'7,_1_01 cev. j
at the period of charge excess generation. ~

7) Zhe problem of magnetic monopoles stands apart from

those ermerated above., It 18 not & specific cosmological
problem but emerging because of the prediction /25/ of megnetic
monopols existence in gauge field theories. Monmopoles baim -
during phase transiticn from sysmetric to nonsyzmetric state
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of & Grand Uniﬁcatim I:aol. as the un:tvcrae oxpmdcd and
cooled dm. survived up to now and’ their - ru:ldm conoentre-

“4Sem ealcnlated in the framewo>ks or ‘the standard cosmological

seem.ﬁ.o proves to be Mccoptably large / 26/

Problems 9, 2. 3 and 7 can be resolved in a besutiful and
unified wey in the inflationary wriverse model /27+28/ tus the
problem of eouological term becomes even deeper. The starting
point of the inflationary univerne model is ‘the dominance of
the vacuum term in the siress tensor ."1;“, o4 fm ar
during some period in the mmiverse history. In accoxdance with
eq, (13e) the scale factor rises exponentially during this
period and the energy density quickly temds o its oriticel
valus, so that .Sz-#'i (see vg. (14)). In this model the

-universe lsoked for soms time as an expending empty apace

(the donsity of initielly present matter exponentially tended
to sero). During tiis fast expansion all the initisl conditions
becans forgotten and the universe became so .haiogo_neohl s
only vacuum could be, Howsvsr this was not a resl vacuum put
fales and 1t exploded bearing particles /2 wnich r111ea the
universe and thermolized, After that the ‘expension regime

' became the Friedman‘’s one. The meonary duration- of the
_ infletion T depsnds upon the tempsrature of the produced
'.pcruo:l.u. To insure the cwntem valne ,SZ = 0(1) the
_condition exp(BT) >1o’°(1'/-,) mst be fulfilled, i.e.

H't'> 0- & '("..5’

8o ‘7,' is not wmbly 1::-3-
- If the -xpmtm (do ss.stor) Btage 1ndnd ox.umd m the

: mnrn !u.ltory. the muu ulno of .. ..Q. could dbe -lmoct
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arbitrary. If the universe 1s open and (¢ & 1 then in the
course of expansion the energy demsity of matter fn decreased
and correspondingly wvacuum term fm began to dominate
generating exponential expansion, If the universe is closed,
ﬂ) 1, then generally the contraction began when f),,“P f“c
end no sxponential stage tcok place, However, as was noted by
L.B.Oku:n,in an oscilleting universe the amplitude of the
oscillations rises due to entropy generation and correapondingly
fm in the point of maximal expansion becomes smaller. Thus
sooner or later a closed universe starts to have an expomentizi
period in its life, {of course it _vac # 0, Jom:z 0). 3o
the ﬂatness of our universe can be explained without assump-
tion of a fine tuning of initial values of the perameters, If
one takee this point of view however then for a resclution
of the problem of flatness for the closed universe no infla-
tionary scenario is needed, Indeed the universe oscillating
with an increasing amplitude comes ultimately into the present
state and we could be in 3% only when the conditioms for life
became bearsble.

The horizon prohlem is also naturally solved in an
inflationary scenario becausé the scale factor is propor-
tional to exp(Ht) and rises faster than the horison.

It is noteworthy tBat value of ((J, in this model should
be vexry closs to unity because lJ.mt any excess of T over
its Jower bound (15) will lead o the universs which almost
sbsolutely flat and deviation of L from 1 1s in fact de-
$ermined by density fluctuations. Astronomical dsta however
tend against this value rather giving SL ~ 0.3 if only the
uiverse ia not f11led by a uniforly distributed matter /137
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e.g. in form of weakly interacting measive particles (neutrino,
gravitino, etc.). In this commectiorn a mors reliable determi-
nation of the Hubble constant is of importence., In particular
zor {41 By = (7,2.10%/+,). Mis might be the only
way to verify inflationary models,

Inflationary ino'dal presents also a natural solution to
the megnetic -on'opoli problem, if afier the phese transition
which generates the monopoles, a conriderable exponential ex-
pension takes place, This i3 also necessary for suppression
of inhomogeneities (see below), In this case one could hardly
expect to find more than one momopole in all the visidbloe part
of the universe and the registration of the second one (gfter
that of ref. /30/) would demand & modification of this simple
version of the modsl. Let us note in this commection that
in supersymmeiric inflationary iodels 131/ the problmg of
monopoles comes to life again. With more complicated models
however it is possible to have varients in which the monopole
denlity does not contradict ob-ervation and at the seme time

is not negligibly #5all,
As for the h_onogoneity' problem the originality formulated

