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I-1 IJ\TRODUCTIOh< : 

During the last two decades, the de· .... ·el-opments in the 

elementary Particle Physics and in Co1:.mol ogy have become 

increasingly dependent on the intet-play between the two subjects~ 

The elementary particle physics has entered a 

1 " 
stage ~iith the development of unified theories.~ ,..c... The superstring 

2 
theory even raised the hnpe o·f unifying gravitational 

interactions along with the other interactions, viz. electro-weak 

and str?ngo Hovievei"-, this ultimate unification can occur at 

iQ 

an enen~r:t scale Me. "' 
10.1' GeV~ The cosmological model 

• 
suggest? that such an energy scale could ha·.,.e occurred onl 'l in the 

··..-et-y early universe,. close to the Big Bang. The early universe, 

therefore, may be considered as a unique physical ·for 

testing'the new theories of particle interactions. Fortunately, 

there has also been considerable progress in the understanding of 

cosmological models in recent years. It has been realised
3 

that 

the standard Big Bang model is fairly successful in explaining the 

2. 7° K cosmic microt.-Jave background radiation {in short., MBR) 'JI the 

of the uni ves--!:.e \Hubble redshifts}., 

nuc 1 eos}·nthesi s and the cosmic abundances of the light 

e .. g. the weak}, y-bound deut~on and 
4

He 
A 

about 23% 

Nevertheless., the model could nc•t be considered as 

by 

an 

primos--dial 

elements 

ffsass ) . 
acceptable 

model o-f the eaJ~ly universe because it fails to e>:plain some other 

2 



Some of these problems are : 

i) t.he horizon problen1 : This is related to the fact that although 

different distant pas--ts of the universe did not have the 

opportunity of making causal contact '~<'~i th each other- in the past 

in this model"' present uni··,.erse is hiohl··· ~ T isotropic and 

homogeneous., as may be guessed from the observed uni fos--mi t-;.· o-f NBR. 

ii) t.he. flat.ness problem : This is related to the obse~~vational 

I 

·fact that the present energy density of the universe is. very close 

to the critical density f.p } .. c - which would correspond to a 

spatially flat universe. Within the framework of the Big Bang 

cosmology this leads to a naturalness pn:Jblem. Thus if the energy 

density of the universe close to the Planck time is slightly 

greater than p~ say even by one part in the univer-se would 
'-

be closed., and would have collapsed millions of years ago. Dn the 

c•ther n'and. if the density is 1 ess than p by one part , c in 1 n-55 
u '1 

the univer-se V.-*DUld be open and the pr-esent energy density o·f the 

universe would be very small. This fine-tuning of the initial 

conditions finds no e>:planation in the Big Bang cosmology. The 

solution o·f this problem possibly invol-..,.es a mechanism that 

pn:xh.\ce.=- considet-able entropy at a later stage o·f evolution. 

iii) ·the small scale inhomogenei t.y : Although the universe is 

homogeneous on a large scale it inhomogeneous on the 

galactic scale and at lov!-er scales" An e>:planation of the observed 

structures in the uni ve.--se may be due to small density 



these perturbations and the nature of their spectrum seem to need 

a more·sophisticated model~ 

In addition to these p:n:;blems there are a fett~ other 

problems which are in conflict with the concepts of theories of 

particle physics# It is~ therefore~ felt essential to look for 

cosmologies which can solve these basic problems. This led to 

various inflationary 
4 5 4 

models~ '~ Although it was Guth \o'Jho first 

emp:hasl.:zed the merits of an inflation, ideas similar or close to 

the inflationary models had been suggested by sec me other 

6-10 6 
cosmologists. ~ Gliner was the first to note that when all four 

eigenvalues o-f the stress tensor were equal, the cosmology 

corresponds to matter with the properties of a vacuum. Gliner and 

' 8. 
Dymni kova 1 ater on sho~Jed that this vacuum dominated state makes 

a transition to a radiation dominated era. This process led to an 

enormous increase in the scale factor, an idea very similar to the 

present day inflationary model. However, at present it seems that 

the equation o-f state o-f the superdense baryonic matter tal-am by 

them .is not appropriate. The possibility c<f an e>;ponenti al 

e>:pansion ~>\las also pointed out by 9 Starobinsky a 

consideration of the conformal anomaly of the stress tensor~ 

occurring in the semi-classical Einstein equation. Kir:zhnits and 

Linde;and Linde studied the vacuum phase transition in an abelian 

- i 10 • 1 
l-hggs-~, model. Sato-' studied the effects of a fir-st or-der phase 

transition in the early universe with a motivation to build a 

consistent baryon number symmetric universe in which CP-violation 

4 

l 
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occurs· spontaneously in an e:>:ponentially e;..:panding domain. It 

was'~ however'~ Guth
4 ~-1ho e>:plic:itly emphasized the role o-f a phase 

_. t~~ansi tion in solving the co:.mological problems~ 

In the in-flationary models gravity is described 

classically t.-.lhile matte;~ is treated in tenns o-f quantum field: .. 

