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Coherent Stokes Raman scattering microscopy (CSRS)



Reviewer #1 (Remarks to the Author): 

Heuck et al. present an implementation of CSRS where the pump and Stokes driving fields are 

independently modulated at f1 and f2, and the coherent Stokes signal field is detected through a 

spectral notch filter at f1-f2. They also perform calculations of the angular dependence of the 

signal field under standard high numerical aperture focusing and with pupil-filtered illumination. 

The description of the experiment is clear, and the modulation scheme is similar to some of their 

previous work. Figure 3 shows that their fluorescence filtering approach is effective, and their 

signal field calculations suggest an interesting effect in an enhanced epi-emitted signal. 

I have a few comments: 

1) While this is a very nice example of CSRS, it is not the first time that CSRS imaging has been 

demonstrated. Bito et al showed in 2013 that simultaneous CARS and CSRS imaging was beneficial 

for interpreting spectroscopic signals. That work should be cited: Bito et al., “Three-pulse multiplex 

coherent anti-Stokes/Stokes Raman scattering (CARS/CSRS) microspectroscopy using a white-

light laser source, Chemical Physics, Volume 419, 2013. 

2) The diagram for CSRS shown in Figure 1 is different than I have seen elsewhere (such as in 

their reference 11 and in the Bito paper cited above). If this is s non-standard representation, 

perhaps they could comment on that. 

3) The authors should indicate the time required to acquire the images. This information could be 

placed in the caption of Figure 2. 

4) While the calculation results shown in Fig. 4 are interesting, it would be appropriate for the 

authors to demonstrate the effect they predict since it is the most unique aspect of the work. 

Reviewer #2 (Remarks to the Author): 

This paper provides the first experimental demonstration of a novel coherent Raman imaging 

modality, Coherent Stokes Raman Scattering (CSRS). In CSRS a light red-shfted with respect to 

the Stokes frequency omegaS is generated, according to the process omegaCSRS = 2omegaS-

omegapu. Detection of the CSRS signal is challenged by its overlap with the sample fluorescence, 

generated by the pump/Stokes beams. Here the authors suppress the fluorescence by a 

combination of narrow bandpass filtering and modulationfollowed by lock-in detection, and 

demonstrate CSRS imaging on a series of test and biological samples. Most importantly, the 

authors discover that CSRS has a much more favourable phase matching condition, with respect to 

CARS, for the backward scattered (epi) radiation. This is very important since epi detection is used 

in many emerging applications of coherent Raman microscopy, such as endoscopic configurations. 

This paper reports original findings which are important for the coherent Raman imaging 

community, especially for what concerns the epi detection modality. In my opinion, it deserves to 

be published in Nature Communications, after the authors have addressed the following points: 

1) CARS microscopy is plagued by the non-resonant background (NRB), due to the electronic 

chi(3) of the medium; is there a problem of NRB also in CSRS? 

2) can the authors estimate the relative strength of the CSRS signal with respect to CARS, for 

similar excitation conditions? 

3) in their current implementation of CSRS, trhe authors use blue/green excitation wavelengths. 

Can they comment on the sample damage that would occur in these conditions due to multi-

photon absorption of the pump/Stokes beam? 

Reviewer #3 (Remarks to the Author): 

This manuscript describes an implementation of CSRS microscopy. The authors suppress the 



strong fluorescence background with narrowband spectral filters and with doubly modulated lock-in 

detection. CSRS images are shown and the possibility of detecting strong epi-CSRS is discussed. 

The manuscript is clearly written, the images of good quality and the Figures are carefully crafted. 

This is nice work, but the novelty and impact of the work do not meet the standards of Nature 

Communications. Several points of concern are given below. 

1) CSRS may not have been explicitly shown before with the specific implementation of laser-

scanning microscopy, but its broader implementation in microscopy was already shown in 

reference [11]. This earlier work makes the novelty of the current work less significant. 

2) The use of double modulation is a well known general approach for isolating signals, and the 

use of narrowband spectral filters can not be classified as an original advance either. 

3) The need for double modulation greatly complicates the CSRS technique relative to the much 

simpler CARS technique. Despite this added complexity, the images provided do not show a clear 

advantage over CARS type images. The current demonstration is insufficient in bringing out a 

practical advance over existing approaches in coherent Raman scattering microscopy. 

4) The discussion on epi-CSRS is nice, but the effect appears small and it is not clear how much of 

an added advantage it brings to practical imaging experiments. In addition, only simulations are 

shown, lowering the impact of the current work. 



Nature Communications manuscript NCOMMS-23-06756 

Title: "Coherent Stokes Raman scattering microscopy (CSRS)"  

Response to the reviewer comments 

!" #$%&' %(( #$" )"*+",")- ./) #$"+) 0/&-#)10#+*" 0/22"&#-3 ,$+0$ ,")" #%'"& +&#/ %00/1&# ,$"& 

4)"4%)+&5 #$" )"*+-"6 *")-+/& /. #$" 2%&1-0)+4#7  

Reviewer #1 (Remarks to the Author): 

Heuke et al. present an implementation of CSRS where the pump and Stokes driving fields are 

independently modulated at f1 and f2, and the coherent Stokes signal field is detected through a 

spectral notch filter at f1-f2. They also perform calculations of the angular dependence of the signal 

field under standard high numerical aperture focusing and with pupil-filtered illumination. 

