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The commutation relation can be ⋛ 1 inside a cavity 
Ueda & Imoto PRA50, 89(1994) 

Question: 
How about “cavity  
in time domain”?
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It is a famous story that Wheeler said “Why are  
electrons indistinguishable? That's because they  
are single electron incarnate."  
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 Consider the following situation: 
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How can you observe this phenomena? 
Usually, you just wait this (particle/anti-particle generation 
+ recombination) spontaneously happens in the vacuum. 
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Usually, you just wait this (particle/anti-particle generation 
+ recombination) happens from vacuum. 
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But I want to ask: isn’t there any possibility of  
engineering this happen?
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+If you have mirrors in time domain, however, you may  
+engineer this happen.
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If a mirror in time 
domain available…

If a mirror in time 
domain available…
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If this kind of thing could be reproduced controllably,  
ᴕᴕᴕᴕᴕᴕᴕᴕᴕᴕᴕthen, time-domain resonators also could be built.
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Quantum teleportation can do it!
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Quantum teleportation can do it!
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Quantum teleportation can do it!
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A mirror in 
time domain

A mirror in 
time domain

How to realize the “closed-loop time 
domain cavity” is the future problem.
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Thank you for your attention!



Appendix: Field commutators are always normal even in cavities.

     As discussed in slide ⑦, we derived that the commutator [a(ω), a†(ω’)] becomes 
anomalous, which is because the ω modes are incompatible with the resonator modes 
[PRA50,89 (1994)]. (This anomaly is related to the Purcell effect.) 
     In this appendix, we show that the field commutators are normal even inside the 
resonator. This was published in PRL77, 1739 (1996). (See below).


