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Abstract

Cosmological and astronomical observations pretiiat the present Universe is passing through aslerating

phase of expansion. The Universe emerged out ekpanential phase in the very early Universe. Tdatas field

of the standard model of particle physics when usedosmology admits such a phase of expansion knasv
inflation. The most favourable condition for inftat with scalar field to admit an Inflationary seeio is that the
potential energy must dominate over the kineticrgnevhich one obtains with a flat potential. Théteathe

Universe enters into a matter dominated phase wieefield oscillates at the minimum of the potelntut it is not

possible to accommodate the present acceleratingepim the Einstein’s gravity. It is known from ebstional

analysis that about 73 % matter is responsibldéhferlate phase expansion and 23 % matter callek Matter is

responsible for a stable galaxy. We discuss heredlevant fields and theories that are usefutlésrcribing the late
Universe.
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1. Introduction

In 1915, Einstein proposed the General theory datRity (GTR, henceforth) which is important in
understanding the origin and evolution of the Ursed1- 4]. GTR is also important to understancdhjig
massive objects where the strength of gravity tswemak. Einstein applied his famous equation in71@il
obtain a model of the Universe which is static failed to achieve a static model of the Universthilie
field equation. This is because of the limitatidrtte then astronomical instruments which couldeobs
only upto the periphery of our galaxy (Milkywayk., up to a region which is almost not changing.
Einstein then modified his GTR field equation byramucing a term which corresponds to repulsivedor
called cosmological constant. In 1927, while stadyspectra of galaxies Hubble discovered that the
Universe is expanding. It may be pointed out hbeg existence of non-static solution of the Einmstei
field equation was noted by Friedmann in 1917. tBoste solutions were of academic interest for more
than ten years. Hubble's discovery led Einsteigite@ away the cosmological constant term from the
GTR equation. Hubble's discovery also supportddbethat the Universe originated from a Big-Bang i
the past from a cosmic egg. The Universe weag hot after its birth in the Big-Bang modek At
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evolved, the temperature of the Universe decredsedto adiabatic expansion. The nucleosynthesis of
the Universe might have occurred in the first thneiautes. Subsequently stars, galaxies and the larg
scale structure of the Universe came up. Afterdiseovery of Cosmic Microwave Background Radiation

[5] the Big-Bang model became the standard modethef Universe which has a beginning of the

Universe at some finite past.

However, Big-Bang model based on perfect fluid niddied to account some of the observed facts of
the Universe. While probing the early Universe gieblems that cropped up are the horizon problem,
flatness problem, singularity problem. Howeveg #bove problems can be addressed in the framework
of standard model of particle physics by invokihg concept of inflation [1-4, 6-12]. The matter i
replaced by scalar fields and the necessary condftir inflation may be achieved successfully. The
small quantum fluctuation of the fields that origied in the very early Universe leads to the stinec
formation of the Universe [3]. Itis further knovitom the study of galaxy rotation curve that irdiidn

to visible matter another form of matter known aslOMatter exists in nature.

Recent astronomical and cosmological observatioadigt existence of a new form of energy hitherto
unknown. The discovery of Riess et al. in 1998 [a8H Perimutter et al. [15] in 1999 changed the
landscape of vision of the observed Universe initamdto other cosmological observations. It is
suggested that the current Universe is acceleratimgnost of the investigations the origin of the
acceleration is attributed to a mysterious compbuder to a source possessing negative pressuesl call
Dark Energy (DE). Not only Type la supernova (SN tdservations but also cosmic microwave
background (CMB) and baryon acoustic oscillatidd&@) have continued to confirm that about 73 % of
the energy density of the present Universe coneisBark Energy. Dark Energy is a major outstanding
issue in physics and cosmology today. In theditme the reported work mainly focused on theory,
probes DE and on cosmological constant [7,8,16he Preferred candidate for DE is a cosmological
constantA. ConsequenthyA cold-dark-matter (CDM) model is constructed whiglays the role of a
model for alternative approaches to understand Eieproblems. AlthoughACDM fits most
observational data well, it suffers from two mahogcomings: (i) the low value of the vacuum energy
and (ii) the cosmic coincidence problem. In oradeaddress the above issues a constantreplaced by a
time varyingA resulting in a dynamical DE models. From cosmalabobservations it is also understood
that about 23 % matter in the Universe is in thenfof Dark Matter (DM). In most investigations DM
and DE are considered independent substance. 8w iha possibility of existing coupling betweekl D
and DE. So far DM and DE manifests only throughrtgeavitational action. As a result the motivation
for unified models of the cosmological substratumwhich one single component plays the role of DM
and DE simultaneously is studied. Recently, holpli@ principle [17] is incorporated in cosmology
[18,19] to track the Dark Energy content of the Wgmse following the work of Cohen et al [20]. Iristh
paper we discuss the origin of Dark Matter and Diamlkergy in the Universe and possible candidates in
favour of DM and DE.

