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Dark Ages Development of
Galaxies

Story
of the
Universe

At the beginning of time, space
exploded out of nothingness

to create the ever-expanding
universe we inhabit now. It took
billions of years for the story,
depicted he, infold.
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! A little more than 5 billion years ago,

s )
C AN dark energy caused the universe

to expand increasingly fast.

Centre Tox Cosmology ~strophysics and Space Sc1ence {CL/‘&ASS)

the Big Bang, the universe burst open
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The universe expanded violently from an
extremely hot and dense initial state some
13.7 billion years ago.
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" Quore lecmes

tUmnv@m

the anc1ent Greeks,

searchmg fﬂr the censtltuent matter of
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smentlsts Were

"""

e’é Nearly ove.r last 35 years several phys1c1sts and

cosmologlsts
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’(?came able to dlscover that 'only
of our universe is made up of V1s1ble mat

our unlverse... :




eral Theory of Relativity

Gen

¢ ~ Albert Einstein's general
theoryef relativity (1916)
- _is @ne of the towering
achievements of 20th-
century physics.
5

o O J.A.Wheeler: - et S
i Space-time tells matter how

to 1 ; matter tells.space-
time how to :
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< @ | Costhology: ® = .

.

Large scale structure of the

iy T Unlverscz s
. ; " basic assumptlons )
> - ’

YOU ARE SOMEWHERE ;
ON HERE
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" The Coémological Principle

-~

-

S , ol The matter in
the universe is:

homogeneous - same properties everywhere
1sotropic - no special direction

i I I .
5 1S [ W) (N .

1 W 3 O W 3

‘o e e e s o o e e -
i when.averaged
e over a very
T | g
large-scale
homogeneous but 1sotropic but not f f
not isotropic homogeneous SIFUCIUTE.
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| Einstein's Modtl of the Iﬁiﬁerse

2’

This three-dimensional grid
gives a better idea of what
curved space-time might
look like than the two-

dimensional analogies do.
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Einstein's Feeld Equatfons -
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S‘tus of mwm s M%l"

‘*Einstein belleved that the universe was statlc and
* to overcome inevitable eollapse due to gravity —
he 1ntr0duced the cosmologlcal constant

L

- “HlS two,confemporaris - Alexdnder Frledman
(1922) & Georges Lemaitre (1927) predicted,that
‘the idea of Static universe were incomplete andit
was in expansion phase as evident from
astronomical observatlons :

»TIn 1932 Einstein, along with Willem de Sitter ,
proposed an eternally expanding universe which
since that time became a major cosmologlcal
model -

» -1y - Doven e N - ’ . 5
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- The Cosmological Constant

Cosmological
Constant

(.3

’ o
¢ : -

static’' universe

%
vacuum

Zeldovich as Quantum Fluctuation of
v Zero-Point Energy '

.

Casimir

Effect v #
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- The*Shape 8f the Ung(;i'se

> ] w (FLRW
. | . “.
- ’ | .
! he Standard Model
cosmology Standard Model
particle physics & '
curvature

cosmic density parameter
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The ﬁosmological parameters

f
-
e

The properties of the standard cosmological' model
are expressed in terms of v@kious cosmologlcal
parameters such as; 4 v

1€, =Py / P.

'
0, = oo
o.-p /o B
S
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Upenunhverse
{ex pands for ever)

~
i
a Flat universe
LH (ex pands for ever) = (E)'
i
B : +1 positive-curvature Universe (finite, closed),
EE k= 0 flat Universe (infinite, open),
g : -1 negative-curvature Universe (infinite, open).
o
i U
= E Closed unverse
g (expand s and then con racts)
I 'E
m LY
_5
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About 70 billlonyears i
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* Closed*Universé G,
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| Open Universe -+
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Flat Universe
e If and
/ ' .

ek

— a “Big Freeze”.

B
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Hubble S Dlscovery

Dlscuvmv ofF ExrpANDING UNIVERSE

1928

Cepheid
variable

IUU Inch redshiﬁ‘s

Telescope

i ‘ -: i3 I. SR : 1 r________.—--" .
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‘}alaétit Redshifts,
Very Distant Galaxy i I ‘ | | I

Distant Galaxy

r = 4]
| L | | ,|

Nearby Galaxy | H ‘ | I | | ‘ |

- t
I

Labratory Reference l | ! | I ‘ I
1
400

500 600 700
Wavelength (A )

Nearby Star

-
-

Here are'some examples-...