The basic idea of an inflationary scenario is that in the 

evolution of the universe then? is an epoch when the vacuum energy 

density dominates the energy density of the universeg During this 

epoch, the vacuum energy behaves as an effective positive 

cosmological constant allolf~ing the universe to e>:pand 

e>q:<onenti ally ~ or quasi-exponentially \ 

; " [ I H dt ] 

where H = a/a is the Hubble parameter. This e>:pansion in the scale 

factor _allov~s a small causally coherent region to grow bigger than 

the obset-vable universe, provided the e>:ponent f H dt ) 65 is 

satisfied. This huge e>:pansion in a very short time is called 

'inflation'. A less rapid in·flation may he obtained in some othe1~ 

1?-15 
modelsp - - It has been shovm that a non-e>:ponenti al accelerated 

a Ct) ) 0 < L 1 > 

where a dot denotes differentiation t•~ith t-espect to the proper 

time t~ also leads to an inflation charactel~ized by a period in 

~·Jhich a(t} grows as tA with A >- 1p An e;:amp:le o-f this t}<pe may he 

obtained by using an e::>iponential type potential ) == v 
0 

e:x:p { - :t~ t/> } with :t~ 
16 > 0'~ II'Jhich occurs in the Salam-Sezgin model 

.... 

of N = 2 Super-gravity coupled to matte1~ and in some Kaluza-l<lein 

5 



causal stn .. tcture of the space-time in all these 

inflationary models diffel"-s con=-iderably ·h-om ~~hat one gets in the 

Big Bang model. Consequently'} the horizon problem is n?solved as 

the obser-vable universe in the inflationary model had a smaller 

si:ze compared to a causal hot-izon \tolume~ In this scenario our 

observable universe today < "' 
10

28 
em > had physical size of 

about 10 em at the GUT era ( 
-35 

10 seeR } which 1 ies \.~ell 

~""3ithin one of the =-mooth r-egions produced by the in·flationQ The 

model also helps us to solve the primordial monopole problem which 

1.--Jas introduced in cosmology by_ unified theories= At the end of 

inflation the density of the primordial monopoles'} if any 7 will be 

very small. The fn?=-h production of monopoles during reheating 

will not i-f the reheating temperature is below the 

may be 

added that an inflation also- pr-ovides a mechanism for the origin 

of the small scale density inhomogeneitiesw The 

fluctuations present in a comoving volume before in·flation are 

e::>:pecterl to be smeared away by the e>:pansion. But the quantum 

fluctua'tians gener.::1ted during inflation may lead to the obser-··r'ed 

densi t}< The scale invariant Has--rison-

1q 
Zeldovich~ · spect.J~um emerges naturally within the e>:ponent.ial 

e>:pansion phase because the de Sitter- spl:ice io:: .. time tr-anslation 

in··.tariant and quantum fluctuations in this space might act as 

initial· seeds fol"- the gal~n:y formation. such a scale 

.. .. 12 .. 
inv;:u--iant spectrum cannot be obtained in po!~er lat~J J.nflatl.on +or 

6 
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a finite exponent ( A } The e>;ponenti a1 e>:pansion is 

therefore 1 mcn·-e attractive. 

In the original model the idea of an e>: ponent i al 

4 
e>:pansion in the early unive:~--se t.'.las utilized by Guth to resolve 

the horizon and the ·f 1 ats-'iess problems. Ho~r~e··.l'er., the model was not 

successful as it did not permit. sufficient 

inflation to return gracefully to the usual Friedman-

Robe~~tson-Walker uni··.terse. There '~ere several other problems., e.g. 

the domain wall problem"~ i:.he problem of genet-at ion of 

inhomogeneities ~-.Jhich lead to gala>:y ·Formation., the problem of 

large scale inhomogeneities etc •• It was soon realised 'from the 

!:-Ub:.equent ~lO!d~ o-f others that the defects in the model
4 0-~no~~n as 

old inflation} could not be 
2(l-23 

removed. Fortunately., in 1982 

'J'..l}. . '}'£::' 

Linde--<- and Albrecht and Steinhardt..:....J independently suggested 

new mechanism to o•.<ercome the problems of the old inflation. The 

model is kno~m as 'ne~J inflation'., ~Jhich \>'Jill be briefly reviewed 

in the ne>:t section~ Subsequently 1 a more attractive model 

advocated by Linde
26 

which has apparently eliminated the fine 

tuning of the potentials needed to get the nevl inflationary 

The modified model is knov~n as chaotic 

inflation. In this scenario~ the universe evolves out of a chaotic 

disb~ibution o·f initial data. A simple version o·f this model may 

he realized hy considering a chaotic distribution of the values of 

the''., scalar -field ¢ { in·flaton } at time t = 

~.~here tp is the Planck time and Mp .,the Planck energy. 

