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o |ptroduction to classical control

* JIneony olf guantlmer conerent conioel

s Applications; ol quantum: coniiol:
> chemicallreaction rates

» canier dynamics infNANOSTRUCTURES




CLASSICAL CONTROL THEORY

*\What 1St controlZ \Why de werneeadiit?

Dynamical
System
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y(t) =c(x(t),ult),t)

s What aveut guantum contrel?:?




CONMROL SYSTENMS ENGINEERING

> Periormance
> Staplity

> RODUSINESS

* Open loop

* Closedlloop (feedback)—

£
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s lLeanming




FEEDBACK CONTROL OF OPEN
QUANTUM SYSTEMS

o leasurements

> [he goeod —reguirediorieedback

> therugly— prejective measurement

> the net so bad — wWeak: measurement

s Back-action ' noise




CLASSICAL = QUANIUOIV]

o State space =¥ HHillbert space

o State vector = [Density operator:

» System matrix pUkEEE = Liotvillian EuEEEuks
(Hamiltenian evoelution:

o Forcing termiEn = Interaction Hamiltenian ML

(controllimplementation: HOEr ULt

o Obsenvation process =» Conditional evoelution




CONMINUOUS OBSERVATION

o |nitiali state: RCkiv- IR, CONLroll target M

o Stern-Gerlachitype ehsenvation disastreus!

o Desiredl opsenvation scheme: [EETIE %+t-| 1)+ ;-4 l)

& random =» measurement noise inf EON




WEAKIVIEASURENMENIF SCHEME

I = t;+zp/C




WEAKIVIEASURENMENIF SCHEME

* |Ritial density, operator i comnIined system:

x(0) = ps(0) @ &:(0) g general X #p® 0

« Vieasurement operator: e,

* Conailioned” system| density eperaior:

AEESRESIGUERNE] S ‘quantum trajectory’




TNONALL EVOILLUNION

o Interaction Hamiltonian: S EeitiET

o [EXpEectation oif measured! photecurment outpuL:
y(1) = VM (1))

o Conditionalfevolution = conditional innovation:

OEESNTIEROEERAIE |10 Increment’

(@eteclion noise)




QUANMUNM CONNIIROL

* Continuousiiniermation akoul FAG
used toercontrol &l by driving/the systemiwithia

signallcomputeadiirom the photocurment:

o [Feedpack strengtn:

o Realizationi high:=speed digitall/ quantum:iilter




APPLICATION: CHEMICAL KINETCS

» Quantumi contrel = chemists: dream?!
o Coherent manipulation o melecular auantum
Interferences, driven by ultrafast laser pulses

* Example: 55— Ssitransiton i Nar(ky learning)

> two different ‘slits? (wy+o)and (0, %w,’)

> pPlhiase modulation by Iaser pulse shaping




APPLICATION: CHEMICAL KINETCS

Maximization Minimization
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APPLICATION: NANOSTRUCTURES

o Ex 1 turning (1 Mr)\VAFsHfenmonmagnetic
> laser induced Vi, CB conerence

> oplicalexchange =» lerremagnetism

o [EX. 2: exclion-mediated Impurty: spin interaction

> e lasertorboending:=antinending gap

> Increased colpling =» F-AE transition




CONCLUSIONS

* @QUantum| contrel'is anexciting new: fieldwith

great potential ier nanescience/nanoiechnolegy.

o lhe chemists have raced ahead offthe solid

state felks! VWhat are YOU gennaldorabout it722




