
UCLA
Recent Work

Title
 Enhancing Free-Electron Laser Stability with Laguerre-Gaussian Mode Laser Heating

Permalink
https://escholarship.org/uc/item/52q4k7fw

Author
Delgado, Benjamin

Publication Date
2024-12-12

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/52q4k7fw
https://escholarship.org
http://www.cdlib.org/


‭Benjamin Delgado‬

‭ECE170a‬

‭10 November 2024‬

‭Enhancing Free-Electron Laser Stability with Laguerre-Gaussian Mode Laser Heating‬

‭Abstract‬

‭This paper reviews the study by Tang et al. on using a Laguerre-Gaussian (LG01) mode laser‬

‭heater to suppress microbunching instability (MBI) in free-electron lasers (FELs) [1]. Their‬

‭results show that the LG01 mode effectively stabilizes FEL beams by minimizing energy‬

‭fluctuations that degrade beam quality. In this review, alternative methods for generating‬

‭donut-shaped intensity profiles with fixed polarization are discussed, along with other potential‬

‭laser modes that could serve similar applications. Additionally, the impact of laser wavelength on‬

‭heater performance and technology recommendations are explored. This analysis demonstrates‬

‭how varying parameters and modes could further optimize FEL beam quality.‬

‭Introduction‬

‭Free-electron lasers (FELs) are critical for applications requiring intense, tunable light sources,‬

‭such as imaging and spectroscopy. However, FELs face challenges from‬‭microbunching‬

‭instability (MBI)‬‭, where small electron beam fluctuations‬‭amplify over time, degrading beam‬

‭coherence and brightness [1]. To counter this, a‬‭laser‬‭heater‬‭is often used to induce a controlled‬

‭energy spread within the electron beam, which can reduce instability. While FELs traditionally‬



‭use a Gaussian-mode laser for this purpose, Tang et al. introduced a Laguerre-Gaussian (LG01)‬

‭mode laser with a donut-shaped intensity profile to provide a more effective heating pattern [1].‬

‭This paper reviews the study, explores alternative methods for generating structured light, and‬

‭examines ways to optimize FELs by adjusting laser parameters.‬

‭Review of the Laguerre-Gaussian Mode Laser Heater‬

‭The LG01 mode introduced by Tang et al. is characterized by a ring-shaped (or donut) intensity‬

‭profile, as opposed to the standard Gaussian distribution, which concentrates energy at the center‬

‭[1]. This donut shape allows for a more even energy distribution across the beam, which helps to‬

‭suppress microbunching instability. The study’s experimental results at the Linac Coherent Light‬

‭Source (LCLS) demonstrated that the LG01 mode produced a Gaussian-shaped energy spread‬

‭across the beam, leading to significant improvements in beam stability and quality. By‬

‭distributing energy around the beam’s edges, this approach reduces sharp peaks and smoothens‬

‭intensity, thus more effectively managing electron beam fluctuations [1].‬

‭Alternative Methods of Producing Donut-Shaped Intensity Beams with Fixed‬

‭Polarization‬

‭Aside from using the LG01 mode, other methods can generate donut-shaped intensity profiles‬

‭while maintaining fixed polarization. For instance,‬‭vector vortex beams‬‭with azimuthal or radial‬

‭polarization can be used to achieve a ring-shaped intensity distribution, controlled by spatial light‬

‭modulators (SLMs) or q-plates [2]. These beams, which possess inherent phase and polarization‬

‭control, offer additional flexibility and may serve as alternatives to LG01 in FELs. Another‬

‭method involves‬‭optical phase plates‬‭, which impose‬‭specific phase patterns on a Gaussian‬



‭beam, transforming it into a donut shape [3]. These techniques provide similar advantages as the‬

‭LG01 mode in FEL applications, enabling fixed-polarization ring shapes that support MBI‬

‭suppression.‬

‭Other Non-Laguerre-Gaussian Modes for FEL Applications‬

‭While the LG01 mode has proven effective, other structured light modes could also enhance‬

‭FELs.‬‭Hermite-Gaussian modes‬‭(e.g., HG01) create a‬‭double-lobed intensity profile that‬

‭distributes energy along orthogonal axes. This structure may reduce beam instability by‬

‭providing an alternate path for energy distribution. Additionally,‬‭Bessel beams‬‭, which feature a‬

‭central peak with concentric rings, offer a stable, non-diffracting option that maintains beam‬

‭structure over longer distances [4]. Testing these alternative modes in FEL systems may reveal‬

‭further options for managing microbunching.‬

‭Effect of Laser Wavelength on Heater Performance and Recommended Technology‬

‭Changing the laser wavelength can also affect FEL performance. Shorter wavelengths enable‬

‭higher precision in controlling energy spread, while longer wavelengths may offer greater‬

‭cost-effectiveness. Modeling the effect of various wavelengths on LG01 mode effectiveness‬

‭suggests that using UV wavelengths (around 355 nm) could enhance the uniformity of heating‬

‭patterns [1]. For practical implementation,‬‭tunable‬‭diode-pumped solid-state lasers‬‭are‬

‭recommended, as they allow wavelength adjustments to suit FEL requirements. With tunable‬

‭lasers, FEL operators could achieve flexibility in adjusting laser mode and wavelength,‬

‭improving performance in applications requiring specific wavelength stability [5].‬

‭Necessary Calculations from Matlab‬



‭1.Donut-Shaped Intensity Profile for LG01 Mode‬

‭2. Comparison with Hermite-Gaussian and Bessel Modes‬

‭Conclusion‬



‭Tang et al.’s application of the LG01 mode laser heater represents a significant advancement in‬

‭controlling microbunching instability in free-electron lasers [1]. By distributing energy around‬

‭the edges of the electron beam, the LG01 mode achieves better beam stability and quality than‬

‭traditional Gaussian-mode heaters. This review also explored alternative methods for creating‬

‭structured light, additional laser modes, and wavelength adjustments that can further improve‬

‭FEL performance. These advancements highlight structured light's potential to enhance‬

‭photonics applications, from precision imaging to secure communications.‬
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