Environment-Assisted Speed-up of
the Field Evolution in Cavity QED



This paper..

week ending

PRL 114, 233602 (2015) PHYSICAL REVIEW LETTERS 12 JUNE 2015

Environment-Assisted Speed-up of the Field Evolution in Cavity
Quantum Electrodynamics

A.D. Cimmarusti,1 Z. Yan,l’2 B.D. Patterson,1 L.P. Corcos,1 L.A. Orozco,l’* and S. Deffner’’
'Joint Quantum Institute, Department of Physics, University of Maryland and National Institute of Standards and Technology,
College Park, Maryland 20742, USA
*State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of Opto-Electronics, Shanxi University,
Taiyuan 030006, China
3Theoretical Division and Center for Nonlinear Studies, Los Alamos National Laboratory, Los Alamos, NM 87545, USA
(Received 8 December 2014; published 11 June 2015)

We measure the quantum speed of the state evolution of the field in a weakly driven optical cavity QED
system. To this end, the mode of the electromagnetic field is considered as a quantum system of interest
with a preferential coupling to a tunable environment: the atoms. By controlling the environment, i.e.,
changing the number of atoms coupled to the optical cavity mode, an environment-assisted speed-up is
realized: the quantum speed of the state repopulation in the optical cavity increases with the coupling
strength between the optical cavity mode and this non-Markovian environment (the number of atoms).
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QSL (Quantum Speed Limit)

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

~

Possibility of observing
speed-ups of the quantum
evolution if an open quantum
system is subject to
environmental changes Y.

Let’s realize this theory
proposing environment-assisted
speed-up through an experiment
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The intensity correlation function
s . y N 2
Aa |5(xL) ! sinh(Q,,7)
2 2 2 VR
g (T)=1{1+"=¢ cosh(Q,,7)+—| Kk ++ >
o 2 2 Q..
N J
Ao , 2C - 2
= =2c , .Sl N I
o 1[1+2C—2CJ QVR—\/[ > gN
- C
" lty 2k
(g.x,y)/2r=(3.2,45,60) MHz
1.00 - — g —————
e P -
. /11 S
0.99 | A / ___\ amacsiiiis Q,./2r=1.1MHz
o ’ af —7
S / ~os| S D — Q,, /27 =2.8 MHz
o // g ol {{
il I ool 7 ——= Q,/27=52MHz
B // 05 //
il _/ ! 0-40/ 20 40 60 €0 T1[Eg] 720 140 160 180 209 *inset : maximally coupled atom and optimal
' ' ' ' experimental comdition

1 1 | | |
0 20 40 60 80 100 120 140 160 180 200
T [ns]

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



Set-up
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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)

Non-Markovianity
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Heinz-Peter Breuer, Phys. Rev. Lett. 103, 210401 (2009)
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Non-Markovianity
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Markovian dynamics Negative
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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)

Non-Markovianity

N = finite
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Non-Markovian dynamics Positive

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



N (Degree of non-Markovianity)
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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
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