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Application of Laguerre-Gaussian Mode Laser Heater

Raphael Navarro
Undergraduate student studying Electrical Engineering at the Henry Samueli School of

Engineering at the University of California, Los Angeles
ranavarro2@g.ucla.edu

Abstract: A scientific review of "Laguerre-gaussian mode laser heater for microbunching
instability suppression in free-electron lasers." by Jingyi Tang, et al. with specific insight
on improving the laser heater beamline.

Introduction.
Free-electron lasers (FELs) are powerful experimental tools used in condensed matter

physics, chemistry, and structural biology, providing ultrashort, extremely bright coherent
radiation at wavelengths down to the angstrom level 1. However, the quality of the
electron-beam (e-beam) can be degraded during the magnetic compression process, a
phenomenon known as microbunching instability (MBI) 1. This instability can amplify
the e-beam energy and density modulation, increasing its energy spread to a level that can
be detrimental to the FEL gain process, beam brightness in storage rings, and linacs 1.

MBI can be suppressed by a laser heater (LH), which has been widely used in other
FEL facilities 1. The effectiveness of MBI suppression greatly depends not only on the
amount of LH-induced energy spread but also on its distribution 1.

In this context, the research paper presents an investigation into the use of a
Laguerre-Gaussian 01 (LG01) mode laser at the Linac Coherent Light Source (LCLS) and
its influence on MBI suppression and FEL performance 1.

Methods.
This study focused on investigating the impact of using a LG01 mode laser at the

Linac Coherent Light Source (LCLS) on Microbunching Instability (MBI) suppression
and Free-Electron Laser (FEL) performance. The primary goal was to assess the
effectiveness of the LG01 mode laser heater in generating a Gaussian-shaped energy
distribution and its subsequent effects on MBI suppression and FEL performance.

To accomplish this, researchers employed a spiral phase plate (SPP) to transform the
laser heater's transverse profile from Gaussian to LG01 mode. The SPP applied an
increasing spiral phase to the beam, resulting in a total phase change of 2π and creating a
null in the field amplitude at the laser's center 1. This conversion facilitated the LG01 mode
laser heater in inducing a Gaussian-shaped energy distribution, which is advantageous for
MBI suppression.
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Fig 1. A simplified schematic illustrating the experimental configuration from the photoinjector
to the SXRSS diagnostic end station (not drawn to scale).

In comparing the Gaussian and LG01 modes, researchers determined the Gaussian
fitting coefficient for both. The findings revealed that the LG01 mode consistently
produced a more Gaussian-shaped energy distribution, a crucial indicator of suppression
performance. The SPP achieved over 95% transmission efficiency and provided sufficient
laser energy to induce the optimal level of energy spread.

The study also incorporated a midinfrared (MIR) spectrometer positioned on the linac
after the beam reached a final energy of 4 GeV. This spectrometer measured coherent
transient radiation from a thin film within the electron beam, with the radiation profile
reflecting the MBI factor. The MIR spectrometer served as a visual tool for observing
MBI suppression, as the radiation was directly proportional to the MBI factor.

Furthermore, researchers conducted simulations to analyze the interaction between
the electron beam and LG01 laser within the laser heater. Using a manually modified
element in ELEGANT, they simulated the Soft X-Ray Self-Seeded (SXRSS) spectrum
and compared it using GENESIS. The simulation results indicated that the LG01 mode
laser heater could achieve 20% better monochromaticity within 1 eV in the SXRSS
spectrum 1.

To improve the laser heater beamline, other parameters of the laser, such as the
wavelength, can be modified. For example, the wavelength of the laser can be changed by
using a waveplate, a device that alters the polarization state of the laser beam, effectively
changing its wavelength 2. In addition, a tunable laser can be used to precisely control the
wavelength of the laser beam. This can be achieved by using a tunable filter or mirror that
can adjust the wavelength of the laser beam to the desired value 3.



Results and Interpretation
The experimental findings revealed that the LG01 mode laser heater induces a

Gaussian-shaped energy distribution in the electron beam, resulting in improved
suppression of microbunching gain compared to conventional operations using a
Gaussian mode laser heater 1.

The significance of these results lies in their contribution to our understanding of
FEL operations and MBI suppression. Specifically, the LG01 mode laser heater
demonstrated the ability to induce a Gaussian energy distribution across a wide dynamic
range, indicating superior MBI suppression compared to standard operations (i.e.,
Gaussian mode laser heater) 1. This suggests the potential for achieving better
monochromaticity within 1 eV in the Soft X-ray Self-Seeded (SXRSS) spectrum, which
is crucial for spectroscopies requiring precise selection of various elementary
excitations 1.

Conclusions
The implications of this study extend to the broader field of FELs and their

applications in condensed matter physics, chemistry, and structural biology. The results
lay the groundwork for developing the next generation of engineered laser heaters,
offering insights that can guide the design of enhanced brightness linacs and x-ray FELs,
both existing and future ones.
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