~ mode1 727/ wes far from satisfectory, The point is thot the

inflaﬂon proceesded in a symmetric state before the phese
transition., I.ator bubbles of new aszymmetric phase were born,
inflation ended lnd these bubbles filled all’ the =pace, Gene-
rally in models of this typc the inhomogene:l.ties due to the '
bubble's walls should be lerge {in ref, /32/ a mechsnism of
ucmm.buming' wes considerdd which might give rise to =mell
1nho-ogeneit:lel). Much sma.l‘.ler inhomogeneities appeara in the _

new :lnﬂt.tionary univerae scenerio 728/ i:' whieh e considerable
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expomential expsnsicn takes place mot only before sad alse
after the phase transition becsusse the vacuum expectiea
value of the sealar field (order parsmeter) tends to its
1imit in the symmetric state slouly in comparisom with the
exPansion rate. Inhomogeneities in the new inflationary
universe scenario were discussed in ref., /3% where 1t wes
shown that in the simplest version based on 5U(5) model
of Coleman and Weinberg (see below) the inhomogen~ities would
be acceptably small if very resirictive snd mnmnatural condi-
tions were imposed om the underlying theory., This meade one to
consider supersymmetric models / 31,, which may no% suffer from
the mentiomed shortcoming., However in superwymmetric approach
other difficuliies (with magnetic monopoles; particle produc~
tion at the end of inflation, ete ) ocan arise, To get rid of
them moTe complicated models 1is to be constructed, Tius infla-
tionary scenatio in principle besutifully solves meny of
emﬁarat‘od above commologioal problems, however no final,
mtuoutnaom.mm.ormmmmm
is not yot fowmd, '

Whet mskes one feel especially uneasy in mﬂn with
the inflationary scensrio is the prodlem of the co-olou.od
tern, The point is that the inflation is drivem by a nomsere
nmqnmwuol 1s to e nlnoluhls cancelled after phass
treneitions®), It coems to be quite a difference either ome

*) Recently Linde proposed a model of inflation without a
first order phase transition. It is discussed in soms
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assumes P“_C, = 0 identically or Pm--g.'Pﬁ 0 at
thebeginning (here S:P 45 the chsuge of vacuum snergy under
phass transitions), Advocates of inflationary models can
however ressonably obdject that the cosmological term prodlem
exists independently of Inflatiom, An exception .is the model
of roz. /34 yneve inflation takes place in the plancikisn
{or ever earlier) epoch and is driven by vacuum polarisatien
corrections to the Einsteia equations. It is posazidls also
that there exist alternstives toc the inflatienary lcm
opening other ways for resolution of the above mentiomed
problems; for example in ref. {2/ an attempt is meds to expleta
l-namtroryctondhmmimb&lmomto!phuo
transitions in the very early universe, In any event the
inflationary model is the first cosmological model which gives
a solutiop to several eternal cosmological problems which were
earlier considered as & fancy ef initial conditiens, In more
detail inis mdp'l is described in the tollai_!.u sesctien,

B turning to the commological term problem let s note
that taken by their face values quantities L, ¢ H; wa )
give ovidemce in fevewr of Prach O If un inflationsry model
10 valit apd b= 1 then for Bygo = 1 88 ¢, = 15,109 the
vecuum energy should be positive and be about 0,950, . Stace
P vartes with time (roughly e ‘m,‘,t‘f and R -

- cgnlt.' this means that the influence of f'nc u noticeable
only in the present epcch and in earlier time it can be neéglec-~
ted. This rovesls e more mysterious coincidemce. At the
moment mo absolutely satisfactory model oxplaining the small-
ness of the commological ters is known, but if the presented
adove values of H and tu are confirmed, it seems more natu-
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ral to demend from euch modele not absolute concellation of
'Fm but only up tc terms of the order of 1#;' /tz, The
noncompensated part of f) vac which is not necessarily
proporiional to ,",. could be noticeable in all the
history of the universe; it could influence the primordial
nucleosynthesis, gslexy formetion, give its contribution intec
the missing mass, etc, In ref, /36/ s dynamical model of
killing & vacuunm energy was considered. The idea is to orga.n:l.-eb ’
a cancellaltion of the vacuum energy by a condensate of a sca-
lar field interacting with gravity. The condensate generation
is driven by the cosmological term 'itaelf. In this sence the
rodel uses the well known in radiotechnigue feedback effect,
The compensation of a vacuum energy, being made by gravitatio-
nal interaction, proceeds rather slow sc that the noncoupensa-
ted term is always of order of Pc » The concrete mecdel _
however is based on a guantum field theory on which very res-
trictive and unnatural conditions are imposed, '

