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Abstract

In the paper we will proceed towards taking the larger root of A and make it equal to zero to remove the
event horizon of a Kerr black hole (BH) in Boyer-Lindquist coordinates with a prevalent ring type singulari-
ty that can be smoothen by a tunneling approach of a spherinder thereby proceeding safely towards the Cau-
chy horizon with the deduced intervals computed in detail for the time travel in the Throne-Morris worm-
hole (WH) approach under f(R,T) gravity without the presence of any exotic matter at the WH mouth
thereby preserving the asymptotically solutions of flaring out conditions and mouth opening during the
course of the journey through the Einstein-Rosen bridge. An approach has been organized in the paper in
which not only time travel is possible without exotic matter but also time travel is flexible to past and future
in the Einstein’s universe by eliminating all sorts of paradoxes by d — 4 spatial sheath through 2D approach
of temporal dimensions.
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l. Introduction
Shattering the absolute concept of the rigid time of Newton [1], Einstein introduced to us the domain of the

relative time [2] where time can be fast, slow or even stop at the speed of the light. This dilation is the key to
the various solutions of the Einstein field equations from which derived the concept of the collapsing stellar
objects like the black hole (BH) [3, 4, 5]. Inspite of the technological and engineering hindrances, the con-
cept of time travel has fascinated humans more than a centuries which all started from the relative nature of
the time as shown by Einstein in his equations of general theory of relativity. Various novels, fictional like
H.G. well’s The Time Machine [6], Carl Sagan’s Contact [7] or even the sci-fi movies of Christopher No-
lan’s Interstellar [8] not only depicted the logic behind time travel but also shown the legitimate reasoning
and visualization of the WHs where the time travel can take place. The first solution of the BH mechanics
has been given by Schwarzschild in the form of the metric shortly after Einstein gave his equations of gen-
eral relativity, which depicts a non-spin BH with a coordinate singularity [9]. Then after that Einstein along
with his colleague Nathan Rosen gives the tantalizing idea of a hypothetical bridge that could be possible at
one end of a BH to the other end of a BH in the form of a temporal tunnel called the Einstein-Rosen bridge
[10]. The special property of this bridge is that, it is completely devoid of any horizon and is singularity free.
Since then numerous solutions have been provided in the form of various metrics of that bridge that mathe-
matically fascinates time travel. Hawking and Ellis worked on this and Ellis had gave the solution of a
drainhole that behaves as a wormhole [11, 12]. As days passed by a paper with a very detailed calculation
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has been chalked out by Throne and Morris showing us the possibility of a traversal time tunnel through
which one can move from the horizon to the anti-horizon [13]. The Kerr solution that exists have always
predicted the white holes at the end of the BHs but its extension to a Einstein-Rosen bridge (E-R) has not
been provided specifically since it has a horizon and a ring singularity [14]. moreover, a traveler can pass
through the ring singularity but he might die due to the tidal attraction inside the BH. Throne and Morris
have also explained in their 1988 paper, that, time travel always comes with a price and that is the require-
ment of the exotic matter or { > p?c which asserts that tension is always greator than the material matter-
density multiplied by the speed of the light which hints new constraints in the form of something ‘exotic’ in
nature to prevent the WH from being collapsing [15].

Figure 1. Embedding diagram of a WH consisting with the equation
r(e) = { p, for the wormhole interior |¢| < «

12| — a + p, for the wormhole exterior|é] > a depicting the detailing of the WH structure.
Ref. [16]

