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Brane-World model
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all matter and forces are trapped
in 4-dimensional space-time
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but only gravitational force propagates
higher dimensional space-time
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FIG. 9: The area of the apparent horizon As for the toroidal
matter distribution cases H./r. = 0.1. Plots are normalized
by the area of spherical case (R, = 0). Two types of horizons
do not exist simultaneously. We see both horizons’ area are
smoothly connected at H. /r. = 0.78, and both monotonically
decrease with R_/r,.
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| the location of the apparent horizon (line) for toroidal matter configurations (with
wquator plane is shown for three circle-radius cases:(a) B, = 0.07, (b) H. = 0.78, and
ation of the apparent horizon. We found the common horizon (5%) for (a) and (b),
for (c¢). The asterisk indicates the location of the maximum Kretchmann invariant,
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'7 | -[A /_I_\ _) I/ ‘;Ei@ﬂﬁg 75\ Fate of the first traversible wormhole: Black-hole collapse or inflationary expansion

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

Sean A. Haywardf
j—" Z Department of Science Education, Ewha Womans University, Seoul 120-750, Korea
“ _y Tt (Received 10 May 2002; published 16 August 2002)

I throat of We study numerically the stability of the first Morris-Thorne traversible wormhole, shown previously by
= wormhole 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
3::?3;5 . 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
I~ ~© form an inflationary universe or collapses to a black hole if the total input energy, is, respectively, negative or
B— positive. As the perturbations become small in total energy, there is evidence for critical solutions with a certain
rsind 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
®) -rcose . . — hole always results. However, carefully balanced additional ghost radiation can maintain the wormhole for a
our universe 4\ /\' region nea 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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