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Overview

1. Multiphoton absorption

2. Other multiphoton processes in atoms

3. Frequency mixing, harmonic generation

4. Parametric down conversion

5. 4 wave mixing

6. Atom optics density modulations, atom interferometer, : : :

7. stimulated Brillouin scattering

8. Phase conjugation (done by 5. or 7.)
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Multiphoton Absorption

Lowest order perturbation theory for N-photon absorption:

dP

dt
(t) = [1� P (t)]�(N)�

N(t) (1)

but: AC Stark shift may shift levels, modify rates

At high �elds, atomic levels are irrelevant
Dimensionless EM �eld amplitude [1]:

a =
ejAj

mc2
(2)

Kinetic energy of electron:

e2A2

2mc2
; Ak =

�
�h

2�0V !k

�1=2

âk�k (3)

[1] A. Pukhov, J. Meyer-ter-Vehn, Phys. of Plasmas 5

1880 (1998)
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Nonlinear Optics

χ

ω2

ω1’

nonlinear susceptibility

ω

I

frequency mixing
(as in your TV tuner)

ω

1

1 2 1’ω  + ω  = ω   + ω2’

2’

Nonlinear polarization:

Pi = �
(1)
ij Ej + �

(2)
ijkEjEk
�

�
�

�
�

�
�

���

H
H
H
H
H
H
H
HHj

+ �
(3)
ijklEjEkEl + : : : (4)

�
(2)
ijk

�
Ej(!1)Ek(!2)e

i(!1�!2)t

sum, di�erence frequency

+ : : :
�

(5)

Energy conservation (temporal phase matching): !1 +
!2 = !10 + !20

Phase matching in space: k1 + k2 � k10 + k20 +H
� depending on coherence volumes
or: momentum transfer between modes in 4 wave mixing

Spontaneous parametric decay if one real, one virtual
photon on input side
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Atom beam interferometer

P.J. Martin, B.G. Oldaker, A.H. Miklich, D.E. Pritchard,
PRL 60, 515 (1988)
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