This is however, also a source of uncannyness whether the anti-horizon of a white hole could act in an affine
way so as to eject the time traveler to another domain of time or another universe. It should be stated that
both the WHSs end i.e., white whole and the Cauchy horizon is unstabilized by small perturbations and if any
outgoing particle comes in contact with their horizon then they will be Doppler blue shifted to such an huge
magnitude that they will collapse the entire tunnel [17, 18, 19]. Therefore its difficult to obtain a stable theo-
ry of a particle trajectory through a WH although we have tried our best to provide a solution in terms of
f(R,T) modified Throne-Morris geometry that doesn’t require any sort of exotic matter dependable upon
certain parameters of the throat function of WHs [20]. Space-time can generally be divided into two re-
gimes, the nonchronal regions where there are CTC’s or the chronal regions devoid of any CTC’s. a Cauchy
horizon can be stated as a future chronal horizon where if any null rays followed into the future have no past
end points. And if any arbitrarily advanced civilization tries to constant a time machine then they will choose
the chronologically compact chronal horizons rather than uncompact regimes. This paper takes into account
the chronologically compact zones such as singularity that may be utilized for the time travel. However we
have also shown that the energy conditions remains valid under all circumstances yielding a positive stress-
energy tensor T,, = 0 which includes the strong energy conditions (SEC), dominant energy conditions
(DEC), weak energy conditions (WEC), null energy conditions (NEC), average null energy conditions (AN-
EC) being zero or non-negative everywhere throughout the WH geometry [20]. Many physicists agued that
in the Einstein’s universe the stress-energy must be violated to provide a suitable asymptotically flat flaring
out conditions of the WH mouths. Stephen W. Hawking has further shown in his celebrated paper chronolo-
gy protection conjecture [17] that not only the energy conditions being violated but also nature would im-
pose a chronal agent that forbids time travelling beyond Plank’s length. This forbidden mechanism is deeply
worrying and so, Kip S. Throne showed in a later paper [19] that if chronology can be protected then there
must be hope that it is weakly protected rather than strongly protected giving us a little hope for time travel-
ling. To mention another thing is that, the Einstein’s universe has always showed us solutions of a temporal
travelling trajectory in a uni-directional way that is from past to future but not from future to past. This has
been done to prevent causality violations or any sorts of paradoxes like the grandfather’s paradox [21],
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Polchinsky paradox [22], bootstrap paradox [23]. Through this paper we will show the mechanics that how
those paradoxes could be resolved by introducing a d — 4 spatial sheath that will cover the time traveler
when he/she will travel through time providing a superficially one way visualization by which only the time
traveler can see his own past or future upto the specified limits as and where appropriate but the observer
can in no way see the time traveler being warped in the d — 4 sheath or membrane. Because time itself takes
a 2D [24] form as we will compute in this paper with various intervals between them. We will start the
methodology by giving a beautiful example of Stephen W. Hawking’s time travelling party where when no
one’s (or presumable time travelers) arrived, he joyfully quoted “if time travelling is possible then where are
the hoards of time travelers from the future?” which compels us to believe that he is absolutely right, but we
will shift our focus to a more modified versions of gravity where things are different a little bit.

WELCOME TIME*
TRAVELLERS

Figure 2. Stephen W. hawking had given a party for the time travelers after publishing his revolutionary pa-
per on “Chronology protection” when he asserted that nature must be equipped with a chronal agent for the
chronology protection mechanism to forbid travelling through time. His party also raises the question that
“where are the hoards of time travelers from future? If nobody attended his party!” with brevity and mathe-
matics he had shown how chronology is protected thereby “making the history safe for historians” in his
own language. However, Kip. S. Throne in his paper pointed out the fact that with each refocusing and defo-
cusing of the null rays or vacuum polarizations in each circuits from one mouth of the WH to the other, the
contributing stress-energy tensor T#¥ (which according to Hawking must be negative i.e., gﬁTw,l”lV « 0can
be renormalized through the splitting point relations, with each consecutive foliations (taking units G = ¢ =

1) and Plank’s length P, such that P, = v/A with the spatial parameter U that is sharply varying with the re-
focusing parameter as ( A>1 ) and defocusing parameter ( A< 1 ) provides the relation

_ VA p?
Tw =3m

WH mouth of each circuit as % as the vacuum polarization distortion which could be too weak to protect the

(Zkﬂlv + 2k, + ky ko, + 10, + g”vl“ka) where the pile up radiation backreacts through the

chronology, when the time interval At = P, through the horizon passage in each region, where time itself
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doesn’t make any sense like the classical limit (contrary to the large WH we have discussed having the
mouth as 1 light year and the relative circumference >10* solar masses for the tidal distortions not to take
effect on the traveler) where if the hold is feasible, then quantum gravity will smoothen out the divergences
where the metric divergence being too small eg};, with VP as vacuum polarizations giving the relation,

€9, ~%~1035meter where D the distance between two commoving mouths of WH in the hypersurface
being taken as a small limit of ~1 meter in case of n~co turns, as given by the equation

2 n-1
eg}ff~% n (%) to unprotect chronology thereby making the time travel feasible at the Plank regime.

Ref. [17, 19, 25].

Its specific that we will construct the WH from the blowing out event horizon of a Kerr BH and smoothen or
tunneling its ring singularity by means of a higher analogue of cylinder called the spherinder [26] where the
present itself takes upon conjugate values as and when necessary. The paper has been constructed in the fol-
lowing way: section Il describes the details of the Kerr BH solutions in Boyer-Lindquist coordinates thereby
describing both of its horizons, ergosurface and symmetry with a specific focus on the ring singularity. Then
the particle motion around the BH has been provided with the Carter constant along with the gravitational
time dilation via the frame dragging effect and Lense-Thirring precessions. After that we have taken the
larger root of A = 0 denoting the absence of event horizons thereby making a naked singularity. The event
horizon problem can be solved but still remains the singularity problem which we will try to smoothen out
via spherinder tunneling effect in section V1. Section 111 then describes the detailed properties of the Throne-
Morris WH metric by deducing its components and analyzing it as appeared in their 1988 publications
which imposes an additional problem that the WH requires an exotic type of matter to prevent it from col-
lapsing in which the tension force must be greater than the material density as { > pc? which imposes the
need for exotic matters. Section 1V denotes the f (R, T) type solutions of the Throne-Morris WH which pro-
vide new elements of the density, radial pressure, tangential pressure in such a way that exotic matters can
be prohibited, thereby imposing a stable solutions than can be achievable theoretically in principle. Section
V shows us the Kerr metric in 3-coordinate forms i.e., 8, ¢, t which computes and denotes the details of
temporal intervals that is required to sheath the WH-inside from the travelers perspectives, that will show
how the unique and scattered timelines represent themselves holographically in front of the time traveler
where the time traveler can see his/her own past and future but they cannot see him as the d — 4 sheath is a
superficial hypermembrane of a one channel visualization only denoted by the negative symbols before the
projection elements, this is important in a sense that as the traveler is totally detached from the per-
sons/objects he is seeing behind the d — 4 sheaths would rule out all sorts of paradoxes thereby making the
“history safe for historians” as quoted by Hawking in his paper on chronology protection conjecture [17]. 9
poles have been computed and plotted from the top-bottom approach with the labeling as — possible,