7 



Linde proposed the scenario with the as!:.umption o·f an isotropic 

inflation of the early univet-!:.e. The scenario can be realized 

even in t::n anisotropic uni ·..,·erse as t.-~i 11 be shol.'m in chapter I I. A 

scenario may be t-ealized. even with a t~ide variety o·f interaction 

potentials. Howe··.tel~., the inflationary models in' general need an 

9 
inflaton field \.'lith the e>:cept.ion of Starobinsky model. It may be 

noted that Stat-obinsi;y proposed the model long be·fore the 

advantages of an in·flation ~~ere fully realized. The motivation for 

the model t'>ias to remo-..l'e the singularity plroblem occurring in the 

standat-d model a The de Sitter stage in this model is 

self-consistent solu·tion of the semi-classical Einstein equationa 

It is kno\.A.Jn that the vacuum e>:pectation value of the stn:~!:-s tensor 

in curved sp.:1ce time de··.1elops divergences., which may be removed by 

adding curvature squared terms to the Einstein .1. • ac1..:10n. 

th l . t• 27-31 e regu ar~za ~on process causes the trace of the sb·-ess 

tensot- to develop a non-zet-o value leading to the i'Jell-known 

conformal anomaly. It is this anomaly which drives inflation in 

Star obi nsl~y model~ But <J the o~- i gi nal -faces 

limits o·f the 

~~ 33 34 
MBR.~~ It was suggested ~ later that the inconsistencies in the 

model may he i"-emoved hy adding a term a: ,R2 to the Einstein action. 

t-Jhere a is very large. t-'llith this modification, the St.:trobinsky 

'model reduces to the study o·f the ·field equations det-ived from a 

Lagrangian 

< L2 ) 

a 



This is the most general Lagrangian including quadratic terms in 

curvature in -four dimensional conformally flat spaces. The 

cosmological models obtained in this framework have a number of 

attractive -features. A theot-y ~lith quadratic curvature tet-ms can 
'7E::" 

be made perturbatively renormal i :zabl e~'~< and asymptotically 

36 37 - . -fr-ee " •. the un:itat-:ity issue o-f the theory is" however, yet to 

be settled. Nevet-theless'l' the higher det-i vati ve theory may be 

considered as an interesting model for testing ··.1arious ideas 

related to the quantum properties of 

Considet-able ~~ork has been done during the last few 

decades to formulate a quantum theory o-f . 38 
grav1ty. The 

investigation seems to 1 ead some people to believe that a 

consistent theor·t of quantum gravity cannot be obtained within the 

ft-ame~ttork o-f point-field theot-ies. The advent of the string theory 

has opened up nel'~ and intes--esti ng possibi 1 i ties··- in this conte>:t. 

String theories
2 

may be looked upon as describing the interactions 

;:r-~· 

of a few massless and an infinite set of massive states, with 

masses t.-~hich are multiples o-f the Planck mass. The standared low 

energy physics is now dEscribed by the interactions of the 

massless modes after one integrates over the massive ones. The 

supergt-avi ty theot-ies may be regarded as the low energy regime of 

superstring theoriesa 
. 39 

The sb--i king dl. scovery that in ten dimen-

sions, ·a supergra··1ity theory coupled to Yimg-Mills fields with a 

gauge group 80<32} or E
8 

X EB is anomaly -free had inspired 

considerable activities in this area. Although the e::>:pected break-

through had not yet come, the t-mrld wide hectic activities have 

ser··,,.ed to foJ:us on a number of issues ~ksich need further 

9 



investigation.Since the quantum consistenc·:t of the superstring 

them·-y is obtained in the cr-itical dimension D = 10., one has to 

look -for a realistic compactification :=:-cheme. Candelas et al.
40 

set 

out to achieve this by requiring that the ten dimensions should 

4 4 
compactify toM_, X K,. 1t~here M, is ma;.:imally symmetric and I< is a 

compact si>: dimensional mani-fold. It ~.~as also demanded that the 

four dimensional theory should have an unbroken N i 

supersymmetry 5 so that the hierarchy problem can be tackled. 

Candelas et al. obtained a solution with a Mint~ot-~skian ~A = D> 

space for M4 
and a Ricci flat Calabi-Yau manifold for K. While the 

discovery of Candelas et al. the success of the 

compactification scheme partly rests on its ability to be 

accommodated in a realistic dynamical theory o·f evolution. 

However., +t t41-45..._. "Jd 1 - -a~ emp s LD ou1~ cosmo og~cai models based on the N 

= 1 Yang-Mills supergt-avity action have not been vet--:t successful. 

