CHAPTER X

INTRODUCTION




1.1 INTRODUCTION =

During the last two decedes, the developments in the
glementary Farticle FPhysics apnd in Co=Emnl ogy have hecome

incireasingily dependent on the interplay between the twe subkiecis.

i
[N

1
stage with the developsment of unified theories.

o

-

theory gweEn  ra:sed the bope of unifying gravitational

b3

intersctions along with ths octher interactions, viz. eslectro-weshk
E.N

anpd Strong. Hownewver , this witimste vpnification cany cocur only &t

an Bpergy scals ®H_ , 10 zeX. The =strandard rcossologicsl model
T .

suggests that =uch an ensrgy scale could have poocurred enly in the
WETY Eagly universe, close to the Big Bang. The early universe,
therefore, may be considered as a unigue physical Laboratory  for
testing the new thesories ef particle intersctions. Fortunately,
there h%s aléD Been considerable progress in the understaﬁdiﬁg of

. . . . . =
cramaiogical models in recent yvears. It has besn realised that

[N

the standard Big Hang model is fairly successful in explaining the

1

=, . . . . .
2.7 K cosmic microwave bachkground radiztion {in short, MBRY), the
sxpansiton of the univer=s iHubhle regshifis), primordial

nucleosynthesis and the cosmic sbundances of the light elements

-

+ : K:) 4 S

£2.G. the weasklvy-—-beund deuirern and He sbout 234 by mass .
A

Mevertheless, the model could not be considered as an acceptable

moodel of the esrly univercse bkecasuses it fails to explain some ciher

oheserved featuwres of the universe.

!l



Some of these problems are
i3 the horizon problem : Thizs is related to the fact that =ithough
different distant pouts of the universe did not  have the

making causal contact with gasch oihesr in the past

o
“n

opportunity
in this model, iths present univérEE i hipghly ischrppic  and
homnogeneous, a5 sy ke gussssd fros the cbhserved untformity of MER,
iid> the flatness problem ¢ This is relsted to the obhessrvational
|
fart that the present energy density of the URiverse is wery close
to the critical demsity ip 3. which woulgd correspond to =
spatially flat universe. dHithin the frameword of the Hig Bang
cosmclongy this leads e a natwalness probiem. Thus 1§ the energy
dernsity of the universe ciose e the Flanck time is siigh

. . P -
greater than p_ say even by one part in 10 s the uniwverse  woulid
-

he closed, and would have collspmed millions of yesrs ago. dn the

-

octher hand,if the densiiy is less than p_ by one part in 10 s
i

ithe wniverses would be open and the pressnt energy density of ths

universe  wbuld be very small. This fipme-tuning of the initial

conditians finds no explanation in the fdig Basng cosmology. The

i}

sglution of this problem possibily involvwes a m@mechanism  that
produces considerable entropy at a later stage of evolution.

| =

iid> the small scale inhowmogeneity : Slithough the universe is

.

hompogeneous on & large scaie it is  wery inhomogeEnenuss on the

galactic

n

calie angd at lower scalies. An esplanation of the obhserved
structwrss  in  ithe upiverse may be chae ta smsil density

partuwbstions ooowrring in the very eariy universe. The originn of

2



théze nerturbations and the nature of their spectrum seem 1o need
a mowe sophisticated model.

In =ddition to these problems there are a few other
probiesms which are in conflict with the concepis of theories of

s thersefore, feit essential to loock for

n

particie physics. It i

cosmologiss which can solve these hasic problems. This isd to

’ =
various infiationary madels-q’d Although it was Guthg whoa  first

¢
i

emphasized the merits of an inflation, ideas similar or close te
the inflationary modeis had been suggested by SEyRe other
. &30 . & : - '
coEppiogists. Eliner was the first to note that when )11 fowr
gigenvaliues pf the stress tensor were sgual, the cossmoclogy
correepends to matiter with the properties of s vacuum. Bliner ang
Ly g » : : > ~
Dymnibkova later o showed that this vacoum dominated state makes

a . -

transition o & ragistion dominated era. This process led to an

ri

=

enprmous increase in the =csle factor, s ides very similiar to the

present dey inflationary model. However, at pressnt it sesms  that
"

the equation of state of the superdense baryonic matier taksn by

them .is not appropriste. The possibility of an exponential

! 3

gnpansion - was alseo pointed out Ly Starabinskyf fraom &
consideration e# the conformal anomaly of the stress tensor,
ocouwrring in the semi-classical Einstein equation. Kirzbhnits and
Liﬁdesaﬁé Linde studied the warcuum phase transitipn in an abalién

