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Advances in time-stretching based coherent Raman spectroscopy
techniques
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(1. School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,

Shanghai 200093, China;

2. Department of Electrical and Electronic Engineering, The University of Hong Kong, Hong Kong 999077, China)

Abstract: Coherent Raman spectroscopy and imaging technology, as a new type of label-free detection technology, has
been widely used in biomedicine, material science, and other fields owing to its high specificity and noninvasive advan-
tages. In recent years, the combination of time stretching and coherent Raman spectroscopy has effectively overcome
the limitations of traditional spectrometers in terms of sampling rate and spectral range and provides a new idea for high-
speed and broadband Raman spectroscopy and imaging. This paper first describes the basic principle of time stretching
and its theory, summarizes the results of the application of this technology in other fields, and then systematically
combs through the research progress of coherent Raman spectroscopy based on time stretching. Finally, it looks for-
ward to the future development of coherent Raman spectroscopy based on time-stretching.
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Fig. 1 Principle of time stretching high-speed measurement
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Fig. 2 Plot of energy level changes and spectra of the CRS process. (a) plot of energy level changes in the CRS process, with the
CARS process at the top and the SRS process at the bottom. (b) spectral variation in the CRS process, with input light at the top
and output light at the bottom. The pictures are quoted from Ref. [2]
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Fig. 3 Demonstration of amplified wavelength-time conversion in spectroscopy. (a) schematic of the amplified wavelength-time

conversion structure; (b) output-result diagram. The pictures are quoted from Ref. [ 18]
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Fig. 4

(a) Schematic of the experimental setup; (b) Wavelength-dependent RMS values and sensitivities of SRG at different

spectral numbers measured using a 12-bit oscilloscope; (¢) Spectral number of SRG as a function of sensitivity for 8-bit and 12-bit

oscilloscopes. The pictures are quoted from Ref. [ 19]
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Fig. 5 (a) Schematic of experimental setup; (b) Spectra of the probe pulse measured using time stretching, which serve as the
spectra when the reference pump pulse is off (blue line) and when the pump pulse is on (red line) ; (c¢) Spectra of the probing pulse
measured using a CCD spectrometer as the spectra when the reference pump pulse is off (blue line) and when the pump pulse is on
(red line) ; (d) Single measurement (red line) and 20 averaged measurements (orange line) obtained by time stretching and the re-
sults obtained using the CCD spectrometer (green line) ; (e) Corresponding spontaneous Raman scattering spectra. All measure-
ments were performed on cinnamon samples, significant Raman peaks are marked with vertical lines, and the total acquisition time
for each method is given. The theoretical acquisition time for one DFT-FSRS spectrum is 1 ps, and for one CCD spectrum is 1 ms.

The pictures are quoted from Ref. [20]
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Fig. 6 (a) Diagram of the experimental setup for generating vibrational rotation spectra. The coherent Raman signals of (b) N,
and (c) H, were detected in a time-domain waveform, and the data shown are the average of 10 instantaneous measurements.
Shown in the inset are the vibrational CARS spectra recorded using a standardized spectral detection scheme in a mixture containing
50% N, and 50% H,. The pictures are quoted from Ref. [21]
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Fig. 7 (a) Schematic of the experimental setup; (b) Comparison between TS-CSRS and spontaneous Raman scattering spectra of
(A) Chloroform, (B) DMSO, and (C) Acetone. The TS-CSRS spectra are 10, 000-averaged. The pictures are quoted from Ref.

[22]
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