It scems that the cosmological tsrm problem is now the
central cosmological problem and w:l.thout its solution ne
cosmological model can be considmd as absolutely satisfac~
tory. ' ‘

As for the proﬁlom of initial singularity and universe
creation there exist some crazy ideas in the literature. I
would 1ike to add to them an exirs one. Assume that there

exist, say, a scalar field 8 with sn effective potential

wnbounded from below end with infinite amowmt of local minims -
separated from esch other by a potential barier, each ainime
deeper and deeper as 8 incrvascs, By-hand examples of
such a potential are m*§t ccs (5’/5-) or
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m g 7 [1-€ o8 [9/ Gﬂ Universe once created (may he infinite-
1y long ago) would stuck in one of thess local minima for
some, generically very large time, then after quantum channel
transition through the potential barier goes into other lower
vacuum state and 80 on infinitely meny times, The energy re-
leased through these quantum jumps eventually turns into
elementary particles and the latter would be very much dissol-
ved in space due to universe expansion especially if the latter
was oqunentiai. The cosmological term (or tc be more exact
terms) appearing in this model could be compensated by the
mechanism of the type proposed in ref, /38/ o The model des-
cribes an ever expanding universs infinitely cooling down
practically to vecuum and infinitely bursting into flare
again, demostrating an infinite number of big-bangs., A suitab-
le rame for such a wniverse is the Phoenix universe, Unfortu-.
nately (or better to say, foftunatoly) this conception is
impossible to verify because in case of the next big~bang an
observer would disappear before cbserve anything,

" INyInflationary universe models
.In.rﬂa‘tionary universe models are mostly based on tae '
assumption that the phase transition from symmetric to non~
symetiric state is strong first order, In a symmetric state
there is no condensate of a scaler field, <. 3> = 0, end

vacuum snergy is nonserc:

= =g V(s) oo
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where |/ 1is the effective potential of field § aad & is
the vacuum expactation value of y aftexr the phase transition.
Important assumption (1_6) has no natural grounds and is im-
posed on the model just to ensure the vanishing of the cos-
melogical term in the nonsymmetric phase.

Prim.riiy there could be @ matter in the universe with
energy density P m but in the course of expansion Pm—vo
and fvu = const (if a mechanism which kills cosmologi-
cal term proceeds slowly). If fm became larger than f""
before ths phase transition occured, the universe would
exponentially expand till the transition ended:

2.
a~ exp (Ht), H= (BM‘ \/(6')]- ("

The valus of V{6) 1s typically of the order of (10'Gev)*
in Grand Unified Models, hence H =< 10'! Ge¥,

As a simplified model of phase transition let consider
scalar field theory describoed by the Lagrangian

7= :.2— @.y) %—:2'- m?jz- %_?"4-"_ (18)

where dots.denote terms which describe interaction with
other particles: gauge bosons, fermions, other scalar ficldss.
The Lagrangisn poﬁns’nt synmetry with respect to transfor-

'uﬁu‘f—-) y and naybe a higher symmetry if ff is a

multicomponent field. In the stendard model of spontaneous
symmetry breaking it 1s assumed that »° < 0. and thne the

stable extremum of the potential is the p&:.nt’ B y'ﬁ"—_—m 2/)
Por nonserc temperature ths srtra term alTy is added to
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the potential, If the temprature is sufficiently high, the
equilibrium potat is shifted to  (f = 0 /1%/, Fence tne
bebaviour of _9 when the universe cools down should be
the following. At high temperaturs vacuum expectatiocn value
of “f is vanishing, ¢ y)- 0. This corresponds to. unbroken
symmetry. With falling temperature the sum ( ’”Z-H,(T ) becomes
negative and (ff) =— {m +°(T)=,£ 0. The symmetry is sponte-
neously broken, particles interacting with 50 obtain
masses proportional to ¢ 5’) . The phase transition in this
model is evidentily of the second order amd this is not what
we need, However in more complicated models e.g. based on SU(5)
symmetry group quantum corrections make poasible firast order
_ phase t;ra.nsitions for & rather wide range of parsmeters, For
details and references to the original papers one cen adress
to reviews /31, 38/ « It can be shown that in a class of
theories the effective potential calculated with the account

of one loop diagrams is of the form /18, 39/

T
-X

-

(-\f"r) (M+JT7Y+A3&L+QTIA I'In le }(19)

where § = 10%4 - 10" Gev; A, A, ama ¢ are mmerical
constants depmdiné on interaction strength; value of

does not depend on interaction, the contribu’ion of the
corresponding texﬁn glves for y « 0 just the thermal energy
of particles, Let neglect the last term in eq. (19) assuming
that the tenperatarolis mall. This does not qualitatively
chenge our eonclus:lon. Potential ( 19) has a miniwem at y = 0
1t mé ¢!T>0 « I ’M p{T (}Ee then except

