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Multi-color time-synchronized sources are useful for applications such as Raman spectroscopy [1], and mid-

IR generation [2]. Multi-color ultrashort pulse sources from fibers, however, suffer from relative timing-jitter 

because different colors typically travel at different group velocities, hence experiencing differing levels of RIN 

to delay variations. Here, we show that the natural intermodal group-velocity locking characteristic of soliton self-

mode conversion (SSMC), a process recently discovered in multimode fibers [3, 4], can help generate temporally 

locked energetic ultrashort pulses across a range of wavelengths, spectrally separated, typically, by one or more 

Raman Stokes shifts. Control of the wavelength at which the emissions occur, and the number of pulses that can 

be generated, depends primarily on the group-index separation of the modes in a step-index fiber, which can be 

controlled via fiber core diameter.  

Our pump laser is at 1045-nm with 100-fs pulse width and 1-MHz repetition rate (KMLabs YFi). Spatially 

sculpting this pump into the LP0,20 mode of a 97-m core diameter, 0.34-NA step-index fiber (Fig. 1.a,b) with an 

SLM, results in two well-defined ~75-fs pulses in the LP0,20 and LP0,19 modes, respectively, as they are group 

velocity matched across one Raman Stokes shift (Fig. 1.c,d). Frequency-doubling the pulses and studying their 

cross-correlations reveals a jitter of only 13 fs between these two 75-fs pulses, demonstrating temporal locking. 

The versatility of this technique is illustrated with an identical fiber but now with 70-m core diameter (Fig. 1.e). 

When the pump is in the LP0,17 mode (Fig. 1.f), three modes are group-index matched across two Raman Stokes 

shifts (Fig. 1.g) yielding a three-color source (Fig. 1.h) [5]. And, when the pump mode is in the LP0,14 mode instead, 

four-color emission is obtained (Fig.1.i,j,k). 

 
Fig. 1 (a), (e) Facet images of the two fibers used in the experiments. (b), (f), (i) Near field images of the pump modes 
used in the three experiments. (c), (g), (j) Group-index vs. wavelength for the modes participating in the three 
respective experiments. (d), (h), (k) the corresponding spectra of the multi-color emissions of the three experiments 
with pulse energies and autocorrelator-measured pulse widths shown for each peak. Vertical dashed lines show the 
excellent match between the experimentally observed spectral positions of the pulses, and the corresponding 
wavelengths at which the modes are group-velocity matched. 

  

Group-velocity matching across spatial modes of a fiber helps obtain multiple ~100-fs pulses with up to 14-nJ 

pulse energies and multiple colors spanning > 200 nm emitted from a single (fiber) aperture. This is enabled by 

the process of soliton self-mode conversion, which leverages the new degrees of freedom afforded by multimode 

nonlinear optics to develop novel ultrashort pulse fiber sources. 
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