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Item No  Item Details

[1] Title of the Major Research Project: Investigation of Space-time Singularities
in Gravitational Collapse of a Star

2] Name and address of the Principal  Dr. Sanjiv Shridharrao Zade

[nvestigator: Dept. of Mathematics, J.B.College of

Science, Wardha (M.S.) PIN- 442001

13] Name and address of the instivion:  Jankidevi Bajaj college of Science,
Wardha. Jamnalal Bajaj Marg, Civil
lines, Wardha (M.S) PIN- 442001

(4] UGC approval Letter No. and Date:  F, 41-797/2012 (SR) Dated 18 July
2012

[5] Date of Implementation: 01.07.2012

[6] Tenure of the project: 01.07.2012 to 30.06.2015

17 Grant Allocated: Rs. 2,58,000/-

18] Total Grant Received: Rs. 2,05,500/-

9]

Final Expenditure:

Rs. 1,85,257/-




[10] Title of the Project: Investigation ol Space-time Singularities in Gravitational
Collapse of a Star

[11] Ohjectives of Project:

A sufficiently massive star (heavier than 5 solar masses) which has exhausted all its nuclear
fuel could undergo an endless gravitational collapse without attaining any equilibrium state.
The state of ongoing collapse proceeds to form a space-time singularity.

The objectives of the project are:

1) To investigate the possibility of cosmic censorship violation in gravitational collapse
of" various spherically symmetric and non-spherically symmetric space-times by
finding counter examples to it.

2) To study the gravitational collapse of the neutral and charged quark matter,

3) To generalize the earlier studies of the spherically symmetric gravitational collapse to
higher-dimensions.

4) To analyze the strength of singularity using the Clarke and Krolak eriteria.

5) To find a simpler way to solve the differential equation of radial null geodesic.

6} To use computer for calculations for accurate and error-free results.

[12] Whether objectives were achieved: Yes. The proposed objectives of the project were

achieved.

[13] Achievements from the Project:

As proposed in the objectives of this project, gravitational collapse of various space-times
has been studied. The earlier studies of the spherically symmetric gravitational collapse were
successfully generalized to higher-dimensions. The existence of singularities was determined
using a simpler method. In this method the differential equation of radial null geodesics was
converted to a linear equation which can be solved easily. The existence of positive roots
determined the visibility of singularity. Violation of cosmic censorship hypothesis has been
shown in our paper.

Strength of singularity was determined using the Clarke and Krolak criteria. Three research

papers on the work have been published in journals.



[14] Summary of the Findings

A space-time singularity is a region of the space-time where the quantities like energy density
and curvature scalar diverge and all the laws of physics break down. Singularities could
oceur in cosmology at the origin of the universe or in the continued gravitational collapse of a
massive star at the end of its life cycle. The Cosmic Censorship Hypothesis (CCH) proposed
by Roger Penrose states that the singularities formed in the generic gravitational collapse of a
star are always hidden behind the event horizon of gravity. The CCH implies that the end
state of gravitational collapse of a massive star is always a black hole which conceals the
resulting space-time singularity. There is considerable interest in the CCH to test its validity,
but neither a general proof nor any mathematical formulation is available so far. Thus to
prove or to find a counter example to this hypothesis is one of the most important areas of

mathematical research today.

In this project, we have studied the gravitational collapse of stars; investigated the visibility
of space-time singularities and examined the possibility of cosmic censorship violation in
gravitational collapse some space-times, The earlier studies of the spherically symmetric
gravitational collapse have been generalized to higher-dimensions. The results of occurrence
of naked singularity in higher dimensions are important as they indicate the possibility of

existence of extra dimensions in the universe.

(i) In the published paper ‘Dynamics of Apparent Horizons in (N+2)-Dimensional Space-
Times' (Paper-1, Appendix -II), the formation of central singularities in (N+2) dimensional
Tolman-Bondi space-time has been studied. It has been shown that the time of formation of
central singularity decreases with the increase in the dimension of space-time. For N = 4,
the apparent horizon forms earlier than the central singularity hence the singularity will be a
black hole. Thus CCH is respected for spacetimes having N = 4. Thus the end state of

gravitational collapse is a black hole.

(i) We have studied the gravitational collapse of higher-dimensional monopole-Vaidya
solution. We have shown that naked singularities do occur as the end stage of gravitational
collapse in N + 2 dimensional monopole-Vaidya solution violating the CCH. It has been
shown that results in 4-dimensional space time are also valid in (N + 2) dimensional space-
times. Thus the conclusion that the dimension of the space-time does not play any

fundamental role in the formation of the naked singularities (Ref. Paper-2, Appendix -11)

L)



(i)  We have analyzed the structure of the space-time singularities formed in the
gravitational collapse of Monopole-Radiating dyon solution in Anti-de Sitter space-time. It is
shown that the singularities are not hidden behind the event horizon. It is revealed that the
final outcome of the collapse depends on the electric and magnetic charge parameters. The
strength of the singularity has been studied and it has been shown that these are

gravitationally strong (Ref. Paper-3, Appendix -II}.

(iv) In our work, a simpler method has been used to investigate the nature of singularities,
The differential equation of radial null peodesics emanating from the singularity is
transformed to an algebraic equation. The occurrence of positive roots indicates a naked
singularity. The absence of positive roots indicates a black hole as the end state of
gravitational collapse. We have used a computer program to solve the equations, (Ref.

Papers-1, 2, 3).



[15]_ Contribution to the Society:

The research work carried out in his MRP have indirect societal benefits. It contributes to the
knowledge of in the area of gravitational collapse, naked singularities of astrophysics. [t
enhances the understanding of space exploration and the universe. The study is useful to
researchers in this area as it gives insight into fundamentals and advancements. It may not

directly impact the immediate daily life but would foster the scientific progress in long term

[16] Whether any Ph.D. enrolled/produced out of the project: No

[17] No. of Publications out of the project: 03
Following three papers have been published in International journals (Re-prints attached)

I Dyvnamics of Apparent Horizons in (N+2)-Dimensional Space-Times
Chinese Physics Letters Vol 29 (11) 140401 (2012). ISSN : 0256-307X

2. Final Fate of (n+2)-Dimensional Monopole
Vaidya Solution, International Journal of Mathematical Research & Science (IJMRS)

Vol. 1 Issue 5, October — 2013, ISSN: 2347 — 3975

Monopole-Radiating Dyon Solution in Anti-De Sitter Space Time, Infernational
Journal of Engineering Research & Technology (IJERT) Vol. 2 Issue 11, November
—2013. ISSN:2278-0181

Led

Following two papers have been presented in National/International conferences

(Certificates attached)

1. Effect of monopole field on the gravitational collapse of (n+2)-dimensional Vaidya
space-time, National Conference on Statistics, Mathematics and their applications,
Institute of Science, Nagpur. January 3-4, 2014,

2. Final fate of (n+2)-dimensional Monopole Vaidya Solution, International Conference
on recent Advances in Mathematics, RTM Nagpur University, Nagpur, January 20-

23,2014,
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UNIVERSITY GRANTS COMMISSION
1y BAHADURSHAH ZAFAR MARG
/ NEW DELHI-110 002

UTILIZATION CERTIFICATE

It is certified that as against grant of Rs. 2,58,000/- (Rupees Two Lakh Fifty Eight
Thousand only) sanctioned to Jankidevi Bajaj College of Science, Wardha by
University Grants Commission vide letter No. F. No. 41-797/ 2012 (SR) dated
18" July 2012 and released of Rs. 2,05,500/- (Rupees Two Lakh Five Thousand
Five Hundred only) towards Major Research Project entitled “Investigation of
space-time singularities in Gravitational of a Star”, undertaken by Prof. Dr.
o Sanjeev S. Zade, an amount of Rs, 1,85,257/- (One Lakh Eighty Five Thousand
Two Hundred Fifty Seven only) has been spent for the purpose for which it has

been sanctioned in accordance with the terms and conditions laid down by the

University Grants Commission.