3 3 .
e Satn‘i studied the effects of = first order phase

Higgsﬁ mdel .
transition in the sarly universe with & msotivetion to bBeild =&

consistent baryon number symmelric universe in which CF-violation




prours spohtanspusly in an sponentislily expanding domain. it

nas, DORNEVEr, Buth4 whio sxplicitly emphasized the rple of a phase

r

transition in solving the cosmnlogicsl problems.
in the infiationary modeis gravity i= described

classically while matter is trested in terms of guantus fields.

an  inflationary scenasric is  that in the

~a

The basic idex o
evwalution of thé universe there is an epoch when the vacuum snergy
density Sominates the snergy density of the universe. Duwring  this
epochi,  the wvacuum energy behaves as  an effective positive
cosmleogical constant zllpwing the universe to efakizix]

h

exponentislly { or guasi-sxpenentially 3, alid [ qexp { f H dt }

where H = ara is the Hubble parameter. This mxpansion in the scale

-

factor sllows s =mall csusally coherent region to grow bigger than
the pbservables universe, providegd the exponent f H dt > &5 is
s=atisfisd. This huge sxipension in a wvery short time is= called

inflation . £ iess repid inflation may be pbhitained in some other

2-15

models. It has been shoen that &2 non—esponential accelerated

phase of eupansion
a {t> > O £ t.1 3
where a2 dot dencies diffesrentistion with respect te ths proper

time t, alsp leads te an inflation characterized by = pericd in

which aft) grows &5 tﬁ with 4 > 1. An sxample of this type may be

obtained by using an exponentisl type potenptial Wi ¢ )} = ¥
=t
exp i — Aoy with n ¥ 8, which ococurs in the Salam—Sezgin mmdelib

of M = 2 Bupergravity covpled to matier and in some FHaluza-Klein

i



theariez.id The caussl structure of the space—~time in a1l these

=

nflationary sodels differs cangiderably from what one gets in the

[xN

ig Bang model. Conseguently, the horizon problem is respived as

iationary model had =2 s&asller

")
)

in the in

it
s

the phseErvaebkle univers

zire compared to a causal horizon wolume. In this sScensrib o

28 - : ;
ohservable universs today (., 10 cm ) hagd & 2 physical ize of

n

[AR
N

ar

3 lips welid

sbowut 10 ©m at thes BUT era {10 58T . ¥ whico
within one of the =mnoth regions produced by the infiation. Ths
mooel aésa haips us to solve the primordial monopole probkliem which
was intrpduced in cosmology by unifisd theories. At the end of
infiation the density of the primordial monopeles, if any, wili be
very small. The= fresh production of monopoies during reheating
will not ococowr iF the reheating  tesperatwes iz below he
temperabivre of BYY svemeley brealling { 7 < 1814 BV . 1T may be
added that an inflation alsc provides a mechanism for  the origin

of the =mall scale density inhomogeansities. The priginal

e

filuctustions present in & comoving wvolume before inflation are
wpected to be smesred awvay by  the =upansion. Buat the guantum
fluctustions generated dwing infliation may isad to the oshssrved

17,18 . - .
* The scals invariarnt Harrison—

density peErturbations.
- . i \ . . s .

feldovich spectirum energes natwrally within the esxpenential
eMpansion phase because the de Gitter spsce is time transiation
invariant snd guantum flvciuastions i ihis spsce might &t as

initial sesds for the galaxny formation. However, such a =scale

invariant spectrum cannot be cbhtained in power law inflation Tor



a finite sxponent | A 2 - The puponential  expansion is

therefore, more attrachtive.