.. 46 
!.>Sei ss has e··?.en questioned the con!:::.i stem::y o·f a Rit:ci flat 

compact manifold with observed matter-dominated universe~ It 

not easy to get inflation in this model. The difficulties stem 

-from the Ricci flatness of the internal space and also h-om the 

absence of any dimensionless free pal~ameter. In the absence of 

SUSY breaking., the naive potential has only one minimum at 

2 
g = D and the realisation of the cosmological evolution 

GUT 

of the compactified theory to the correct. vacuum 7 

0( 1} ., is a non-tri -.. ,•i al The available mechanism for 

SUSY breai-~ i ng is to invoke gaugi no condensation in the hidden 

of Ellis et aZ.41 have 

10 



considered the 'tree level potential some fine-tuning of the 

condensation temperab .. u--e and obtained an in-flationa~-y phase in the 

d = 4 ef-fective theory~ Hoi.vever~ the one loop effective potential 

does not have a minimum and the situation is not very clear. Maeda 

4--=! 
et al. ~· ha··.1e considered anothe!~ SUSY breaking potential, gi··1en by 

which has only asymptotic validity. It is 

clear that furthet- in·..,·estigation is called fot- to understand the 

detailed d·:r·namics o·f both the processes~ compactification from ten 

to fot..u·- dimensions and an inflation in ·four dimensionsQ 

As the first step to achi e\i'e this goal, intend to 

loo~~ fot- cosmological models based on a 10-di mensi onal action 

choosing the Gauss-Bonnet combination for the quadratic terms in 

curvature. Keeping in view the possibilities that the conrh ti e<n::. 

necessary for acceptable ce<mpactification may be realised 

tt-ansi entl y a sys·temati c study 

solut~on will be undertaken. The calculations of Ellis 

of 

et 

the 

41 
al. ' 

4? 4~ 
t-4aeda ~ and Naeda et al. -- have high-lighted some of the prob-lems 

in this approach~ The major prob-lem is to get an in-flationary 

phase and also a graceful e:>:i t from this pha=-e~ J.>Jhi l e- the precise 

mechanism ~·~hi ch all ovz.s this is not yet t.m~::h~t-stood,. it is use-ful to 

1 ook a-fresh at all the possible mechanisms for in-flation in 

4 d - - - '-' l > '1 - J - $" 1 .l.. • 48 'J 49 • - :s. mens:1 ons, -.,,.J. :z f',a~ u:z a-~, eJ. n -c ype 3. n-r a L 1 i:•n { ...... 4··:. • -• n e:>q:sano:t ng., 

contracting ' .~ ., conb--ibution o-f the higher deri -.. ·ati ve 

realistic temperature dependence of the 

e·ffecti.,?e potential etc~, to see if field equations allol.•? such 

11 



solution. 

Cosmological models dif-ferent 

tet-ms., and~ in particular., the Gauss-Bonnet 

already been studied by v~rious 
53-59 

authors. 

scenario is yet to eme1rge~ It is clear that 

higher derivative 

combination have 

But consistent 

cosmologic~l model 

building in higher dimension is an e};ercise 'l-'~hich may. prove useful 

in our understanding of both cosmology and particle inter-actions 

at higher energiesc !<eeping this ohjective in viet-.-,.~, 

st·udied a model lt~i th Gauss-Bonnet tenT;S in the 
.._. 

acL::ton., 

both matter loop corrections and temperature ef-fects. 

t-<Je have 

including 

looked for an acceptable scenalrio of the pre-compactified uni··,..et-se 

which eventually passes on to a ~;--adiation dominated FR~l universea 

As l.~i 11 · be sho~>"~n in Chapter r V., a mechanism ~·ihi ch helps to keep 

the cosmological cc•nstant ::.mall emerges nab .. u-all y in this model. 

12 



L2 NE'tl IiVFLATI ON & ITS PROBLEHS : 

In this section shall discuss briefly the new 

5 
inflationary model and its shortcomings. Let us recall that in the 

old in-f1 ationary model 4 
'1 Guth fit-st made an attempt to resol··,;e the 

horizon'S flatness and monopole problems of the Big Bang model~ u= n-

obtained the inflationary model by combining the ideas of a phase 

transit. ion mechanism '!.·~hi ch the universe might have gone through 

-~S 
during the first 10 --sec, with the effects of general relativity. 