A4
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for the first minimum there is another ome at ~ &

This minimum is deeper than the first ome for 't e T
AG2 / 4 . Hence stsble at high temperature minimum at

b’ = 0 becomes quasistable separated from the new stable
minimum (resl vacuum of the theory at T = 0) by e potential
barrier, As & rule quantum transition through a potential
barier is exponentially suppressed., Thus the system under
consideration can be in the quaéistable stete for e very
long time. The tunnel transition in quantum field theory wes
first considered in ref, /40/ o Technically more elegant
approach was proposed in pap;rs /4v/ » It was shown in these
papers that the transition probability is determined by the
action calculated on solution of classical eqQuation of
motion in imaginary time., An approximate result can be
obtained in & simpler way by calcnlﬁting extremum of the
sction varistionally, In particular the probability of tunnel
transition per unit of time i'ad volume in potential (19) at
zero temperature is approximately equal to

dW ""quf?{ 3Ft 4 } (20)

A+ YR
ol

odVolt
w'hert A is an unknown parameger w:lth dimension of ness;
its value probsbly is of the order of the inverse size of
' the bubble of new phase, i.6. MM ., Since A < 1 the -
transition time is enormously lerge szud the universe could
in(leed exponentially expard so that no trace of the primary

matter 'o.ﬁld be left, One should keep in mind however that
dne to event horizon in the de Sitter space the iemperaiure

P
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in it does not vunish but temds to H/,?T in the
comoving frame / 4'2/.- .

Rihe state with () = O being mstable the transition
to the new phase with <y>i 0 should take place sconmer or
later,. Immediately after the phase trapsition the valne of
classical field Y inside the bubble of new phase is of
order M / VA o It follows from the d.ependonco (19) of
effective potential on « For natural perameters values

f tends to its limit O  quickly in colpa.riaon. with
H. Indeed after the quantal jump giving origin to the phase
trensition the time evolution of f is described by the

equation
_QVv.
y\»sﬂ y= e - (2N
f .

with the initial conditions }p{o/rvm/;/j’ and 50{0) = O,
Hers the space derivatives of 50 were neglected because
their contribution is divided by the soale factor and qnicklr

vanishes, The value of QV/@ at p= M/V" can be estime-
ted with the help of eq. (19) as 'mff . where 77, 1is
a paraméter with the dimension of mass, Gensrically in Grand
Unification Theories ]3> H and tms (f increcees
with time as exp (M,{ ). Consequently after the bubble is
born the phaie tranlition terxinates in such .11.1' tine
than B-! g0 no exponential -expension of the bubble take
place, If 1% were the case thore would be many bubbles in

the v:u:l.blo part of the universe and the inhonomciﬁn
would be too large. A more detailed discussion and Teferences

to the original pepers cen be found in rer, /37/,
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In the modified inflationary scenario /28/ restrictive
condition ®'(7)=V'V/07)/3y< H® is imposea on the potential.
This condition which does not mnaturally follow from the theory,
is specially invented to ensure a slow rise of jf{t/ after
a bubble of new phase was born: y({'}fv exp (Mzt /3H)
The problems we encountexr cen be solved if m? yd Hz/.? S,
The bubble in this case quickly inflates so that all visible
part of the universe is the inner part of a single bubble
-

which was at the moment of its birth of the sire ~
and to the present time beceme as large as

WY T
R —-—e,o{ z E—K_ (22)