If as a result of check or audit objection, some irregularity is noticed at a later stage

action will be taken to refund or regularize the objected amount,

For TAPDIYA CHANDNA BHUTADA & co.
CHARTERHE\BECCOUNTANTS

&7 N
% U?q_._.—f“ (RAJENDRABHUTADA - PARTNER)
/-‘ Fembership No, 43282
Signature of Principal Signature of the Chartered Accountant
Investigator with Seal & Regd. No. of C.A.
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BAHADURSHAH ZAFAR MARG
NEW DELHI-110 002

UNIVERSITY GRANTS COMMISSION

STATEMENT OF EXPENDITURE IN RESPECT OF

MAJOR RESEARCH PROJECT
1. Name of the Principal Dr. Sanjeev S. Zade
Investigator
2. Deptt. of University / College Jankidevi Bajaj College of Science,
Wardha-442001 (M.S.)
3. UGC approval No. and Date F. No. 41-797/2012 (SR) dated 18"
July 2012.
4. Title of the Project “Investigation of space-time
singularities in Gravitational of a
Star”,
5.  Effective date of starting the 01* July 2012
Project
6.  Period of Expenditurc 01% July, 2012 To 30" June, 2015
7.  Details of Expenditure
Sr. | Item Amount | Grant Expend. | Expend. | Expend. | Expend. | Total
No. Approved. | Received | incurred | incurred | incurred | incurred | Expen-
Rs. Rs, Rs. Rs, Rs. Rs. upto | diture
2012-13 | 2013-14 | 2014-15 | 30-06-15
A. | Non-Recurring
1 Books and Journals 30,000 15000 - 16,598 23,789 - 40,387
2. | Equipments 1,00,000 | 67,690 | 33,985 - - 1,01,675
B. | Recurring
3. | Contingency 30,000 - 12,055 [5 9,325 8,940 30,320
4. | Travel / Field Work 75,000 - - 8,155 4,720 | 12,875
5. | Chemicals& 0 - - - - -
Glassware . 55,500
6. | Hiring Services 0 - - - » =
7. | Special Need 0 - - - - -
8 | Overhead Charges 3,000 - E - - -
@ Rs.10% approved
recurring Grant
(Except Travel & !
Field Work)
Total 2,58,000 | 2,05500| 67,690 | 62,638| 41,269 13,660 | 1,85,257
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UNIVERSITY GRANTS COMMISSION
Bahadur Shah Zafar Marg, New Delhi — 110 002

Annexure - 1V

STATEMENT OF EXPENDITURE INCURRED ON FIELD WORK

Name of the Principal Investigator: Dr. Sanjiv 5. Zade

Name of the place visited Duration of the Visit | Mode of Expenditure
From To Journey Incurred

(Rs.)

Chennai Mathematical Society 14.3.2015 | 18.3.2015 | Airplane & 8,155

(CMI), Chennai Railway

Jadavpur University Calcutta, 462015 | 7.6.2015 | Airplane & 4,720

National Library Calcutta Railway

| Calcutta Mathematical Society,

Grand Total: 12,875/-(In words: Twelve thousand eight hundred seventy five only)

Certified that the above expenditure is in accordance with the UGC norms for Major

Research Projects.

AQVI-JTMQ#

(Dr. 8. 8. Zade)
Principal investigator
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Wardha




Frvafearer sreqer amar

ff%%‘] University Grants Commission
NN (FTeTe YT AR FATer, HIE TR
‘%’r s .”q '”:I Ministry of Human Resource Development. Govet, of India)

RN A FFIGL AME FHT A, 7§ Rewr— 10 002
UGC Wibiite: Nbwise el Speed Post Bahadur Shah Zafar Marg, New Delhi — 110 002
Phi, 011-23604414 (CPP-Colleges) o1, 7, fama agfaea

a ef

F. No. 1-1/2018(CPP-I/C) / _ July, 2018
The Principal, ff-u‘rrﬁ...‘??.ér{ﬁ.g/fzafcg 1 ALB zma

Jankidevi Bajaj College of Science
Wardha, Jamnalal Bajaj Marg,
Civil Line, Wardha — 442 001
Maharashtra

Sub: - Recognition of college under Section 2(f) and 12(B) of the UGC Act, 1956.

Sir,

With reference to your letter No. J.B.C./174/2018-2019 dated 15-06-2018 on the
above subject, | am directed to say that the name of Jankidevi Bajaj College of
Science, Jamnalal Bajaj Marg, Civil Lines, Wardha - 442 001, Maharashtra
established in the year of 1962 affiliated to Rashtrasant Tukadoji Maharaj Nagpur
University, Nagpur has already been included in the list of Colleges maintained under
Section 2(f) and 12(B) of the UGC Act, 1956 under the head Non-Government

College teaching upto Master's Degree.

Iours faithfully,

A

(Pramod Sharma)
Under Secretary
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Dynamies of Apparent Horizons in (N+2)-Dimensional
Space-Times

5. 5. Zade
Department of Mathematics, J. B. College of Science, Wardha, India
e-mail: sanjivzade@yahoo, com

sanfivszade@gmail. com

Abstract

We analyze the time of formation of central singularities in (N +2)-dimensional space-
times. We show that the time of formation of central singularity decrenses with the
increase in dimensions of the space-time. We have studied the dimamics of trapped sur-
Juoos formation in differond higher dimensional space-times and compared them graph-

icolli.

Keywords: Gravitational collapse; naked singularity; black hole.

PACS: 04.20.Dw, 04.20.Cv, 04.70.Bw

In the framework of Einstein theory of relativity space-time singularities can be formed
by a gravitational collapse. The examples of naked singularities known in gravitational
collapse arise from various forms of matters. These include dust,’? radiation® and null
strange quark fluid 8] Solutions of the Einstein equations in higher dimensions have come
to play an important role in general relativity. Recently there has been a great deal of
interest in models wherein the size of the extra dimensions is much larger than the Planck
Ienth.r?'s] It is now important to consider the evolution of extra dimensions, since the
observed strength of the gravitational force is directly proportioned to the size of the extra

dimensions (e.f. 9).



The CCH hnplies that the black holes are generie fnal states of the gravitational col-
lapse. In the present work, we would like fo see whether the large extra dimension can
throw some light on the validity of CCIH. Does a gravitational collapse always lead to the
formation of a naked singularity? What kind of singularities can exist in nature? Can
these singularities, if they are naked. carry over 1o higher-dimensional space-times? These
are among the most important problems in general relativity and have been studied for
a long time. It has been argned in Refl. [7] that multi-dimensional space-times where all
dimensions are considered on an equal [ooting, are not so realistie, as we are living in an
effectively four-dimensional space-time, so in principle one might expect that by dimen-
sional reduction the multi-dimensional space times should reduce to our four-dimensional

world.

