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Figurative representation of a black hole in action. All details of the infalling matter

are washed out. The final configuration is believed to be uniquely determined by
mass, electric charge, and angular momentum. Figure 1
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naked singularity vs cosmic censorship conjecture
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N
Whereas Stephen W. Hawking firmly betieves that ] | \— f\— > 9

naked singularities are an anathema and should

be prohibited by the laws of classical physics, N )
S "BROKFER(IYIEELC

And whereas John Preskill and Kip Thorne

regard naked singularities as quantum AR
gravitational objects that might exist unclothed ck j T ZI< I | é n T L \ % J

by horizons, for all the Universe to see,

Therefore Hawking offers, and Preskill/Thorne
accept, a wager with odds of 100 pounds stirling

to 50 pounds stirling, that when any form of e}

classical matter or fieid that is incapable of \/ — \J 7 L/ Z # } l/

becoming singular in flat spacetime Is coupled to ’

general relativity via the classical Einstein I- =

equations, the resuit can never be a naked % D 1? % J

singuiarity. ~

The loser wilf reward the winner with clothing to e ‘

cover the winner’s nakedness. The clothing is to
be embroidered with a suftable concessionary

e B (SR EE S BYER
TR J s BlCHEZRDZL

Stephen W. Hawking  John P. Preskill & Kip S. Thorne
Pasadena, California, 24 September 1931
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Formation of Naked Singularities: The Violation of Cosmic Censorship

Stuart L. Shapiro and Saul A. Teukolsky

Center for Radiophysics and Space Research and Departments of Astronomy and Physics,
Cornell University, Ithaca, New York 14853
(Received 7 September 1990)
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S

We use a new numerical code to evolve collisionless gas spheroids in full general relativity. In all cases
the spheroids collapse to singularities. When the spheroids are sufficiently compact, the singularities are
hidden inside black holes. However, when the spheroids are sufficiently large, there are no apparent hor-
izons. These results lend support to the hoop conjecture and appear to demonstrate that naked singulari-
ties can form in asymptotically flat spacetimes.

LT i e p R e 1

[

0

FIG. 3. Growth of the Ricmann invariant 7 (in units of
M =) vs time for the collapse shown in Fig. 2. The simulation
was repeated with various angular grid resolutions. Each curve
is labeled by the number of angular zones used. We use dots to
:show where the singularity has caused the code to become
inaccurate,
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AL B 2 19
1||v||ﬁr[:
t/M=T77 1

FIG.‘ 4. .Proﬁle of I in a meridional plane for the collapse
shown in Fig. 2. For the case of 32 angular zones shown here,
the peak value of 7 is 24/M* and occurs on the axis just outside

i
,..l,.,n...|...,14j the matter.
1 ; 2 4 6 8 10
Equator Equotor
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N
Whereas Stephen W. Hawking (having lost a previous bet /_I_\ # / 7
on this subject by not demanding genericity) stilt firmiy be-

lieves tha-t naked singularities are an anatl.;ema and should J— % B’\J 7‘8: *}J /HH 7%'{42 -t“‘ (3: , *% 0) LLI"%

be prohibited by the laws of classical physics,

And whereas John Preskill and Kip Thorne (having won the , = A (3:%_&._ LJ 7& L \ J

previous bet) still regard naked singularities as quantum
gravitational objects that might exist, unclothed by hori-
zons, for all the Universe to see,

Therefore Hawking offers, and Preskill/ Thorne accept, a \/ i \J 70 I_/ Z # ) |/
’

wager that
When any form of classical matter or field that is inca- r =
pable of becoming singular in fat spacetime is coupled 5 D
to general relativity via the classical Einstein equations,
then
A dynamical evolution from generic initial conditions (i.e.,
from an open set of initial data) can never produce a naked
singularity (a past-incomplete null geodesic from 1, ).

The loser will reward the winner with clothing to cover the
winner’s nakedness. The clothing is to be embroidered with
» truly concessionary message.

