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We show analytically and numerically that parabolic pulses and similaritons are not always synonyms and 
that a self-phase modulation amplification regime precedes the self-similar evolution. Properties of the 
recompressed pulses after SPM amplification are investigated.  

1. Introduction

Self-similar propagation in high-power fiber amplifiers has generated considerable interest since the first theoretical
and experimental demonstration of the phenomena in 2000 [l]. Indeed, due to the combination of normal dispersion,
non-linearity and gain, any initial waveform will evolve asymptotically into a similariton, a pulse characterized by a
parabolic intensity profile with a linear positive chirp. This pulse then undergoes self-similar (SS) dynamics with a
iongitudinal exponential increase in the peak povvcr and the temporal and spectral widths. The only issue is sin1ply

one of the time/ length scales required to achieve this.
To date, no clear difference has been made in the literature between self-similar evolution and the amplification 

of pulses that simply have a parabolic input shape. However, with the advances in similariton lasers [2], and the use 
of linear pulse shaping, using for example superstructured fiber Bragg gratings [3], it has become possible to use a 
parabolic pulse as the input to an amplifier. The generalised expression for parabolic pulse is given by 
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where Ap is the amplitude of the pulse, Tp the FWHM temporal width and Cp the linear chirp coefficient. 
We demonstrate herein that the dynamics involved in the amplification of parabolic pulses can be distinctly 

different from the self-similar evolution usually referred to when speaking about parabolic amplification. We show 
that the dynamics in the initial stages of pulse evolution is not self-similar at all, but dominated by self-phase 
modulation (SPM). Only after a sufficient propagation length do the pulses become self similar. We also investigate 
the pulse properties after linear compression and show that parabolic pulses represent the optimal initial pulse shape 
in terms of compressed pulse quality for the SPM amplification regime. 

2. Self-phase modulation and self-similar amplification regimes

We consider the amplification of a pulse with an initial full-width at half-maximum temporal width To, an initial
energy U0, either with or without an initial temporal linear chirp with a positive slope coefficient C0. The evolution
of the complex electric field 1.f.1 can then be modelled by the non-linear Schrodinger equation including a constant
gain term g, the second order dispersion /32 and the non-linear coefficient y:
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We first consider the amplification of 800 fs pulses. We can see in Fig. la that these pulses quickly converge to 
the SS solution (circles) which corresponds to a parabolic pulse with parameters Tss and Css given by : 
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regardless of the initial shape [l]. For longer initial pulses, the distance needed to converge to the asymptotic SS 
behaviour becomes longer. Indeed, there is a vast region where longer pulses do not exhibit any change in their 
temporal width. By increasing the temporal width by 10, the ratio between the initial non-linear and dispersive 
lengths decreases by a factor of 10, such that in this region SPM becomes the dominant effect. The evolution of the 
initial parabolic pulse characteristics can then be evaluated by : 
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The difference between the SPM and SS amplification regime can also clearly be seen in Fig lb and le in which 
the longitudinal evolutions of chirp coefficient and spectral width of the pulse during the amplification are 