To investigate study the dynamics of the forn;aticn of apparent horizons and the time of
formation of central singularity in different dimensions, we study the (N + 2)-dimensional
spherically symmetric Tolman-Bondi space-time given by the line element!%11]

ds® = —dt* + idrz + R2d02, (1)
1+ f(r)
where
d0? = do? + sin? 6, d3 + sin” §) sin® 0o dOf + - -

+ sin® @) sin® Ba sin® By - - -sin® By _; di, (2]

is the metric on N-sphere,

The energy momentum tensor is given by
T = e(t,7) &, &, (3)

where ¢(f, ) is known as energy density, and is given by

ltiv) = % (4)

F(r) and f(r) are arbitrary functions of r; known as mass function and energy function
respectively. The area radius R is a function of radial co-ordinates  and ¢ and satisfies the

following equation
8t (r) ()
= gw1 T fr):



(We have set up 87G /et = 1).
For simplicity, we consider marginally bound collapse i.e. fr) = 0. Since for collapsing
case we require £ < 0.
Eq. (5) gives -
- - ()
integrating which, we get

Rz _ [.F.:N-—J]fz = (V_g'l) \,f'_;?r_] . (7)

L

where we have used the freedom in sealin & of the comoving coordinate r to set up R(0,+) = r
at the starting epoch of collapse,

If we consider t.(r), the time at which area radius R becomes zero, then from Eq. (7)

k)= (57) ®

we gef

Here the ranges of r and t are:
0<r<oo, —oo<t<tr) [§))]

It follows from Eq. (6) that the apparent horizon for the (N+-2)-dimensional dust clond
is given by

R[tan(r), 1] = FMn=1) (10)

where t,,(r) is the time at which apparent horizon forms.

If the neighborhood of the center gets trapped earlier than the singularity, then the
central singularity could be naked with radial null geodesics escaping from it.

Using £ from Eq. (10) into Eq. (7), we obtain

9 T.[!‘-"-l-l],-"Z 2 :
= — = Fin=1), 11
faa(r) (N+1) vE (N+l) (1)

Inserting the expression for ¢.(r) from Eq. (8) into above equation, we get

tak(r) = tofr) - (.Ni ]) FH-D, (12)

Since F(r) is strictly positive for r > 0, it follows from the above equation that

Lan(T) < tolr) for r = 0.



It means apparent horizon will form before the formation of the singuiarity, hence the
singnlarity will not be visible in this case. learling the collapse to a black hole.

But at r = 0, £,(0) = t:(0). So there is a chance for some radial null geodesics to
escape from the apparent horizon. Thus it is the central singularity point + = 0, whose
nature, in terms of being naked or covered, depends upon the initial data,

Now we define

e(0,7) = p(r).

Henee from Eq. (4), we obtain

Flr) = %fﬁ(r’] N, (13)

We assume p(r) to be Taylor expandable and decreasing away from the center. So p(r)

will be of the form (1

2 ! mn
= e e e BT
pr) = po+ prr + = - i k. o e g (14)

In the above equation, as the density is decreasing away from the center, the first

non-vanishing derivative of the density is negative. We then have
Fir) = For" 1 4 Ae 22 4 Bpe¥ 3 40 (15)

where
o _'2_ P
C Nnln+1+4n)

We consider those density functions which decrease as we move away from the center,

Fn 'HZD_.].,Q_."'. (lﬁ]I

hence the first non-vanishing derivative of the density at the center is negative. Therefore

we consider the expression for F(r) as
P(r) = For™+1 4 B o0

Inserting the above expression for F(r) and using binomial expansion, we obtain the equa-

tion

1 Fe in =T Nl
SH (N+ 1) R (vi 1) i S

where ¢.(0) is the time of occurrence of the singularity at the center r = 0 (i.e. central

singularity). By putting r = 0 and inserting the expression for F(r) in Eq. (8) we get

te(0) = |,‘N+12};?Fu :



B (17) is the general formula, which gives the time of formation of apparent horizon
in (N42)-dimensional space-times.

At a general point, the behaviour of the apparent horizon will depend on the nature of
F(#), but at the center, i.e. r = (0, it is determined by the first non-vanishing derivative of
density. In Eq. (17), F), is associated with the first non-vanishing derivative of density p,,
through Eq. (16), hence it has negative value. We explore Eq. (17) for different values of

N.

Case 1: N =2

For N =2, Eq. (17) reduces to the four-dimensional space-time. It has been shown in
Ref. [13] that if the first non-vanishing derivative of density at the center is either p; or
pa then 4.(0} < t. (r) always holds. Butif the first non-vanishing derivative ot density af
the center is py, then

t:(0) < tanlr)

Ez%c:_g (18)

0
Case 2;: N =3.

For N = 3, the expression (17) reduces to the five-dimensional space-time. In this case

(ij If the first non-vanishing derivative of density at the center is p;, then to the leading

order, Eq. (17) becomes
F
tan(r) = t.(0) — —%Ifﬂ r. (19)
1F;

Since Fy < 0, the term — (ﬁf_‘*) r will be positive, hence £.(0) would be less than
n
tar(r), which means center will get trapped before its neighboring region. Therefore,

in this case, the singularity is naked,

(ii) If the first non-vanishing derivative of density is py, i.e. n = 2, then Eq. (17) becomes

tan(r) = to(0) - (% + @) . (20)
0

IFrom which it is clear that

te(0) < taplr)



i
I

The above result is in agreement with the result in Ref. [10]

=]

R e

(21)

(iii) If the first non-vanishing derivative of density is ps, then Eq. (17) gives

tan(r) =1:(0) — m ]

. (22)
which clearly suggests that t,u(r) < £.(0), leading the collapse to a black haole.
Case 3: N = 4 (le. D>=6),

(i) If the first non-vanishing derivative of density is py, then Eq. (17) becomes

. B (2 )
(1) =l0) - (o) A™008,

In this case, we note that

N+1

1 9.
N

Butl if we consider N very large, then (N <+ 1)/(N — 1) nearly equals 1. Hence
combining the second and third term in Eq. (23), we get

'

) = te0) - 5 [i Hpgxﬂ . o

From above expression it is clear that

(0} < tanlr)

if
13! (#55)
—— +2F; Y 2,
7 .
i.a., if
F .
< -2 (25)
Fﬂ?[h"—l

Thus there is a guarantee of formation of central singularity earlier than apparent

horizon in any (N + 2)-dimensional space if the above inequality holds,



(i} If the first non-vanishing derivative of density is po (Lo, 1= 2), then to the leading

order ]:lj. (f_r} hecones
)= - _ (.1['-‘5"1-3 L } [ ':—1‘. L ] G
tuh':‘r»] fp(D} (H’r + 1) ¢ 4 i (-{]:]

Since Fy is always positive, we must have f,p(r) < (0}, leading the collapse 1o a
black hole.

From Eq. (8), the time of formation of central singularity is given by

2

W= T

The values of {.(0) in different dimensional space-time are summarized in Table 1.

Table 1 The values of ¢.(0)
in different dimensions.

N D t:(0) tc(0)
Dimension Fy =1 =2
2 4 0.667 0.4714
3 5 0.5 0.3536
4 G 0.4 (.2828
5 T 0.333 0.2357
b 8 .28 0.2020
i L 0.25 0.1768

It can be observad from the above table that the time of formation of central singularity

decreases with the incresse in the dimensions of spacetimes,

The graph of time of formation of central singularity, £:(0) versus dimension of the

space-time, [} is plotted in Fig. 1.



Fig. 1 The graph of {.(0} versus 3,

It is interesting to note from the values given in the table that the time of formation
of central singularity deereases with the increase in dimensions of the space-time. This is
quite possible because gravitational force is directly propositional to the dimensions of the
space-time. ¥ If we increase the spatial dimension then it would increase the gravitational
force of the collapsing star. Because of this additional gravitational foree, the collapse has

to take place earlier, which in turn decreases the time of formation of the central singularity.

