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Abstract: Tim Ralph

We consider quantum mechanical particles that traverse general relativistic wormholes in such away that they can interact with their own past, thus
forming closed timelike curves. Using a simple geometric argument we reproduce the solutions proposed by Deutsch for such systems. Deutsch's
solutions have attracted considerable interest because they do not contain paradoxes, however, as originally posed, they do contain ambiguities. We
show that these ambiguities are removed by following our geometric derivation.
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Overview

* Physical model of the interaction of a
quantum system with a Closed Timelike Curve
formed by spacetime geometry

* Connection with Deutsch’s model

* Resolution of problems of the Deutsch
model by the geometric model.

* Conclusions




Creation of a Closed Timelike Curve
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Creation of a Closed Timelike Curve
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FIG. 2. Spacetime diagram for conversion of a wormhole

into a ime machine.




Creation of a Closed Timelike Curve
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Creation of a Closed Timelike Curve
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Qubits in the Presence of CI1Cs
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Key results of the Deutsch Model

(1) No Paradoxes
(1) Non-linear evolution

(11) no signalling
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Problems with the Deutsch Model

(1) Multiple solution ambiguity?
(11) Init1ial state ambiguity?
(111) non-unitarity?

(1v) Extension to field description?
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Bird's eye view
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Traveler's eye view




Following the Information Flow
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irsa: 10120068 Page 24/92




Following the Information Flow

irsa: 10120068 Page 25/92
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Following the Information Flow
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Following the Information Flow
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Following the Information Flow

P = T?‘g[[ Pin | T]
| 10123028 T.C.Ralph and C.R.Myers, to appear PRA, arXiv:1003. 198 fae s




Following the Information Flow
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(1) Multiple Solutions
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(1) Multiple Solutions
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(1) Multiple Solutions
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(1) Multiple Solutions

T.C.Ralph and C.R.Myers, to appear PRA, arXiv:1003. 198 fase4os



(i) Initial state ambiguity

Suppose
pinE = O Pr|ow )bk

irsa: 10120068 Page 41/92




(i) Initial state ambiguity

Suppose
pinE = Sy Pr|ow (k]

Because the system Is nonlinear, in general the answer obtained
by mixing over the inputs will be differentto the answer obtained
by mixing over the outputs!
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(i) Initial state ambiguity

classical
parameters
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(i) Initial state ambiguity

i P = T?‘g[[ Pin | T]
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(i) Initial state ambiguity

U

W

 pout = Tr1[U(pin ® p)UT]
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(i) Initial state ambiguity

Corresponds to
mixing over the outputs!
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(ii1) Non-unitarity

o’
Ve
irsa: 10120068 Page 47/92




(ii1) Non-unitarity




(ii1) Non-unitarity




(ii1) Non-unitarity




(ii1) Non-unitarity




(ii1) Non-unitarity




(ii1) Non-unitarity




(ii1) Non-unitarity




(ii1) Non-unitarity




(ii1) Non-unitarity




(ii1) Non-unitarity




(ii1) Non-unitarity

Overall evolution
o |s unitary
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(ii1) Non-unitarity
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(ii1) Non-unitarity

Overall evolution
_T.C.Ralph, Phys.Rev.A 76, 012336 (2007)  'sunitary




(1v) Extension to field modes
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Mode operators

mode operators in quantum optics
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Mode operators

mode operators in quantum optics

Gl ) = /(H.' G(k) e*\*—t+97)g,

event operator

. Lo / 282( 2, t
ai(z,t) = /qk G(k) F*“"'H"ﬁ'}/ dQ J(Q) et~ Mg; 4 o

T.C.Ralph,6.J.Milburnand T.Downes, Phys.Rev.A.79,022121 (2009).




(1v) Extension to field modes
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Lvent operators

event operator

ai(x,t) = / dk G(k) eF(=—t+¢™) / d2 J(2) e
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event operator
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Lvent operators

event operator

ai(x,t) = / dk G(k) eF(=—t+¢™) / d2 J(2) e
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event operator
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Lvent operators

event operator
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Lvent operators
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Summary

* Described a method for modeling qubits
interacting with geometric CTCs.

* Showed that the model agrees with the Deutsch
model of qubit/CTC interactions - but
resolves several problems.

* Discussed how the model can be extended to

more general quantum field states.







Qubits in the Presence of CI1Cs
Non-Unitary!
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Qubits in the Presence of CI1Cs
Non-Linear!
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Space-time Qubits

0) 2

0y Y2

* Heisenberg Picture

* Field ground-state

* Retain Pauli description
of qubits
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Lvent operators

observers
frame

initial
state
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Decorrelation of entanglement
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Decorrelation of entanglement

Time shift
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Decorrelation of entanglement
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Space time diagram of correlation exp

mirror pbs

Detectors positioned
such that classically
correlated pulses
arrive at same time

source

) =3 caln)aln)
\ -

radial distance
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Space time diagram of correlation exp 2
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