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Advances in fields spanning from applications of nonlinear optics to material processing put new demands on 
reliable high-power ultrafast laser sources. As fibers constitute an excellent platform for high-power systems, 
given their heat removal properties, these demands necessitate a better understanding of the dynamics involved 
in ultra-short pulse propagation in active fibers for optimal system design. As the equations governing pulse 
propagation, gain and amplified stimulated emission cannot be solved analytically when coupled together to 
describe actual systems, accurate numerical models are of outmost importance. 

 We recently developed a numerical model, showing excellent agreement with measurements [1], for fiber-
based amplifiers seeded by ultra-short pulses at high repetition rates. The model enables the study of the impact 
of several parameters that are usually omitted or set constant in conventional models. These parameters describe 
phenomena such as spatially and spectrally dependent gain, the refractive index dependence on inversion as well 
as spectral dependence of the fundamental mode’s effective area. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Comparison of measured and simulated spectra when accounting for various effects as described below. 
 

We built an Yb-fiber amplifier, seeded by 173 fs pulses at a repetition rate of 212 MHz generating an average 
output power of 20 W. The amplifier was thoroughly characterized and provided crucial data, usually 
unavailable in technical literature, for evaluating the performance of the theoretical model. Fig. 1 shows 
comparison of the experimental spectra (dashed lines) with simulations (solid lines) when taking different effects 
into account. The measurement and theory correspond to an amplification of 13 dB. The graphs in Fig.1 (a) show 
the results of using approximations common in traditional simulations [2], i.e., Taylor expansion of the 
dispersion and using constant absorption (1), accounting for spatially and spectrally dependent absorption (2) 
and including spectrally dependent mode areas as well as using a refractive index profile for fused silica when 
setting the dispersion (3). Fig. 1 (b) shows the results from additionally including the inversion level when 
setting the mode overlap with the core (4), as well as the effect of the inversion on the effective strength of the 
nonlinear interaction (5) and in addition including the effect of inversion on the dispersion (6). It is clear from 
the figure that the inversion dependence of the dispersion has the strongest impact in shifting the simulated 
spectrum towards the measured one. 

The deviation from the measurements for the simulations accounting for all of the above mentioned effects, 
i.e. graph 6, is partly attributed to the uncertainty in the data used for the cross-sections, upper level life time and 
the small signal absorption of the pump. Moreover, the model assumes a straight fiber, whereas the Yb-fiber was 
subject to strain by coiling in the experiment, which is known to alter the refractive index [3] which, in turn, 
affects the modal distribution and thus might modify the dispersion, absorption and susceptibility to nonlinear 
effects. Furthermore, the fiber was polarization maintaining and thus had a modified refractive index profile as 
compared to a standard fiber [2]. Further analysis will investigate the impact of these effects in an effort to fully 
cover all of the essential phenomena involved in ultra-short pulse propagation in active fibers. 
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