In case of the pravitational collapse of spherical dust eloud with smooth analytical

density function p(r), the function p(r) has the form

par?  pgrt

P{"'")=PU+'T+ Skt (28)

Then for N = 4 ( ie for D = 6), Eq. (17) becomes

tan(r) = to(0) — (Ni 1) Fiiz v (Ni 1) Fﬂ{ﬁ'l-_‘:' Pv5), (29)
1]

In the above expression, the third term dominates the second term, and consequently the

apparent horizon decreases near the center. In other words apparent horizon will form
earlier than the central singularity hence the singularity will not be naked. Thus in higher-

dimensional space-times where [} > 6, if one chooses smooth analytical density function



as an initial data then the CCH is always respected. This result is in agreement with the

results obtained in Refs. [10,14].
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Abstract
We analyze here the gravitational collapse of higher-dimensional monopole Vaidva solution and we study the
occurrence and naiwve of the naked singulavities formed in the gravitational collapse of monepole Vaidva solution
trn higher dimensional space-times. Both naked singnlarities and black holes are shown o be developing as final
ouicaome of the collapse. Earlier work is generalized o higher dimensional space-times to allow a swudy of the effect
aof mumber of dimensions on the possible final outcome of the collapse in rerms of a black hole or a naked
singularity. No restriction is adopted on the number of dimensions,

Keywords: Cosmic censorship, naked singularity, gravitational collapse.
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1. Introduction

Fhe investigation on the final fate of gravitational
collapse of initially regular distribution of matter is one
af the most active field of research in the contemporary
general  relativity,  The  physical  phenomena  in
astrophysics and cosmology invalve  gravitational
collapse in a fundamental way. The final fate of a
massive star, when it collapses under its own gravity at
the end of its life cycle, is one of the most important
questions  in  gravitation theory and relativistic
astrophysics today. A sufficiently massive star more
than five times the size of sun would undergo a
continuous  gravitational collapse, on exhausting its
nuclear fuel, without achicving an equilibrium state
such as a newtron star or white dwarf. The singularity
theorems in general relativity then predict thai the
collapse gives rise to a space-time singularity, either
hidden within an event horizon of gravity or visible to
external universe [1]. The densities and space-time
curvatures get arbitrarily high and diverge at these ultra
strong gravity regions. Their visibility to outside
observers is determined by the casual structure within
the dynamically developing collapsing  cloud, as
governed by the Einstein field equations. When the
internal dynamics of the collapse delays the horizon
formation,  these  become  visible, and may
communicate physical effects to the external universe.

[t is assumed that the 4-dimensional space-time of
the universe we live in is obtained through a
dimensional reduction from higher dimensional space-
time. Inspired by work in the string theory and other
field theories, there has been considerable interest in
recent times to find solutions of the Einstein equation
i dimensions preater than four, It is believed that
underlying space-time in the large energy limit of the
Planck energy may have higher dimensions than the
usual four, Higher dimensional gravity theories have
been considered as possible avenues to unify the basic
forces of nature. 50 Kaluza-Klein [2] theory unifies
gravity and electromagnetism and extensions of this
have been investigated in [3]. The extra dimensions
have been assumed to be small, typically of the order
of the Planck length and so Kaluza-Klein Models are
highly massive.

Mevertheless, the extra dimensions will not be
directly observable in experiments. The success of
string theories gave encouragement to search for
indirect methods to detect the extra dimensions.
Possible effects of the extra dimensions considered as
bulk in the standard model have been suggested by
Arkani-Hamid, Dimepoulos [110,111].  Higher
dimensional space-time is now an active field of
research in its attempts to unify gravity with all other
foreces of pature. It is particularly relevant in
cosmology where it is shown that under certain
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situations, Einstein field equations dictate that as the
ustal 3D space expands the extra dimensions contract
with time via the well- known process of dimensicnal
reduction,

The results on gravitational collapse in higher
dimensions are of interest in view of the current
possibilities being explored for higher dimensiopal
gravily. In this paper, we shall generalize our previous
[4] studies to the case of monopole Vaidya solution in
(nt2)-dimensional space-times, We show that the
results for gravitational collapse, obtained in [our-
dimensional monopole space-time are also valid in
{n+2)-dimensional  monopele  space-time.  The
ohjective is to fully investigate the situation in the
background of higher dimensional space-time.

In section 11 and III, we give {n+2)-dimensional
solution to monopole Vaidya solution. In section [V,
we discuss the nature of singularity (visible or
invisible), by analyzing the outgoing radial null
peodesics emanating from the central singularity. We
conclude the paper in ¥V section by some concluding
remarks.

II. Monopole Vaidya solution in (n+2)-
dimensinnal space-times

Generalized Vaidya metric in  (n+2)-dimensional

space-time is given by [3, 6]

ds® = —Adu® + 2dudr + vidn? (1)

Where « is the advanced Eddinglon time coordinate

and r is the radial coordinate with 0 < v < o and

4=(1-2&0 (2)

Where m(u, ) gives the gravitational mass inside the
sphere of radius r and
d* = do} + sin®@,do? + sin®f,sin0,d02 +
v+ SIN B, 5IN% 0, ... S H,_, dBE (3)
is a metric on n-sphere.
We find that corresponding energy-momentum tensor
can be written as [6-8]

R T (4)
and
(r} _
T = ol 1, (5)
also
T;ET:' =(p+F) [:'Ep??u + flf]'.'l‘,u} + Poy ()
In the comoving coordinate (w7, 0,05, .....,6,) .

the two eigen wvectors of energy-momentum tensor

namely [, and 5, are linearly independent future

pointing  light-like wvectors (null  vectors) having
COMponents

— &0

L, = &y,

fﬂx =-1,

1

n=;(1-Z)8-a. o
Li*=mnt = (8)
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Where p o and P are the cnergy density and
thermodynamic pressure, @ is the epergy density
corresponding to Vaidyva null radiation,
In particular, when g = = 0, the solution reduces 1o
higher dimensional Vaidya solution with m = m{u)
[9]
Therefore for the general case we consider the EMT af
equation (6).
Strong and weak energy conditions for p . P and @
are given hy

{a) Weak and strong energy condition:

o>0, p=0, P=0 (9
(b} Dominant energy conditions:
gz=0, P>0, p=P (10}

The non-vanishing component of the Einstein ficld
equations

G = KTy, (1)
for the metric (1) with matter field having stress-

energy tensor given by (4) are

P = o (12)
P = oot LS
and
nm
7= ¥m-Dr® (14)

Where dot and dash stand for differentiation with
respect to o and r respectively.

[n order to satisfy the energy conditions {9) and (10),
we have the following restrictions on m from the field
equations (12) —{ 14).

() m=0, m =<0, (i) m =0,

The condition {i) means that the mass function either
increases with » or is constant, The second restriction
(ii) implies that matter within radius » increases with
time.

II. Monopole Vaidya Solution in (n+2)

dimensions Space —time

Mass function given by A. Wang in case of 4D is given

miu, v} = ar l<a=<1
Where e is arbitrary constant.
Mass function in (n+2) dimensional Monopole Vaidya
solution is given by

m(u,r)=ar*?! O<a<l (13)
Monopoles are formed due to guaze symmetry
breaking and have many properties of elementary
particles. Most of their energy is concentrated in a
small region near Monopole score.
Following references [7. 8], we define the mass
function of Vaidya space-time in (n+2)-dimension as

miu,r) = g(u) (16)

Where / (v) and giv} are arbitrary functions which
are restricted by the energy
Conditions [7,8].
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Since the energy momentum tensor fincar in terms of
mass functions, a lincar superposition of particular
solutions is also a solution of Einstein’s field equation
{1} in particular combining the mass functions (15 )
and (16 ) ,we obtain the mass function for Monopole
Vaidya solution as

miu, ) = ar®"t + glu) (17
The physical situation is for u < 0; the space-time is
(n+2}-dimensional Minkowskian monopole field with
glu) =0, The radiation 15 focused into central
singularity at v =0,u =0 of growing mass g{u).
Atu =T, say, the radiation is turned off.
Foru = T, the exterior space-time settles into (n+2)-
dimensional Reissner-Nordstorm  monopele  feld
solution,
Hence using mass function (17}, (n+2)-dimensional
Yaidya monopole space-time
{ 1) can be written as

ds? = —[1 = (S + 2] du? + 2dudr + r2dg?