Inflation in this model ends ~dth a transition to the broken 

symmett-ic phase by nucleation and growth of bubbles~ However, it 

was realised soon that the model had a number of problems which 

lead to unacceptable 4 20-23 
consequences~ , The released 

during the phase transitic•n will thermalize if the bubbles t.mden;Jo 

frequent collisions. But this proces:. makes the universe highly 

anisotropic:- contr-adicting the observed homogeneity of :the 

universe. It is no'!.~ kno'l."'iln that the assumption of a quick phase 

tJ~ansition in ·this model is not tenabl·l?~ It i>"~as also noted that a 

lar-ge e;;pan:.ion -facto~- ~~e-quired for thi!:::- stage implies that the 

bubble nucleation rate is slot-l compar-ed to the e>:pansion rate of 

the . 4 
unl.verse~ In this the bubbles will never 

percolate~ There is no mechanism in this scenario by which the 

universe may successfully complete the phase to the 

broken symmetric phase and gracefully to the usual 

FRW-universe~ To overcome these problems a modified model was 

sugge:.ted "4 Linde~ and Albrecht and 
'"")<=" 

Steinhardt.._._s independently 

1 7 _, 



which is known as 'new inflation·. 

The basic idea behind this proposal ~las to consb~uct a 

model in which inflation occurs after the bubbles of new phase 

have been formedu The new element introduced in the model is based 

on a different kind of phase transition commonly referred to as 

the S.l Oi.-& roll over-· · phase transition ~ Linde and Albrecht and 

Steinhardt have suggested the model in the framework of the grand 

unified theoF"ies:i in t.vhich the gauge symmetry is broken by the 

t-adiative ccn·-rection!::. to the effective potential as in the Coleman 

cw l :ffiodel. In the abelian Higgs model 

the ef·fecti ve potential calculated in one loop appro>: i mat ion i E-

given by 

where ,B is a constant determined by the gauge coupling constant 

and ¢
0 

corresponds to the global minimum of V ~!)f . In Ct>S-model 

spontaneous symmeb·-y brea~~ing ( SSB } is a consequence of quantum 

con-ections to the potential. The effective potential acquires a 

temperature dependent mass term finite temperature 

correctj_ons .::'d·-e taken into accoun·tp The effective poten-tial is 

given by 

where C is a constant 0 ; 2) •.g 

Cl) 2 2 = V ef"f C ¢) + C T ¢ 1.5) 

and T is the tempet-aturep This 

potential pn:nti des an enes--gy b.:;.u-t-i et- that can trap the universe in 

a metastable symmetric phase t.-vhich occurs during its cooling from 

14 



a high temperature~ At a vet-y high temperature 9 the absolute 

minimum Of·. vc 1 ) C·" Tl 
e.f:f ..,_.., is located at ¢ = D. The position of the 

absolute minimum does not change until 1' is less than a critical 

value T 
c 

1 
,.., 

= ( B/2C } ·' ...t:. ¢ 
0 7 vlhen? ¢ is the ma:>: i mal 

0 
value o·f 

·field ¢ inside the bubble immediatel·t after i·ts fc<rmation. 

the 

The general feature of ne~t~ inflation is as follows 

Consider a first order phase transition in the early universe 

which occurs due to a spontaneous symmetry breaking at an energy 

scale N
8 

~BUT scale} • At a temperature T >> T ~ M8 • the vacuum c . 

state r/> = 0 is the global minimum of the effecti··.te potential and 

the thermt::tl the energy momentum tenso1~ dominates" 

Consequently the universe e>:pands like,..t-adiation dominated phase. 

AE the universe e:;.:pands 7 the temperature of the universe dt-ops and 

·fa 11 s to T ~ ~·Jhen T -> T 
c. c 

, a second minimum develops at rf = rf and 
0 

degenerate vacuum statesat T = T 
c 

At this epoch the 

vacuum energy starts dominating over the energy momentum tensora 

For T < T ., the o:otential barrier which develoos hett~een the tifiO ' c .. . . 

minima of the effective potential does not pe!~mit the uni··.terse to 

evolve classicaly from the symmetric state ¢ = 0 to ¢ = ¢
0 

state 

instantlya It is knot..oJn that the quantum mechanical tunneling is 

also not posEible because the 

- . . ,. t 61 u 
1ns~gn~r1can • nowever, at a very lo~J tempet-ature 

H 

is 

less 

than the Hawlting temperab.u-e T H "~ 2 ;'! 
, H is the Hubble 

parameter } the barrier effectively disappears and the ¢ = 0 state 

becomes unEt.able~ It is not.-, possible to drive the uni vei"-se 

10657015 e~~'?'t"'' ~iii~~.e&~ 
~~1\fC H:;F'i 'r i.H~~l.AR~/ 

?U.J.d it~ *!i.#OJlDU!?fJJ!;, 



from ¢ = 0 by a small amount ~.-,1hich may be triggared b·t 

..... 
quantum fluctuation. Let ¢ be the value of ¢ when ....... 

J.i... 

the ba1rri e~- Q The subsequent evolution ·from ¢ = ¢ to ¢ = 

described by the equation ( ¢ i =· assumed to be 

homogeneous):::;;'' .. 
•. 

rJ> + 3 H ¢ + r ¢ + v· c ¢ ) = o 

where the prime indicates differentiation with respect 

a !:-mall 

penett-ates 

¢ can be 
0 

spatially 

~ 1. 6 } 

to r/> and 

dot that t-Jith respect tc• t. The third ter-m accounts for particle 

creation due to the time . .variation of The quantity f' is 

determined by the nature and coupling of the particles pn3duced. 