In the original model the idea of =an exponentiasl
- : 2
sxpansion in the sarly wvniverse was utilired by Buth te resslve

+the horizon and the flainess problems. However, the model was not

sucressful as it did not psyrmiltl a universes with sSufficient
inflation to reEturn gracefially o the ususl Frisdman—
Habertésn—walker universs. There were several other probliess, =.g.
the domain walil problems, the problen of generation of
inhomogeneities which lead to galany formsation, the prokies of
large scale inhomogeneities stc.. It was socon reslised from the

subsequent work of others that the defscts in the ma§514 ikpown acs

C a4
2003

s

old infiation} couild not be removed. Fortunately, in 1832

=

2 2 .
ipde and Sibrscht and Steinhardi™ independently =suggesisd =

nEw mechaniss to overcome the probisms of the old infiation. The
model s known as ‘new inflation’, which will be brisfly reviewsd
in thz next section. Bubseguently, s more attractive model was
advorated by Lindezé which has apparentiy =sliminated the fine
tuning of the potentizis needed to get the new inflationary
universe sScenaris. The modified model s kEnown as -chaatic
inflation. In thiz= sceneric, the universe evalves out of & chaotic
distribution pf initial data. & simple version of this @sodel may
be realized by considering & chaotic distribution of the values of
the w..v .. scalar field ¢ { inflaton ) at time ¢ , t_ = T .

P F

v

whers tP is the Planck time and HP sthe fPlanck ensrgy. However,

)
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Linde proposed the scenario with th= assumpitien of an i=ctropic
infiation of thes sarly universse. ThiE scenarig can ba realized
even it an anisotropic vniverse as will be shown in chapter 1I. A
scEnarioc may be realized sven with a wide variety of interaction
pntentialg.vHawever, the inflationsry models in general nesgd an
inflaton %%E}d with the excepition of Starébinsky deEl;? It msvy be
noted that Starobinsky proposed the model long  before the
ladvantagea of an inflatiocn were fully realized. The motivation for

r the

e
-~

the mndel was to remove the singularity probles ooowrsring
standard model. The dZe Sitter stage in this sodel is &
self-consistent sglution of the semi-classical Einstein =sgustion.

it is known that the vacuum expectation value of the sirsss tensor

r

in curved space time develops divergences, which mey bs removed by
agding cuwrvature souared terms to the Einstein action. Howsver,

the regularization p causes the itrace of the stress

4
¥
n
o
i
in

tensor ito develop a npbon—zerc value lesding o ihe well-known

istion in

iy

conformal anomaly. It is this anomaly which drives in

)

Staraobinsky model. Buet, the original Starocbhinsky model faces

serious problems when confronted with ocbhssrved limits of the

X,34

z 3 . = . .
it wa=s suggested™ iater that thez inconsistencies in the

MER. =

model may e ramoved by adding a term a,ﬁ? it the Einstein action
where o iz very larges. With ithis maéificatibﬁ, the Starobinshy
‘model reduces to the study of the fielid eguations derived from &

} agrangdan

L = R &+ o Ra » { 1.2 )



This is the most general Lagrangian including guadratic terms  in
urvature in four dimensional conformaily flat spaces. The

= fram2work have s npumber of

W

rosmplogical models obtained in th

atiractive featwes. A theory with guadratic cwrvature terms  can

<=

- e . .

be m@made perturbatively renocrmalizabkle and @ asyveaptoticslly
ZL5,37 . v 4 k .
= sue of the thepry is, however, yet iIo

e
1)}

fre - Ih2 unitarity
e settled. pMevertheles=, the highsr derivative theory meay boe
considered as an interesting model for  testing wvarious  ideas

related to the guantum properties of gravity.

