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K 1. (a) 2-photon excitation of |q) quadruple radiation (b) 2-photon excitation of |¢) mixed by Eq. to |a) followed
by dipole radiation. The diagram gives **Na example with |g) = |3s),|e) = [3p), |q) = |3d), |a) = |4p)
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2. (a) dipole excitation. (b) Quadruple optical excitation. (c) Dipole (top) and Quadruple (bottom) radiation
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K 3. Two-photon fluorescence and single-molecular imaging (a): In a fluorescent molecule, the NIR 2-photon
excitation, excited state relaxation and fluorescence process. (b): 2-photon excitation of fluorescent molecule in

neurons (c): Collectiion of green fluorescence. (Pictures from Neuron 50, 823)
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&l 4. Category of x® processes. The frequency-summing process in (a) is relatively simple. The four-wave mixing

process in (b): due to the highly flexible phase-matching condition, becomes complicated.
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K| 5. Resonantly enhanced 3nd order Frequency-summing process. (a): Diagram for the resonant process. (b,c):

Generation of the Lyman-alpha radiation in mercury vapor (From MPQ website)
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K| 6. Perturbative and strong field regime off high-harmonic generation (From PhD thesis by Wurzburg, 2007)
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K] 7. Kerr effect in Four-wave mixing involves 2-level saturation (b)(c) and 2-photon absorption.
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K 8. Raman effect. (a) The frequency difference between the input beams, §, is resonant to transition frequency,
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Wmg, of a vibrational or rotational level |m). (b): Raman-enhanced diagram. (c): An off-resonant diagram
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Kl 9. Matter excitation during 4-wave mixing. Here we consider counter-propagating ks, k Raman excitation. (a):
Raman-excitation of hyperfine level. (b):Raman-excitation of ro-vibrational level. (c): Atomic recoil as a Raman

process. (d): Brillouin excitation of sound.
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