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Question: 
 
Is it possible to 
increase or inhibit the probability 
of a given process in light-matter interaction 
by chosing appropriate quantum states of light ? 

"Quantum coherent  control" ?

Answer: 
 
-no for linear processes 
-perhaps for non-linear processes 



2004 "M.A.S." paper:

a striking quantum effect ??
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none of the photons is resonant with the atoms

the system:
 two-photon excitation of 2 different atoms
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the 2 photons are resonant with the 2 atoms
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none of the photons is resonant with the atoms

the system:
 two-photon excitation of 2 different atoms



the quantum state considered by M.A.S.
to excite the two atoms:

a two-photon state�
generated by atomic cascade



 M. O. Scully and M. S. Zubairy, 
Quantum Optics
 

it describes a pulse of bi-photons
starting at time t=0

intensity

|cas> is an entangled state, 
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such a two-photon two-atom excitation is possible
when the two atoms are related by some kind of interaction



In some situations, �
can entanglement replace�
 a real physical interaction�

?

a new important property of entanglement !



Complete quantum calculation �
of 2-photon 2-atom excitation
(lowest order perturbation theory, 

long lifetimes of both atoms)

stationary excitation probability by two-
photon state described by  density matrix 
ρ0:

product of single photon response functions



Uncorrelated bi-photon source:

Uncorrelated spontaneous emission photons 
emitted by two independent atoms

factorized state



two-atom transition probability for factorized state: 

at 2-photon 2-atom resonance:
but large single photon detunings

transition probability
 in the doubly resonant case � = !↵ � !1 = !2 � !�

single photon detuning

no two-photon resonance



Entangled bi-photon source:

M.A.S entangled cascade state

Probability:

Enhancement with respect
 to two independent photons:

M.A.S. result is right
enhancement factor can be very large

resonant  character
around two-photon energy match



Is the M.A.S entangled state
the only quantum state

 likely to enhance 
the two-photon two-atom transition probability

??



From any pure two-photon state

a) one can build a mixed state 
by randomizing the starting time of the cascade

which describes a pulse of biphotons

- it is a separable state, with some degree of correlation 
- it describes c.w. light 

| i

time

t=0

b) one can build a factorized state 
with same energy and same frequency spectrum



One finds that  the two-atom excitation probability
is roughly the same

- for the M.A.S. entangled cascade pure state

-for the corresponding separable mixed state

 provided that one interrupts the interaction
 when the energy carried by c.w. light
 is equal to the cascade pulsed state energy  

Both have a resonant character 1
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