Ao

Cornsiderable work has been done dwring the last faw
. : - . 38
decades to formulate a guantum  theory af gravity. The
investigation cseems it lead soms people e believe that a
consistent theory of guantum gravity cannnt be obkitain=2d withkin the
fraperork of point—fielo theories. The advent of the siring theory
ha=s opened up new ang interesting possibilities - in this content.
— .2 < . .
String theories” may be locked upon as describing the interactions
- a - - ’1,'-—;- -

of a fer massless angd an infinite set of messive states, with
masses which are muliiples of the Planck mass. The standared low
ensrgy physics izs pnow described by the interactionzs of the
massiess mpdes aftzr one integrates over the massive ones. The
supergravity theories may be regarded s=s the low energy regime of

. - . - . 37 . .
superstring theoriss. The striking discovery that in ten dipsn-—
sions, 'a supergravity thepry coupled to Yang—Mill=s fields with &
gauge group S0{32) or ES ™ Eé iz anomaly fres had inspired
considerable actiwvities in this area. Alibongh the expected breal-—

through had not yet come, the world wide hectic activities have

served o fpoups o & 2 number  of issues whiich npesd furthers



investigation.SBince the guantum cons

s

stency of the supsrsiring

theory iz obiazainesd in the critical dimension D = 18, one has iz

< s . < po X B0
ook for a realistic compactification scheme. Candelas et ol st

aut to achieve this by reguiring that the ten dimen=sions should

is maximally symmetric and K

[N

s “ -
compactify o M X B, whers 5 &

at=p demanded that the

i

compact six dimensional manifoid. It owa
four dimensional theory showld have an unbroken N = i
supersymmneiry, = that the hisrsrchy problem can be tackisd.

Candelas et ol pohitgined a seiuvticn with a Mipkowskian A = &)

byt

space for Hﬁ and & Ricci flat Calabi-Yau manifold for- K. dhile the

discovery of Candelzas ot al i= siriking, the =suvcocess of  the

stcommodatesd in & reaslistic dynamical  theory of gvoiution.
41— e s s =

However, atlespis to build coomological models based on the ©

= 1 Yang—Miils supergravity sction have not been very successfual.

PR -1 . . . .
bleiss has even guestioned the consistency of =2 Ricci filat

compact manifold with chserved matter—dominsted uwniverse. It is

J
'

ot gasy to get inflation in this model. The difficulties =stem

-
»

from the Ricci flatness aof the internsl space and aiso fyrom  the

absence of any dimensipnless free parametsr. I the abgsencs of

BU5Y fbrealiing; the naive potential has only oens minimom  at

-
g = g and the realisation of the cosmological svolution
SUT
: =
of the compactified theory to the correct vacuuss o o
&UT

it} , is = non—itrivial preblem. The available mechaniss forr
SUSY breaking is o invoke geugino condensstion in the hidden
- I 4 33 gi

=5 secior of ithe E:q by EE theomy . Ellis et al have



considered the tree ilsvel potential with some fins-tuning of the

ned an infliztionary ghase in the

w.

re ang obts

n

congdensation tempsrat
g = 4 pffective theorvy. Hewewer, the ons loop sffective potentiad
doss not bave a minimum angd the situstion is not very clear. Hasda

-

473 . . .
et ol hawe considered anctber BUSY resking potentiasl, given by
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Binstruy and Gxiilard

detailed dynamics of both the processes, compsctificstion from ten
1o four é‘m nsions and an indlation in four dimsnsions.

s the first =tep o schieve this gosl, we intend to

curvatare. Heeping in visw the possibkbilities that the conditions

ereesary for  an accepishie compsctification may bz reslised

3

transiently deven approsimsielvyl, a systematic study of  ths
sointic :
4"‘2
Masda and Masds ot «@l have high-lighted some of the probless

i will be underiaken. The calculatiens of Ellis et al ' *,

inn this approach. The maior probklem iz to get an inflaticnary

phase and alsc a graceful exii from this phase. Whils the precise

]

= not yet understoo

(=N

mechaﬁlgm which aliow=s thi=

.
"l
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ook afresh 3t 213 the possibis mechanisss for inflation in

, , T cr s A P AP ,
d-dimensions, viz Ksluza-kKlein iype inflation i H, expanding,
# Emntra:ting ¥, contribuetion of the highse gerivative

L33, 34 ,50-52 . |
terms, = vealistic temperature dependence bpf the

gffective potential stg., to s Slime =such &
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spintion.

