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Deutsch CTCs

U

Chronology
respecting 
(CR) i t

U
(CR) registers

CTC registers

in compact region, cannot be 
prepared, measured, or reused

No grandfather paradox if the state of the CTC is left invariant by
the above interaction with the CR registers

prepared, measured, or reused

the above interaction with the CR registers.  

circuit diagrams vs spacetime diagrams

EGGIWW�XS�XLI�'8'�MW�ZME�E�GIVXEMR�
MRXIVEGXMSR�9�FIX[IIR�'6�ERH�'8'�



Deutsch CTCs
no grandfather paradox
reduces to QM far away
count complexity of U

Such CTC state always exists;  
can be mixed and not unique.  

U

Chronology
respecting 
(CR) i t

CR 'CR

 U
(CR) registers

CTC registers

CTC

State emerging from the interaction: U CR ⊗ CTC U�State emerging from the interaction:   U CR ⊗ CTC U

Consistency requirement:  
Output in CTC registers = TrCR U CR ⊗ CTC U� = CTC

The fixed point CTC depends on CR

Evolution of CR registers: ' = Tr U  ⊗  U�Evolution of CR registers:   CR = TrCTC U CR ⊗ CTC U�

which is nonlinear !



Example (Brun, Harrington, Wilde 2008):

|i

|i
|i

|i|i

CTC

|i

CTC

where U00 = SWAP,  U01 = X ⊗ X, U10 = XH ⊗ I , U11 = (X⊗X) SWAP.

For |i = |0i, |1i, |+i, | -i,  |i|i = |00i, |01i, |10i, |11i resp.

BB84 states !! cannot distinguish nonortho states in QM

What do mean by discriminating states?  How do we describe 
the state in the CR register?   



State discrimination R: someone who knows
ρx or where ρx originates

|yihy|

Referee

wp px
|xihx|



doesn’t 
know x

|yihy|xAlice

Initial state:  x px |xihx| ⊗ ρx

l | ih | ( | ) | ih |Final state:  x px |xihx|  ⊗ q(y|x) |yihy|

succeeds if    ≈ x px |xihx| ⊗ |xihx|



State discrimination with Deutsch CTCs

|yihy|

Referee

wp px
|xihx|



The fixed point μ is 
independent of x,
and can be calculated

doesn’t 
know x

|yihy|xAlice and can be calculated 
and prepared by Alice 
without a CTC ... 

Initial state:  x px |xihx| ⊗ ρx

Thus, ρCR = x px ρx = μ (or equivalently x px |xihx| ⊗ ρx ) 

Solving for:  TrCR U CR ⊗ CTC U� = CTC independent of xg CR CR ⊗ CTC CTC p

gives  'CR = TrCTC U CR ⊗ CTC U� = ν independent of x

Output state:  p |xihx| ⊗Output state:  x px |xihx| ⊗ ν

and the answer is independent of the question
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