Here T is the temperature of the primeval plasme after
the end of phase trensition. The total universe expansion in
this éeenario is much larger and differs from that given by
eq. (22:) by the exponentisl factor 1n expression (20), The in-
. homogenelities size in this version of the model are of course
conu:lderably mllor then in the original one. Nevertheless
calculations mde in frameworka of the -tendard SU(5) theory
show that the :thomogeneitios are sbout two orders of magnitude
larger than we see in reclity 133/ + FBote that in contrast to
the previous case the inhomogeneities are con.ne‘cted with the
rise of quantum fluctuations of in de Sitter space and
not with the bubble’s walls, It is noteworthy ti:at in the
atandard universe scenario .(i.e.' without a de Sitter phase)
the evaluation of inhomogeneity size due to quantum fluctua-
tions gives the result ahout two orders of magnitude smeller
than it i3 necessary for galaxy formationm.
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To ensure small inhbmoseneities efTective potential
V( 3) should be very flat in a rather large range of
values of .lf beginning from y negy zero, However the
rate of particle production by external field fftt) ie
proporticnal to the speed of _lf ~variation and correspon-
dingly in & model of the discussed type the particles that
should fill the expanding vacuum and serve as 8 building
material for our world are produced too slowly, their density
and temperesture, if they have enough of time to thermolize,
are low end the baryonic esymmetry of tkhe universe could not
be generated. A detailed review of these problems as well as
discussion of the role played by gravitation and temperature
in such a acenario are given in papers /38/ + We note only
that usuelly gravitational effects are not important when the
energies are small in comparison with the Plenck energy.A In
the considered model however a new hierarchy of mass ié intro-
duced MILHY or 9m2<c R where R is the four
dimensic ;al curvature, Because of this condition gravitationsal
corrections to the effective potential are not small. In
particular it is known that to a Lagrangian of & scalar
field the term :2" 3R 32 can be added, which considerably
changes the effective mass of 3 in de Sitter space.

The smallness of effective mass @ L ) comparison
with H! nentioned above presumes the smallnessz or can-
cellation of diff;erént terms contributing into the coefficient

]
ot zb"z in the effective Lagrangians

m= 711024- AT z R+ A (5>2+ . (23)
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Here M, is the mass of 3 in the symmetric state in
flat @pace with zero temperature, Natural value of Wi, in
Grand Unification Models is about 10'4 Gev, An exception is
the Colemen-Weinberg model 743/ which is in fact defined
by the condition 77 = O imposed on V[H’)‘ Maybe there is
a hidden beauty, but sirictly speeking no arguments are
found %o keep IN =0, Moreover the Coleman-Weinberg model
was originally formulated in flat space-time and the condi-
tion ’Mo = 0 mesnt

o |
Pyt 1y=o k=0
whers R 1.3 the spece-time curvature., However the condition
R=0 at ‘P = 0 is not fulllfilled in the inflationary
model and instead R=’XTGT’}:325CV[€).
Hence it was proposed /38/ ‘o c&mﬁgc condition (24) to the

following

- (24)
=0

d’v
| -;""{ 1 =0 (25)
- AY" Vy=q R=325g v(y)
Since we do not understand the cosmological term puszle, thias
squality is not very,;n_u vased, For example in the model
of re2./3%/ tne comtition R= 337G V(6) 1is generally
not valié and consequently & selfconsistent version of the
Coleman-Weimberg model in a curved space should be different.
The second term in eq. {23) comes from interaction of y .
with heet bath, The value of A is of the order of Naz
where g X 0.5 1= the gauge coupling and K ir the
number of vector field species in the symmetry group under
consiqlcmtion; Dase tb existence of lower 1limit for temperature
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in & De-Sitter space , Iy = H/-Q‘ﬂ‘ / 42,/ this term
by itself can violate the condition -m® < KH'/aS.
To prevent from such a violation it was proposed in papers
/31/ where supersymmetric inflation was considered that
is a gauge singlet not interacting with vector fields, As
for couplings to other dields they can be masde arbitrarily
small and with them constant CL e Such field with the
only "reason d'etre” to ensure inflation is called inflation.

Conformal invariance if imposed on the scalar field theoxy
demands = 1/6. In this case the third term in =xpression
(23) give too big contribution: 3 R= Iﬂz H:= ‘QH‘Q_
It is known however that conformal invariance in & field
theory is as a rule violated and 80 no grounds for the
condition . ? = 1/6 exist, In particular it can be shown
744/ theat for Goldstone basons ? 18 gero. |

The last explicitely written down term m:};‘}za) is
generategl by quantum fluctuations of 50 :lnAs'pace-timo /45/ .
It can be negligible if constent A  which determines the
selfinteraction of field ? is chosen sufficiently small,

Thus putting aside naturalness the necessary duration of
inflation after the phase transition can be achieved, It is
more difficult to solve the homogeneity and baryon asy:nr:tb:{'yma
A.The effective potential in this case shounld be extremely flat
for -lf <H s=0thet V( 3) <« }? and vather steep for
large (f . One can construct modsls giving potentials of
this kind but they seem to be rather complicated and at the
moment no concrete mechanism of mtlation is generally accep-
ted. | o o
Now lst discuss briefly particle productiom at the end of
inflation, Immedistely sfter the phsse trausition the universe
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was "withocut form and void; and darkness was upon the

face. of the deep”. No usupl matter in form of elementary
particles was present, Classicsal field 30 was rising in
accordance with eq. (21) and the stress tensor in the right
band side of the equations of General Relativity was changing

in accordance with equations;
P=Puct V(3)+j501
,":‘-_ffac- Vig) + % 501

Potential V({) setisfies the conditions V(0)=0 end
V() is connected with .. by eq. (16). Here © s
~the value of 3) et the stable minimum of the potential,