{ in stars and galaxies
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Emstem S “Blggest Blun(ler ?

> EVldence mounted that the
©universe was not static, but

" expa2d1@ .
Fhis was consistent with the
original Einstein model; who could
have predicted it, but had assumed

. the static universe.

-

v Einstein later remarked that introduction of the

cosmological canstant was the biggest blunder of his
life! ' i ‘ .

-Rut was it reaHy a blunder? '



Type la >T was diéceverg'l;hét these
Supernova 'su_pernm'fae,had a smaller
o redshift than would be -
- expegted. &

0. ‘> ‘Bhe Tact that thé redshift

was smaller than expected
 means that they were

movmg!lower in the past.

Multi-wavelength X- . These supernovae actas
_ray /infrared image of Standard Candle and
SN 1572 or Tycho's* -

' distance ladder due to their

Nova, the remnant of a . S py
Type.Ia supérnova constant luminosity.

- ' . " -» , . " - °
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Who rang the bell of-Acceleration!

¢

Since then, these observations
| haveyen corroborated by
» . several independént sources:
5 » Cosmic-Microwave ,
Background Radiation %

» Gravitdtional Lensin'g

L
-~
:; - .
y
»
»

)
5

of supernovae
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Cqﬁntents K the unlve'rse

> EV1dence for
and
has accumulated, and it
¥ is now estipatéd that
only about of the
matter/energy in the
universe is ordlnary ~

Neutrinos f Dark . matter
0% 0 i Matter .
ATREN: 63%
» In other words, we have
Photons /
15% /i no real clue what the
| = other consists of !
Atoms = X :
12% .
13.7 BILLION YEARS AGO ' o

(Universe 380,000 years old)
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Cﬁsmologﬁal Constﬁt" >

> T he story lme.

» The Cosmological Constant has returned, and is the
leading candidate for a Dark Energy explanation

o May be Elnsteln dldn't commit any blunder'
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A Sllgh'l’roblemg :

¢ » The Cosmological Constant
| being nonzero means that the

{ ’ ’ ° o Vi '
: .Vacuim'.ln cgntamsnergy.
g ,
1 > However, when physicists
LN calculate thgvacuum energy
. ~using our best theory, the
A4 Standard Model, they come up
"+ with an estimate that is 120
i “orders of magnitude (19'2).

« 4
o

® Th1s Is too large & embarrassmg'
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* ImpHications

Cosmic tug of war

The force of dark energy surpasses :
that of dark matter as time progresses. .

¢ Before that, it is thought that the

expansion was decelerating, due to
- the attractive influence of dark o
matter and baryons.

wiom | »  The densify of dark matter in an

— expandlng universe decreases
ot quickly than dark energy, and
g eventually dark energy dominatés.
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PART I

Technical
Consideration



* Case Studies: 1",

- ‘ ’

A\ AS A DYNAMIC FACTOR .-
. e

. Q
.
b

LR Ray, LT, Mukhopadhyay and X. H Meng,
. Gravit; Cosmo.'13, 142 (2007) o R
. A-A:Usmani, P.P. Ghosh, U. Mukhopadhyay, PC.
Rl S, Ray, VNRAS; 386 k93 (2008) 4




/\ As A DYNAMIC FACTOR )
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/A AS"A DYNAMIC FACTOR (2)

. | .

. s ikl

»
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AAS A DYNAMIC FACTOR (3)

-

@& Tis mR

+ . e ,

a
Wl
a

) ' . 2 "

. . A "
. . L]
4 ’ )
/I « P Ve & f
1 - - 'y -~
‘ ” 4 ' 2 &
' s .- :

Y 4 . -
10-07-202’. N . e % Accelerating Universe: Dark %rgy & Beyond
’ ¥
» . p



4 A&s A-.DYNﬁwIC FACTOR., (4)

. 9 9 Y. :.f':
ds® = —dt™ + a(t)” [

1 — kr? N

Here /I+to be assumed time-de.péndent, i.e.