1.1. Dark Matter in the Galaxies

In 1932, a Dutch astronomer Jan Oort was the tiirshterpret evidence and infer the presence okDar
Matter. He found that the mass in the galactic @lanust be more than the material that could be seen
while studying stellar motions in the local galactieighbourhood but this measurement was later
determined to be essentially erroneous. In 1938, Stviss astrophysicist Fritz Zwicky, who studied
clusters of galaxies made a similar inference. cEwiapplied the virial theorem to the Coma cluster
galaxies and obtained evidence of unseen masdglh, fhe observed galaxy rotation curve for M33 is
shown. Let us consider an object (say a planet)distance from the gravitating centre (the Sun). The
gravitational force on it is proportional to theoduct of masses and inversely proportional to thease

of the distance. For dynamical equilibrium we deiie the velocity of rotation of the planet. In thex
below we consider solar system to evaluate rotatieelocity of the planets.
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As an example in the above, we consider earth agidtant planet Neptune to estimate their rotationa
velocities. The values obtained using the Newtdorsula is reliable. Now in the case of objectghin
galaxies, analogously consider a light emittingreelat a distance from the centre of the galaxy. For
dynamical equilibrium the same velocity equatiom fbe light emitting source will be valid and
consequently velocity of rotation should fall asi@ce root of the distance

v(r)=1/GN:(r) D% )(1

where M(r) represents the mass which is supposéé tmnstant as was found in the case of a staein
solar system.

* For dynamical equilibrium
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Now let us consider a galaxy consisting of abodt &tars of mass equal to or more than the masseof th
sun. Compare to the centre of the galaxy the stardike point objects. In the case of M33 galaxg t
observed velocity rotation curve as shown in Fig.@ first increases, it attains a maximum and
thereafter its change in velocity is almost const&ut the expected velocity rotation curve from
luminous disk after certain distance from the aepfrthe galaxy should decrease as shown. It isrebd
that

* Velocity at a distance r (denoted by v(r) ) rismsards a constant after about 2 kpc.
* M(r) interior to r increases linearly with r

Thus the above confrontation with observation mayrémoved assuming that the disc galaxies are
immersed in extended Dark Matter (DM) halos, atlsdiatances this DM is only a small fraction o&th
galaxy mass inside; it becomes very large at laligeances. Let us estimate the Dark Matter from the
following data: velocity of a luminous object at ¥pc away is 120 km/s but its luminous velocity
expected is 40 km/s. Using Eq. (1), we get

2
M total — VT
2
M VLum

lum

where My represents the total mass ang,Mrepresents the luminous mass corresponding abigoal
velocity w and v, respectively. We have the following data:

r =10kpc, v=12Ckm/s, v,,, =40km/s

2 2
Thus, Maa \;T =[120J =9
\Y; 40

Lum

lum

= Mtotal = gMIum
—=90% of mass in galaxies is DARK.

Thus a major composition of matter in the galaigd3ark Matter.

1.2. Dark Energy and the Dark Matter in Cosmology

Cosmology is the study of the cosmos consistingaddixies, clusters, superclusters etc. Einsteiarernl
theory of relativity (GTR) is useful to understatite dynamics of the Universe. About 99 years back
Einstein obtained field equation connecting geoyngtrone side and matter in the other side. Thisnis
intuitive concept to relate the effect of matterthe space time. The space time geometry is flaihén
absence of matter, however, in the presence ofem##t geometry changes its shape and it becomes
curved. This curvature and matter are interrelaféé. famous Einstein equation is

1
Ry —ng R=-8nGT, (2)

where R, and R represent the Ricci tensor and Ricci scakpectively, g represents the metric tensor,
T, represents the energy momentum tensor and @ ibl¢fwton’s gravitational constant. According to
cosmological principle the Universe is isotropiaddomogeneous and the most acceptable metric is the
Robertson-Walker metric which is given by



B.C. Paul / BIBECHANA 11(1) (2014) 8-16: (Online PublicatioMarch, 2014) p.12

dr?