One defines the life time of the ¢ particles by 
-1 

T == f' • For- T 

t-le may write 
BnG 

parameter 

fm·- p 

~ V (rj>}~ and the square 
0 

p ~ can be determined fr-om 

p= 
1 

D 

q;? + 
2 

+ p 
r ' 

of the Hubble 

the e>: pression 

{ L 7 } 

1r.,1het-e e~ 
' 

is the r-arhation ener-gy densit-:i'· pt-oduced by the time 

variation of rj> following the equation 

( 1.8 } 

·the r.h~s. takes into account the effect of par-ticle c~-eation. 

The scenario can ncH . .., be described. Suppose V is ver-y 

f 1 at in some region beb•Jeen rj> = rj> and ¢ == ¢''ci ¢ wi ll evolve very 

slo1-;dy and the iradiation energy density can be neglected at this· 

stage~ Unde1'- this _circumstances the eq. < 1. 6) can be r-ew1~i tten as 

. 1 -1 
r/> = - - H ~ V' (rj>} 

3 ~ L9 ) 

If V~rj>) is sufficiently ·flat, the time taken by ¢to traverse the 
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----------

flat region may be sufficient! y large compared to the e>:pansion 

-1 
time scale H • During this period 

and aCt} 

)
1/2 

( B.<rG V~0}/3 

ro exp \ Ht ). 

~ const. < L 10 ) 

( L 11 } 

Thus the !:.cale factor has a large e>:ponential groi--vth during this 

slow rollove·r period~ This mechanism of tt-ansi ti on has been 

studied in details by Guth and 
6-=" 

Hawki ng ·-', Br andenber ge:~ and 

6.4 6~ 
l<ahn and others ~ considering the e·volution o·f a single inflaton 

field in the theory. It has been suggested that a single 

fluctuation region inflates to encompass the entire observable 

i..mivet-!:-e. In this scenario the inflation continues to occw·- even 

when the universe evolves tot.-Jards the ~table phase. To all O'l>'l for a 

natural transition to a FRW universe, the flat portion of V{¢} is 

followed by a region where V~¢} has a and the slot.~ 

rollover b·-ansition ceases to occur. The · ... ·alue of ¢ changes 

~apidly in this stageg Around the minimum~ it oscillates with a 

frequency u> = ( V'' (¢ l) 1
_.,.

2 

0 
These oscillations are 

damped quickly by both particle creation and the eMpansion of the 

t.mive'"-se. Tt-JO possibilities e>:ist in this case :; 

¢ leads to the 

conver~-ion of ·the coher-ent field ener-gy Vi.¢} 

by quantum pal~ticle cr-eation., 
66 

thereby n?heating the uni versea 

This is a case of efficient reheating. 

ii} If 

cohel~ent 

-1 r. >> -1 H , 

field energy 

¢continues to oscillate., 

:is 1,..edshi fted 

17 
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,-----------------------------------------------------

e:>:pansion of the uni vet-se as 
-3 

a At a later time t ...... -1 
f' the 

~mive~-se is reheated by the radiation energy den!:.ity leading to a 

Howenter ~ in order to keep the r-eheating t-emper- at ur e 

belo::.~ the GUT scale it is necess;;.u·-y to adjust the parameter!:- in 

the theorya This fine-tuning is required to avoid fresh production 

inflation is that it 

!:.uggests an e:>:pl anati on for the gal a>:y formation problema Ho~1ever., 

alonr~w~ith these E.uccessE>s'! the nev1 inflationa'"-Y scenas--iec suffes--s 

ft-om secme obviecus dFawbacks, which are outlined below :; 

a) The CL•J type potential, which has been found suitable fecr 

the scenario needs secme fine-tuning of the parameters and 

is" therefore" nect a natural choice. 

b} The slecw roll equatiecn is not true in for an 

. . t• f" 1~ ~h . 67 
£nLerac 1ng ~e o ~· eor1esa 

c} The transition from.the symmetric SU(5} may not occur in 

the direction of the global minimum SU(3} X SU\2} X 

. 20 It !--<Ja!:. pointed ecut by Guth and t'.!e1nberg and Bre.:Lt et a1..68 

that the universe may instead be t~-apped in the t--<Jrong phase 

SU~-4) X UO) due to symmetry breaking. 

d} Althecugh a scale invariant spectrum of density p:e;--turbati on 

. ,_~ . d . th · fl t · 18 ., 69 q G 1 s OL• .... aJ. ne J. n e net-J HI a J. on., ~-U (5) UT pt-ecduceE- a 
6p 

very 1 arge value for -- { "' 50 j 
p 

larger than the e>:perimental value 

which 
iSp 

( < 
p 

is many orders 

.,_.,-4 . 