Coemplonical mooslcs

terms, and, in

slready besn studied by various

scenaric iz yet to emerge. It 3
buiiding in highsr dimension
mar ungdeErstanding of both
higher energies. Keesping
studied a3 model wiith Sauss—Bonn

hot

ar

matiter lopp cowrections

topked for- =i accepiables scenaric of the

which sventuzlliy passes pne to a

ke

]
S
&)

A will win inn Chapier IV,

the cosanlicogical constant =Smell

s clear

this phiective in

arie

with diffsrent higher derivative
e Gauss—Honnst combination have
=T =
-.5-..1‘-"'-_.1‘?
anthors. Bt =

consistent

that cosmological mpdel

gxgrcise which mesy. prove useful

articie intsractions

W
d
o
i

vigsw, w&E have

actior, inciading

Temperaturse sffects. ke have

pre—compacti fied universse
FRE

universe.,

s mechanism which heips to  keep

emerges naturally in this sodel.



1.2 NEW INFLATION & ITS FROBLEMS @

Irnn this section we shall disguss briefly the new

4
-

hat i the

oid infistionsey model ; Guth first maeds an atitempt to resoclve the

horizon, flatness and sonopocle problems of the Bi Hang mode2l. He
E] =

iy mooel by combining the ideas of a phase

ot
n
i
W
Q

cphtainsd the in

transition mechanism which the universe might have gone  through

T
S -

guring the first 10 =2, with the effecis of guneral relativiiy.

ion in this model ends with & fra;psition to the broken

tod
r.{-

nfia

vametric phase by nuclestion and growith of bubbles. Howswsr, it

]

was reslicsed soon that the spdel had =z pumbsr of prroblems which

4 Z0-0F :
igad to unaccepitable conseguences. The snsrgy relgssed
guwring the phase fransition will thermalize if thes bubbies undergo

freguent collisions. But this process makes the wniverse highly

anisotropic, contradiciing  the obhserved bomogeneity of ihe
universe. it is now known that the assumption of a2 guick  phass

o0t tensbies. It mas slso noted that a

o
1
m
g
in
[
r.*-
L
o
&
e
o
rk
xr
b
I
%
B
"R
i
fand
Wt
m
-

large espansion factor reguired for this stage implizs  that  the
bubble nucleation rate is siow compared to the expansion rate of
the universe. In this srenaric  the bubbles formed  will never
parcotats. Thers isynm mechanism in this sScensric by which  the
uniwverse may successfully complists the phase transition to the
broken symmeliric phass =2nd a8xit gracefully o the usaal
FRM—universe. To overcome these problems a mpodified @model was

- £ 2 - ot .
suggested by Linds and Albrecht angd Steinhargt™ independently



which is known a5 “nex in%laiian'.

The basic idea behind this proposal was to construct &
model in which inflation ocowes after the bukbles of new phase
have beesn formed. The new element intrpguced in the model is'based

aon & different kind of phase transition commoniy referred o as

[RH

o
]

on . Linde and Albrecht and

I

o yrollover " phase trsnsit

the =

v

Steinhardt have suggesitesd the model in the framework of the grand

R S . . .
heories” in which the gauge symmetry is broken Sy the

r

unifisd

corrections o the effsctive potentizi as in the Colsman

r+
M

stiwv

Al

Fad

'i}

e ra s 5 . . i . .
ang Heinberg { i shorit, W )} model. In the abslian Higgs model

the sffective potentizal ceiculated in one loop approiimation is

giver by

€i> . - 4 - h 2 1 :

Vogr C 21 =V + B¢ {z.L(a}-D} -3 ] { 1.4
where B i= a constant determined by the gauge coupling constant
=igini ¢b corresponds o the gicbksl minimpum of Véil = Igs Ch-model

spontanenus symmelry breaking ( 5B )} is a conseguence of guantum
corrections to the potential. The effective potentizl acguires &
tesperatw-e depsndent MEES tarm thien fFinite tenperasture
corrections are  faken into account. The effective potentizl is

given by

<
"~
A
]
L
[
<
bﬁ
b
o~
Y
>
e}
~4
B
[P
LA

! boe]
where € is & constant 8ig") and T iz the temperastwe. This
potential provides an ensrgy barrier that can trap the universe in

