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Outline & Summary

(a) “Fate of Morris-Thorne (Ellis) wormhole” was numerically investigated in 2002. [HS & Hayward, PRD66, 044005].
The fate is either black-hole collapse or inflationary expansion, depending on the excessed energy.

(b) The higher-dimensional Ellis wormhole solutions are obtained.
Perturbation study suggests instability. [Torii & HS, PRD88 (2013), 064023] % P
Numerical evolutions in 4-6 dim confirm its instability. [this poster] TEEny

(c) The wormholes in 5-dim. Gauss-Bonnet gravity are numerically obtained.
Evolutions suggest that positive GB term accelerates throat inflation.

Motivations N-dim. Ellis Wormhole sol.

T—LA— L ERATESY

Time Machine &
Science of Space-time

( \ ) (HS,2011)
Why WOthO|eS? A Wormhole Solution (n-Dim, massless ghost scalar)
wapherical symmetry.
e = Fietion — shert between othenwise dstan H . .
* ey e gt s ek - ot s b o ¢ regions. ds? = —f{t, B 5 f(t, ) R (1) Perturbation Analysis
» They increase our understanding of gravity when the usual energy conditions are not » with massless ghost scalar field o, ~
satisfied, due to quantum effects (Casimir effect, Hawking radiation ) or altemative gravity wstatic, f = 1, and throat radius R(0) = o; Just solve ~* See the poster PO1. Torii & HS, PRD88 (2013), 064023
thecries, brane-world models etc, #R (n— 3D
« They are very similar to black holes —both contain marginally) trapped surfaces and can ,,;i i , @
e ey g b (1) e ® P : = T
Wormhole = Hypersurface foliated by marginally trapped surfaces _"r == b e
- . . -l —=] T asmsamm
« BH and WH are interconvertible? o C : ,__,_.__,,..::( i = ===l ¥ 3 Dlovmmanen
W izomeneos
New duality? 1) sk 1 wcmdar el & (B wre
plotied m o function of rdial oo oA s Umstable.
wrdisate v, The cases of 5 = 410 N ) N N : tr
[1] How the stability changes in 5-d GRT P— The posemtlal Jomcidon Wir). The dpmbnetion ¥,
[2] How the stability changes in Gauss-Bonnet gravity?
. I
BH and WH are interconvertible 7 (New Duality?) * . . .
T WH evolution in 4, 5, 6-dim. GR ~ ineren.
o Ty e )
and can be defined by trapping horizons (TH) 4d 5d 6d GR 4d 5d 6d GR
o usal nature of the THs differs, THs evobve o ; )
e e T e Tt z ghost pulse (=ccitonal amp.) input ghost pulse (subtract amp.) input
Black Hola Wormhale. . .
Leally Acheonal[spatialnull) | Temporal (temelike) ".9 i =
dufined by | cuter TH outer THs a i
= Lvay traversable | = Zoway travensable . P .—u/ 7
Einstein eqs. | Positive energy demsity | Negative energy dessity . ,/,- .__.*'/,
nomal matter . . - LAr
wstic” mattes ; o
{or vacuum) B y
Appearance | aceur naturally Unlikely to eccur naturally. .
| but constructibe 777 ' "
\ y, T
negative energy input —» throat inflates

Results in 4-dim. GR

PRD66 (2002) 044005 ( )
( \
o
Bifurcation of the horizons Field Eqs m
-- go to a Black Hele or Inflationary expansion °
o Ficld ogs.
Gy 03l + g = 52T @
whore Hy = JRR 0 = R, = TR s 4 R R = bipailcn
Assunptions
o . o
€ bedim. Spherieal Symmot
WH evolution in 5-dim. GB Dot
. ” PP F ]
in prep. det = e e de” e, ]
( ‘/
conformal factor  §1= - o]
Wormholes in Gauss-Bonnet gravity (initial data on z*) expansions i -';s_r_; - =30 ]
inallinities e, =i 6)
momentn of ¢ ¢ &= e m
= = - momenta of ¢ 7o = il = {8 8
’,/ ”,} A // & > 1-' /'_ = = E:\ Omatter = mormal Gebd (s, ©) andfor ghost feld o, o)
e PR - - Tu=TL+T2 )
y A : \\_5 =T 4TS
Y o ) -t - o — - [‘-,.-_, -M.lei-_hr.f..-.)]», l_u,v,.__“., (—;((‘uf-& l',{oj}]
i - '_0 |- - - - '_.. - - T w - .—w )
Sealar ek o) for varkos o Expamibon #.(5"] Conborread factor He )
Field Equations in 5-Dim. Goauss-Bonnet gravity
5d GR vs Gauss-Bonnet instability appears e P (sl e foe ). dsimo o) B=RT. selA
| *-deection 0, -di i,
| o 21 a0
m
& L1 [ / A | (=]
Travel through a Wormhole =0 =0 - A
— with Maintenance Operations! // e ®
o o A s 3 [0
. o \ " % / » 8 - u&-:.:l o J-.?r_._‘:"r A) | S ®
| 7 ” 8 ©
& 3 (]
. . “/ ) N p S s v 8y = = ol _;sv.!. 5’,“:' ®
; 4 ¢ > Y% oo e -0, - S - o1 ”
N NG . . Enesgy-mermantom teaier
R BH formation throat inflates Tao =i 1) i
.
" R e g P
T whars Loy =% = R + Rne B T m el — pap) — g (Hil9) - i) 3
\ J \ J \ J

shinkai@is.oit.ac.jp http://www.is.oit.ac.jp/~shinkai/ @ JGRG23 workshop, Hirosaki U., 2013/11/5-8




