Traversable Wormholes and Scalar Fields
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Background The Casimir Effect

Casimir
p < 0
Traversable wormholes Typically, conductive plates
e would allow FTL communications & time travel, e impose boundary conditions,
e require exotic matter (negative energy) in GR. e induce p&asMmir < (), .
plate : —
Topological Censorship Theorem: ® but p . > 0 dominates.
= ANEC is obeyed.
ANEC = No Traversable Wormholes
Average Null Energy Condition (ANEC): However. ..
dat dx” o
(p)r = / T dA > 0, If pLasimir g senerated by
r dA dA
topology and curvature,
for all complete null geodesics I' (affine parameter \). the ANEC can be violated.
However, the ANEC can be violated by quantum fields. Quantum Field

A Long Thin Wormbhole, supported by its own Casimir Energy

Seek traversable wormhole spacetime that solves , , o T JIZ g 2 12, 5 21 .9
- ds®* = —dt* +d L — L do in“6d
G,ul/ __ KT’EVa&mlr 1+ /{Tﬁid.7 S + dz” + _ + Z -+ OJ_ ( -+ S1n ¢ )

° TEVaSimir induced by the wormhole throat,

o Tﬁﬁd' obeys all energy conditions.

& >

A long thin wormhole L > a

e generates a large Casimir energy: |p| oc 1/a?, ~———

e requires less exotic matter: |p| o< 1/La, \/

= can have both a, L > [, (plank length). . |2a \\‘.
Results obtained for a contormally coupled massless \‘
scalar field. Methods:

e mode sum approach with Abel-Plana formula, \

e Pauli-Villars regularisation, Casimmis 1 -

e renormalisation (introduces unknown ay). Generates: Ty ~ 98807244 _dlag(—l, 1,—1,-1)2In(a/ao) _

. + diag(0,0, 1, 1)

TEVaSIm” cannot stabilise the wormhole, but slows | 972 :
the collapse significantly. Requires: pexotic — wa(L? 1 22)32

Slow Collapse and Light Crossing

Promote a — a(t), then Einstein field equations = G = —1/L while a > ape'/? and a=?In(a/ag) > 2°2F. Hence, the
p

central region (|z| < L) of the throat behaves as follows:
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Supported by its own Casimir energy, a long thin wormhole collapses sufficiently slowly that light can traverse the throat!