(26)

In the new inflétiona.fy scenario / 28/ the value of
after the phase trensition yo-is smell so thet V(fﬁ,).{c_ Sfrac -
Besides the variation of 37 with time is assumed to be
819.,1 y /59 {( H . Hence at the beginning the expension
is not noticeably changed being almost the same (exponentisl)
_as it was before the phase trensition. Prectically no particles
are produced during this period. Then for larger jﬂ W g )
becomes steeper and y starts to oscillate arcund its
equilibrium point G . The oscillation damping is ceused .
by two fectors. The fii'at is the universe expansion which
gives rise to the r'rigtion térm 3H57 in eq. {21) and
the second is the particle production. The letter is not
ta.i:en irto account in eq, (21), ‘The oscillation frequency
being rather high, @) =2 /N [5/‘:6‘) = 10" - 10" cev,
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particle productiin becomes essential. The expansion regime

abruptly changes from exponential (13e) to nonrelativistic
{(13b). Indeed for harmonic oscillations the pressure determined
by eq. {26) vanishes which just corresponds to equation of
stata (13b), Deviations from pure harmonicity are nmot very
much important, Estimations made in concrete models show that '’
the rate of particle production /V/A/ during the period un-
der consideration is as a rule larger than the universe
expansion rete H= .’2./5’-{: e It 15 assumed in the standard
model that f is a Higgs field and so its Goupling to
other field is proportional to their masses. Correspondingly
oscilleting field ff produces mostly the heaviest particles
with the condition however that their mass does not conside~
rably exceed osclllation frequency (O . AS a result of
this process the universe becams filled up with superheavy
bosons which were far out of équilibriun. This favoured the
baryoproduction., The decay of these supsrbeavy particles
produced lighter species such as leptons, quarks, gluons,
photons, etc. Shortly after the decay the primeval plasms
thermalized and the expansion law beooms relativistic (13s).
The temporary dominance of heavy particles in the epergy-mo~
nentum tensor and & smaller-than-equilibrium density of the
s_uporhn.vy particles led to some dilution of the baryon
asympatxy:

- T | (1)

ﬁ - 3F e n( _g-.-s-) _

where ﬁ, is the baryon asymmetry originally generated by
the sup’erhom boson desayy 7: is the tesmperature of the
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primeval plasms aftor thermolisation, and M (Y=6) 1
the mass of field 9 -at the stable equilibrium point- G‘ .
Thus the nodoll in which the primeval plasma is too cold to
the moment of thermoliration are rorb:lddon.

Beaides the u.fﬁcultieu with the 1nﬂat:lunary scenario
descrited above which are rather of techaical characm there
are some more important problems connected with quantux tunnel-
ing in enrud space-~-tiae, The thear.r o:l.' tmeling in flat
space-~time pcropond in rof, /40,41/ was generslized for &
de Sitter Ipace in papers / ‘5/ « The latter can not be directly
‘applied to our case however bocme the resulis obtained by
the imeginary time method for an exmct de Sitter space are
not necesserily valid for the Teal universe which only appro-
ximately was a de szftcr one, The yesson for this 1-_ that
analytic continuaticn (from real to imsginary time) of en
a;;u-oﬁmti run%é‘t'ioa can dittor very such from the apalyticslly
continuec exsct cme, |
f Onomtryhmthomnmtom)mduln |
- quasiclassically the functicnal Sehroedinger equation tcr the
‘state vector of the conmidersd f£ield thooz-: in s ginn gravi-
tational ngromd. fue condition shat the inflation por:l.od
18 sufficlently long demends that the vacuun energy sfter the
phase trenaition does zot poticesbly change, This justifies
the neglect of back reaction of y on gru:l.ty.

asuning that the metric is of the fors J&‘ altz At 1

—)' Mosm arsmu were also wnnm b: A.Gommw
ana A.undo (pﬂnto eo-nioauon)o : o
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we obtain

{2‘07; f?z e 5"'3‘[2(3”1')(73?)-0-%)]1?—0 (28)