PUSPRRN f (REE S BUERECS
. Hawking ' Joijn P. Preskill & Kip S. Thorne i, % G)%q:% (: (3: Q:I L’l% le\w 5 K
Pasadena, California, 5 February 1997 Jé; % ]\Jh, % Z t .
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What can we learn from gravitational waveform?
(Suppose NS+NS ->BH)

ll IR lll I

INSPIRAL —p (OALESCE|| = BLACKHOLE
| TION

WAVEFORM

e ayaTAl : ~ milli
~ mins (~ 1000 rot. ) sec [, T 10mfseq

e=0 : b time -50 0
_sp—ap—| +——, Post Newtonian  Numerical BH. Perturbation
I

— Approx. Relativity

e=06 e=0..8

DEPENDENCE ON ¢, FOR 6=0: ISCO freq => EoS of NS,
Amp (h) 2 cos e waveform => Formation of BH or NS,

Amp (h,)  1+cos.
: BH mass
w . n _ . - 3/5 1/5 ’
chirps" df/dt => chirp mass, Mc = (M1 M2)*>/ (Mi+M2) BH angular momentum,...

amplitude up => Mc, distance
amplitude h+/hx => inclination
waveform => eccentricity

moduration => spin, ... statistics => cosmological parameters
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world

New dimensions in Simulation
Cosmology, catalysis and climate change

Quarks finally break free
The story of fibre optics
Science centres expand worldwide
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FIGURE 1

Veloaty-Distance Relation among Extra-Galactic Nebulae,

Radial velocities, corrected for solar motion, are plotted against
distances estimated from involved stars and mean luminosities of
nebulae in a cluster. The black discs and full line represent the
solution for solar motion using the nebulae individually; the circles
and broken line represent the solution combfning the nebulae into
groups; the cross represents the mean velocity corresponding to
the mean distance of 22 nebulae whose distances could not be esti-
mated individually.
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Fig. 1. (a) Embedding diagram for a wormhole that connects two differ-
ent universes. (b) Embedding diagram for a wormbhole that connects two
distant regions of our own universe. Each diagram depicts the geometry of
an equatorial (6 = 7/2) slice through space at a specific moment of time
(t = const). These embedding diagrams are derived quickly initem (b) of
Box 2, and—in a more leisurely fashion—in Sec. I1I C, where they are alsos
discussed. This figure is adapted from Ref. 1, Fig. 31.5.
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VOLUME 66, NUMBER 9 PHYSICAL REVIEW LETTERS 4 MARCH 1991

Closed Timelike Curves Produced by Pairs of Moving Cosmic Strings: Exact Solutions

J. Richard Gott, III

Department of Astrophysical Sciences, Princeton University, Princeton, New Jersey 08544
(Received 18 October 1990)

Exact solutions of Einstein's field equations are presented for the general case of two moving straight
cosmic strings that do not intersect. The solutions for parallel cosmic strings moving in opposite direc-
tions, each with y, > (sindxu) ™' in the laboratory frame show closed timelike curves (CTC's) that circle
the two strings as they pass, allowing observers to visit their own past. Similar results occur for non- No TIME TRAVEL
parallel strings, and for masses in (2+1)-dimensional spacetime. For finite string loops the possibility
that black-hole formation may prevent the formation of CTC’s is discussed. ~
' &
N
~
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Figure 11, Space Around Two Cosmic Strings Figure 14. The Region of Time Travel Around Two Cosmic Strings
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PHYSICAL REVIEW D 66, 044005 (2002)

Fate of the first traversible wormhole: Black-hole collapse or inflationary expansion

Hisa-aki Shinkai* '
Computational Science Division, Institute of Physical & Chemical Research (RIKEN), Hirosawa 2-1, Wako, Saitama, 351-0198, Japan

Sean A. Hayward'
Department of Science Education, Ewha Womans University, Seoul 120-750, Korea
(Received 10 May 2002; published 16 August 2002)

We study numerically the stability of the first Morris-Thorne traversible wormhole, shown previously by
Ellis to be a solution for a massless ghost Klein-Gordon field. Our code uses a dual-null formulation for
spherically symmetric space-time integration, and the numerical range covers both universes connected by the
wormhole. We observe that the wormhole is unstable against Gaussian pulses in either exotic or normal
massless Klein-Gordon fields. The wormhole throat suffers a bifurcation of horizons and either explodes to
form an inflationary universe or collapses to a black hole if the total input energy, is, respectively, negative or
positive. As the perturbations become small in total energy, there is evidence for critical solutions with a certain
black-hole mass or Hubble constant. The collapse time is related to the initial energy with an apparently
universal critical exponent. For normal matter, such as a traveller traversing the wormhole, collapse to a black
hole always results. However, carefully balanced additional ghost radiation can maintain the wormhole for a
limited time. The black-hole formation from a traversible wormhole confirms the recently proposed duality
between them. The inflationary case provides a mechanism for inflating, to macroscopic size, a Planck-sized
wormhole formed in space-time foam.
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Bifurcation of the horizons — go to a Black Hole or Inflationary expansion
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Figure 4: Partial Penrose diagram of the evolved space-time.
Figure 6: Areal radius r of the “throat” =" = x~, plotted as a function of proper time. Additional negative energy causes
inflationary expansion, while reduced negative energy causes collapse to a black hole and central singularity.
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Travel through a Wormhole — with Maintenace Operations!