a metastable symmetric phase which cocws dwring its cooling from



a high temperatwrs. At a wvery high tespsratwe, the absolute
L 1> . - s r

sinimum of veff {,TY is iocated at ¢ = 0. The position of the

sh=olute minimum goes not rhangs until T is iess than a coritical

. ] B . -
value T_ = { B/ZC }1' ¢B s wWhere ¢B = the maximal value of the

field ¢ inside the bubble immediately afisr its formation.
The gensral festure of pew inflation i= as follows
Consider a first order phsass transition in the sariy uwniverse

which pocours dus Lo a spontanepus symmetry breaking at an energy

scale M. iBUT =scals) . &t 2 temperastuwre. T ¢ T o W, . the vacuum

& c &
ctate ¢» = 0 iz the glohsal minisum of the effective potentisl  andg
the thereal part of the energy momentum  fensor dominstes,

4 . 23
Consequently the universe sxpands likaﬁradiatiaﬁ dominated ghase.

Az the universes esxpands, the tesperatwe of the universe grops and

£

el

1is tnp 7 _. when T » TC : & Second minimum develops at ¢ = ¢b ard
. =

thete are degensrate vacuum statesat T = TE - £t this epoch  the
vaoinem Energy starts dominating over the energy momentum  tensor.
For T 4 T_ ¢ the potential barrier which develops hetween the tue
minima of the effective potential does not permit the universe it
evilve zlaséicaly from the symmetric state ¢ = 0 to ¢ = ¢D =state

instantly. It is kpown that the guantum mechanical tunneling is

=lso npnopt possible bescause the transition probability is

. . . ps &1 , .
insignificant. However, at a very low tempersture { T x 0 ¢ less
. ' H .
than the Hawhking tempesrature 7T,, . { B is the Hubbile
H ™ 2w 7
parameter } the barvier sffectively disappears and the ¢ = O state
becomes unstable. It is now possible to drive ths wniverse Sy
1065 i5 1T BENULS
: LT E ST LIBRARY
& 0 AECQan BAZd a4 W HONODEPYID
QQ;DEuQSQ :



from ¢ = 0 by a small amount which may be triggared by a s@mall

guantum fiuactuwation. Let ¢ be the value of ¢ wmhen it penstrates

the barrier. The subssguent sveluiion from ¢ = ; to ¢ = ¢§ can oe
gescribetd by iIhse egustion ¢ 1= assumed I be spatially
hamagenegus§{ﬂ <

+ 3 H ; + T é + ¥'C D3 =8 L 1.5 %
where the prise indicates differentistion wiith respect to ¢ and

dat that with respect to t. The third ters accounis for particie
creation due to the Time wvariation of ¢ The guantity T is
determined by the nature and coupling of the particles produced.

. . -1
ime of the ¢ periticies by v =71 . For 7T

ri-

One defipes the life

<X T we may write M gy ™ UG€¢}5 antd ithe sguare of ths Hubbkie
. S
parameter Ha =Tz £ 5 can be delermined from the expression
for p
I "z
£ = = + M g ) v 5, { 1.7 32
- 3
whEre p  is the radistion energy density produced by the time
v
variation of ¢ following the sguation
- -72
; + - \
£, 4 H P, I ¢ 5 { 1.8 3}

the v.h.s, {akes intoc account the effect of particie creation.
The scenaric can now be describsd. Supposs V is VEY

fiat in some region betusen ¢ = ¢ and ¢ = ¢ 3 ¢ will evolve VEFTY

I

siomly and ths radgiation energy density can be neglected at  this

stage. Under this circumstances the 0. {1.86) can be rewritien as
. R | . ,
P = - = H Vg . 1 1.2 3

