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OUTLINE OF TALK OUTLINE OF TALK 

•• Introduction to classical controlIntroduction to classical control

•• Theory of quantum or coherent controlTheory of quantum or coherent control

•• Applications of quantum control:Applications of quantum control:

chemical reaction rateschemical reaction rates

carrier dynamics in carrier dynamics in NANOSTRUCTURESNANOSTRUCTURES



CLASSICAL CONTROL THEORY CLASSICAL CONTROL THEORY 

•• What is control? Why do we need it? What is control? Why do we need it? 

•• What about quantum control??What about quantum control??



CONTROL SYSTEMS ENGINEERINGCONTROL SYSTEMS ENGINEERING

PerformancePerformance

StabilityStability

RobustnessRobustness

•• Open loopOpen loop

•• Closed loop (feedback) Closed loop (feedback) 

•• LearningLearning



FEEDBACK CONTROL OF OPEN FEEDBACK CONTROL OF OPEN 
QUANTUM SYSTEMSQUANTUM SYSTEMS

•• MeasurementsMeasurements

the good the good –– requiredrequired for feedbackfor feedback

the ugly the ugly –– projective measurementprojective measurement

the not so bad the not so bad –– ‘weak’ measurement‘weak’ measurement

•• BackBack--action noise action noise 



CLASSICAL CLASSICAL QUANTUMQUANTUM

•• State space State space Hilbert spaceHilbert space

•• State vector State vector Density operatorDensity operator

•• System matrix           System matrix           Liouvillian Liouvillian 

(Hamiltonian evolution:                 )(Hamiltonian evolution:                 )

•• Forcing term       Forcing term       Interaction HamiltonianInteraction Hamiltonian

((control implementation:                              ) control implementation:                              ) 

•• Observation process Observation process Conditional evolutionConditional evolution



CONTINUOUS OBSERVATIONCONTINUOUS OBSERVATION

•• Initial state:                    , control target             Initial state:                    , control target             

•• SternStern--Gerlach type observation disastrous! Gerlach type observation disastrous! 

•• Desired observation scheme:Desired observation scheme:

εε random random measurement noisemeasurement noise in EOMin EOM



WEAK MEASUREMENT SCHEMEWEAK MEASUREMENT SCHEME



WEAK MEASUREMENT SCHEMEWEAK MEASUREMENT SCHEME

•• Initial density operator of combined system: Initial density operator of combined system: 

, in general, in general

•• Measurement operator:Measurement operator:

•• ‘Conditioned’ system density operator:‘Conditioned’ system density operator:

‘‘quantum trajectoryquantum trajectory’’



CONDITIONAL EVOLUTIONCONDITIONAL EVOLUTION

•• Interaction Hamiltonian: Interaction Hamiltonian: 

•• Expectation of measured ‘photocurrent’ output:Expectation of measured ‘photocurrent’ output:

•• Conditional evolution Conditional evolution ‘‘conditional innovationconditional innovation’’

‘It‘Itóó incrementincrement’’ ::

(detection noise)(detection noise)



QUANTUM CONTROLQUANTUM CONTROL

•• Continuous information about         may be Continuous information about         may be 

used to control     by driving the system with a used to control     by driving the system with a 

signal computed from the ‘photocurrent’ signal computed from the ‘photocurrent’ 

•• Feedback strength:Feedback strength:

•• Realization: highRealization: high--speed digital / quantum filterspeed digital / quantum filter



APPLICATION: CHEMICAL KINETICSAPPLICATION: CHEMICAL KINETICS

•• Quantum control Quantum control ≡≡ chemistschemists’’ dream?!dream?!

•• Coherent manipulation of molecular quantum Coherent manipulation of molecular quantum 

interferences driven by ultrafast laser pulsesinterferences driven by ultrafast laser pulses

•• Example: 3s Example: 3s →→ 5s transition in Na (by learning)5s transition in Na (by learning)

two different two different ‘‘slitsslits’’ ((ωω11++ωω22) and () and (ωω11’’++ωω22’’))

phase modulation by laser pulse shapingphase modulation by laser pulse shaping



APPLICATION: CHEMICAL KINETICSAPPLICATION: CHEMICAL KINETICS



APPLICATION: NANOSTRUCTURESAPPLICATION: NANOSTRUCTURES

•• Ex. 1: turning (II,Mn)VIEx. 1: turning (II,Mn)VI’’s ferromagnetics ferromagnetic

laser induced VB, CB coherencelaser induced VB, CB coherence

optical exchange optical exchange ferromagnetismferromagnetism

•• Ex. 2: excitonEx. 2: exciton--mediated impurity spin interactionmediated impurity spin interaction

tune laser to bondingtune laser to bonding--antibonding gapantibonding gap

increased coupling increased coupling FF--AF transitionAF transition



CONCLUSIONSCONCLUSIONS

•• Quantum control is an exciting new field with Quantum control is an exciting new field with 

great potential for nanoscience/nanotechnologygreat potential for nanoscience/nanotechnology

•• The chemists have raced ahead of the solid The chemists have raced ahead of the solid 

state folks! What are YOU gonna do about it???state folks! What are YOU gonna do about it???