=1
ds? = =1 = &= 29 du? + 2dudr + rd0? (18)
The above metric may also be called as (n+2)-
dimensional generalized Vaidva monopole metric.
IV. Nature of the Singularity
We now investigate the nature of singularity in both
asymptotically flat and cosmological solution. To
investigate the pature of singularity, we follow the
method given in references [9]. The central singularity
is'said to be naked, if the radial null geodesic equation
admits at least one real and positive root [9, 10].
The outgoing radial null geodesic equation for the
metric (18) is given by
e (19)

pa=l

In general the above equation does not yield analytic
solution for g(u).
However, if one chooses, g(u)ecu™ ', then the
equation {17} becomes homogencous and can be
solved in terms of the elementary function [65].
Therefore let us choose

gw) = du"? (20)
With the above mass function, Vaidya space-lime
metric (18) becomes

ds* =—[1—tr—mn_

rn_:] du? + 2dudr + r2dn? (21)
To investigate the structure of the collapse, we need to
consider the radial null geodesics defined by ds® = 0,
taking 8, = 8, = 8 = - 8, = 0 into account.
For metric (21), the radial null geodesics must satisfy
the null condition

= (22)

’!—aw

However, we recall that the coordinate » is an
advanced time coordinate, It can be observed from
cquation (22) that this equation has a singularity
at r—=0, w—= 0. In order to classify the radial and
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non-radial  outgoing  non-space  like  geodesics Table 2.1 Values of X, for different values of A4 in

terminating al this singularity in the past, we need to 6D,
consider the limiting value of X =2 along a singular
geodesic as the singularity is zlpprum;hcd [10]. i No _
Thus, for the geodesic tangent 1o exist uniquely at a=0 =025 | a=05 a=0.75
IS pRInk WemisEAdvethar — 1410~ | 99.3242 | 89.9492 | 77.9892 | 60.065
Ko = limyg = = limyp 2= (29 2107 | 78,6919 | 71.2007 | 616019 | 46.9839
Xp = limu o ——ps (24) 3-10~° | 68.6562 | 62.0808 | 53.6284 | 403077
i 4+10~ | 62.3148 | 56.3177 | 48.5885 | 36.548
Xo = o (23) 5+10°% | 57.7979 | 52.2125 | 44.9976 | 33.6534

ie Xy —aky — X5 =2 6+ 107 | 54.3486 | 49.0775 | 42.2548 | 31.435

AXE + X~ KXy +2=10 —
=) Kg 4220 O<acl 6 7+107° | 51.5914 | 46.5713 | 40.0617 | 29.6552

The above algebraic equation decides the nature of the 6+107" | 49.3147 | 44.5019 | 38.2505 | 28. 1802 |
singularity, If it has a real and positive root, then there 9«1078 | 47.389 | 42,7513 | 36.7179 | 26.927 |
exists future directed radial null geodesics originating
from r =0 and u = 0. In this case, the singularity
will be naked. If this equation has no positive root,
then the singularity will be covered and the collapse 110
ends into a black hole,
To study the equation {261, we shall consider some S0
different values of n, A, and o .
Case 1: Let us take n = 2, and then monopole space- 70
time (21) reduces to four dimensional Waidya Xo
monopole space-time. This four dimensional Vaidya 50
monopole solution admits strong naked singularities,
In particular il one choosesn = 2, = 0.5, then 30
equation (26) reduces to
AXF— 05K, +2=10 (27) 10 - - :
One can easily check that for 1 =0.01, one of the 5 3 7
roots of equation (27) is X, = 4.3845 , which ensures
that the singularity is naked., ”
: 0=0.25
Case 2: For n = 3, the space-time (21) reduces to five
dimensional monopole
Vaidya solution given by
ds® = —|1— cr-'l—?_'-‘;l du? + 2dudr + ri[do] +
sin*6,d83 + sin®8,sin*f,d67] (28) 70 -
This five dimensional monopole Vaidya solution Xo
admits strong naked singularity. 50 -
In particular if one chooses n = 3, & = 0.5, then one
of the positive real roots of equation (26) reduces to 30 -
AXF—05X,+2=0 (29
If we consider 4 =0.001, « =05, then one of the 10 - - - '
positive real root of equation (29) is X, = 4.14213 1 3
which shows that five dimensional monapole Vaidya A
solution has a naked singularity,
For n=4 (i.e. for 6D), the equation (26) becomes |
-1 =)k +2=0 (30
then the roots of equation (30) obtained for difTerent
values of & in six dimensional monopoele Vaidya
solution are shown in the following table.

a=0

()

11

[
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110

90 -

Ln
=
o
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C— X230
a0
20
10 10
1 3
g A 2 & 1 3 5 3 7 g 11
a=0.75
70 a=0.25
&0
al
50
50 \ \
20 20
10
10
1 3 5 A 7 9 11
1 3 5 A ¥ 9 11
Figure 2.1: Graph of the values of X, against the values
of . a=0.5
50
From the graph we may observe that initially the value
of Xp is at peak and the values of X, decreases when 40
increase the value of A . It is observe that the peak
shifled towards lower values of X, for the different
values of o . As we increase the values of o the Ko 30
values of Xy decreases.
Forn =5 (i.e. for 713, the equation (2.26) becomes 20 -
XE-(1—a)X+2=0 (31
then the roots of equation (31) obtained for different 10
values of % in seven dimensional monopole Vaidya i 3 5 4 3 11
solution are shown in the following table, A
Table 2.2 Values of X, for different values of 1 in
7D. a=0.75
40
Xn
A = = - - 35 .
a=0 u=0.25 a=0.5 a=0.75
1+1077 | 55.722 | 51,6427 | 46,2292 | 37.4446 30
2+1077 | 46.773 | 43.312 | 38.6935 | 31.0358 ¥o 25
3+10°7 | 42.213 | 39.0669 | 34.8519 | 27.7513 20 |
4+1077 | 39.247 | 36.3051 | 32.3518 25.6032
5107 | 37.088 | 34.2953 | 30.5319 | 24.0321 15 ;
6=1077 | 35.412 | 32.7342 | 29.1179 | 22.8057 10
7+1077 | 34.052 | 31.4686 | 27.9713 21.8064 1 E 11
841077 |32.017 | 30.4109 | 27.0128 20.9671 Figure 2.2: Graph of the values of X, against the values
941077 | 31.946 | 295067 | 26.1933 20,2459 of L.
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If we observe the above praph we see that in seven a=0.5
dimensional space-time . the values of X, decrease as 35 ¢
we increase the value of L . Also for increasing o the
vithies of Xg decreases very rapidly. 30
Similarly for n = 6 (i.e. for 81), the equation {2.26)
becomes 25 2
AXS —(1=ea)Xy, +2=0 (32) Ay E
then the roots of equation (32) obtained for different
values of L in seven dimensional monopole Vaidya 15
solution are shown in the following table,
Table 2.3 Values of X, for different values of A 10
in 8D . 1 3 5 7 9 11
[ -
a=0 | 0=025 [H-05 =075 a=0.75
1 J5.308 | 28,2253 | 33.795 | 28.2254 30
2 34.242 | 24,2437 20,298 24,2437
3 31541 | 22.1423 | 26.9407 | 22.1423 25
4 29.753 | 20.7421 253796 | 20.7421
5 28.436 | 19.7038 | 24.2286 | 19.703& %0 20 1
o 27.402 | 18.8841 23.3251 18.8841
7- 26.557 | 18.2101 | 22.5862 | 18.2101 5
H o 25.845 | 17.6394 21.9642 | 17.6394 o
9 25,233 | 17.145% 21.4289 | 17.1455 2 ; ) ' '
1 3 3 A 7 9 11
a=0 Figure 2.3: Graph of the values of X, against the
% values of A.
From the graph we may observe that in cight
40 dimensional space-time X, decreases as we increase
35 the value of 4. Also observing that for the higher
30 dimensions the values of X, decreases as well as the
¥ values of 4.
25 Case 3:- For constanl e .,
20 ifa =0 the equation (26) becomes
.8 ANy —Xg+2=0 (33)
then the roots of equation (38) obtained for different
10 : - : : values of A in seven dimensional monopole Vaidya
1 3 54 7 g 11 solution are shown in the following table,
Table 2.9 Values of X, for different values of A
=0.25 for o = ﬂ::r
30 A L
n=4 n=3 n=6 n=7
25 1+ 107" [ 993242 | 31.1017 154145 | 9.619
2+107% | 78.6919 | 26.066 13,3560 | 8.5205
Ko 20 3+107% | 6B.6562 34997 | 12.2781 7.8333
4=107% | 623148 | 21.8299 11.5636 | 7.5395
15 5410~° | 57.7979 | 20,6147 | 11.0367 | 7.2465
6+ 1075 | 543486 19.6707 10.6231 7.0148
10 71070 | 51.5614 18.9054 10.2848 6.8241
1 g 11 8+10~° | 493147 | 18.2657 | 10 6.6627
9+107" | 473889 | 17.7189 | 9.7549 6.5231
[ITMESV1ISO50006 wWww ijmes.org 3
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From the graph we may observe that for fixed o and A

