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Study of Coherent Optical Phonon in Bismuth Nanofilms
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Abstract The coherent optical phonon of bismuth nanofilms is measured by using the ultrafast
collinear two color time-resolved pump-probe experiment. The pulse width of the probe beam
is obtained to be about 45 fs by using the auto-correlation technique. After the manipulation
of the Pulse Shaper, the pulse width of the pump beam of about 250 fs is characterized by the
cross-correlation technique. Finally, the symmetric vibration mode (Ai;) with a frequency of 2.86
THz is determined, which agrees well with the result that observed by using the spontaneous Raman
scattering (Raman Spectroscopy). Considering the effect of convolution between the cross-correlation
signal and the exponential decay function, the differential reflectivity within 10 ps is fitted, the
characteristic decay time of the coherent optical phonon is determined to be about 2.6 ps, which is
comparable to the decay time of electronic cooling component but much smaller than the rise time
of the lattice heating process. Therefore, the ultrafast time-resolved pump-probe experiment offers
a convenient way to clarify the different carrier-phonon scattering processes at distinctive time constant.
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Fig. 1 Schematic diagram of collinear two color pump-probe
setup for coherent optical phonon measurement
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Fig. 2 Schematic diagram of auto-correlation measurement,
the insert shows the pulse width of the probe beam
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Fig. 3 Comparsion of cross-correlation measurements with
the manipulation of the Pulse Shaper
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Fig. 4 Coherent optical phonon of Bi nanofilms, the insert
shows the same data for the first few picoseconds
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Fig. 5 FFT of the time-resolved reflectivity, the insert shows
the corresponding optical oscillation from which the FFT is
obtained
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Table 1 Fitting results of the experimental data
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Fig. 7 Fitting results of the experimental data for the first
few picoseconds
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