-1
where P (€ ¢) 1s the state vector, T::(.?H) exp (- 3Ht)
asd V{Y) is the effective potential

Vig)= g migte dgta, £,

So we encounter the problem of tunneling through time~dependent

(29)

potential,
An essentially simpler one dimensional (not infinitely

dimensional as eq, (28)) quantum nechanical example with the

potential YW= T "y ) shows that the usual expression
for the transition probability

30

M~ etp {- (VEwaoe} oo

is valid &« T-> () if n>2 and invalid if n < 2,
In the boi.mdary case n = 2 the result depends upon the
values of the parameters of the potential, In particular
expression (30) proves to be valid if the coefficient before
2 in V(x)1is sufficiently large., This result directly
transterred to eq, (28) shows that transition probabllity
cpmot be calculated quasiclassically just in the conditions
of the new inflationary scenario, i.e. -24( 32 Of course
in the opposite case of small H? the quasiclassical result
" of flat space is valid.

. Solution of one dimensional Schroedinger equation with
time dependent potential U ~nv T ™% U(x) shows that in
the nonquasiclassical case 1i.e, in the cm of slowly rising
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with X potential lj.'( X) the tunnel probability is consi-
derably larger tham that given by expression (30), and whet's
more, it reveels mno I/"c dependence wher T — but
much milder one, If this results can be applied to the cese
of infinitely dimensional eq, (28) than it follows that the
probebility of small bubble formation is large because the
kinetic term effectively vanishes and the action is propor-
tional to the volume of the bhubble, Thus bubble formetion in
quickly expénding universe is no% exponentislly suppressed.

The value Sﬂo of field j’ immediately after the
phase transition is very much of importence for the realiza-
tion of the new inflationary scensrio., For potential ( 29) in
flat space-time (..57 m /J5  which is small enough for
the slow rolling down of 30 towards §  and the ex-
ponential period is -sufficiently long. If on the opposite
_ 500 i8 lerge then the equilibrium point is quickly reached
and ‘the expansion quickly becomes of a power law, It can be
shown that if the bubble size is. T , the velue of the field
inside it is about ( V'"'t_) o Hence. for ‘the prosperity of
the infletionary model iarge hubbloa are necessary. However in
- the theory described by eq. (28) the bubble size is lmlmown.
" In the case considered in rof. /46/ it is shown that the bubble .
size is nnt larger than B" mt 1a rather nntu.ra.l because it
is the horison size in the ae Sitter space, It is not clear -
-bomer how mach this raanlt depends on the thin n.ll ‘appro=
ximation used in papers 136/ ang, what is ‘more. importet,
"[the usunption that the" un:l.veru is ltrictly e de Sitter
: onc. me po:l.nt is that e do Sitter apaco in imginary time
becomes. & four dinonsional aphm of the redius n“. It is
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evident that in three dimentional space the bubble sise
at the moment of its formation can not be larger than this
value (at least in the frameworks of imaginary time method).
If this result proves to be itrue in the real case, the
inflationary model is seriously jsapardised because fo
is to be large and the bubble does not inflate,

Another point which might be also of importance is that
the effective Lagrangian is calculated under assumption of
Slow variating fields, In reality the speed of field
variation is not small, generally 5‘0/3= Y . Thus 1t is
somehow necessary (but how?) to take quantum loop corrections
without assuming 5’? = const, It is not yet clear how
all these influence the tunnel transition probebility and
the value of .(ﬁ’ .

The fantastically small region from which ouwr universs
(its visible pert) started to sxpand is also worrisome,

In accoz"'danco with eqs. {22) and (20) the size of that
region was definitely smaller than 10‘1°°cn even foz the
modest valus A == O.1, It is difficult to believe that
at such small distances kmown physical laws do not undergo
serious nodificationlﬁ. (even in vacuum which as we know is
very complicated), Maybe however one should not worry about
1t because sufficiently large regions of space could always
be considered for which no surprises in vacuum structure
arcgse, Even if new phenomena could take place in the |
inflation of a tiny wvalume, they disappeared when the
latter became large,

Recently a very interesting version of the inflationary
scenario for which no phase transition was nocessary wes .
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proposed by Linde 747/, ms starting point of the model is
the assumption that initially scalar field f was very
i:f > Mg, in some region of space, It is also

assumed that space variation of 50 was small in the
scale of inverse FPlanck mass, and also smail was initial
value of 9 . Such & situation cowld be realized in the
case of chaotic iniiial conditions if the selfcoupling of