absurd, collapse, x and values are plotted for the throat function b(r) = 12 % for variable values of «

and a keeping the other as constant. This section assumes the time to be 2D for the generators of the poles
and associated equations. Then section VI gets rid out of the problem of the ring singularity by tunneling it
upto some specified up and down positions with the help of the higher dimensional cylinder called the
spherinder that along with section VII provides the trajectories of the times in the form of a tetrad basis
where it has been shown that present itself takes a complex values when the traveler is perceiving it inside
the spherinder with the future being real and the past being imaginary, as futute will approach in the proper
way of temporal orientation but past will be imaginary to smoothen out the notion of the singularity thereby
making the traveler safe from any associated hazards [47]. Section VIII is then devoted for discussions and
IX for references.

I1. Kerr Solution
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In this section, we will take a realistic metric of a BH as the Kerr BH and try to blow up the event horizon to
make it a naked singularity which will be helpful in later sections of this paper where we will try to smooth-
en out the singularity. The Kerr line element given in Boyer-Lindquist coordinates is [27, 28],

ds? = —c%dt? =
—(1-50) c?de? + Zdr? + 262 + (2 + a? + 215 sin?0 ) sin?0dp? — ZTEL cardp
1)

Where the oblate spheroidal coordinates are r, 8, ¢ which in a similar way can be written through Cartesian
coordinates as [29, 30],

x = Vr2 + a? sinf cos¢

y = V12 + a? sin sing

z=rcosb

)

Where the Schwarzschild radius is given by,

_2G6M
. =

(3)

The apparent length scales are,

c2

a:L,
Mc

Y =1?% + a?cos?0,

A=1?—1r+a?

(4)
Special points to note on Kerr BH [30],

Outer event horizon: r, = M + VM? — a?

Inner event horizon: . = M — VM2 — g2

Outer ergosurface: r = M + VM2 — a2cos20

Inner ergosurface: r; = M — VM2 — a2cos?20

Ring singularity: x2 + y2 = a?andz = 0

Symmetry axis: 60=0,m
()

The particle motion trajectory of invariant mass around the BH can be expressed by the equation [31,32],
—1* = p®gapp®

(6)
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Where p® is the four momentum of the particle and the energy E, orbital angular momentum L, parallel to
the spin of the BH can be given by,

E =—p; and L, =pg
(7)

There exists another constants for motion (Carter constant Q) using the Hamilton-Jacobi theory as,

Q = p3 + cos?6 (az(uz —E») + (L—Z)Z)

sin @
(8)
There arises four independent constants of motion which with the natural units G = M = ¢ = 1 shows,
d
== +/R()
de
I-—=1,0(0)

22 = —(aE— Lz )+%P(r)

sin20

dat _ . 2n r2+a?
de = —a(aEsin“6 — L,) + : P(r)
9)
Where,
L,?
0(8) = Q — cos?6 (az(u2 —E?)+ m)
P(r) =E(r?+a?) —al,

R(r) = P(r)?> — A(u*r? + (L, — aE)* + Q)
(10)

Where X is a parameter producing ‘Z—’f = p%, at u > 0, the parameter being  is related with the proper

time T by x= 7/u. Due to the frame-dragging phenomena, the velocity of the test particle v having an angu-
lar motion in the corotating frame Q with the gravitational time dilation between the zero angular momen-
tum observer at fixed r and a observer being stationary away from the valued mass can be given by,

t \/(a2+r2)2—a2A sin26

T AX

(11)

In the non-relativistic limit if M(or ry) when approaches to zero, the Kerr metric for the oblate spheroidal
coordinates becomes,

g[M — 0] —c?dt? + rLer + 2d08?% + (r? + a?)sin?0d ¢p? (12)

24qa2

The event horizon’s location can be determined by the larger root of A = 0 that is when % <a(GM? < Jo),
no real valued solutions can be found and the BH ceases to be a BH with a naked singularity.

