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Introduction

Traversable wormholes are fascinating objects.
— space-time short cut, time travel.

Problem: instability, use of exotic matter, great tidal force...

—Stability of wormhole spacetime is the first priority.

Einstein-Gauss-Bonnet gravity
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The Gauss-Bonnet term appears in the action as the ghost-free quadratic
curvature correction term in the low-energy limit of heterotic superstring
theory in ten dimensions.
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Vacuum solutions
ds® = —f(r)de® + f(r) " dr® +r2(dQ5_,)%,  f(r) =k —

Constructon

Assumption for symmetry: Z, symmetry

Junction conditions
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d— 2 ,
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Assumption for matter: negative tension




@ Master equation & Stability

V(a) Birkhoff’s theorem —

Schematic figure no gravitational waves from radial motion
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Master eq for radial motion : @* + V (a) = 0,

V(o) = fa) - ( jﬁ‘;)Q 5
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@ Master equation & Stability

V(a) o Birkhoff’s theorem —
Schematic figure no gravitational waves from radial motion
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Master eq for radial motion : @* + V (a) = 0,
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Spherical wormhole s
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is unstable E/A“a

*%Generalization of Einstein-Maxwell system— T.K, Harada, 2015



Classification
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Kinstein-Gauss-Bonnet gravity

1
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(v : coupling constant, inverse string tension o > O

Vacuum solution
ds = f(pde = e
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— : the GR branch
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Construction

Junction conditions: [K*j]+ — 6,[K]+ + 2c (S[J"j]i — &8 [J]+ — 2Pikjl[Kkl]i) = —k3S5",

Jij = = QKK K" + KuK" K;; — 2Ky, KM Ky — K°Kyj5) ) Pigji = Rkt + 2hip R + 2hei Ruyi + Rhaihy
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Assumption for matter: negative tension

Assumption for symmetry: Z, symmetry




© Masier cquation& Stability analysis

Birkhoff’s theorem — no gravitational waves from radial motion

Master eq. for radial motion: ¢* + V(a) =0

V(a) :=f(a) — J(a)a’,

1/3 167202
) = {18&92 @A 6\/&92(9&92 + A(a)3/2)} . 2= (d—2)2

Stability criterion

V“(ao) Rl QkP(CLO)

CL%(CL% + 2ka + Q&fg)(a% + 2ka — 2C~kf()) :
P(ao) ::4&2f0{6k — = 3)fo}+(a3 + Qk&){(d — 3)af + 2(d — 5)k&}

—  [V"(ag) x —kP(ap)

k=410



Instability for £ = 1 with m > 0

V" (ag) < —P(ag)

P(ag) :4&2f0{6 —(d— 3)f0}
+ (ag + 2&){(d — 3ag +2(d — 5)&}
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Figure: The potential V (a) for d = 5,6, 7 in Einstein and Spherical Worm hOIe

Einstein-Gauss-Bonnet (EGB) gravity with £ = 1, a = 0.02,
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Effect of the Gauss-Bonnet term on Stability

GB shell wormhole turned out to be unstable.
But, how unstable is it when compared with Einstein shell wormhole?

sufficiently small ¢ : € := &/ a% <1

— Perturbative analysis: g = Gg + G(1)€ + a(2)€2 e

SJE(aE
— € expansion up to Ist order : Vig(ag) = Viinstein (@E) — k / (2 ) €
a
E

V(a) I_ I
04} Ndos g — EGB I I

e _

';/32' =5 | FOB
[ — — Einstein
0 i d=17 "::""*--—--,,,,,,,’,” I I

\l ——
0 | ‘

I L — —

GB-potential is Steeper than Einstein-potential.



Classification

Static solutions exist? Stability
o B R D Yes Unstable
m <0 No =
= A > 0: No —
Le—=() A < 0: Yes Marginally Stable
m # 0 No -
m >0 No —
m < 0 A>0: No ~
—(2d —5)/(2d — 1) < 4aA < 0: Yes Stable
k=—1 daN = —(2d —5)/(2d — 1): Yes Stable or Marginally Stable

—1 <4aA < —(2d —5)/(2d — 1) with d = 5: Yes

Stable or Marginally Stable

b G = B Lo il = G s

Stable, Marginally Stable
or Unstable




Summary

+We construct thin-shell wormholes made of its tension in the arbitrary
dimensional spherically, planar, and hyperbolically symmetric
spacetimes in both Einstein and EGB gravity.

« Spherical shell wormhole is unstable in both Einstein and EGB
gravity.

+Small GB term destabilizes spherical wormhole.

*\We gave analytic classification for all possible wormhole cases.






Stability for k= —1 with m < 0

3 1
Static equation (3 — 4aA)z® — 2(d — 1)kzy + Z(d — 1)%y? + 166kx — 4day + 16672 = 0
X

™m
where ¥ := a%, =

T =21 (y) is solution to static eq.

r = Ip (y ) is solution to static eq.
and represents marginal
stability.

f(CL()) > U= constraint for CIjmax(y)
: /A(ao) ) = conStran I OF= X (y)
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f(a):k—l—a—(l— A(a)), A(a) ::1—|—464/~\—|-4&m
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T = Tmax(y) and x = x4 (y) never intersect.

“& Any solution in
r = 4 (y) does not enter physical domain. the domain of Y < Ye(+) isstable.

*

Solution does not exist




Intersection between x = z (y) and z = z_(y) d = 5 :Stable or marginally stable
is located on & = xp(y)

% d > 6 :Stable, marginally stable
or unstable

Stable or marginally stable



Non-existence for {

V' <0 for k=1 with m < 0.
V' >0 for k= —1 with m > 0.
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} no static wormhole




Perfect fluid

For k=1 with m>0, the wormhole with pure tension is unstable
in both Einstein and EGB gravity.
— how about more general matter?
— ¢.9. perfect fluid

In Einstein gravity
7 2(d L 3)k I(a’ ) AV /4;4,0(0,)2
Vv (CLQ) = — a(Q) ) ag—OQ ; I(ao) = (a,dQQ )aza()? Q(a,)2 — 4(2 2 2)2 .
Forl=1

If I(ag) >0 is satisfied, wormhole is unstable.

Dust fluid (p=0) is such a matter field.
— dust shell wormhole is unstable.




In Einstein-Gauss-Bonnet gravity
Ps(ap)

a2 (3w_ + 4afo)3wiw_

Pg(ao) ::2k(3w_ =F 407f0)3P(a0) 3 6a(7)P2(ao),

) == Wi = a2 + 2ké + 2afo(> 0),

Ps(ag) :=(3w_ + 44 fO)Q{w_a(;(d—”[(ao) i 8&k9096}+12&a8(§2096)2,

P(ag) := 4&2f0{6k — (i = 3)f0}+(a,3 - Zk&){(d — 3)ad +2(d — 5)k&}

For k=1,
If I(ao) >0 ig satisfied, wormhole is unstable:

Ps(ag) :=2(3w- + 4afo)* P(ao)

- 6af{ (3w + 460 (w-ag ™ lan) + 8a29% ) +1280] 20 %)
2046 fo)* Plas) + 6af{ (4810)*(53920%) + 1230}(0%)* |
>2(4éfo)>16&2 fo + 6a5{(4&f0)2(8&9096) + 12&@8(90%)2}

%
=8&{(4df0)2 4 3a590%} >0

Dust fluid (p=0) is such a matter field.
— dust shell wormhole is unstable.




