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Solitons are fundamental and ubiquitous objects in the field of nonlinear dispersive wave propagation 
[1]. In integrable systems (described by equations such as the one-dimensional nonlinear Schrödinger equation-
1DNLSE), solitons exhibit particle-like properties such as elastic, pairwise interactions characterized by phase 
and position shifts [2]. Soliton gas (SG) can be defined as a large ensemble of interacting solitons characterised 
by random amplitude and phase distributions. The theoretical concept of SG has been introduced in 1971 by 
Zakharov who has considered a rarefied gas in which solitons are well separated and weakly interact [2]. The 
theory of SG has been extended to dense soliton gas in which the solitons significantly overlap and continuously 
and strongly interact [3]. 
 

The Inverse Scattering Transform (IST) is the main tool for the analysis of integrable nonlinear dispersive 
partial differential equations and of solitons. In this framework, solitons are associated with spectral parameters, 
the so-called IST discrete eigenvalues λ which are constants of motion. In the theory of SG, the central object is 
the density of state (DOS)-the distribution of spectral parameters λ- defined by using the IST [3]. It is only very 
recently that SGs experiments (performed in water tank) have been analysed in the framework of IST [4]. 
 

In this talk, we review the recent theoretical and experimental results in the field of SG. In particular, we 
will focus on the fundamental phenomenon of spontaneous modulation instability (MI) arising in the focusing 
regime of the 1DNLSE [5-8].  
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