1. Throne-Morris Wormhole Solutions
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Here we will follow the approach used in Ref. [13]. In the radial coordinate system, if the radius is r then the
circumference can be represented by 2rr, where £ = + shows the WH mouth distance from throat with ¢ +
in one location and £ — in the other faraway location. Two independent factor defines the WH solutions

through » — where b(r) the shape function defined by Z—i = +(1 — b/r)~Y? and ®(r) the redshift function
defined by g, = —e?®. The related metric can be given by,

-1
ds? = —e?®c2dt? + (1-2)  dr? +r2(d6? + sin?0d¢?) (13)

Static observers will be referenced by the orthonormal basis of the reference frame as: e; = e %e,, e; =

p\1/2 . . .
(1 - ;) er,eg =1 "egeg = (rsinfd) “ee

The throat is minimum at r (we have denoted r = 0 in section 5 for the computation of the temporal intervals
which is just a value to represent and doesn’t mean the radius has been collapsed) where r = b = b,
throughout the spacetime 1 — b/r > 0 as £ — +oo (the flaring out conditions for the asymptotically flat
regions of the WHs location) such that b/r — 0 sor = |?].

\—1/2
Static observers will measure the radial velocity given as: v(r);y = (1 - G) )

Trip begins at £ = —¢,, ends at £ = +4,; v = 0 at —¢; and +¥,; gravity is weak at —¢; and +¢, :g < 1,
1

|®] < 1, |®'| S ge. = Earth Gravity. Here and below ' = % = (1 - g)‘i d/de

As singularity parameter @ is finite everywhere, so it denotes a singularity free tunnel, however we will
used a method to smoothen out the singularity by tunneling the affine metric in sections 6 and 7, t measures
the proper time in asymptotically flat regions ® — 0, £ — too.

The whole trip will take a value as: At = fjf(vy)‘ldi’ < 1 yr.and also as seen by static observers at —¢;

and +¢, At = f_*f(ve%—ldf < 1yr

“Pd(ye®)| ~ 9o _ 1
Y St e

Acceleration felt by the traveler | > = 5o

Traveler feels tidal acceleration between different parts of the body with magnitude < gg:

CI),

‘(1 - b/T) l o + m - (q),)zl < (1/101°cm)2

2 \r c

(14)

l(1)2 [(3)2 (" =2)+20r - b)CD’” < (1/10%0cm)?

Stress-energy tensor measured by static observers as,
Tz = pc? = (mass energy density)

T;» = —¢ = —(radial tension)
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Tas = Ty = p = (lateral pressue)
(15)

Unstable because 7> pc? and that demands exotic matter where p = b'/[8nGc™?r?], (= [g -
2(r — b)cb’] /[8nGc™*r?], p = G) [(pc®* =P’ = T'] - T

1

Einstein field equations can be given as: With ' = % = (1 - 2)5 d/d¢

—_ br
p= 8nGc—2r2

b
Z-2(r=b)®r

8mGCc 41?2

( =
p=2lpc® =@’ =71 ¢
(16)

At the throat r = b = b,, { and p depend on throat shape.

V. f(R, T) Solutions of Throne-Morris Wormhole
Assuming the redshift function is constant (¢ — 0), in the modified gravitational theory f(R,T) = R +

aR? + < T, with @ > 0 in the modified gravity for non-exotic matter, the wormhole metric can be written as
[20],

34, _£pr+zpy) _2ab'2
br (8n+ 2 )p 6 | _ = Teff
rz 2aR+1 = Peff = Iyv

8 7 A A 2py\ 2ab’?

b _ ~(8m+ 5 )pri(p -39 "5| — peff
r3 2aR+1 = Prege = luv

8 44 £ 2pr 2ab’?
b'r-b _( ""'T)pf"’E(p_T)_ ~ | _ — eff
2r3 2aR+1 = Pregr = luv
(17)

The Ricci Scalar for the WH metric is,

For shape function b(r) = 12 g throat is at r, = 1 [20],

e 2rtro(1+1r)rd (—Zerr‘* (6m+)+eTo(1+r)ré¢a(72m+ 11/<))

p= 3r8(32m2+127 A+ <2)

e 2rtTorZ (e"r*(12m+(4+1) ) +e 0 (1+r)r a(24m(—1+71)—(13+1) <)
3r8(32m2+12mA+42)

br =
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e 2r¥TorZ (eTr*(12m+(2+7)+(4+1) <) +2e70 (1+1)r@ a (241 (3+21r)+(11+57) <)

Pe = (19)

618(32m2+12mw K+ 42)

[1]1 DEC: p = |p;]

[2] WEC:p = 0;p+p; >0
[BINEC:p+p; =0

[4] SEC:p+p+2p:; =0

Wherei =1,t

The WH models considered here are asymptotically flat as for r — oo, (1 - @) —. For this hybrid func-

tions, the energy density p of the throat is positive when (i) for positive a > (%) @i) a > 1 with

A= 0, (iii) Both < and «a are negative satisfying the mequalltles |a| < (&Sl’r)') with6m < | < | < 72—”
2(6m—|«])

(iv) a is positive satisfying the inequalities a > (—nm) 11| | <|«|<eérm.

