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QSL (Quantum Speed Limit) 
 

  “Determines the theoretical upper bound 
 on the speed of evolution of a quantum system” 

Possibility of obser ving 
speed-ups of the quantum 
evolution if an open quantum 
s y stem i s s ub j e ct to 
environmental changes


Let ’s rea li ze th i s theo r y  
proposing environment-assisted 
speed-up through an experiment
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H. J. Carmichael, Opt. Commun. 82, 73 (1991) 

Master equation 



Theoretical back ground
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The intensity correlation function 

H. J. Carmichael, Opt. Commun. 82, 73 (1991) 

C = NC1 C1 =
g2

κγ

(g,κ ,γ ) / 2π = (3.2,4.5,6.0)MHz 

ΩVR / 2π = 1.1MHz 

ΩVR / 2π = 2.8 MHz 

ΩVR / 2π = 5.2 MHz 

*inset : maximally coupled atom and optimal  
             experimental comdition 
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result

Refined model 



result


Slope =
0.24 ± 0.03µs−1 /MHz

Slope =
 0.29 ± 0.02µs−1 /MHz

Refined model 

 
ΩVR ! g Neff*	



Non-Markovian speed-up

 

  “The quantum speed-up in an open quantum system was attributed 
to the non-Markovian nature of the environment” 

S. Deffner, Phys. Rev. Lett. 111, 010402 (2013) 

??


dtσ [t,ρ1,2 (0)]σ >0∫N = max
ρ1,2 (0)

Non-Markovianity 

σ [t,ρ1,2 (0)]=
1
2
d
dt
tr ρ1(t)− ρ2 (t){ }

Heinz-Peter Breuer, Phys. Rev. Lett. 103, 210401 (2009) 



Non-Markovian speed-up

 

  “The quantum speed-up in an open quantum system was attributed 
to the non-Markovian nature of the environment” 

S. Deffner, Phys. Rev. Lett. 111, 010402 (2013) 

??


dtσ [t,ρ1,2 (0)]σ >0∫N = max
ρ1,2 (0)

Non-Markovianity 

σ [t,ρ1,2 (0)]=
1
2
d
dt
tr ρ1(t)− ρ2 (t){ }

Markovian dynamics Negative    

0	

Heinz-Peter Breuer, Phys. Rev. Lett. 103, 210401 (2009) 



Non-Markovian speed-up

 

  “The quantum speed-up in an open quantum system was attributed 
to the non-Markovian nature of the environment” 

S. Deffner, Phys. Rev. Lett. 111, 010402 (2013) 

??


dtσ [t,ρ1,2 (0)]σ >0∫N = max
ρ1,2 (0)

Non-Markovianity 

σ [t,ρ1,2 (0)]=
1
2
d
dt
tr ρ1(t)− ρ2 (t){ }

Non-Markovian dynamics Positive    

finite 

Heinz-Peter Breuer, Phys. Rev. Lett. 103, 210401 (2009) 
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summary

•  Demonstrated the theoretically predicted environment-

assisted speed-up 

•  Cavity field as a system, tunable environment; 
they realized a fully accessible quantum system obeying 
non-Markovian dynamics 

 
•  Environment engineering for optimal quantum control 

protocols 
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D2-line of 85-Rb 


