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ABSTRACT: In present paper analysis on various
computational approaches to explain Big Bang/ Big
Crunch transition is given. In the investigation a deep
review of BB-BC model of compactified Milne space and
M theory is given with mathematical analysis. The
cosmic singularity plays a vital role to explain transition
from big crunch to big bang state. In this work we are
giving detailed discussion on singularity. Various models
developed to explain the BB-BC transition are also
suitable in other analytical work also.
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I.INTRODUCTION

The study of evolution of our universe is still in young
age as so many unexplored and unexplained mysteries
are yet to be solve. In theory Einstein’s field equations
are firstly inspired by the concept of static universe
given by Newton but the study of various nebulas and
galaxies by Hubble suggested that our universe is not
static but expanding. Friedmann used the field
equations proposed by Einstein with Acpm model to
explain the evolution of our universe. The work of
Lemaitre was also in the same line and he proposed
the idea of Big-Bang first time with mathematical
approach. The Friedmann proposed that destiny of our
universe depends on its density that whether it will
expand forever or will contract after a particular limit.
Recently various researches proposed that the
universe will end in: (i) Big-Rip, (ii) Big- Freeze or
(iif) Big-Crunch. In the present paper analysis on
various computational approaches to explain Big
Bang/ Big Crunch transition is given.

I.MATHEMATICAL BACKGROUND

In the data analysis of WMAP collaboration it was
suggested that the universe is emerged from high
density physical field called cosmic singularity [1,2].
For BB-BC modelling it is essential to understand the
nature of singularity. The cosmic singularity is quite
acceptable to explain BB-BC transition as it is
supposed that either Big Bang originated from

singularity and Big Crunch will be the end of universe
in to the form of singularity. In fact according to
Einstein’s model of cyclic universe fit well with BB-
BC transition. In the following figure 1 the difference
of Inflationary model of universe and Cyclic model of
universe is explained. The figure 2 present size of
universe with respect to its age according to concept
of open, closed or flat model of universe.
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Fig: 1 A schematic overview of the inflationary theory
vs the Cyclic Model Source: (Prof. G Venkataraman)

Since cosmic singularity consist of contraction and
expansion phase hence it suggests the concept of
cyclic universe [3,4,5,6,7,8,9]. Singularity can be
explained by two different approaches such as
General Relativity and String/M theory the de Sitter
space in GR used to explain inflation on the other hand
anti-de Sitter used to show contraction.
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Fig: 2 The evolution of the size of the Universe over
time Source: (M Strassler)

From lecture by Andrei
Linde, Munich, 2007
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The Milne space in SM theory is fit well to explain
BB-BC type singularity.

I11.MILNE SPACE

In two dimensional Minkowski space two quadrants
Mare:

M= {(x*,x7) E}R?|x*x~ >0vxt =0=

x7), xtix0 4+t 1

Here x° and x! are time and space coordinates of
Minkowski space respectively. The line element is
defined as

ds? = —(dx°)? + (dx1)? 2

Now we introduce finite boost transformation B on ¥
as
B:(xt,x7) —> (e?™x*, e 2™ x") 3

In above equation r define the boost and ratio B/ ¥
called compactified Milne space Mc. The
compactified Milne space depend on r hence this gives
uncountable values hence new coordinates t and © are
introduced which may be defined as :

x° =:tcosh®, x! =:tsinh@ 4

Hence from 2 and 4 the line element in 9 read as :
(ds)? = —(dt)? + t2d6?) 5

Here (t, 0)eR! x S'.M¢c In 3 dimensional Minkowski
space defined by the mapping

yo(t,0) =tyJy1+712, y'i(t,0) =
Tt sin(e/r) ,¥2(t,0) = rtcos (9/) 6

And we have:
2

S 0% -0 -02?=0 7

r
1+

Above equation is of great significance as it gives
common vertex of two cones at (y°, y*,y?) = (0,0,0)
it is easy to verify that induced metric on 7 coincides
with metric 5.

The compactified Milne space coincides with
Minkowski space at t=0. The neighborhood of this
point is not homeomorphic to the open circle in R?,
thus Mc is not manifold but orbifold.

Fig 3: The compactified orbifold Milne space showing
transition between BC-BB when cone is in 3d space
for every x,y>0

The fig 3 shows BC-BB transition the upper cone
shows Big Crunch lower shows Big Bang between
two cones cosmic singularity is obtained when two
coordinates  (y°,y*,y?) = (0,0,0)  coincides at
vertex. Coefficient d? disappear at t — 0 thus one
can use compactified Milne space to model BC-BB
singularity.
IV.M THEORY

The M theory very often called String theory it was
developed by Edward Witten [10]. Above discussion
shows that biggest challenge for M theory is to show
time dependent singularity. The direct product of d —
1 dimensional flat Euclidian space R%~! with two
dimensional compactified Milne space-time , with
line element 5 is presented. The value of 6 is between
0 and 8, for t between — oo and + oo.

V.BIG BANG - BIG CRUNCH SPACE TIME

The d+1 space time is direct product of d-1
dimensional Euclidian space R%! and compactified
Milne space sc The line element for Mcx R4~1:
(ds)? = —(dt)? + t2(d6?) + dx?, 8

the value of @ is between 0 and 6, for t between —
oo and + oo. This equation is quite different then the
equation 5. In equation 8, x is Euclidian coordinate on
R4"1, @ parameterized the compact dimension and t
represent the time.
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The line element in 8 is of great interest as it is flat
locally and is not only an exact solution of
d+1dimensional Einstein gravity but also is solution
of higher dimensions with or without cosmological
constant. In detail the toy model’s winding string are
discussed [11]. It is further to be noted that since
translation invariance exist hence canonical (constant)
momentum p remain constant of the motion. Thus the
general solution for 8 is :

X=xg +ML;O sinh™(ubyt/1pl),—0 <t <o 9

Here u is string tension, according to above equation
9 particles can move smoothly through the singularity.
This is very interesting as at early stage or at late time
the particle with large mass almost crawl butatt = 0
particle’s mass vanished and they start to speed up
with velocity of light.

VI.CONCLUSION

The above discussion shows the behavior of particles
in M theory the Einstein’s gravity holds well by using
the M theory in compactified Milne space even at t=0.
The code developed at Mathematica is used to show
the BC-BB transition. In further work we will bring
out analysis of various coding methods to understand
the BC-BB transition.
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APPENDIX: PICTORIAL CONCEPT OF CYCLIC UNIVERSE
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Fig4: Pic Source: Ali Ovgun (Ovgiin)
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