1-kr?

ds® = —dt? +a2(t)[ +r2(dg” +sin® Hd¢2))

®)

in the ¢, r, 6, ¢) coordinatesa(t) represents the scale factor of the Universehénabovek is the index
which represents a closed Universe for +1, opervésse for — 1 and a flat Universe for 0. In theecab
perfect fluid the energy momentum is given by

T, =lo.-p-p.-p] 4)

wherep and p represent the energy density and pressspecatively. Using Eqgs. (3) and (4) in Eq. (2)
one obtains the field equations

a’  k
s asz:S”Gp 5)
2a+[a2+k2]:-8nep (6)
a a a

The famousRaychaudhuri Equation is obtained using Egs. (8)(@has

a_ 4G
== 3
o= 5 (P+3p)
In 1926, Hubble discovered that the Universe isaexling, for which one requires to have matter wigdgative
pressure as p( - P
3

which is not permitted classically in the framewarkperfect fluid assumption. Note that ever® Bgc
after Big-Bang, arice)™> 1 GeV. At this energy scale it is necessaryemscdbe matter by quantum fields.
For energies less than Planck energy, classicalrigden of space-time possible with scalar fields
permitted by Particle Physics. As discussed alibeeconcept of inflation in cosmology is therefore
essential which is permitted if quantum fields aomsidered. In 1981 Guth [6] proposed inflationary
Universe scenario using temperature dependent phassition mechanism in order to get rid of the
problems of the Big-Bang cosmology. In this scamahiere was a phase of expansion of the Universe
when a small causally coherent region grows to gehsize to encompass the present Universe.
Subsequently it is found that a graceful exit frorflation is not permitted in the scenario [7]. Awa
inflation is then proposed by Linde [8], AlbrectdaSteinhardt [9, 10] where the graceful exit isurel.

The period of inflation was very short in which thimiverse grows rapidly so that at a later epoch it
allows the different parts we see to come in caswoatact with each other, thereby explaining the
isotropy of the observed Universe. Eventually,dhantum vacuum state decays, dumping its energy int
the form of thermal radiation and the Big-Bang Bn@ann model takes over. In 1983, Linde [8] proposed
a suitable inflationary Universe model which doed require temperature dependent phase transition
mechanism instead the Universe can be realized &ochaotic distribution of a homogeneous scalar
field. In this scenario sufficient inflation reqai to solve the problems of the Big-Bang model lsan
realized if a causally coherent region grow outweih initial scalar field which picks up valugs 3 M,
where M represents the Planck mass. Quantum gravity réginat important in this case as¢yeMg" .
Linde [8] has shown that a kinetic energy dominatglon can pass on to an inflationary era aftedwar
as the potential energy domination sets in ateadpbch in scalar field cosmology. Paul efEl] shown
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that chaotic scenario is more realistic as it carabcommodated even in the presence of an anigotrop
An inflationary Universe model is important as jtems up new avenues not only in Cosmology but also
in Particle Physics. It can solve some of the aniding conceptual issues in cosmology Particle iedys
not understood before. In the last three decadesimaber of inflationary models of the Universe
proposed in the literature in the context of déf@rtheorie®.g.

« (1980-1989): R —inflation [12], Old inflation [6], New inflatior{16], Chaotic inflation [8,21],
Power-law inflation [22], Extended inflation [235UGRA inflation [24],Double inflation [25].

e (1990-1999): Hybrid inflation [26], SUSY D-termfiation [27], Brane inflation [28], Assisted
inflation [29] .

» (2000-2008): Super-natural inflation [30], K-inflan [31], D3-D7 inflation [32], Tachyon
inflation [33], Hill top inflation [34], DBI inflaton [35].

Till now it is not clear when and how the Univesgered the inflationary phase in the past. A blata
model which can describe the entire evolution ef thiverse is yet to be constructed. A baby Unwers
i.e., atiny causally connected region grew into a tsige due to early inflation which engulfed the enti
Universe in a very short time. During the creatioa Universe was very hot as it expands its tentpera
decreases enhancing the formation of atoms frooup ef quark-gluon plasma. A photon thus emitted at
very high temperature is the sole spectator of ghase which is commoving with the stratum. Its
temperature decreases and the present 2.73K btabk dadiation is due to this decoupled photon and
expansion of the Universe. The frequency rangehisf tadiation lies in the Microwave region at the
present epoch which is showering isotropicallylia tUniverse. This is cosmic Microwave background
radiation (CMBR). Thus it is important to encode tlmessage hidden in CMBR. Penzias and Wilson
discovered the presence of CMBR while scanningetit@e sky for source emitting microwave. Later
they were awarded with nobel prize. In the inflatioy theory the quantum fluctuations that developed
the early Universe leads to large structure foromatwhich was supported by Cosmic Background
Explorer (COBE). The present decade is witnessingraasition from speculative science to an
experimental science because of a number of poecigbservational projects namely, CMB, SDSS,
WMAP and PLANCK. The analysis of the data from #hasissions are confronting with theoretical
cosmology. When observational data are analyz#oeifiramework of Big-Bang cosmology it comes out
that the present Universe is composed of 73 % Baseegy (darkshade), 23 % Dark Matter (violet) and
only 4 % (red) are baryons that is visible aroursd A pie chart reflects the energy budget of the
Universe.