the values of X, decreases very rapidly in higher and

122
higher dimensions. [nitially the value of X, is at peak
102 then decreases when increase the value of 3, .
For o = 0.75 , the equation (26) becomes
82 AXD — 025X, +2=10
(34)
62 i 7 g e
% then the roots of equation (41) obtained for different
43 values of A fora = 0.75  monopole Vaidva solution
are shown in the following table,
22 Table 2.12 Values of X, for different values of 4
5 for @ = 0.75.
h Xq
1 3 5 A 7 ] 11 ' n=4 n=5s n=6 n=7
n=5 1 1356942 | 125542 | 300082 | 115.109
42 p) 10769.50 | 105536 | 261.022 | 102.39]
43 3 0407.692 | 953432 | 240561 | 956044
+ 8547211 | BR7.128 | 227.017 | 91,0592
X2 b 7934336 | 838.884 | 217.036 | 87.6805
5} 466339 | 801.415 | 209204 | 850115
12 | 7 7092248 | 771042 | 202802 | g28172
A 6783.375 | 745.660 | 197413 | RO.9613
2 g 6522110 | 723.965 | 192.778 | 70,3582
1 3 5 A 7 9 11
- 15000 n=4
17
10000
12 -
¥n
Xo
5000
? -
0 : T T " " 7
2 T
1 2 3 4 546 7 8 9 10
1 3 5 4 7 5 1 A
- =
10 n=7 1400
1200 |
g - 1000
800
X06 - X500
400
4 200 -
0] . : ; - 5 ?
? ' ' ' 1 2 3 4 5,6 8
7 1
1 3 § i 7 9 11 A 1
Figure 2.9: Graph of the values of X, against the values
of & for fixed value ol a .
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n=h
400

300

Xo200

100

1 2 3 4 5,6 7 8 9 10
n=

140

120 -
a0

Xuo
5{].
40 -
20 -

0

12345}'.6?8910

Figure 2.12: Graph of the values of X, against the
values of A for fixed value of a .

From the graph we may observe that when we increase

the value of « the value of X, increases very rapidly

and X, decreases for higher and higher dimensions of

same o,

V. Concluding Remarks

Gravitational collapse is one of the most fruitful
subjects in gravitational physics. It is well known that
singularity formation is  incvitable in  complete
gravitational collapse.lt was conjectured that such a
singularity should be hidden by horizons if it is formed
from generic initial data with physically reasonable
matter fields [1].

Many possible counter examples to this conjecture
have been proposed over the past four
decades[11,12,13], although none of them have proved
to be sufficiently generic [14,15]. In these examples,
there appears a singularity that is not hidden by
horizons. This singularity is called a naked singuiariy,

In the present work shows that naked singularities
do occur as the end stage of gravitational collapse in
{n+2) dimensional Monopole Vaidya solution and
shown that the result in 4-dimensional space-time are
also valid in (n+2)-dimensional Monopole Vaidya
solution. [Imposing some conditions on mass function

Vol | Issue S, October - 2073

Jit has been shown that the singularities arising {n-2)-
dimensional Monopole Vaidya solution are naked in
any darbitrary dimensions.

It is also note that the roots of equation is
decreases for increasing the value of o for higher and
higher dimensions where as for fix o the roots of
equation is increases for higher dimensions. In this
sense, both black holes and naked singularities do
seem lo arise generically as the end product for (n+2)
dimensional Monopole Vaidya solution,

Thus which is seems suggest that the dimension of
the space-time does not play any fundamental role in
the formation of the naked singularitics. QOceurrence of
naked singularities in higher dimensional Vaidya
monopole  space-time  suggests  that the higher
dimensional Vaidya monopole solution violates the
cosmic censorship hypothesis. These results might be
important in the light of the recent proposal that there
may exist extra dimensions in the universe.
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Abstract
We analyze here the siruciure of space-time singularities formed during the radial in-fall of a colierent stream af
charged “photons"-a piece of the monopele radiating dyon metric. we study the nature of singwlarities which
develop in the space time on the anti-de-sitter background. Ii is shown that the singularities formed in gravitational
collapse of monapole-radiating dvon solution in anti-de-sitier background ave not hidden inside the event horizan
{t is also shown that final outcome of collapse depends sensitively on the electric and magnetic charge paranieiers,
Further it is fownd that naked singularities are sirong in Tripler s sense.
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I Introduction.

It would be imeresting 1o investigate whether
the singularity lormmg at the end of gravitational
collapse @5 observable. There is  an  important
conjecture related to the singularities known as cosmic
censorship hypothesis (CCH) given by Penrose [1].
This states that the collapse of a physically reasonable
initial data yiclds a space-lime singularity which is
always hidden behind the event horizon. It has two
versions, i.e., weak and strong. According 1o the weak
version, singularity formed by gravitational collapse is
not visible o a far away observer. The strong cosmic
censorship hypothesis states that the singularity cannot
be observed even by an observer who is very close to
i, Wald [2] discossed some examples (o justify the
validity of weak form of CCH.

When a massive star is on the verge of completing
its nueclear cvele, then the thermonuclear reaclions in
the interior of the star cannot counter balance the
immense gravitational pull of the star, Under most
general conditions general relativity predicts that such
a collapse must end in a singularity, which may or may
nol be clothed by an event horizon, A singularity may
be physically described as a region in the space-time
with  extreme curvature, vanishing wvolume and
unbounded  gravitational forces. However, peneral
relativity remains silent on the nature (BH or NS) or
physical propertics of such a singularity, This is
basically due to the fact that mathematical structure
breaks down preventing analysis at and beyond the
singularity. This has tripgered extensive research-on
Gravitational cellapse during the past few decades.
After all one would always like to know whether, and
under what conditions gravitational collapse leads to
the formation of a black hole (BH). A foew decades
back R. Penrosc (1969) proposed the cosmic
censorship hypothesis (CCH), which states that the
singularities formed in  gravitational collapse of
physically reasonable matter cannot be seen by any
distant observer in the universe. Tt implics that the
singularities formed in asymptotically flat space-times
are always bounded by event horizons and hence are
destined to be black holes. With the announcement of
this proposal, study of gravitational collapse has gained
special importance, because one would always like to
know that whether there exisis any physical collapse
solutions that lead 1o naked singularities (MNS), which
will serve as counterexamples of CCH [3]. Important
cases of naked singularitics analyzed so for include
dust collapse [4-9], radiation collapse [10-17], collapse
of perfect fluid [18.19] and strange quark matter [20-
21].

