
Coherent Control: from concept to reality

General objectives: Control of future events.

Tools: Use controlled quantum interference between material

waves. We access the same final state using more than one 

pathway. Lacking the “which way” information these  pathways 

interfere. 

But interference is not enough. In order to achieve control 

we need  to “tune” this interference, and this is done with 

a photon.



A possible objective: to control the outcome of chemical reactions.

Or in greater generality:

O
H-O + D H      D           H + O-D

Cleave the O-D bond       Cleave the O-H bond

B
A-B + C A C A + B-C

Cleave the B-C bond        Cleave the A-B bond

where A, B, or C can be any atom or any group of atoms.
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Bichromatic photodissociation
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The two slit perspective: the importance of the relative phase
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A-B + C

A + B-C
the “screen” of
relative phases

The key to control is that the interference patterns of different outcomes
be shifted in phase.
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Bichromatic “coherent control” (Chem. Phys. Lett. 126, 541 (1986))
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pathway a

A second objective: to control of the direction of electronic motion. 
The generation of current without voltage!



pathway a pathway  b



We can break the symmetry by irradiating the system with two fields, 

leading to a 1 photon transition, and

leading to a 2 photon transition.where

The initial state is and the final state is.

The probability of populating conduction state is given as,

where



 Opening the square we obtain that

where

where

so that

In particular



E. Dupont, P.B. Corkum, H.C. Liu, M. Buchanan, and Z.R. Wasilewski, Phys. Rev. Lett. 74, 3596 (1995)
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A pictorial representation
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Generation of DC current in a molecular “wire” suspended between two leads

a short pulse
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Milestones in the development of coherent control
blue – coherent control (theory) 

red - experiments

• 1985/1986: PB +MS (trying to understand why control in IR 
multiphoton dissociation failed) suggest using quantum interference 
for control. Introduction of bi-chromatic control.

• 1987: First theoretical results on the control of realistic systems: The control of 
electronic branching in the CH3 + I* CH3I     CH3 + I, reaction

• 1987: Coining the phrase “Coherent Control”

• 1988: (with Asaro) Elliptic polarization control of differential cross-sections

ω1ω2



1989: (with Kurizki) Introduction of 1 photon vs. 2  photon as a means of
symmetry breaking and differential control: prediction of creation of DC 
photo-current in semi-conductors with no bias voltage.

ABC

A+BCB+AC

1988: (with Hepburn) Introduction of  1 photon vs. 3 photon
interference as a means of control

backward
e- forward

conduction band



1990: First experimental verification of the 1 vs. 2 coherent 
control scenario. Control over photo-current directionality in 
semiconductors (Zeldovitch)

     
1990/1991: First experimental verifications of the 1 vs. 3
coherent control scenario: The control of photoionization yields 
in atoms  (Elliott, Bucksbaum) and molecules (Gordon, Bersohn)

1991: Coherent control of molecular chirality introduced

1991: First experimental realization of the pump-dump
control scheme in  Na + Na Na2 Na2

+ (Baumert
+Gerber)



1994/1995: Interference Control with Incoherent light introduced

1995: Experimental 
demonstration of 
coherent control of 
photo-current 
generation in quantum 
wells by the 1 vs. 2
photon scenario (Corkum)
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1995: Experimental demonstration of control of 
electronic hopping in a dissociating molecule, in 
1 vs. 2 photon H+ + D        HD+ H + D+ (DiMauro)

1995: (Gordon) First experimental demonstration of control over 
a branching process: control over the ionization vs. dissociation 
in  1 vs. 3 photon HI+ HI         H + I

1996: First experimental demonstration of control over electronic
branching ratios: interference control with incoherent light in
Na + Na(3p) Na2 Na + Na(3d) (Shnitman+Yogev+,Shapiro) 

1997: (with Vardi) Photoassociation of ultracold atoms to form 
ultracold molecules via Coherent Raman Process suggested



1997: First experiments on automated feedback control via pulse 
shapings (Wilson, Silberberg, Gerber)

1998: Experimental demonstration of coherent control via phase 
modulation of  two photon absorption of atoms (Silberberg)

1998: (Gerber) First experimental demonstration of adaptive 
feedback control of a branching photochemical reaction: Control 
over the photodissociation of  Fe(CO)5 and 
Cp + 2CO +FeCl CpFe(CO)2Cl        CpFeCOCl + CO

2000: Coherent Control of refractive indices introduced

2000: (with Frishman) Enantiomeric purification of chiral
racemic mixtures by coherent control techniques



• 2000: Theory of nanoscale deposition on surfaces

• 2000: (with Frishman) Coherent Suppression of spontaneous emission 
using overlapping resonances

2001: Adaptive feedback control of the photodissociation of 
C6H5CO + CH3 C6H5CH3CO         C6H5 + CH3CO in the 
high field regime (Levis)                                

2002: (with Kral): An exact analytical solution of the 
non-degenerate quantum control problem

2002: Adaptive feedback control  of internal conversion channel in a light  
harvesting antenna complex of photosynthetic purple bacterium (Motzkus)

2003: (with Kral and Thanopoulos): An analytic solution for the degenerate 
quantum control problem

2003: (with Zhang and Keil) Experimental demonstration of phase locking
between two 2-photon processes in 2-photon vs. 2-photon coherent control

2003-2004: Experimental control of high harmonic generation (Murnane, Gerber)

|2›
|3›
|1›

|0›

|1’›
|2’›



2004: Coherent Control techniques used in the “streak camera”
phase measurement attosecond pulses (Krausz, Corkum)

• 2005: Control of radiationless transitions by 
interference between overlapping resonances

2005: (with Thanopoulos) Automatic repair of mutations caused by 
dihydrogenic tunneling between two nucleotides using coherent control

2005: (with Kral) Coherent control with non-classical light

2005: Experimental demonstration of coherent photoassociation of
Rb + Rb BEC to form Rb2 molecular BEC using the Vardi+Shapiro
scheme (Grimm)

2005: Experimental demonstration of bond breaking selectivity in
the CH2=CH. + Cl CH2=CHCl CH= CH + HCl (Gordon)

2005: (with Segal) Suggestion of quantum computation using electron trapped in an 

quadrupoles of carbon nanotubes
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