Figure 3: Energy distribution in the Universe Dark Energgricgshade),
Dark Matterdiat) and only 4 % (red) observed matter.
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One of the most exciting observational discoveoiethe past decade is that the Universe is acdaigra
The source responsible for Cosmic Accelerationrésgntly unknown and has been called Dark Energy.
Dark Energy has largeegative pressure and could account for up to 73 % of the total eratiensity in

the Universel!!

Using eq. (5) with a number of fluids and definithg density parametef)}, and critical densityp( )
which represents the energy density correspondirgftat Universe as below one obtains

. 2
H:E, :A’ pc:3H
a o 811G

TR 2:8ﬂG2p:ZPi:ZQi

a‘H 3H P
Q:ZQi
k
:Q—l:W

In the case of rapid expansion in a very shortogecalled inflation, through which the Universe egea
in the past, we get

Q-1-0 =>Q=>0,=1
D QLum +gznonLum :1
Q,.~02=Q, ., =08

For a number of fluids, we can write as

N

>0 =1

i=1

=Q,+Q, +Q +...=1
Q,=02, Q,,..

Thus it is evident that the observation predictstexce of matter other than the matter we observe
around us. It is predicted from supernova experimtérat the Universe is expanding at a rate musteffa
than that theoretically calculated. This resuliisazing!

In the Large Scale Structure (LSS) experimentsadeeldl telescope measured cosmological red shift of
more than 2,50,000 galaxies! The derived galaxggalcorrelation function provides a tantalizing
glimpse of the power spectrum of galaxy clusteramgl places powerful constraints on the density in
clustered matter. It is also known from High Redftstype | a supernova study that the Universe is
accelerating and its acceleration is fuelled bynawn form of Dark Energy having negative pressure.

Thus due to advancement of technology the presentsewitnessing a transition of cosmology from
speculative science to experimental science. A murabastronomical and cosmological observations in
the recent past made it possible to visualize thivédse which is different from what we underst@od
decade ago. Riess et al. [13] and Perimutter.€tl4] found that the present Universe is accelegatin
which they observed while analyzing data from lamgel shift survey of supernovae. This late
acceleration cannot be realized in the frameworktahdard model of particle physics. It is onelaf t
challenges in theoretical physics to develop a isterst theory to address the issue. It is found o
cosmological constant term of Einstein again cdp teeobtain such late accelerating Universe. Havev
origin of a cosmological constant term requirethte epoch is not known. When observational tesul
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are analyzed in the Big-Bang model, existence obw kind of energy that fills the space is required
which is termed as Dark Energy. It has a negatiesgure and negative gravitational effect causing a
gravitational repulsion. As the Universe expandarkDEnergy stays at nearly constant energy density
and, as the matter in the Universe thins out, thek[Energy begins to dominate. The repulsive efféct
Dark Energy seems to guarantee that the Univerg@tneontinue to expand forever. It is now a great
challenge to theoretical physicists to give a cstesit model for the Dark Energy in addition to Dark
Matter. In the Einstein field equation this maydmhieved by a modification of the gravitationalteec
[36] or the matter sector [37]. The work in thigedition is now in progress worldwide to unravel the
mystery of the Universe. Emergent Universe mode flat Universe is another interesting model & th
Universe which can be obtained with a non-lineanagign of state [38]. In the emergent Universe
scenario the initial size of the Universe was laggeugh so that quantum gravity effect is not ingour

The horizon and flatness problems do not arisehénEU scenario, the Universe evolves from a static
phase in the infinite past into an inflationary phat a later epoch. In the usual description wititalar
field it is shown that a Universe starts expandimgn the above phase, later on smoothly joins \&ith
stage of exponential expansion followed by standah&ating and then approaches the classical therma
radiation dominated era of the conventional Big-8@osmology. The matter in the Universe may be
considered as a composition of three kinds of 8uddpending on EoS parameter. In the model orfeeof t
compositions of matter is Dark Energy. It permits accelerating Universe which is supported by
observations.
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