A Chamorro and K.5. Virbhadra have obtained an
exact solution of the Einstein- Maxwell cquations
which are a magnetic charge generalization to the
Bonnor-Vaidya solution and deseribe the gravitational
and clectromagnetic fields of a non-radiating massive
radiating dyon [22]. The paper is based on the

%0
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composile  charges e an electric charge and  a
magnetic charge bound together by their gravitational
interaction. Hence it would be interesting to study the
nature of the singulorities formed in the gravitational
collapse of such composite space-time [23]. In this
paper, we  study  the Monopole-Radiating  Dyon
solution in anti-de-sitter space-time. We also show that
gravitational constant  does  affect the natore  of
singulurity,

We conclude the paper in Vo section by some
concluding remarks,

IT Monopole-Radiating Dyon Solution.

The metric, which deseribes the gravitational field of
nen-rotating massive radiating

dyon as found by Chamorro and Virbhadra [21] is
ds? = — (1= 2200) dy? + 2dudr + (a6 +

sin*gde?), (1
Where

) = @) + g(u,r) - D) _ )

Fere f{u) is the standard Vaidya mass, g(u, 1) is
monopole function, g.(u) and g, (W) are electric and
magnetic charge parameters respectively. These
parameters depend on the Eddington advanced time
coordinate w.

The madel considered in this paper is obtained from an
energy-momentum tensor of the form

G = Rf —2Rg} = 8r(E} + NF) (3)

Where

{x}={u.r 6 0, (=012 3)
EF is related to the electromagnetic tensor Fy; in the
farmiliar way

Ef = —|[-Fin F*™ 4 2 gl By F™ | (4)
Nf = VV* (5)

is the energy=momentum tensor of the null fluid. V* is
the null fluid current vector satisfying g, V'V = 0.
Eleetric current vector ff.ril and magnetic current
veclor f{m} are given by

HaaFaFr) =4y ©
Far(VOF ) =y @

Where =g is the dual of the electromagnetic field
tensor F'* and is given by
a1 iklm
'F'I: _ZHE Fn!aut {H}
Where €™ is the Levi-Civita tensor density.
The non-vanishing components of the Einslein lensor
for the above metric are given by

Huyeh o)
60 = 6 = =67 =gy BEOHEG)

—~ BT
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Ga =k,
Where

(R0

:l.z — 23l T Qi Fan =i 72

= (1
Here the over dot denotes the derivative with respect to
the retarded coordinate u.
Energy-momentum tensor of the clectromagnetic field
and null Nuids are given by
{aF vy ad ()

Ej =B} = —F} = —Ef =*——] (12)
ICZ
Nj == (13)

III Nature of the Singularities in
Monopole-Radiating Dyon Selution.

The physical solution is for < 0, the space-time
hecomes flat with f(u) = 0,
ge{u) =0, gy (u) =0. Al u=T, Say, the radiation
is turned off. Foru = T, f(u) = ¢, (1) g (1) = 0, i.e.
Flu)g2() and g (1) are positive definite . Thus
the metle for u=0tou=7T is radiating dyon
solution and for u > T it becomes a static dyon
solution [24],

To investigate the structure of the collapse, we
need to consider the radial null geodesics define by
ds? = 0. {k® = k% = 0). The equation for outpoing
radial null geodesic for metric (1) is given by

2mfu, r
(1 - #)duz — 2dudr =0

E __l(} 3 2m{u.r])
du 2 T ]

Using the mass function (2], above equation
becomes

dr ¢, de) 2glurd | gfultalin) | oac?
du 2{1 r ¥ *: r +T}

(14)

In general, Eq. (14) does not yield an analytic solution.
However, it f{u) e u, g2(u) ccu®, g (u) o u?
JLEq. (14) becomes homogeneous and can be solved in
terms of elementary funclions[25].

In particular, we take

Flu) = Au, glu,r)=ar (15)
Q. u=0
2,2

and  giW) =4 5. 0<us<sT (16]

WT* (const), us>T

Intermnzionol Jusisngl of
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A e u=1u

Fiut

g fu) = D<u=T (17

&2T* (const), LT
Where 4, @, p®and &2 are some positive
constants, Inserting the expressions for

), gu,r), gi(u) and g7, (1) into Eg2) we
obtain the mass function for monopole radiating
dyon solution as

p!uzhﬁzuz Ard
ar [

mw, ) = du + ar (18]
It follows that with the choice of above mass function,
the metric (1) becomes sclf=similar [1] (a spherically
symmetric space-time is a sell similar if g, (ct, cr) =
gt r) and g, (ct,er) = g (t,r) forevery > 0)
admitting a homaothetic killing vector &% given by

Ligea ML
{—uan+rar (19)

and satisfics

I'{Qnﬁ = o * $p = 2800 - (20)

Where L denote the Lic derivative.

Defining k% = dx®/dk as a tangent to radial null
geodesics, where K is an aifine parameter, it follows
that £7k, is constant along radial null geadesies.
Thus

k. =uk,+1k. =C, (21)
Where C is a constant. Radial null geodesic equations
of metric (1), on using the null condition &%k, = 0,
takes the simple form
ag¥ m' |r12
P {_ - :-_2) (x)* =0,

r

(22)

b’ m m me Zmm’ Zm* FTon]
+(r :'+|'3+ = _r‘_}(k) +

(23)

u d_u . Pur)
k== 200 (24)

Then from the null condition %k, = 0 we obtain

T =(1—Zﬂ)i

r 2r’ sz)
Alsa
ke =k = 9'1;-"5‘r = giok"”

£ (26)

-

ke

And
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ky =ky = go k! = gook" + k'

Fheretore

i 2l it edFud At &
A,l,—r—; 1= 22 _ZrJ-I——Hz,-d_T:_;:l [..'?i

Eqg. (22), (27} and {28) vields

P 120
T2 12247 I 6)X F12AK IR [pEELy D

(28)

Where X s a sell-similarity variable defined by
X =u/r. The singularity occurring at r = 0 is naked
il'the outgoing radial null geodesic equation has atleast
one real positive root [26]. Tn the case of pure Vaidya
space-time it has been shown that for a mass funciion
mu} = Au/2, the central singularity is naked for
A =1/8, and the collapse ends into black hole if
A>1/8[27].

Hence it would be interesting to investigate whether
the gravitational collapse of Vaidya space-time could
yield a naked singularity under the influence of the
gravitational constant and composite field produced by
electric and magnetic charges.