If Vigl) is sufficientiy flat, the time taken by ¢ to traverse the

»

is



fiat region may be sufficiently large compared toc  the expancsion

time scale H‘i. During this pericd

;o

H = { 8s68 VI{O)/3 )3’* x const. ¢ 1,10 )

and ‘ =ik} w exp { Ht ). i 3,11 3
Thus the =cale factor has = large sxponentisl growth during this

slow rolliover period. This msechanissm of transition has  been

. . . . - s s 22 R - %
studied in details by Guth and Fi-, Hamking =~ , Brandenberpger and
- &i =) s - . . o s . ,
Fabnr ang others considering the svelution of s single infiaton

figid in tﬁé theory. it has been suggested that a =ingle
filurtuaiion region infiates to encompass the entire Gb;ervabie
aniverse. Ig this scenaric the inflation continues to ooowr  even
when the universe evolwves towards the stable phase. To allow for a
natural transition to a FRY universe, the flat porition of Vig: is
folliowed by a region whers Yf-;.haz & sharp drop and tﬁe siow
roliover transition ceases o ooow. The wvalus of ¢ changes

o

his stage. fSround the minimum, it oscillates with =
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rapidliy 3
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. 1.2 =2 2 . .
freguency o = { ¥ g 1)) M > H™. These oscillations arse

= &

damped guickly by boih perticiz crestion and the espansion of the

universe. juo possibilitiss exicst in this csse

- — .
Y IF T T O LLH 1, the rapid time wvariasiion of ¢ leads +o the

+

L ds

+ -
conversion of the coherent field energy Vig) + 5 ¢° intoc radiation
. —

] - e - o = 43 56 e B i~ -4 EN o ’
by guantum poriticle crestion, thersby reheating the uaniversse.
This is & case of sffiznient reheating.

1 =2 £, _i —1 £ 3 2 2 2 i~

ii} it r. >> H 7, ¢ continues to oscillate, however, thea

coherent  +igld ensrgy 3is  redshifted awsy wvery soon by  the
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wpansion of the uwniverse as 3 .- At & later time
wuniverse is roheated by the radiation snergy density leading o s
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interacting fielgd theories.
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Pas

} The trapsitipn from.the symmetric SULEY mey not poows in

the direction of the glcobasl minimum SU{3) X Q42 X {41} .

ats]
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. , . 20 e
It was pointed out by Buth and Heinkerg® and Brel:t et at

that the universe may instexd be itrapped in  the wrong phase

58] X U4i) dus to svemebry breaking.
&} Although & scsle invariant spectrum of density gerturbation
. s . . . 18,69 -
iz ebhtained in the new inflation, ST GUT produces =a
S
very large vaiue for . i . 50 3 which is many orders
S a
larger than the experimental valus { - <18 )
£
- ~

To overcome the problem disrussed in {d), a propossl has
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heen msde by Shafi ang Vilenkin which reguires an extrs infiaton
fipic. It was suggested that the overprodaction of ihe density

permit such & weak fisid., Thersfore, it was copciuded that the

SINMEY BUT is cosmoicgically unaccepisblise. Howewver, such fislds may

7
Mazenko et ol have raised anpther sSeripus chiection
against the new inflationsry smodeis of the sarliy universe . It was

very high tempersiture in the sariy universe the fieid may not

settis into the false vaouum state { ¢ = 2 )} as  the universe

"

coois. They have clasimed thaet the modeis of npew infiastion are

bassd on wong phvsics. It was srgued by them  that many @modelis
previously considered ss candidsies for new inflation do not snter

¢ iz onply gravitstionaly couplsd to other fisgids, =2t s hich
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temperature the mechanism which confine
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¢ =0 will no longer be walid. In the absence f such confining

forces we expect large thsrasl fluciustions. #s a result gix i)

will bhe inhomogenenus. For ¢B < M. the spatial fluctustions in ¢
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may be much larger than the separstion betwesn the minima of Yig).
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ronseguently inflation will not pocour. They asrgus’  that as  the
universe expands the scalar field will loses snergy. AL T = 7 ,

the energy content of the fielgd is insufficient te oross  the

potential barrisr st ¢ = € and, thersfore, ¢in} will rapidly

relas o s walue — ¢B if initialily ¢C€§} £ 8. SBimlariy ¢ { * ,

t ) will relax o + ¢B if initially ¢£3) > 8. Therefore, at T £

T _ spatial domsins with $in}y = + ¢§ willi be formed. It can b=
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simultanansiy showed that the sbhove argusment is bt corvrsect in
generail. The discrepancies can be avoided by = 0 »Ew apﬁraach o
phass transition invthE cosmological models which Soes not use the
concept of a2n 2ffecitve potential. They have shown that in  many
moxdels the expansion of the aniverse legads ta = su$§icieni Hubkble
damping of the fieid ronfigurstion which gives sis2 o a long
intermediate phase of infistion. For the Cd-sodel 35 well as  in
gurartic =caiasr Fislc potential with gouble well, the new inflation
can be realized. Another objectien was pointed by Linde. He

pointed out that in theories with = large wvelius of the vacuum
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X, the inflztionary uniwverse sce o &  temperaturs

