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Einstein Cylinder

 Topology of base spacetime: 

 Extended coordinates:  



Untwisted and twisted fields: real scalar field



Untwisted and twisted fields: real scalar field



Model
 Derivative-coupling Unruh-DeWitt Detectors (UD’) with 

internal harmonic oscillators
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II. One-detector case



One-detector A



One-detector A



One-detector A

 Untwisted field



One-detector A
 Initial state of the combined system (at t=0) 



One-detector A
 Untwisted field:

n= -1000 ~ +1000
n= -100 ~ +100
n= -10 ~ +10
n= -3, +3



One-detector A
 Untwisted field:



Compare with other formalisms

……. First order  TDPT
with finite duration
------- First order  TDPT
with infinite duration
(Gaussian switching fun.)
------- non-perturbative result

Untwisted field

Lin & Hu, PRD (2007) 

Martin-Martinez & Louko, PRD (2014) 



One-detector A
 Twisted field



III. Two-detector case



Two identical detectors A,B
 EOM:



Two identical detectors A,B
 Initial state of the combined system (at t=0) 

[Lin, CHC, Hu, PRD91, 084063 (2015)]



Two identical detectors A,B

 Untwisted field:



Two identical detectors A,B
 Twisted field:



Early-time behavior ……. twisted
____ untwisted
……. 𝑅𝑅11



Summary and Discussion
 The action of the UD’ detectors in (1+1)D can be written in 

different forms, which gives different canonical momenta. Only one 
of them (mechanical momentum) is physically measurable.

 The 𝑆𝑆1 × 𝑅𝑅1 spacetime possesses two inequivalent configuration 
spaces for a scalar field: untwisted (periodic B.C.) and twisted (anti-
periodic B.C.) fields. The twisted field has no zero mode.

 At large time-scale the physical quantities consist of the two-point 
correlators of the detector show beating behaviors dominated by 
two or few eigen-modes.

 The discreteness of the fielf spectrum is important in the detector-
detector entanglement.

 The lowest order perturbation result may become unrealiable as 
early as 𝑡𝑡 ≈ 𝐿𝐿.



Thank you !
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