The choice of shape function is very important as it gives the following results [33]:

e For negative values of < NEC for radial pressure is obeyed but, NEC for transverse pressure and
DEC for radial pressure are not obeyed.

e For positive values of «< all energy conditions are violated.

e For the limit x<— 0, WHSs are obtained with normal matter in f(R) model and the energy conditions
are valid in case of f(R) = R+ aR™ witha = 0,n = 2.

When | considered n = 2 then different properties of WHs are found obeying and disobeying the energy
conditions which is different from normal (Einstein) WHs where energy conditions are only violated.

V. f(R, T) Solutions of Temporal Intervals In Throne-Morris Wormhole
The effective stress-energy tensor can be replaced by [20],

Ruy =3 guR = Tel = — T)([(Sn + fr(R, DTy + Pgun fr(R, T + [ f(R,T) = Rfr(R,T] gw] -

[(guv O — vuvv)fR (R' T)])
(20)

The Kerr metric can be re-written in the below form from equation (1) [34],

c2dr? = (gtt _ %"’) dt? + grydr? + gogd0® + oo (dq_’) + 20 dt) 1)

The metric perturbation can be given for a colatitude 8 which obeys a corotating reference frame having an-
gular speed Q, depending on the radial distance r and the mass M where the equation can be derived with
respect to an inertial frame from the perspectives of a rotating central mass to take part on the latter’s frame

by,

Aruna Harikant, IJSRM Volume 09 Issue 07 July 2021 [www.ijsrm.in] AA-2021-80



gt rsarc rsac
-Qk:_ b _ s _ s

dpo T p2(r2+a?)+rsa?rsin20  r3alr+rsa’

in the equatorial plane

— 003
M = fT d xlmass of the rotating body

— lmo0 43
-Qk - f €xim X T d xlangular momentum of the rotating body with THVas the stress—energy tensor

&= ffe_{emd_“ AT A A0 A DPEE L (D(1), D(7))

(22)

Where m, n, 0,p ... are tangent to hyperplane 7 in the spatial sheaf of d — 4 where the infinite multiplicity
of the hyperplane is given by,

§(x 8P = TiZ1 Hy

(23)

With = §2P satisfying the many order temporal permutations with each event = engaged with the 2D tem-

poral foliations in the order of,

«+S2D =[[E%+ S
(24)

Giving us the relation of the foliated events F4°° with do? = dx? + dy? + dz? = dr? + r2d6? +
r?sin?0dp? given as,

FIo* = [ TS Hy @+ S

(25)

This is ofcourse a one way d — 4 spatial and 2D temporal sheath because the tangent bundles ¢ has a re-
stricted vector €;, €,, €5 ... that is projecting holographically in the interval [# i{’] as a projective func-
tion P and P to F4°° given as,

+—¢
2

7|

,if](PAST)T@UZ

+—¢
2

?|
(26)

,id(FUTUREyFm“

With a one way projection vector basis é;, &,, €; ... going to,

- - - .
31?: ez?’ 63? ...over the d — 4 sheath in }” to the sheath from the outside

S AR 28 25N .
T -4
€, P, &P, eP ...ove the d sheath in jflto the sheath from the outside

(27)

G1P+E,P+6E3P..81P+8,P+85P...
t—tq]€1 2 3 1 2 3
e(t,) = 2m [1T—°]

[

Where e(t,) is the exponent functions of the t. time loop where past intersects future and again past through
a phase rotation of 2t having the period t. with the origin t, to the time t;. However, approaching from the
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2
period increases or decreases by virtue of a temporal dilation factor 7, = ¢t /1 - ‘:—2 where in the WH journey

VZ~c¢? and thus t,.,=0 which when introduced in the equation
. 18, P+E,P+E3P..8,P+é,P+é5P...

e(t,) = o [uste] AT TETIET AT

inside the WH. However, we can give the parameters by denoting ‘ + " as the elongation of time when its

more dilated and  — “ as the contraction of time when its less dilated approaching to the normal time 7. = t,

yields infinity (infinite loops). So, time is dilated infinitely

while where the time won’t change can be denoted as O the relations are,

No. INTERVAL 15tRADIUS MAP.

2"MRADIUS MAP.

INTERVAL MAP.