Using Egs. (1) & ~Wiﬁ1 a time-dependent
cosmological constant yield the two equatigns, (i) -

the Frledmann equatlon and (ii) the Raychaudhurl
(luatlon ‘
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A RS ADYNAMIC FACTOR_(5)

f

1(“ "'\ ] h [~ . d . X 1
& 1674 7a PN " m’ - 1 , . . Accelerating Universe: Dark En‘grgy & Beyond



4 Xs ADYNAMIC FACTOR. (6)

f

'Using’ Eqgs. (4) &

Differéntid‘ing Eq. g

This'is"the dynamical equation ;"elating the = | .
cosmic scale factor ~ to a known value.of the |
dynamic. cosmological term
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— A0

1

pt) = ——————t
- 6mG(1l —a)(l +w)-

. 4 . :
WA(t) = ——MMMM ¢ s kil

31 —a)?(1 4+ w)?

' . Accelerating Universe: Dark En‘grgy & Beyond



.
'
& -
' < » .
- - )
”
»
\‘ . ‘_ .
5 > P -
.
‘ g~
. ’
L . .
: ’
* .
..
..
-~
-
|
- »
»
4 : . i .
» » L
- ..; v
., : . kil

»

10—07—202’. AN . , . " Accelerating Universe: Dark Egergv & Beyond



4

. -

. . _ »

10—07-202-‘. oe . , \ *_ Accelerating Universe: Dark En‘grgy & Beyond




4

Forms of EOS parameter:
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llesults show Uﬁlversse is

Acceleratmg e - i
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@
- Coneclusion '
> We note thaf the cosmic Vacnum de.nsity parameter from our
model fits an Accelerating Universe since the, modern accepted value

of1sabout()7[5678] .
> We find ¢ Value.pf m is 0. f wh ch prov1des [l =-0.50 + 0.05 for
the dust case'which can nicely accom.modate the currently accepted
'Value related to the / ' 19,10 11] y 0 "

!

> Againg.q will be positive if it is léss than.() 3. Thus, for a
decelerating universe, the cosmic vacuum density parameter should
be smaller than 0.3,.which’is also consistent with the modern ideas.

-
.
L.

> Therefore, we find that, within our models, one can nﬁfestlgate
acceleratmg as.well as deceleratlng phases of the cosmlp

expansion since ¢ depends on- : - . . ;
10-07-202 , 8 \ ' ) Accelerating Universe: Dark En‘%y & Beyond
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Gravity Theories
"
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* Case $tudies : 7"

‘_ _,Fran.ci'sc' _
e e

* D.'Deb, S.V. Kekov, S.K. I\#amrya ' 2v,*P.H.R.S. Moraes v, Exploring physical
i feafures of anlsotroglc strange stars' beyond stahdard, maX|mum mass limit in f(R T)'gravity,
‘ Mon N&R Astron. Soc.-485, 5652 (2018) P, »
2 g . T 4 ;
. 'D. Deb, S.V.-Ketoy, and , Study on c‘i&ged strange stars in f(RJ) gravity,
J. Cosmoal. Astropart. Phys. 10,.070 (2019) a % ~ , '
" » -~

. VK Bhardwaj and Cosmologlcal model in the framework of f(R L-) grav1ty with

quadratic equation « of state paramnjiéter,
. Phys. Dark Univ. 48 (2025) 191930

e

v 2 . N ; ‘ e ‘
* ¥.C.Dubey, U.K. Sharma, & and A.'Sanyal, Study of cosmological dark energy models
under*/A ¢). gravity, . : : | i AT .
Phys.! Dark Univ. 47 (2025) 101736 : - | N TR
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PART Il

Philosophical
Issues



A FEW PIIILGSQPIIICAL lﬁlms (1)
WHAT IS FHE STA TUS OF DARK ENER G
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A FEW PHILOSOPHICAL ISSUES (2)

!
! e . ‘0
. .t'
[The Guardlan Hannah Devlln (11 January 2024)]
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https://www.theguardian.com/education/universityofcentrallancashire
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.\ FEWQH;LqDSOPnlCAL IS'SUES (3)

The mference oi th]s dlscovery is that

». *Ythe matter M the universe
A . s Homogeneous &

il | ' Isotropic when averaggd |
' ()Qr a very large—scale
' : + Structure..




A FEW QﬂlLﬂSQP]IICAL ISS'UES {41

Wlna 4 about the sta tus 0f tlle Blg
Bang sso | ’ :
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A FEW PHILOSOPHICAL ISSUES (5)

-
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“ALL 1 KNOW IS: THAT . -
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