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Direct comparison of phase-sensitive vibrational sum frequency generation
with maximum entropy method: Case study of water
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We present a direct comparizson of phase sensitive sum-frequency gencration experiments with phase
reconstruction obtained by the maximum entropy method. We show that both methods lead to the

same complex spectrum. Furthermore. we discuss the strengths and weaknesses of each of these
methods, analyzing possible sources of experimental and analytical errors, A simolation program for
maximum entropy phase reconstruction is available at: http/fbp.epfl.chf. © 2001 American Institute
af Pirvsics. [doi: 101063/ .36624659]
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Introduction (SKFG spectroscopy)

Second order polarization responses of material
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Isotropic medium: inversion symmetry in bulk
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Only responses from surface are detectable



Introduction (SFG spectroscopy)
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Introduction (SKFG spectroscopy) ——

What is the problem?

(g = 0 +0y5) um m) Lost information of E-field
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Phase sensitive SFVS
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Maximum entropy method

“The MEM describes a method of finding auto correlation values of t > T,
by quantifying the information content of spectrum by means of the spectral

entropy h.”
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Maximum entropy method

From J.P.Burg ph.D, dissertation, Stanford university (7975).
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aR—u—I_ P(f)e > df =0, for(s >|N))

Here, inverse of power spectrum P'(f) can be expanded in Fourier series of A,.
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Maximum entropy method
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Effect of error phase
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Comparison of PS-SFVS and MEM

: (@) | (d) 11210 MEM could reproduce Im and Re spectra
; I = similar with result from PS-SFVS.
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Possible source of error

1) Phase shift - reference (quartz) has resonant component
(second order susceptibility is not purely real...??..)

10 degree uniform phase shift
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2) Phase drift - possibility of sample and reference placing

2. Phase drift

a) PS-SFG requires a stable experimental configuration.
Care should be taken that the time delay T between the sig-
0] nals of the local oscillator and the sample or reference does
not change between measurements. A difference in time de-

lay would lead to a phase modulation exp [iwAT], where AT

is the time delay difference. For typical bandwidths of broad-

2 band systems, @ varies over a range of 250400 cm™', so that
a difference in time delay of 40 fs leads to a phase drift of

$ 17°=27° over the range of the spectrum. The effect of such a
phase drift can be seen in Fig. 5(c): in this case. the peak in

GaAs(110) Sample



Possible source of error

3) Complex conjugation 180degree inversion
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comparing spectra.



