
Avoiding closed timelike curves with a
collapsing rotating null dust shell
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Introduction

• Several solutions to EFE display CTCs: van Stockum, Gödel,

NUT, Gott (usually associated to rotation).

• Cosmic censorship implies that for reasonable matter one

cannot evolve CTCs from generic initial data, since maxi-

mal development is globally hyperbolic and generically inex-

tendible.

• Example: what happens if one tries to create a spinning

cosmic string from an incoming rotating cylindrical null shell?
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Hyperboloid in Minkowski space

• Parameterize hyperboloid −τ2 + ξ2 + η2 = a2 in Minkowski

space g− = −dτ2 + dξ2 + dη2 by














τ = u

ξ = a cosψ − u sinψ

η = a sinψ+ u cosψ

• Induced metric is

h− = 2a du dψ+ (u2 + a2) dψ2
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Rotating cosmic string

• Rotating cosmic string is given by the metric

g+ = −(dt+mdϕ)2 + C2dr2 + r2dϕ2

It is just flat space with unusual identifications.

• CTCs for r2 < m2.

• Mass and angular momentum per unit length are

µ =
C − 1

4C
J =

m

4

3



Hyperboloid in rotating cosmic string metric

• Null geodesics are parameterized by














t = bC tanλ−mCλ

r = b secλ

ϕ = Cλ+ ψ

• In the new set coordinates {λ, b, ψ} the metric becomes

g+ = 2bC(b−m) sec2 λ dλ dψ+C2db2−2mC tanλ db dψ+(b2 sec2 λ−m2) dψ2
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• The metric induced on a hypersurface {b= constant} is

h+ = 2bC(b−m) sec2 λdλ dψ+ (b2 sec2 λ−m2) dψ2

or setting u = b tanλ

h+ = 2C(b−m) du dψ+ (u2 + b2 −m2) dψ2

• Matching conditions are






a = C(b−m)

a2 = b2 −m2

In particular that the matching requires b > m, so that the

shell bounces before CTCs are revealed in the exterior.



Shell matter

• Computing the jump on the second fundamental form one

arrives at

Tαβ∂α ⊗ ∂β =
m

8πCaρ
δ

(

ρ−

√

τ2 + a2
)

∂

∂u
⊗

∂

∂u

where ρ2 = ξ2 + η2.

• Therefore matter is a null dust with surface density

σ =
m

8πaCρ
=

C2 − 1

16πC2ρ
=

(C +1)

2C

µ

2πρ
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• Similarly

−Tαβ
(

∂

∂τ

)

α

(

∂

∂ϕ

)

β

= aσδ

(

ρ−

√

τ2 + a2
)

corresponding to a surface angular momentum density

j = aσ =
m

8πCρ
=

1

C

J

2πρ

• Densities slightly puzzling. Notice that solution is not sta-

tionary (so one cannot use Komar integrals).


