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also known as

Einstein-Rosen FIG. 2. Spacetime diagram for conversion of a wormhole
bridge i into a time machine.
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...but all these treatments are non-relativistic (not even dynamic)...
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Following the Information Flow
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Space-time Qubits
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* Heisenberg Picture

* Field ground-state

e Retain Pauli description
of qubits
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Space-time Qubits

2-tler approach
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Heisenberg evolution of single particle production
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Space-time Qubits

2-tler approach:
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Space-time Qubits

2-tler approach:
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Mode operators

mode operators in quantum optics
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event operator
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event operator

/d }J{r}} i (tg— Tif;lja 5O

:|: / f?ﬁﬁ;[:r—:rl:]

T.C.Ralph, G.J.Milburn and T.Downes, Phys.Rev.A. 79, 022121 (2009).




Event operators

observers

initial
state




Event operators

observers
Minkowski

Space

initial
state




Decorrelation of entanglement

#y=10)]0) +] 1] 1)

entanglement




Decorrelation of entanglement

#y=10y]0y+| 1)] 1) | Tr,{| w)#|)

entanglement

no entanglement

Tr {| Wx¥ [}




Decorrelation of entanglement

#y=10y]0y+| 1)] 1) | Tr,{| w)#|)

entanglement

no entanglement

Tr {| Wx¥ [}

does not require an interaction

Predicted by all models




Following the Information Flow




Following the Information Flow




Decorrelation of entanglement

#y=10y]0y+| 1)] 1) | Tr,{| w)#|)

entanglement

no entanglement

Tr {| Wx¥ [}

does not require an interaction

Predicted by all models




Decorrelation of entanglement

#y=10y]0y+| 1)] 1) Tr,{| w)#|)

entanglement

no entanglement

Tr {| Wx¥ [}

does not require an interaction

Predicted by all models




Decorrelation of entanglement

#y=10y]0y+| 1)] 1) Tr,{| w)#|)

entanglement

no entanglement

Tr {| Wx¥ [}

does not require an interaction

Predicted by all models




Decorrelation of entanglement

#y=10)]0) +] 1] 1)
#y=10y]0) +] 1] 1)

entanglement
entanglement

does not require an interaction

Predicted by all models




Decorrelation of entanglement

Time shift




Decorrelation of entanglement

#y=10y]0y+| 1)] 1) | Tr,{| w)#|)

entanglement

no entanglement

Tr {| Wx¥ [}




Decorrelation of entanglement

¥y=10)[0)+] 1] 1) Tr{l XY}

entanglement {8

no entanglement

Tr {| Wx¥ [}

T.C.Ralph, G.J.Milburn and T.Downes, Phys.Rev.A. 79, 022121 (2009).




Space time diagram of correlation exp
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Summary

* Described a method for modeling qubits as
dynamic space-time objects

* Discussed the physical content of the Deutsch

approach to solving CTCs

* Generalized our space-time qubits so as to be

compatible with CTCs
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