POLES  FUNCTION

1. —7 (T = —OO) Wy (r = -|—OO) = +¢ - t,—+,—,t f(t)
2. +¢ (r = 4x) > (r = —o0) = —f -  t,—+, -t f(
+£—7
3. 3 (r =0) > (r = +x) = +¢ — +,—,t f()
4, +£ (r = 4x) s (r =0) = -H)Z_ ¢ — t,— + f®
5. Hz_ i r=0 w (r=-») = —¢ — +, -t £()
6. —f (r =—m) s (r =0) = -H)Z_ ¢ — t,— + f®
+£2— ? o = 0) - o =0) - +{’2— ' - 0 o
8. —f (r = —x) > (r = —x) = —f — o0 X
9. +¢ (r = +0) " (r = +o0) = +¢ — 0 X

Table 1. Computation of spacelike intervals where at the throat, the radius is assumed to be zero, however,
in reality it is not, the throat radius has a finite value but for the simplicity of the calculation, we have taken

r=20.

The interesting parts are the last 3 parts (e.g. 7, 8, 9) where,

e 7 stands for a collapsing wormhole when the traveler is at the middle,

e 8 stands for the traveler wandering asymptotically at the mouth of the WH in his present universe.

e 9 stands for the traveler wandering asymptotically at the mouth of the WH at his destination universe
(which will collapsed him to die as we see later)

Terms a>0 a<0
p > 0forr € (0,0) < O0forr € (0,0)
p+ pr > 0forr € (0,00) < O0forr € (0,0)
P+ pe > 0forr € (0,00) < O0forr € (0,)
p—Iprl =0forre€ (0,0) <O0forre(0,00)
p — |pel > 0forr € (0,00) < O0forr € (0,00)
p+pr+2p, <O0forre(0,0) =0forre (0, 0)

Table 2. Summary of results for b(r) = ¢

eTo—T

with < = 1 and different « [20, 35].
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Terms A=1 A =176 £ =-13

P > 0forr € (0,00) = 0forr € (0,) < 0 forr € (0, )
p + pr =>0forr € (0,00) =0forr € (0,) > 0 forr € (0, 00)
p+ pe =>0forr € (0,00) =O0forr € (0,00) violated for arange of r
p — |prl > 0 forr € (0,00) violated for small r < 0forr € (0,)

P — |pel >0forr € (0,00) =0forr € (0,) < 0 forr € (0, )
p+p-+2p, <O0forre (0,00) <O0forre (0, ) > 0 forr € (0, )

Table 3. Summary of results for b(r) = r¢ eri—_r with a = 1 and different < [20, 35].

Coordinates: X Y Z
NO. START DOMAIN END DOMAIN POLES
1. -1 +1 .51
2. +1 -1 .52
3. 0 +1 .3t
4, +1 0 .32
5. 0 -1 -.33
6. -1 0 34
7. 0 0 0!
8. -1 -1 0?
9. +1 +1 03

Table 4. Data points to be denoted by the graph where —1 = —oo , +1 = 400, 0 = 0 in the 1% radius (start
domain in X axis), 2" radius (end domain in the Y axis), poles (where each interval to be counted after dec-
imal for the convenience of plotting with power indices as a symbol of consecutive repetition) as depicted in
table 1.

Fegure 3 Pols No. 1 Flotted in the landscape Figure 4 Fole fig 0 F
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Figsre 11 Flox N D Plone

Z coordinates indicate 9 poles as such shown in the figures with the respective values of
.51,.52,.3%,.21,.32,,22,.01,.0%,.03. Here, superscripts of 1,2,3 are just labeling parameters used to de-
note the unique orientations of poles while the numbers after dots (.) denotes the amount of “phase times”
that has been passed with each crossing intervals. To denote the boundary conditions of the “hologram” con-
sisting of different projections of ‘poles’ which will act here as ‘timelines’ we need to establish a d — 4
sheaf boundary over the hypersurface e‘!dH ¢=* over each combinations denoted by a unique value of i. The
results will apply in two form ways,

e Interconnected (or intersecting) timeline combinations having 9 poles as 9 x 9! as 3265920.

e Unique timeline combinations involving .5/,.0/,.37, —.3/ in 4-orders among the 9 poles as
.5%,.52,—.31,.32,—.33,.34,.0%,.0%,.03 with j = 1,2, 3,4 and if we will compute with this as be-
cause the traveler can only able to visualize properly the grids resulting in 4 x 4! i.e., 96 unique
combinations of time lapse provided below.

