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Cyclotron Accelerator 

 Charged particles: 

 

 

 

 

 

 

 

 

 Same for photons? 
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http://hyperphysics.phy-
astr.gsu.edu/hbase/magnetic/cyclot.html 



Photon accelerator 1 
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Photon accelerator 2 
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Photon accelerator 3 
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Alternative: Modulation of physical length 

 Cavity with a moving mirror – dynamical Casimir effect 

 

 

 

 

 

 

 

 Wave equation 

 

 

 Boundary conditions 
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G. Moore 1970 solution- conformal map 

 

 Mapping to a static cavity problem 

 

 

 

 

 

 

 

 

 

 Solution:  
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Static  
mirrors 

Moving  
mirrors 



Need conformal map function; near resonance 

becomes singular! 
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Consequences of singularity: energy density peaks 
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A different kind of map: dynamical systems 
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Fixed point 



Bifurcations, chaos, fractals 

 Real logistic map 

 

 

 

 

 

 

 

 

 Complex logistic map  

       (Mandelbrot set) 
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Transport of A (vector potential) along 

characteristics 
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Period of modulation 



Cavity field problem as a map  
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Mapping onto a ring, length 2L 

Vector potential remains constant on characteristics (= light rays = null lines) 



One period map 
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Vector potential is invariant under this map: 
 

Iterative map 
Can relate 
  



Weak modulation – explicit map 

Approximation: 

 

 

 

 

 

 

Single-step map 

 

 

Multi-step map, continuous limit 
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Example of a map 
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On resonance Bit away Marginal  Off resonance  

Compare to the conformal function R: 
(Cole + Schieve) 



Driving near higher cavity resonances 
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Back to continuous time 
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Stroboscopic observation -> Fixed points 
 
 
Continuous observation ->  
 “fixed point trajectories”   
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Qualitative picture 
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Mirror velocity at fixed point  

Energy Density 

Total Energy 

Both grow exponentially with time 



A known effect… 
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http://en.rfi.fr/20180612-frances-queen-accordeon-yvette-horner-dies/ 



Energy and energy density 
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g = f-1 

Weak harmonic modulation, 



Energy and energy density, numerical 
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Over time, energy density increases (exponentially) near fixed point trajectories,  
and decreases (exponentially) everywhere else. 
 
Uses:  
1) pulsed energy source (similar to Mode-Locked laser) 
2) Cavity cooling (Use a “dumb” Maxwell’s demon) 
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Casimir effects 

KITP: Dyn of QI, Nov 16, 2018 

vacuum vacuum vacuum 

vacuum vacuum vacuum 
Static Casimir: 
Attraction between mirrors 

Dynamic Casimir: 
  time-dependent force, 
  entangled photon emission 



Field quantization 

 Conformal map function: 

 

 Mode function: 

 

 Quantized field 

 

 Energy density 
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[Moore 1970; Filling and Davies, Proc R Soc Lond A 1976;  P. D. Nation et al, RMP 2012] 

Schwarzian Static Casimir 



1D Casimir results 

 Driving  
– Harmonic  

– Mirror oscillation amplitude 

 

 

 

 

 

 

 Energy density for static (A = 0), and first hamonic (                         )  
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Casimir results, 2 
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 Driving  
– Harmonic  

– Mirror oscillation amplitude 

 

 

 

 

 

Internal vacuum (Static Casimir) 

Cold vacuum 

External vacuum 

Paradox 
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Discrete time reversal: 

Compression/decompression 
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For a fixed stroboscopic sampling, it is possible to construct discrete time-
reversal protocol: 

Signal compression/decompression 
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“Stroboscopic GR” 
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For a fixed stroboscopic sampling, the light ray evolution mimics 
propagation in curved spaces 
 
(stable/unstable) fixed point <-> (white/black) hole horizon 

For details see Martin, arXiv:1809.02621 



Summary 

 Problem of periodically modulated cavities can be solved with 
dynamical maps 

 The effect of maps is to concentrate energy around the fixed point 
trajectories 

 Applications: cooling, compression/coding 

 Qualitative picture of dynamical Casimir effect (vacuum squeezing) 

 Connections to GR 

Future 
 Manipulation of individual photon states 

 Understand overcooled vacuum (entanglement?) 

 Application to cooling tech (can use phoNons instead of phoTons) 

 Other systems (BEC, etc) 
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