(:f is wesk so that V=ﬂ‘)‘§f"<‘< m; o In this case
the term proportiomal to [ dominates in the r.h.a,
of eq, (21), where H= [.LLFM )/z (3;}/3)/2 Zm
Correspondingly eq. (21) has the aolution

f——.fb exf{-.-\\-g:_; -mﬁ’{_} | (31)

In these circumetances the rate of the universe expansion,
'-(.l/a,: H is much larger than the speed of the decrease or?
(this is due to the conditiom So /Mg'>> 4 ) end the

region of the universe whero (simply by chance) the above
mentioned initial conditions were realised underwent the

QR . fo. @ .
== P {2;;_’1%23 | (32)

This expansion could be sufficient for solving the problems

‘discussed in the previous section if ':fo/”‘j% 7 10. In the
initially cheotic infinite universe where all configurations

of field ? ware possible, reégion (or ragionl) where ?
satisfied the cowtiul discussed tbovo aurely cx:l.ltod.
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Thege regions inflated end turned into universes suitable

for our existence., As for othexr not so comfortable regions
they flew away far beyond uny pessibility of observation.

This model to be realized not many special restrictions
on the theory are neceasa.i-y, Woakly interacting and self-
interacting field ip s 1f exists, could generate
sufficient infletion and in this sence create our werld.
There are some problems however which are not yet worked
out, in particular the problem of quantum correctiens to
the classical éque.tibn of motion for large values of (f.

0f course the problem of the naturalness of the initial
conditions exists as before, In contrast to the clasaical
Priednan cosmology for which an extreme fine tuning of the
initial conditions is necessa}c-y. th:ls_ model is operative if
the universe is chaotic initially with all velues of 97
(including very large) and its first derivatives (including
' small) reached, The latter possibility aseems more
appealing, though the origim of the initial cheos remains

mysterious.

Vo.Conclusion '
There are nowadays two principally different
approe.cheuv 'I_:o the problem of the universe creation and.

evolution, One of them is based to some extent on the
anthropic prinéiple claiming that the very fact of life
existence makessenselesa pﬁttins the question why the -
universe is such as it ia, This approach has a right to
exist _esPeciaﬁ.y if an infinite set of different
universes were (or are being) created. ﬁen ohly fow v.of
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thess universes are acceptable for us, Life can exist

however if only the Sun with the Earth were present or at
any rate only our Galaxy does, Prom the point of view of
the snthropic principle the colossal abundancy of other
galaxies is sbsolutely welrd.

The other approach presumes that the universe is
single with more or less arbitrary initial conditioné. But
the point ia that the umniverse evolution based on the
fundamental physical laws eventually results in our very
nontrivial world.

The inflationary model satisfies these creteria; the
modified chaotic version discussed at the end of the last
section ia :Lntermediate between the two extreme approaches,
Of conrse the inflationary model cannct bde considered as
e final one, FPirst, some problems inside the model are not
yet solved {(e.z. the problem of the tunnel transitionm in an
‘ expanding universe). Second, the underlying field theory
is not establishsd, One cannot ‘hope to answer the last
question befbr’o the particlas theory applicsble up to the
Planck"energy is formulated., Sooner just the opposite, if
the inflationary model besed cn the strong first order
phase transition is to be operative, very atrong restriction
on the particle theory can be found. ’

' What reasons have we now to believe that the inflationary
universe model is indeed true. First of all it is beautiful,
It is based on & single assumption that in the nirtory of
the universe a period of exponential expansion once exisied,
If it was sufficiently long the problems of homogeneity,
isotropy, horizon, flatuess, a:nd relic. -mnopohu could be
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ulvuhumummﬁ. Thie is in favour of the
model. Ageinst it is the sosmological term problem and,

%0 & lesser degres, the absence (in the meanwhile) of & '
consistent and worked out in detail theoretical basis. The
status of the inflationary model will of couse strengthen
Af 1t is observed that the cosmological parameter ..Q.:f/ﬁ;_ ,
is squal to unity. Unfortunately no way is seen to do it in~
the neer future with a decent accurscy, On the contrary it
soens easier to refute the modsl by finding reliadle bdounds
on ‘.Q_... v

' Bren if weighty arguments are found in favour of the
inflationary mdd_.(tm sooner will be based on & theory
but not an observations), there will be nevethaless a lang
way to the total happiness till the probleme of the cos-
mological term and the universe creation are not lelvod.
. One should not forget however that "the appetite comés with
eating” - the fundamental cosmological problems which now -
due to the inflationary model can be considered es solved
(or more modestly, a poasibility to solve these probioﬂ
became visible) looked sbsolutely impregnadble, and the
importance of this achievement shonld not be undersstimeted.
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