The description of the experiment is clear, and the modulation scheme is similar to some of their 

previous work. Figure 3 shows that their fluorescence filtering approach is effective, and their signal 

field calculations suggest an interesting effect in an enhanced epi-emitted signal. 
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I have a few comments: 

1) While this is a very nice example of CSRS, it is not the first time that CSRS imaging has been 

demonstrated. Bito et al showed in 2013 that simultaneous CARS and CSRS imaging was beneficial for 

interpreting spectroscopic signals. That work should be cited: Bito et al., “Three-pulse multiplex 

coherent anti-Stokes/Stokes Raman scattering (CARS/CSRS) microspectroscopy using a white-light 

laser source, Chemical Physics, Volume 419, 2013. 
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2) The diagram for CSRS shown in Figure 1 is different than I have seen elsewhere (such as in their 

reference 11 and in the Bito paper cited above). If this is a non-standard representation, perhaps they 

could comment on that. 
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3) The authors should indicate the time required to acquire the images. This information could be 

placed in the caption of Figure 2. 
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4) While the calculation results shown in Fig. 4 are interesting, it would be appropriate for the authors 

to demonstrate the effect they predict since it is the most unique aspect of the work. 
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Reviewer #2 (Remarks to the Author): 

This paper provides the first experimental demonstration of a novel coherent Raman imaging 

modality, Coherent Stokes Raman Scattering (CSRS). In CSRS a light red-shifted with respect to the 

Stokes frequency omegaS is generated, according to the process omegaCSRS = 2omegaS-omegapu. 

Detection of the CSRS signal is challenged by its overlap with the sample fluorescence, generated by 

the pump/Stokes beams. Here the authors suppress the fluorescence by a combination of narrow 

bandpass filtering and modulationfollowed by lock-in detection, and demonstrate CSRS imaging on a 

series of test and biological samples. Most importantly, the authors discover that CSRS has a much 

more favourable phase matching condition, with respect to CARS, for the backward scattered (epi) 

radiation. This is very important since epi detection is used in many emerging applications of coherent 

Raman microscopy, such as endoscopic configurations. 



This paper reports original findings which are important for the coherent Raman imaging community, 

especially for what concerns the epi detection modality. In my opinion, it deserves to be published in 

Nature Communications, after the authors have addressed the following points: 
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1) CARS microscopy is plagued by the non-resonant background (NRB), due to the electronic chi(3) of 

the medium; is there a problem of NRB also in CSRS? 
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2) can the authors estimate the relative strength of the CSRS signal with respect to CARS, for similar 

excitation conditions? 
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We added on page 9 (Methods: Experimental setup): “We measured the CSRS and CARS (at 398nm) 

radiation strength for olive oil one after another (data not shown) and found comparable signal level. 

To avoid detector saturation for the acquisition of CSRS images, we applied the lowest possible PMT 

gain corresponding to an amplification of only 5*103.” 

3) in their current implementation of CSRS, the authors use blue/green excitation wavelengths. Can 

they comment on the sample damage that would occur in these conditions due to multi-photon 

absorption of the pump/Stokes beam? 
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Reviewer #3 (Remarks to the Author): 

This manuscript describes an implementation of CSRS microscopy. The authors suppress the strong 

fluorescence background with narrowband spectral filters and with doubly modulated lock-in 

detection. CSRS images are shown and the possibility of detecting strong epi-CSRS is discussed. 

The manuscript is clearly written, the images of good quality and the Figures are carefully crafted. 

This is nice work, but the novelty and impact of the work do not meet the standards of Nature 

Communications. Several points of concern are given below. 
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1) CSRS may not have been explicitly shown before with the specific implementation of laser-scanning 

microscopy, but its broader implementation in microscopy was already shown in reference [11]. This 

earlier work makes the novelty of the current work less significant. 
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2) The use of double modulation is a well known general approach for isolating signals, and the use of 

narrowband spectral filters can not be classified as an original advance either. 
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3) The need for double modulation greatly complicates the CSRS technique relative to the much 

simpler CARS technique. Despite this added complexity, the images provided do not show a clear 

advantage over CARS type images. The current demonstration is insufficient in bringing out a 

practical advance over existing approaches in coherent Raman scattering microscopy. 
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4) The discussion on epi-CSRS is nice, but the effect appears small and it is 

not clear how much of an added advantage it brings to practical imaging 

experiments. In addition, only simulations are shown, lowering the impact 

of the current work. 
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Backscattering CSRS laser 

scanning imaging spectroscopy 

will generate CSRS spectra at 

<10µs per spectrum which is >100 

times faster than state-of-the art 

coherent Raman spectroscopy. 
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think that they are satisfactory. I can therefore recommend this paper for publication in Nature 

Communications. 

Reviewer #3 (Remarks to the Author): 

The authors have revised the manuscript and have provided a response to the Reviewers' 

concerns. Although I believe this work is nicely carried out and may have some merit in the long 

run, the fact remains that the principle of CSRS microscopy has been shown before. The current 

implementation is a nice improvement on this approach rather than a conceptually new advance. 

The double modulation technique also complicates this particular approach relative to CARS, which 

is much easier to implement and provides the same information. The back-scattered CARS signal 

in tissues is strong and so there is no real practical benefit to the improved epi-CSRS signal (which 

is only shown theoretically here, not experimentally). In all, although I really like this manuscript, 

the impact and novelty do not rise to the level of a Nature Communications publication. 
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