Zed. This observation
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dependent phase transition cannet be real
provided a strong motivation for the chactic mcodel suggested by

him. This will be discussed inr the nexit chapter.
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I.3 AFM OF THE WORK :

The sim of the Qark is to study some rpescliogicsl
models of the early universe which are consistent with the recent’
thepories of elementary particle interactions at high energies and
also with the constraints imsposed by various astraphysicé}
oheeprvations., We will study cosmelogical models within the
framewvork of a guantum field theory in curved space-timeE. Since an
inflationary stage seems to be an pssentizal ingradient of modern
cosmaliogical models, we will study variouns types of inflaticnary
models. Different aspects of any of these aebpdels nesd to be
studied carefully befores it can be considered as= an accepiabkle
theory of the eariy uaniverse. de have undertaken such a study with
particulaer emphasis on the mechanisms that lead o an inflationary
stage angd also silows a natursl exit from it.

The meodels which we have chosen for this study are @
{1} the chaotic inflation, {3i) ths higher derivatiwve theorie=s in

d-gimensions and $323:3i) higher derivative theories in  higher

e

gimensions. de have snalysed these meodels coritically and also
obtainsd some ner reskits. Dur aim has been to study the efficacy

of these models in providing & realistic scenaric of the early

Ul verse.
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3.4 SUMMARY OF THE WORK :

u 3 = o= — — - - 2 — - -y
The summary of the cheapiers conitsined in thiz= thesiz  is
as follows s
: : : . . e e e
Chapter ¥ giwes an introduction into the background and nsturs of

the probless studied and slsc summarizes the resulis obhtainesd.

i - . ; ] . e . . &
Chapter I ¢ In this chapter. the chactic infizticnary sceEnario,
as proposed by Linde i=s brisefiy reviswed. The chapiic scenarip is

isptropic universes. 1o the second case, the messwe of  anisotropy

remains constant. ke have shown that the chaoctic mndsel can e
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on any specific choice of the initial dats gets realized in  our

results, sSince HE-model, though simple describes = rather
exceptional types of anizotropy.
Chapter IIY : In this chaptsr, the svolution of the sarly universe

theories has been studied. As a special cases,
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we hawe =tudied in detail the modified Stearobinsky mpdel, which is

gdescribed by an action guadratic in cwvature =

M2

P
4% a £ 1.3 )

Vi
i

f{(R+aR ) ¥ g d
i6 = ,
Depending on the initial conditions, the early universe in this
mndel may eviolve from one of the twe different initial stages @
i} de Sitter and {ii) HNon—de Sitter (NdB). In the originsl
Starobinsky madelq the de Bititsr phase is an sxart sointion which
is, however, unstable. On the octher hand, the de Sitter stage is
only ap spprosimate solution in the modified model. The MdB
selntion noted by us exhibits entirely new #Eathes in thé ipitial
stage=s of the svolution. We have smphasized these new feétures. b=
aisc follow the evolution of the universe in different stages,
2.83. the initial MdB-—phase, gquasi-exponentizl inflation, particlie
production, rebeating etc. - &An interesting.rESBIt ahtainedllg
in the flat { K = 0 ) model is that the chpoice of the initial
value of the scalar cur?ature i R ) determines whether R should

increase or decrease. In both the cases R tends asymptotically to
1

i/3
)

the valus ( , where # is a constant. However, ths

2
12 5
maognitude of the inflation is almost  independent of this
undetermnined constant (B}, which is undoubtedliy & good featwre
of the msodel. In the closed model { = + 1 ¥, 5 is found to he

time dependent. Her=s, the scale factor of the universe grows
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Chapter IV : chaptier . we have presentsg =

ewplution of = dimensionasl universe.
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