1t term .5/ .3/ -3/ .0/)
2"dterm .3/ -3/ 0/ .5
3"erm -3/ .00 .5/ .3/
4thterm .00 -3/ 3/ 5/ (e'0HITY) = xS

96"term .3/ .0/ .5/ -3/
e This provides us the scattered time lapse grid (where each number denotes a singular timelike grid
projecting inwards where the person inside the WH can see the outside as part of a hazy/random hol-
ogram which we actually mean by scattered as opposite to unique where he/she can see 96
clear/unique time lapse/timelines with spacelike metric) as 3265920 — 96 = 3265824 as the tem-

poral mesh over simulating surface given by M ®+ §2P. Having the boundary —(e!a#4~*).
Therefore, the d — 4 sheath boundary can be represented as
296 i_=1 3265;3:214 (Eia}fd_4) _ (eiag_[d—4) = (69667‘[d_4) _ (632658246}[d_4) =
m n
(elazrd-2) —(etord-2)

—(6326572867{‘1_4) (28)

So, we are getting a total of [3265728] d — 4 sheath boundary as —(e3265728934~%). The (-) sign repre-
sents it as an anti-boundary with the timelines projecting from the outside world and penetrating inside the
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WH as a hologram. (-) sign also indicates a one-way sheath. This represents a one way superficially hy-
permembrane where the time traveler is totally covered with and can see the scattered and unique timelines
in a spacelike frame, however, the persons he/she is watching is totally ignorant of the time traveler or per-
son inside the WH observing it thereby there will no penetration of the present timeline with the past/future,
thus avoiding all sorts of paradoxes.

Figure 12. Plotted in the Z axis ‘unique pole’ 96, X axis ‘scattered pole’ 3265824 and this intersection
shows the d — 4 sheath boundary of —3265728 intersecting ‘1’ (Y axis) of it to the junction (X,Y, Z) of the

96" unique pole to 3265824" scattered loops representing the region #

Now, we will obtain the total space-time dimensions excluding the second dimensions of time through Lo-
rentz-Generators as [36, 37],

[A_i'A_j] (p+)2 Zn 1(a—nain - a a—n) (An Tl)
an = n (%) +5 (2ans = 25)
(29)

For Lorentz invariance [A~%, A~/] = 0. This will only happen when n( ) collapses to n and when it is

equal to 1, and - (ZaNS - T) becomes 0.

When,
(2es - 25) =
(30)

Then,

n(55) -1

(31)

Or,
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D =10
(32)

And when (2ays — P2)=0and D = 10, then ays = 2 which is the normal ordering constant of NS —
8 2

sector in superstring theory.
Then, D — (normal space — time dimensions) = d — 4 sheath.

VI. Tunneling Kerr’s Ring Singularity
As it’s the affine structure of the WH to be free from singularity, so we will try to shield the ring singularity

of the Kerr spacetime with blown event horizon by an approach of tunneling or getting through it, just like
inserting a higher dimensional hollow pipe in between the ring circumference so that no perturbations can
occur in the time travelers frame while he is travelling through it, where in the next section, i.e., section 7,
we will show that those present moments are actually a complex moments, rather a complex conjugate with
the time being imaginary to smoothen out the singularity [47]. So, let us focus on the interval between two
nearby regions around the middle (or throat) of the WH as,

+f—f +0—f +f—¢
2468 (Up) 2 246

+1,”—1,”| +f—f
246 (Up) 7 2468

implies (33)

(down) (down)]

Where 2 + 6 being a small extension from 2. The shape is a hypercylinder or spherinder with a 3D hyper-
tube connected two surface of two 2 — spheres at both ends each. And this has the embed 2D Kerr ring and
2D time being embedded as a circular loop. Cauchy horizon lies further away at the end of the hypertube
where there is the location of d — 4 spatial sheath.

The metric can be given by spacelike hypersurfaces with 2D time and 2D ring singularity (both embedded)
as,

dlzj[ﬁ_[ ot ] = —dt? —dtZ + dr? + de? + d6? + dw? + dr? + r2d6? (34)

2+68 (Up)'2+8 (down)

Given [26,38],

—dt? — dt? = 2D temporal dimensions

dr? = d(JxZ +y? + 22)
dp? =d (arctan %)2

2
do? =d (arccot \/%yz)
dw?

dr? + r?d6? = metric of the hollow ring
(35)

The occupied volume over which the d — 4 spatial sheath takes place is given by excluding the middle
throat interval to make the region on the (Up) and (down) free from singularity is defined by the interval,
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_ +e—z)] (36)

2 —
(down) assuming Kerr ring lies in the middle region #

+£’—€| 4=t [+
2+8 l(up) 2 )’\2+68
The hypervolume interval domain is given by,

Hspherinder
+—1| +=2\ (+6—¢] +o=¢
[( 2+8 lyp) 2 )( 2+8 l(down) 2 )]
This volume will be on a limited interval surrounding the singularity, and we will see that how this area rep-
resents complex/complex conjugate time through it from the perspective of the time travelers frame.

=[[ffan=[" [ [ [ r2sin0drdfdpdw (37)

VII.  Time Trajectories
The time trajectories of the interval has been represented by means of the tetrad formulations which shows

the different parameters of the trajectories as,

Past pPm™ [+2, 7] PmP, =0
Future pm [+, +¢] PmP. =0
Present Pm 4 ipm [+2, ££] PPy = —1

, - _ +£ -7 +£ -7 -
Present conjugate P™ —iP™ | , P"P, =—1

Table. 5 Computation of the values for the construction of the NP-tetrad [39, 40, 41, 42, 43, 44, 45].

