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Abstract. Using ideas of cosmological perturbation theories, we make general linear stability
analysis of dynamic thin-shell wormholes constructed by cutting-and-pasting two building-
block spacetimes at arbitrary joining shell radius. We observed that in appropriate parameter
choices, dynamical thin shell wormholes following from such a ent-and-paste procedure can
be kept stable during the whole evolution process towards the final extremal point on which
the joining shell radius reaches on static values. Our work forms a valuable complemen-

Linear stability analysis of evolving thin shell v April 29, 2019 2/ 14




brief introduction to thin-shell wormholes

dynamic thin-shell wormholes constructed by cutting-and-pasting two building-spacetime
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brief introduction to thin-shell wormholes

The motion of thin-shell in the static bulk:
dsg i, = gundz™MdaN = —A(r)dT? + B(r)dr? + R*(r)dQ2 _, ,

Bulk T r Xpo
thin shell t X Ty
embedding | T(t) | r(t) | @2 = Xn_2

Table: Coordinates parameterizing the whole bulk spacetime and the thin shell in
it. The induced metric for moving thin shell is obtained according to

M
R = ef}engB. where eﬁ/f = aa)i“

ds?, . = huvdxtdz” = —dt? + R?*[r(t)]dQ2_,

Exact FLRW-metric!
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brief introduction to thin-shell wormholes

For simplification, n=4, k=1

ds2 . = —F(r)dT? + f(r)"tdr? + r2dQ3

_2m 4 r?
f(r):{ 1— 2™ + 72 (AdS/dS)

2
1-— ﬂ"ﬁ (Hayward)

Setting the energy-momentum tensor in the X as simple ideal fluid types,
T# = Diag{—p, Pa P}

The evolution of thin-shell wormholes could be described by following equations:

. . dr/r = —dp/2(p+ ¢(p))
Darmotis — Israel { 2 = H(r), H(r) = p?(r)r2/16 — £(r)
Equation of state : P = ¢(p)
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Previous perturbation method:
E. Poisson and M. Visser, Phys. Rev. D 52 (1995) 7318
[6#(1)]* = Hilro + &v(t)] — Hiro]

= ~H"[roll6r(1)]? + O[57(+)°]

H(
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o N=H'(ro)=o
1 2 3 4 5 r

Stability =—> H"'[ro] < 0
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brief introduction to thin-shell wormholes

Shortage of previous perturbation method:

(i)Only born-static wormholes are stable. Natural?

H(r)
o
02
02 ”
i S S + 0 w T
/
P
oo T01 H"(r5.4)<0
0 ;‘ H"(r0.2)>0
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brief introduction to thin-shell wormholes

Shortage of previous perturbation method:

(iii)Quantum mechanically, the inhomogeneous and anisotropy fluctuations are unavoidable.

How to describe these fluctuations around the joining shells?
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Fluctuations around the joining shell with unperturbed bulk:

P. Brax, D. Langlois and M. Rodriguez-Martinez, Phys. Rev. D 67 (2003) 104022
(i)perturbations of geometrical quantities

XA (@) = X4 (") + ¢(x)n?

pr = F"u.u + 2C’€uu
1,-2M_-N-Cg .=
A_ _A _A nwoaxA a=—z¢n" """ dcIMN
n =n an -
+ + P gem { BH = —hH(8,¢ 4+ ¢eP R A8cTaB)
—
6Krr = —¢ + ¢aB [V gap — %N 0cgpNn] + ¢g AN aP vV gaL (Vs7p + Vsia)

_ 1 _
+cataB i pana®nCocng — naMoanpdchn — EﬁNﬁcacl"NAB

1 1
~ = _C, -N N, _c N4 _c
- EnQFNABn 8cg"N? — aNocgsn0anC + g 8cgaBONT ]

: l_a_B — 1l c_B_N, _ 1 Brkj, -
57C-ri=—3iC+3iC[5n u V;;“B—E'ncu n BCQBN]+5“ R 8pgKi8;¢

S,

1, 1
= —98;9;¢ + ECﬁNaNgij + EC[EklﬁQﬁNaQﬁjtaNs?ki - ﬁNﬁcﬁQ‘?NﬁijacﬁQ

+ ﬁNacs?ij ann® +a°aNac ONGij + ﬁCﬁQBNS?ij acg™N 9
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Fluctuations around the joining shell with unperturbed bulk:
(ii)perturbed energy momentum tensor

st = —ép
8] = R(1+ w)pd;v

. . . . . 1,k
87} = 6péy + om), ni = 8°8;6m — 56;8 B, 67

(iii)consider the perturbed junction condition which relates matters and geometry

oKT = 3(2=36p+5P)

KT = —LR(p+ P)d;v
sKch = —%(67—[,‘ - %h&{j) = C ez 32"3 s o
mz_{ —5E0'0;8m) (i #4)

—%56;3 (i = j with sum)
combine the expression § P , §p with perturbed equations of state P = ¢’ (p)dp

fiem + bl@d" (p(r)), F£(r), 7, Tlem + cl@d’(p(r)), F(r), 7, 7, dngm =0
where (T, 0, ¢) = Z Nem (T)Yem (6, ¢)

Lm
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AdS spacetime & Phantom like state P = wp , w < O:

200 20 02 o4 o s 0 12 e U
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dS spacetime & Phantom like state P = wp , w < O:

A Ver(N&H"(r)

H(r)
! 1=6,m=1.04
o gp=—01 SASBH .
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Hayward spacetime & Phantom like state P = wp, w < O:

Hayward BH
. A=1/3m=1

Hayward BH
1=1/3,m=1

po=1
0y=-0.8
0y=-0.5899
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Thank youl!
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