.1L< J • 

To overcome the problem discussed in \d}~ a proposal has 

18 



7(1 
been made by Shafi and '.,'ilenkin-- ~·~hich t-equires an e;.:tra inflaton 

of the density 

perturbation may be overcome considering a vet-y ~~eakly interacting 

_i'? 

field ~ ~c,.. 10 .:..-'- }c Un-fortunately, SU~5) BUT does not 

permit such a t·Je·ak field. Ther-efon:~, it concluded that the 

SLH5} GUT is cosmologically unacceptable. Hc<we··,.e~-, such fields may 

theories. Inflation of 

the ear-ly universe can be incorporated in a natural ~ay in such 

7-" 

theories.'.._ 

7'? 
Nazenko et al.~~ have raised another serious objection 

against the ne~-";! inflationary models of the e.::u--l·:l uni··...-erse • It \-•;a:. 

pcdnted out that due to the violent fluctuations of the field 

the field ma}· not 

settle into the false vacuum state \ ¢ = 0 } 

cools. They have claimed that the models of new inflation are 

based on t-~rong physics. It was argued by them that many models 

previously considen~d as candidates fot- ne~: inflation do not enter 

¢ is only gravitc::tionaly coupled to other at high 

temperature the mechanism which confines the field at the value 

¢ = 0 will no longer be valid. In the absence of such confining 

fcli·-ces we e;-;pect large thermal fluctuations. As a 

t--"1-ill be inhomogeneow:: .• For ¢
0 

< Np the spatial fluctuations in 

may be much larger than the separation between the minima of '.i{¢}~ 

The enet-gy momentum tensor T 
J-IP 

19 
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consequently inflation 1.~d.ll not occuru They argue:· that 

universe e:>:pands the scalar field t·Jill lose energy~ At 

as the 

T = T c 

the enenJy content of the ·field is insufficient to cross the 

potential barrier at ¢> = 0 and. therefore. ¢-h:) vli 11 ~-apidl y 

value ¢0 if initially ¢0 <>h < 0 Similarly ¢ \ -+ 
rel a>: to a - - >: 'J 

will rela>: to + ¢0 i ·f initially -+ > 0. Therefore, at T < + ) ¢1.>:} ,._ 

T c spatial domains vli ·th ¢>f.>:} = :: ¢
0 

v.ii 11 be formed. It can be 

!:-hovm that in such dom.:d ns Vt¢) = D • Con=-equently., the equation 

of state necessary for inflation cannot be obtained. 

Alb:n:~cht 
7-='" 

and Brandenberger'~ and Albrecht et al.74 almost 

simultaneously showed that the above argument is not correct in 

generalu The discrepancies can be avoided by a new approach to 

pha=-e transition in the cosmological models {111hich does not u=-e the 

concept of an e-ffecti -.,..e potential. They have shovm that in many 

models the expansion of the t.mivet-se leads to a suf-ficient Hubble 

damping of the field configuration which gives rise to a long 

intet-medi ate phase o-f inflation. For the Ct~-model as well as in 

quat-tic scalar field potential with double ~~ell~ the new inflation 
..,_. 

can be realized~ Another objection l.-~as pointed by Linde . ..:.o He 

pointed out that in theories with a large value of the vacuum 

potential energy V\¢} and a sufficiently small coupling constant 

),~ the inflationar',,' universe scenario based on a temperature 

dependent phase b~ansition cannot be t-eali:zed. This obser-vation 

provided a strong motivation for the chaotic model suggested by 

him o This \"3i 11 be discussed in the ne:>: t chapter. 

2(t 



L3 AI H OF THE 1-IORK. : 

The aim of the t-mrk is to study some cosmological 

models of the early universe which are consistent l-..Si th the t-ecent-

theories o-f elementary particle interactions at high energies and 

also with the constraints imposed hy various astrophysical 

observations. !~Je vd 11 study cosmological models '¥11 thin the 

framet-~ork o-f a quantum field theory in cm--ved space-time4 Since an 

inflationary stage seems to be an essential ingradient of modern 

cosmological models, v3e will study various types of :i nf 1 at i onar·t 

model Sa D:i -fferent aspects o-f any o-f these models need to be 

studied care-fully befon: it can be considered as an acceptable 

theory of the early universe. f.t}e have undertaken such a study li'.Ji th 

particular emphasis on the mechanisms that lead to an inflationary 

stage and also allows a natural -e>:it -from it. 

