
The Role of Laser Shaping in 
Microbunching Instability 
Suppression for Free Electron 
Lasers
Jingyi Tang1,2 ,Wei Liu1, Randy Lemons3,1, Sharon Vetter1, Timothy Maxwell1, Franz-
Josef Decker1, Alberto Lutman1, Jacek Krzywinski1, Gabriel Marcus1, Stefan Moeller1, 
Daniel Ratner1, Zhirong Huang1,2 Sergio Carbajo1

1. SLAC National Accelerator Laboratory
2. Stanford University
3. Colorado School of Mines



2

Microbunching Instability (MBI)

Huang, Zhirong, Juhao Wu, and Timur Shaftan. ICFA beam dynamics newsletter 38.SLAC-PUB-11597 (2005).
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Laser Heater in LCLS



4

LH Laser Shaping for MBI suppression

Gain Suppression Factor

Metric to describe the performance of laser heater in suppressing 
microbunching Instability.

𝑆௅ 𝑘  ൌ ׬   𝑒ି ௥మଶఙమೣ𝐽଴ 𝑘 𝑅ହ଺ 𝐴𝑓 𝑟  𝑟𝑑𝑟
laser transverse profile

Huang, Zhirong, et al. Physical Review Special Topics-Accelerators and Beams 7.7 (2004): 074401.
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e-beam energy distribution

e-beam
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LH Laser Shaping for MBI suppression

Liebster, Nikolas, et al. PRAB 21.9 (2018): 090701. Li, Siqi, et al. (2015): WEP005.

Energy Distribution of e-beam

Huang, Zhirong, et al. PRAB 7.7 (2004): 074401;

Transverse Gaussian Mode

E-Beam Laser 
Field𝑓 𝑟 ൌ 𝐴𝑒ି ௥మଶ஻ಸమ

Transverse Laguerre-
Gaussian Mode (LG01) 

𝑓 𝑟 ൌ 𝐴𝑟𝑒ି ௥మଶ஻ಽಸమ 𝑓 𝑟  ~ 𝐴𝑟  𝑓𝑜𝑟 𝑟 ≪ 𝐵௅ீ
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LH Laser Shaping for MBI suppression

Liebster, Nikolas, et al. PRAB 21.9 (2018): 090701. Li, Siqi, et al. (2015): WEP005.

Gain Suppression Factor
Lower suppression factor for better microbunching suppression.  
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Optical Mode-conversion System

Optical mode-conversion and control systems schematic at  LCLS 
photoinjector
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Measurements of LH-Induced Energy Distribution

LG01 Gaussian
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Downstream Measurements: IR Spectrometer

Maxwell, T. J., et al. Physical review letters 111.18 (2013): 184801.

𝑘 ∈ 3000,5000 𝑐𝑚ିଵ
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Downstream Measurements: Soft X-ray Self Seeding
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Effect of Laser Transverse Jitter

Laser beam Position at  Virtual Heater Camera + 
Energy distribution of e-beam at Spectrometer
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1. LG01 mode laser heater can introduce Gaussian energy 
distribution to e-beam and downstream measurements 
show signals of improvements in microbunching 
suppression. 

2. Transverse jitter of laser can degrade LG01 mode LH 
performance.

Conclusion
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Simulation
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Simulation
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Simulation
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