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Cascading

In a broad sense:

XS[«E = const X X'?; x"?
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Cascading
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Macroscopic: requires
propagation and phase-matching
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Cascading
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Cascading
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Microscopic: does not require
propagation and phase-matching
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Lorentz Local Field

Consider a homogeneous medium exposed
to an external optical field:
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Lorentz Local Field

Consider a homogeneous medium exposed
to an external optical field:
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Lorentz Local Field

Imaginary sphere
(boundary of virtual cavity)

Contributions from inside dipoles are
accounted exactly

The dipoles outside the cavity are
— considered as a
homogeneous medium

b<KR<KA
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Lorentz Local Field

Imaginary sphere
(boundary of virtual cavity)

Contributions from inside dipoles are
accounted exactly

The dipoles outside the cavity are
— considered as a
homogeneous medium

b<KR<KA

E is average (macroscopic) field in the medium
E. is the local field acting on a typical emitter

is average (macroscopic) polarization
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Lorentz Local Field
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Lorentz Local Field

IS Lorentz local-field
correction factor

e(l) Is dielectric permittivity
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Two-Level Atom
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Two-Level Atom
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A Collection of Two-Level Atoms
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Maxwell-Bloch Equations
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O is coherence A s detuning
weq is population inversion H s transition dipole moment
W " is equilibrium population inversion T1 Is population relaxation time
Tz

K=72 u/h is atom-field coupling constant

IS coherence relaxation time
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Maxwell-Bloch Equations
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Steady-State Solutions
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Steady-State Solutions
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Polarization

P=Nu o
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Polarization

P=Nuyu o=XE
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Polarization

Local-field-corrected
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Polarization

L ocal-field-corrected
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Susceptibilities

P=XE=X"E+3XY|E[E+10X"|EI'E
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Susceptibilities

Local-field-corrected

P=XE=XVE+3Xx?|E[ E+10X"|E['E
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Susceptibilities

_ocal-field-corrected
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LF-Corrected Linear and Nonlinear
Susceptibilities

The result;

(1)
Y?t) is mich)scopic polarizability
3 5
Ya and Y are 3"- and 5™-order hyperpolarizabilities
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LF-Corrected Linear and Nonlinear
Susceptibilities

The result:

well-known — xV=nN 'V .
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LF-Corrected Linear and Nonlinear
Susceptibilities

The result:

J. D. Jackson,

well-known — x"=nNy 'L ; ‘Classical
Electrodynamics”
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LF-Corrected Linear and Nonlinear
Susceptibilities

The result;

well-known — xW=n 'V L .
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LF-Corrected Linear and Nonlinear
Susceptibilities

The result;

well-known — xW=nN 'V L .
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LF-Corrected Linear and Nonlinear
Susceptibilities

The result;

deserves
well-known— xV=nN V[ . attention
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LF-Corrected Degenerate X )
Direct and Cascaded Contributions
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LF-Corrected Degenerate X )
Direct and Cascaded Contributions

“direct” contribution from fifth-order

hyperpolarizabiityyg)
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LF-Corrected Degenerate X )

Direct and Cascaded Contributions

“direct” contribution from fifth-(c5>)rder
hyperpolarizabiity Y at

XV'=Nya|Ll

Y

“cascaded” contributions from thi(rgc):l-
order hyperpolarizability Y
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LF-Corrected Degenerate X )
Direct and Cascaded Contributions

X =NyS|LI'L scales as 6" power of factor L.
24
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LF-Corrected Degenerate X )
Direct and Cascaded Contributions

X =NyS|LI'L scales as 6" power of factor L.

How significant?
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Example System

Consider sodium 3s—3 p transition:

2 The dipole moment |u|=5.5x10""% esu
# Population relaxation time 7,=16 ns

# Atomic density range N=10"—-10" cm™
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Direct and Cascaded Contributions:

Comparison
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Direct and Cascaded Contributions:
Comparison
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Direct and Cascaded Contributions:
Comparison
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Direct and Cascaded Contributions:
Comparison
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Direct and Cascaded Contributions:
Comparison
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Direct and Cascaded Contributions:
Comparison

Ratio of absolute values of the contributions as a

function of the normalized detuning and atomic density
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Direct and Cascaded Contributions:
Comparison

Ratio of absolute values of the contributions as a
function of the normalized detuning and atomic density
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Conclusions

# Microscopic cascading is possible due to local-field-
induced contributions of lower-order nonlinearities to
higher-order nonlinearities.

# We demonstrated it based on Maxwell-Bloch equations
for a collection of two-level atoms.

2 We demonstrated that the cascaded contribution to X'

can be as large as the direct contribution.

# Experiment is in progress to verify the theory.
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