With the help of Eq. (18), the equations of the outgoing
radial null gendesics for

the metric (1) are given by

—(1— ) du® + 2dudr = 0

¥

Therelore

dar 1 2m
e (22)
it
dr _1f. afutegtu?  oar?
a=3(1- -z gy 40y i
- | S L {7}
Let Xp= I'mi.‘Z‘.E S [Lm:;:g e (3l

Hence Eq. (31} can be writlen as

z

X, = lim e
o= )T = T T T
vl 9T o1y —za-l'”TI"’-i‘.—_!J(z-ii:-—

13

ie. N =
O A 1ZAN —1Zo+3p A TN 42Ar 2

I+ SXF 122X 4+ (6 — 12a + 2Ar8)X —
12 =10 (32)

The above equation governs the nature of the
singularity. IT this equation has at least one real and

Infemiisis fouril ol Ergimcering Researes & “Technology (1R
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is Xy = 20954 |, indicating that the gravitational

collapse in this case ends into a naked singularity,

We calenlated the value of Xg for difTerent values of

A, 4, 8, a, A.and r

For lixed =0, §=04 A=01 r=01 then

Eq.(33) becomes

3+ SN 122X - (64 2Ar)X —12 = 0
(33)

Table 1 Values of Xy for different values of A, and u
A X
p=0. | 0.2 0.3 0.4 0.5 0.6
0.1 |209|1.999 1877 |1.752 | 1.63 | 1.53
0.2 | 3.30 | 2.919 | 2,533 | 2.22 157 | 1.78
0.3 | 5.72 | 4.782 | 3.802 | 3.044 | 252 | 2.16
0.4 | 833 | 6977 | 5471 | 4220 | 331 | 2.70
0.5 | 10.8 | 9.145 | 7.196 | 5.528 | 4.27 | 3.38
0.6 |]13.3 1126 | 8903 | 6.853 | 527 | 4.13
0.7 [15.8 | 13.36 | 10.58 | 8,172 | 6.30 | 4.92
0.8 | 182 | 1543 | 12.25 (9479 | 7.32 | 5.71
0.9 | 206 | 17.49 | 13.90 | 10.77 | 833 | 6.51

25

20

15 o

Xo
10

0 - - T ;
o 0.2 04 , 06 0.8 1

Figure 1: Graph of the values of X, against the value
of .
From the graph we may observe that the value of X,
have positive real roots. Also it is seen that the value of
Ap decreases as increase the value of p. Also we notice
that the lower value of Xp shifted towards the peak.

For fixed value of p and different value of A, a we
have different positive real root of Xj.

Forfixed p=101, § =04, A=01, r=0.1then
the Eq. (32) becomes,

(0.1 + 52)X3 — 122X + (6 —12a +

posilive root, then the singularity will be naked. 11 the 2ZAPIIN =12 =10 (34)
equation has no positive root, then the collapse ends
into & black hole.
In particular, for =01, py=0.1, §=04, a =0,
A=0.1, r=10.1, one of the roots of Eq. (32)
www.ijert.org 237
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Table 3: Values of Xy tor dilferent values of g, @ and
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Figure 2: Graph of the values of X, against the value
of & for p=0.1.

From the graph we may observe that the value of” X
increases as increasing the value of 2,

The lower value shifted towards peak of the graph and
the value of X, for a=0.75 and a=0.85 have the
nearly same value.

For fixed value of Aand different value of p, a we
have different value of X0.

Forfixed A =01, § =04, A=0.1, r=10.1then
Eq.(32) becomes,

I + &)X = 12(0.1)X% + (6 —12a +
270X —12=0 {35)

= 0.1 ;
] X Xy ]
b a=0 0.25 0.5 0.75 0.85 ¥l a=0 0.25 0.5 0.75 0.85
0.1 2.0954 3.0025 3.8994 4.6819 4.0652 0.1 2.0954 3.0025 3.8994 4,6819 49652
0.2 3.2002 4.549 5.4868 6.2491 6.5214 0.2 1.9995 27837 | 3.50691 | 4.2684 4.5%‘_3_'3‘_
E‘E 5.7206 6.7043 7.479 8.1367 B.3768 0.3 1.8772 2.5247 3.1B07 3. 7786 3.9996
0.4 B.3388 9.0486 9.6633 | 10.2129 | 10.4186 0.4 1.7525 2.2812 | 2.8205 3.3224 35102
0.5 [ 10.881% | 11.4298 | 11.9297 | 12.3923 | 12.5686 0.5 16366 | 20713 | 25161 | 2.9368 | 3.0959
0.6 133659 | 13.8148 | 14.2335 | 14.6294 | 14,7822 06 | 1.5329 1.8953 2.2663 26216 2. 7571
0.7 | 15.8207 | 16,1969 | 16.5562 | 16.9008 @349 0.7 1'5&.}-6 1.7482 2.062 | 2.3653 | 2.4818
0.8 | 18.24593 | 185748 | 18.8893 | 158.1937 | 19.3128 0.8 | 13612 | 16246 | 1.8938 | 2.1556 | 2.1568
("] 20,662 | 209491 | 21.2285 | 21.5008 | 21.6078 0.9 1.2904 1.5195% 1.7534 1.982 2.0707
25
£}
20 -
5
15 S
Xo
10 b
B 2
1"y
Q ; 2
0 0.2 0.4 A 0.6 0.8 a T
0 0.2 0.4 0.6 0.8 1

H

Figure 3: Graph of the values of X, against the value
of pfor L=0.1.

From the graph it is clear that the value of” X
decreases for increase the value of p. 1is also note that
the value of X, for p=0.1 have much more difference
than the value of p=0.9 and high value shifled lowards
lower value.

IV Strength of the naked singularity.

It has seen the nakedness of the singularily in the
previous section; in this section we study the strength
of singularity. The Clark and Krolak Criterion the
strength of singularities has been analyzed and shown
that these naked singularities are gravitationally strong.
If the naked singularity is not strong then it cannot be
considered as a physically reliable singularity and
hence such naked singularitics may not be considered
as counter examples to CCH. A naked singularity is
said to be strong if at least along one radial null
geodesic with alfine parameter k. with k = 0 at the
singularity [27], one should have

W= limg g k2R k%" =0 (36)
Where k% is tangent to the null geodesics and Ky is
the Ricei tensor
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using Ee. (243 and (23) we write

W= limy g 2R kT kY = limy g J'f"'.‘:# (kY3 (3T

= [44 = X" +8%) limy_o () (38)
as singularity is approached, & = 0,v = Dand X —
Ky and using [L-Hospital’s rule, we lind that

W= :q.l-.;;ﬁm*).x'n

Ars
I=Zu+ T

(39)

2hNg+E (e +a 00y

Thus the singularity is strong if 41 — (4% 4+ §9)X, > 0
FFor owr particular case (e, 2=0.1, p=0.1, 5=0.4, a=0,
A= =01, X, = 2.0954)

We have 44 — (p® + X, = 0.043782, Thus the
naked singularity arising in the monopole-radiating
dyon solution in the anti-de-sitter space-time is a
strong curvature singularity.

V  Concluding Remarks,

Cosmic censorship conjecture has  become a
challenging and most significant open problem in a
aeneral relativity, Many possible counter examples o
this conjecture lave been propused vver the past Tou
decades. although none of them have proved 1o be
sufficiently generic. In this work, there appears a
singularity that is not hidden by horizon this singularity
is called a naked singularity.

In the present work we have studied monopole
radiating dvon solution in anti-de-sitter space time,
Here we  examine the structure of space lime
singularities formed during the radial in fall of
coherent stream of charged “photons™ — a picce of the
maonopole radiating dyon metric.

It has been shown that the singularitics formed in
gravitational collapse of monopole radiating  dyon
solution in anti-de-sitter background are not hidden
inside the event horizon. Thus one can argue that
composite  charged  field (electric and  magnetic
charges) and gravitational constant docs not affect to
gravily and cannot prevent a naked singularity from
forming completely, so that CCH actually violets.

Also, using the clark and krolak criteria [28] the
strength of singularities has been analyzed and shown
that the naked singularities in the composite solution in
anti-de-sitter background are gravitationally strong.
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