case C

X minus

case A (no maintenance)

normal scalar pyiSe
(travellers)

ghost scalar pulse
for maintenance

X pIus

Figure 11: A trial of wormhole maintenance. After a normal scalar pulse, we signalled a ghost scalar pulse to extend the life
of wormhole throat. The travellers pulse are commonly expressed with a normal scalar field pulse, (¢4, ¢, ¢.) = (+0.1,6.0,2.0).
Horizon locations ¥ = 0 are plotted for three cases:

(A) no maintenance case (results in a black hole),

(B) with maintenance pulse of (¢,, ¢, ¢.) = (0.02390, 6.0, 3.0) (results in an inflationary expansion),

(C) with maintenance pulse of (c,. ¢, ¢.) = (0.02385, 6.0, 3.0) (keep stationary structure upto the end of this range).
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Quantum foot in the door

ALL around us are tiny doors that lead
to the rest of the Universe. Predicted

by Einstein’s equations, these quantum
wormholes offer a faster-than-light short
cut to the rest of the cosmos—at least
in principle. Now physicists believe they
could open these doors wide enough to
allow someone to travel through.

Quantum wormholes are thought to
be much smaller than even protons and
electrons, and until now no one has
modelled what happens when something
passes through one. So Sean Hayward
at Ewha Womans University in Korea and
Hisa-aki Shinkai at the Riken Institute of
Physical and Chemical Research in Japan
decided to do the sums.

They have found that any matter
travelling through adds positive energy
to the wormhole. That unexpectedly
collapses it into a black hole, a
supermassive region with a gravitational
pull so strong not even light can escape.

But there’s a way to stop any would-be
traveller being crushed into oblivion.
And it lies with a strange energy field
nicknamed “ghost radiation”. Predicted
by quantum theory, ghost radiation is
a negative energy field that dampens
normal positive energy. Similar effects
have been shown experimentally to exist.

Ghost radiation could therefore be
used to offset the positive energy of
the travelling matter, the researchers
have found. Add just the right amount
and it should be possible to prevent the
wormhole collapsing—a lot more and
the wormhole could be widened just
enough for someone to pass through.

It would be a delicate operation,
however. Add too much negative energy,
the scientists discovered, and the
wormhole will briefly explode into a new
universe that expands at the speed of
light, much as astrophysicists say ours
did immediately after the big bang.

For now, such space travel remains
in the realm of thought experiments.
The CERN Large Hadron Collider in
Switzerland is expected to generate one
mini-black hole per second, a potential
source of wormholes through which
physicists could try to send quantum-
sized particles. But sending a person
would be another thing. To keep the
wormhole open wide enough would take
a negative field equivalent to the energy
that would be liberated by converting the
mass of Jupiter. Charles Choi
More at: www.arxiv.org/abs/qr-qc/0205041
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Brane-World model

Brane (4-dim, t,x,y,z) Another Brane?

Bulk /

(with cosmological constant?)

5th dimension - 5th dimension

,  all matter and forces are trapped
in 4-dimensional space-time

/

but only gravitational force propagates
higher dimensional space-time
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A theoretical framework lor testing theorles of gravitation, which separates theories inis
those that are viable and those that are nonviable by sending each through a serles of
tests. Most of these tests compare the theory’s predictions with the resulls of experl-
ment. but one test (TEST-1) judges each thoory’s completeness, self-consistency and
agreomant with Newtonian physics at lowost ordor.  Only a low theorles, including gener-
al relativity, are currently viable, that Is, pass all five tosts in the framework. Future lests
may rule out some of the currently viable theories. If the theoretical framework misrep.
resents any theory of gravily, we apologize o its proponents and uwrgo them to demon-
trate explicitly its complotoness, sell-consistency and corroct experimantal prediclions.
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