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DOI:10.31868/RFL.2024.240-241Recently, the emergence of a novel light source, known as random fiber laser(RFL), has captured significant interest[1]. RFL diverge from traditional laser byeschewing the standard resonant cavity, instead harnessing the stochastic Rayleighscattering within the fiber for feedback. It is characterized by simple structure, highefficiency, good stability and flexible regulation[2], and has shown a wide range ofapplication prospects in the field of communication, sensing and high-powerlaser[3][4][5]. It is also being considered as potential seed sources for future laser-driven inertial confinement fusion (ICF) systems[6]. The distinctive feedbackmechanisms and abundant nonlinear effect inherent in RFL have also established it as avital platform for delving into the intricacies of complex systems. Our team's researchdelves into the phase transition mechanisms of RFL, aiming to uncover their intrinsicworkings to enable multifaceted manipulation of their emission properties. Thisendeavor is designed to enhance their performance within high-power laser systems.RFL, with their distinctive feedback and gain mechanisms, display complexdynamics akin to those in spin glass systems rich in spin molecules, serving as anessential element in the profound investigation of spin glass theories. With the help ofphase-sensitive optical time-domain reflectometer (Φ-OTDR) with proprietarytechnologies, we accurately measured the phase fluctuations of Rayleigh scattering infibers, and proposed a Rayleigh-scattering-phase-variation model, which theoreticallypredicted the boundary parameter of photonic phase transition in the RFL[7].Subsequently, the ubiquitous mechanism of the photonic phase transition is revealed:the photonic phase variation in RFL with Rayleigh scattering mechanism keeps ananalogy to the role of temperature and disorder in the interactions between spins in themagnetic spin glass phase. We also theoretically predict and experimentally observe aunique phase transition phenomenon-mode asymmetry, which expands the currentunderstanding of photonic phase transitions, providing a fresh perspective on theintrinsic mechanisms of complex systems. Furthermore, our research identified that thecorrelation of RFL is predominantly governed by the stochastic spikes scatteredthroughout the spectrum, which is pivotal for guiding the design, manipulation, andutilization of these lasers.Given the significance of the time-domain intensity statistics of RFL for thereliability of high-power laser devices, our team innovatively crafted a 1053nm narrow-linewidth RFL and explored its time-domain intensity statistics through bothexperimental and theoretical research under full bandwidth conditions[8]. It is foundthat the time-domain intensity statistics characteristics of the RFL is related to the pumppower, observing position and the fiber dispersion. Additionally, the time-domainintensity statistics of RFL exhibit an inward deviation from the exponential distribution,signifying interdependencies among various frequency components within thespectrum. Building on this research, we experimentally explored the connectionbetween the dispersion and the time-domain intensity characteristics of the RFL. Theresults show that the dispersion accumulation will make the time-domain characteristics



closer to the exponential distribution; on the contrary, the dispersion compensationleads to a more stable time-domain output. Leveraging these findings, we can tailor thetime-domain output of random fiber lasers, with specific intensity amplitudes, to fulfillspecialized application requirements.Building upon our foundational theoretical research on RFL, we have conductedpreliminary exploration of its potential application in ICF laser devices[9]. RFL,characterized by its instantaneous broadband and multidimensional tunability,demonstrate the potential to serve as seed sources in ICF laser devices. In alignmentwith the gain spectrum characteristics of neodymium glass amplifiers within ICF laserdevices, our team has developed a two-level Nonlinear Schrödinger Equation (NLSE)model for the design of RFL seed sources. Following this, we introduced a precisionspectral control scheme with matched the amplifier gain spectrum, successfullydemonstrating the generation of nanosecond random laser pulses with a 2.5nmbandwidth and an energy output of 28mJ in our experiments. This study robustlyillustrates the favorable prospects for the application of RFL in ICF laser devices.In conclusion, our team's profound investigation into the phase transition of RFLhas laid a theoretical groundwork for the precise and multidimensional manipulation ofits output characteristics. This advancement paves the way for the enhanced applicationpotential of RFL across various domains.

Fig. 1. (a). Phase transition in RFL; (b). Correlations between different modes of RFL, inset:corresponding spectrum; (c). Time-domain intensity of the RFL with different dispersion; (d). Energycurve of regenerative amplification in the ICF combined with RFL.
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