Lecture 25

Conflicting NLO definitions
High-field interactions

Guest Lecture.



Conflicting definitions in NLO

This Course

Other

E-field

1 . .
E(t) = 5 (Ee'@t + e~'@t) = Ecos(wt)

(Stegeman, Nonlinear Optics)
(Boyd, Nonlinear Optics)

(Powers, Haus, Fundam. of Nonlin. Optics)
(Agrawal, Nonlinear Fiber Optics)
(Demtroder, Laser Spectroscopy)

E(t) — Eeiwt + Ee—iwt — ZECOS(wt) (Boyd, Nonlinear Optics)

here the Fourier component E is
2 of the field amplitude

Field propagation

E~ eiwt—ikz

(Saleh, Teich, Fundamentals of Photonics)
(Weiner, Ultrafast Optics)

(Yariv, Quantum Electronics)
(Keller, Ultrafast Lasers

(Stegeman, Nonlinear Optics)
E~ elkz—iwt (Boyd, Nonlinear Optics)
(Powers, Haus, Fundam. of Nonlinear Optics)

(Agrawal, Nonlinear Fiber Optics)

Fourier transform
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fw) = F©) = f F(6) et dt
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O =7 @) =5z | Fw)e do

(Weiner, Ultrafast Optics)
(Keller, Ultrafast Lasers

f@=o | O;f(t) emi9t dy
FO =] F@e do

Nonlinear Schrédinger
eq.

da i 62a+_||2 _0
97 2Peggztirlalia=

Weiner, Ultrafast Optics
Keller, Ultrafast Lasers

da i d%a Stegeman, Nonlinear Optics
—+—ﬁz—_i)/|a|2a=0 (Steg ) ptics)
dz 2 “0t12 (Boyd, Nonlinear Optics)

(Agrawal, Nonlinear Fiber Optics)

Nonlinear polarization

P =e( xXPE®) + xPEW®? + xPE() +...)

(Stegeman, Nonlinear Optics)

(Boyd, Nonlinear Optics)
(Powers, Haus, Fundam. of Nonlinear Optics)
(Agrawal, Nonlinear Fiber Optics)

(Demtroder, Laser Spectroscopy)

P(t) = egxWE(t) + 2dE(t)? + 4xPE(t)3 +..

(Saleh, Teich, Fundamentals of Photonics)

(Yariv, Quantum Electronics)

Nonlinear ref. index

(Stegeman, Nonlinear Optics)

n(l) = ny + nyl

(Boyd, Nonlinear Optics)

(Powers, Haus, Fundam. of Nonlinear Optics)

(Agrawal, Nonlinear Fiber Optics)

n(l) = ny + ny|E|2




What is “strong” field from the viewpoint of nonlinear optics?

Pt) = €o(xVE®) + YPE@®)2 + y®E()3 +..))

- this power series in electric field amplitude converges only for not large enough fields E(t)

Electron What is “strong” ?

1) When optical E(t) becomes comparable to the characteristic atomic electric field strength

e
Take Bohr atom: E = > > 5x101V/m
dmeyry
A
Bohr radius 75 = 5.3x107 11 m
~1
4
(1)
2)When  yWE@~xPE®?* > E) ~L5~5x101 Vim
X
XPE@)2~xPE(@)®  etc... ~2pmV

3) What laser intensity (in vacuum) this corresponds to?

2
I, = %EOCE2 = %5— = 3.3x10%° W/m2= 3.3x10'® W/cm?
0

AN

377 Ohm — free space impedance 7y = \/Ez
0

A table-top laser setup with 1-mJ pulse energy, 30-fs duration, focused to 10-um spot gives you I; = 3. 3x101® W/cm?

And this is far beyong the approximation of ‘usual’ nonlinear optics



