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I. Obectives 

 

Investigate fiber delivery for SRS microscopy: study the nonlinear effects on the 

spectra of 2-picosecond pulses, upon propagation in 1 meter of Large Mode Area 

(LMA) fibers and Hollow-core (Kagome) fibers. Detect the background signal 

generated in this type of fibers. 

 

II. Experiments 

 

1. Spectral broadening in LMA and Kagome fibers 

 

Results: 

Fiber delivery has to preserve the spectral features of the pulses, as much as possible. 

Self-phase modulation is a power dependent nonlinear effect that broadens the spectra. 

The criterium for the maximum power threshold was to preserve a vibrational resolution 

better than 10cm-1. The broadening was found to be acceptable up to 250mW for the 

1031nm beam and 150mW for the 870nm beam.  



 

Figure 1: spectral broadening in the LMA fiber. 

Negligible effect on the spectra was induced by propagation in the Kagome fiber (see fig. 2). 

 
Figure 2: spectral broadening in the Kagome fiber. 

2. SRS signal generated in the fibers 

 

Results: 

 

Fiber delivery should not generate a background SRS signal upon co-propagation inside 

the fiber. This would be detrimental for SRS microscopy, where we detect modulations 

that are on the order of 10-5 - 10-6. We measured the signal generated upon propagation 

of 100mW Pump and Stokes pulses inside the LMA and Kagome fibers. This turned out to 



be way too strong in LMA fiber (10-3), which makes them unsuitable for pulse delivery in 

SRS. In Kagome fibers a wavelength dependent background is generated, on the order of  

10-6. 

 

  
 

Figure 3: SRS signal generated upon co-propagation in the fibers. 

 

3. Investigation of the signal generated in the Kagome fiber 

We further investigated the signal generated in the Kagome fiber: as a function of 

wavelength and delay between pulses. We were able to detect the two vibrational peaks 

of O2 and N2 (SRS signal of the air in the fiber core). 

 



Figure 4: Spectral scan of the modulation signal found in the fibers. 

 

III. Conclusion 

 

Large mode area fibers are known to reduce the nonlinear effects as compared to 

single mode fibers. The pulse spectral broadening is acceptable up to few 

hundreds mW (fig.1) of delivered power and the temporal broadening is 

negligible. However a very strong SRS signal is generated in the LMA fiber (fig. 3), 

which makes it unsuitable for fiber delivery in an SRS setup. In Kagome fibers we 

found a residual modulation (fig. 3), and were able to observe the Raman peaks 

from the nitrogen (2320 cm-1) and oxygen molecules (1550 cm-1) that fill the 

fiber’s hollow core (fig. 4).  

A study of the out-of-resonance modulation in Kagome fibers was performed 

both numerically and experimentally and will be reported in a manuscript that 

will be soon submitted. 
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Stephanie Jung

From: Ingo Rimke <ingo_rimke@ape-berlin.de>

Sent: Freitag, 7. Oktober 2016 13:42

To: jungst@mpip-mainz.mpg.de

Subject: RE: Secondment Report- Alberto

Dear Stephanie, 
I can confirm, that the content of the report is correct and true. Alberto has performed excellent work 
here at APE. 
Best 
Ingo 
 

From: Stephanie Jung [mailto:jungst@mpip-mainz.mpg.de]  

Sent: Friday, October 07, 2016 9:54 AM 

To: Ingo Rimke <ingo_rimke@ape-berlin.de> 

Subject: Secondment Report- Alberto 

 

Dear Dr. Rimke, 

 

I hope you are doing well. Could you please review the enclosed secondment report for Alberto and write back to 

confirm that the contents are correct and true? I need to document your confirmation for the EU. Thank you! 

 

Have a nice weekend and kind regards, 

Stephanie  

 

 

FINON Program Manager 

Max Planck Institute for Polymer Research 

Ackermannweg 10 

55128 Mainz, Germany 

Tel: +49 6131-379-549 
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