The tetrad can be represented by: {P™, P™,P™ + iP™, P™ — iP™} where the linear combination of the
tetrad vectors can be grouped by a single element as: X% = a(P™) + b(P™) + c(P™ + iP™) +
d(P™ — iP™), the covariant derivatives in the X¢ direction can be given by,

X%V, = a(P™Vy) + b(P™V,,) + ¢ (7’5’” +ipm (v(ﬁm + i?m))> +c (ﬁm — 1P V(P — iﬁm)))
(38)

Denoting the tetrad indices as,

pm A
pm — n
P4+ iP™ — m
Pm—ipm — M

Denoting the operators as,
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D — PV — 190,
A — PMY,, —  n%,
§ — PP (V( P + i) — mad,
5§ — ﬁm—isﬁm(v(?m—i:ﬁm)) — M9,

Here, we will notice one thing that, the time or present is actually a 2D rather than a stubborn 1D trajectory
as because the rotation of time takes place by the generated time lines/CTC’s of the time grids as seen in
section 5: thus telling us that as in case of locally generated CTC’s, the end point of past can meet the start-
ing point of future which again meets the end points of the past and repeated continuation takes place
through those grids) [48]. Therefore, due to rotation, its necessary to denote the spinorial indices of the tet-
rad as,

-m%Dl, )
—-m%6'l,
—m%Al,
-m%51,
m*Dn,
me8'n,
meAn,
= Mm%én,

= ——(n°Dl, —MDmy)

(39)

m q X
2 8o

< T® Q

W< N

4X3

m § = T 3D A9 =
Il

= - % (n®Al, — m*Am,)
—= (n%8'l, — M6'my)

= —%(nagla — Mmm,) )

R ™™ =
Il

Thereby deriving the transportation/propagation vectors as in [46],

DI* = (e+é&)I*—Kkm* — xkm?

AlY = (y+P)I*—ym* —ym? a
§19 = (a@+p)Ie —pme —gma [
51¢ = (a+,§)la—5ma—pr’ﬁ“}
Dn* = mm®*+ am® — (e + e)n?

An* = vm%+vm*— (y +y)n a
s = umé+a&mt—(@+pnt ("
Sn® = wom+amt—(a+ B)n?)
Dm® = (e—é&)m*+ #l* — kn®)
Am®* = (y—9y)m*+vl* — a
dm* = (B—a)ym*+@l*—on® (m
dm®* = (a — ,[?)la + fl* — pn? )
Dm® = (€-e)M*+ ml® — in® )
am* = (F-y)m*+vl*—in* | _
S'WE = (B — @)+ uld — pnd (M (40)
§m* = (a—p)m*+wl®—én?|
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The Mm% ~ P™ — iP™ denotes the complex time in the tunneling phase of the singularity where the singular-
ity being a point in time is smoothen away by the imaginary values as mentioned by Hawking [47] and in
[48]. We have showed this tunneling with the help of a spherinder solutions. If in the equation (e + €)1* —
km® — km?, the (e + €) = 0 and k = 0 then D[® denotes the [* to be tangent to an affine parameterized
geodesic where as mentioned before, [ = P™ showing the arrow of the local/true time from past to future
via present over an embedded 2D nonlocal timeline. The same is applicable for the other equations.

VIIl. Discussions
We have shown the formation of the WH without any exotic matter by modifying the Throne-Morris WH

metric by f(R, T) theories of gravity where it has been explicitly mentioned and shown the numerous tem-
poral intervals that a traveler would have come through if he/she tries to cross the WH from one station to
another. This accompanied by 9 poles with the validity of 2 poles shows the fact that the WH can not only
be traversed but also its possible to tunnel out the ring singularities by a complex null NP-tetrad thereby
providing a viable source for the temporal arrow to be of 2D that accompanies with 3265824 d — 4 spatial
sheath that makes the time traveler inside the WH look after 96 unique solutions of spacelike trajectories of
his timelines and 3265824 scattered trajectories of his timeline through a one way superficially visible hy-
permembrane (or sheath) that will rule out all sorts of paradoxes associated with the time travel. Three key
points needed to be mentioned as a viability of this paper — (i). The formation of a naked singularity, (ii).
The inclusion of f(R,T) modified gravity approach to rule out the presence of exotic matters where all forms
of energy conditions, SEC, WEC, NEC, DEC, ANEC are greater than or equal to 1, (iii). The smoothen out
o=t +0—¢
2+8 l(up)’ 2+6

of the singularity through imaginary time and tunneling the WH throat interval [

(down)]
with the help of a spherinder that in practical can form the complex notion of the timelike trajectories as rep-
resented through the Neumann-Penrose tetrad formalisms.
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