The models which we have chosen for this study are ~ 

{i} the chaotic inflation~ 

4-dimensions and Hii > 

{ - .;; ' • 3. .L .f the higher derivative theories in 

higher des--i vati ve theories in higher 

dimensions. We have analysed these models critically and also 

obtained some new results. Our aim has been to study the efficacy 

of these models in j::H~oviding a realistic scenario of the early 

uni vere.e. 
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I..4 SUHNARY OF THE v/ORK : 

Chapter I gives an introduction into the background and nature of 

the problems s·tudied and also summarizes the r-esul-ts obtained. 

Chaplet' II In this chapter, the chaotic 
., . 

• .r..b 
scenal~l.o;: 

as proposed by Linde :iS bt-iefly t-e-..<iewed. The chaotic scenario is 

then studied in ;:;n 2.ni sot~-opi c universe model~ ~Je have con!:-i dered, 

in particul at-., an ani sob--opi c Kanto~::.ki -Sachs. O<S) 
.._ . 75 

me'L.rl.c~ For a 

weakly coupled inflaton field the Einstein's field equation admits 

types of cosmological For- one of these 

solutions,. the initial washes out as the 

e>:pands while for the other there 3. s such b·- ansi{,: ion to an 

isotropic universe. In the second case, the measure of ani !:.otropy 

remains constantg We have shown that the chaotic model can be 

realized in the KS-metric~ This observation justifies the claim of 

Linde that the ideas of chaotic scenario are fairly general~ The 

concept that the p~~esent state of the uni vei~se should not depend 

on any specific choice of the initial data gets realized our 

results., since though simple describes rather 

e>:ceptional type of ani sob·-opyw 

Chapter III : In thi!:. chapter 01 the e··.<'olution o·f the eat-ly universe 

in higher derivative theol~ies has been s·tudied. As a special case, 

22 



we ha··1e studied in detail the modified Starobinsky models which is 

described by an action quadratic in curvature : 

s = -4-
d X • ( 1.3 } 

16 rr 

Depending on the initial conditionss the early universe in this 

model may evolve from one of the two different initial stages . 
" 

(i} de Sitter and (i i) Non-de Sitter \NdS}a In the original 

Starobinsky model 9 the de Sitter phase is an exact solution which 

is~ hort1ever, unstable. On the other hand, the de Sitter stage is 

only an approximate solution in the modified model. The NdS 

solution noted by us e>:hibits enth-ely new features in the initial 

stages o·f the e··.tolution~ l'lle have emphasized these ne1r1 features. t-'lle 

also follow the evolution of the universe in different stages, 

eGg. the initial NdS-phase, quasi-e>:ponential inflations particle 

production, reheating etc. An interesting result 

in the flat ( K = 0 ) model is that the choice of 

110 
c•btained 

the initial 

value of the scalar curvature ( R } determines whether R should 

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

( _
1
_,., ) 1/3 ., 

12 !3..._ 
the value where f3 . is a constant • However, the 

magnitude of the inflation is almost independent of this 

undetermined constant <t3>s lfJhich is undoubtedly a good feature 

of the model. In the closed model ( K = + 1 } , f~ is ·found to be 

time dependentG He~-e, · the :.cal e factor of the universe grot-~s 



~--

linearly with time. The solution is unstable and eventually the 

univer-se enters into a differEnt phase of e:>:pansi on, as in the 

flat model. The solution found in open !< = -1 } model is also· 

discussed. Hov~ever ~ the seal a!~ cLu-vature {R} here is zero and the 

solution is not veE"-y inte:n:~sting -from a physical point of 
,-. 

The modification in the Starobinsky model
7 

brings in a substantial 

change in the original scenario in the earlier stages and the new 

t-esult.s may have intes--esting applications in the fDrmulation o·f 

quantum cosmology. 

Chapter IV : In this chapter~ {;olE ha··.1e presented a scenario o·f 

evolution of a ten dimensional universe. As theories of 

interactions often require dimensions more than for 

the 

..._ ,_ . 
t->:e:t r 

·formulation~ it is essential to check i·f consistent cosmological 

solutions, which can accommodate these theories are also 

Higher deri vati ··,te in the gravitational action and, in 

the Gauss-'-Bonnet combinations occ'Lu·-- in a natural way 

in many theories. Cosmological solutionsfor these theories in ten 

dimensions have been studied.· An attempt has been made to 

constr-uct a scenario 1.-;hich includes a spontaneous 

compactification~ an i nf 1 at i on.:.u--y epoch by a 

dimensional radiation dominated stage. It is noted that an 

action containing matter- loop corr-ection~ including the 

temperature effect~ it is possible to have a realistic scenario, 

provided there is an in·fl ationat-y stage of the early 
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10-dimensional unive..-se. A mechanism is suggested which keeps the 

4-dimensional cosmological constant small, close to zero. The 

·~· study t-eveo:'lls a rich structure of the theory due to the presence 

of Gauss-Bonnet tenus~ although one gets back the usual Einstein 

equation in four dimensions at a large time. 
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