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National Ignition Facility (NIF)  

1.85 MJ, 192 Lasers, 500 trillion watts, 3.5 billion dollar  

Indirect Drive 



Raman Scattering: 
a reason for NIF failure to ignite, 2012 

30% of laser being backscattered by 
stimulated Raman instability 
How it can be remedied or avoided? 
We must first understand the physics.  
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Review of early theoretical work:  



How I Started the Laser Plasma Studies in 1971 with Rosenbluth? 
Him Question to me: Can we use laser to heat plasmas in Tokamak? 
My answer: by beating two lasers to produce a plasma wave and 
use plasma wave to accelerate electrons. 



Dream Laser Accelerator for Electrons 

3 experimental articles demonstrating the mono energetic 

electron acceleration by laser wakefield in Nature in 2004 



Physics of fluid, 1974 

Physics of fluid, 1974 









Early experiment on Raman scattering 



Experimental evidence of Raman Sidescattering  

Drake also observed the importance of the absolute Raman instability with 

much higher reflectivity, 1985  



[1] J.L. Kline et al., Phys. Rev. Lett. 94, 175003 (2005). 

Dependence of SRS on kλd of plasma wave  



[1] H.X. Vu, D.F. DuBois, and B. Bezzerides, Phys. Rev. Lett. 86, 4306 (2001). 

Importance of trapped electron effects of Raman backscatter 



Recent Review Article 

• David S. Montgomery, Two decades of progress in understanding and 
control of laser plasma instabilities in indirect drive inertial fusion, 
Phys. Plasmas 23, 055601 (2016). 

• Trident laser plasma system: Highly reproducible plasma formed in 
the laser hot spot for laser plasma interaction studies. 

 



Nonlinear Transformation from Convective to 
Absolute Raman (2018) 

Two graduate students of Peking University. Yenxia Wang and Qing Wang 



D. S. Montgomery, POP 23,055601(2016). 

Inflation of Laser Reflectivity by stimulated Raman backscattering: 
sudden jump of reflection coefficient by 4 orders of magnitude 



Convective instability Absolute instability 
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 𝐩𝐨𝐬𝐢𝐭𝐢𝐯𝐞 𝐫𝐞𝐚𝐥 𝒑 𝐬𝐨𝐥𝐮𝐭𝐢𝐨𝐧 𝐭𝐨 𝐞𝐱𝐢𝐬𝐭 

𝒂 = 𝑨𝐬𝐢𝐧𝒌𝒙 

M. N. Rosenbluth  R.White and 
CS Liu,PRL (1973). 

Condition for absolute instability 

Absolute Instability in a homogeneous plasma with a finite length L 

Standing wave condition 
𝑘𝐿 = 𝑛𝜋 

Laplace transform with 

variable p 



Convective Instability with a Heavily Damped 
Plasma Wave in a finite plasma with L: 
 𝜈1𝑎1 = 𝛾0𝑎2 
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1-D Vlasov simulation of electron distribution function at 

different laser intensities 

Convective instability Absolute instability 

Trappe electron effect 

Note the bumping tail  



Convective instability Absolute instability 

Reflectivity at different intensities, note 4 orders of magnitudes difference  



𝐼 = 3 × 1015 𝑊 𝑐𝑚2  

Distribution function Plasma wave growth 

Absolute instability 



Growth of Reflectivity 



Soliton and wave breaking  



Example: Plasma wave breaking 

Nonlinear effects: side band instability, SBS 

suppression of Raman, soliton and caviton, etc 



𝑇𝑒 = 0.5𝑘𝑒𝑉 

𝑛𝑒 = 0.025𝑛𝑐 

𝑘𝜆𝐷 = 0.35 

𝐼 = 1 × 1015 − −2 × 1016 𝑊 𝑐𝑚2  

𝜆0 = 0.527𝜇𝑚 

Experimental data：D. S. Montgomery 
et al. POP 9,2311 (2002) 

convective 

transition 

absolute 

1D Vlasov Code result compared with 
experiment   



To show the transition to absolute instability, we need to evaluate the 

nonlinear damping of the plasma wave:  

Transition from Landau damping to bounce resonance damping 

Vlasov equation in action angel variable :  

C. S. Liu, J. Plasma Physics (1972) 
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𝐴 = 𝑎 𝑥, 𝑡 𝑒−𝑖𝜔𝑝𝑡 

Nonlinear Schrontinger  equation: 

Nonlinear effects: soliton  



Wave package soliton acceleration by plasma inhomogeneity 

𝑣𝑔<𝑐𝑠 (i.e., 𝑘𝜆𝐷<<
𝑚

𝑀
  ) 

Accelerating solitons in inhomogeneous plasma and chaos of plasma wave  
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Nonlinear and relativistic effect in plasmas (V. Stefen, ed) AIP press.  



Soliton Emission and Acceleration 





• In the range 0 ≤ P ≤ 0.575, the solution is steady state much like the 
Airy function for P = 0. This solution is well known. 

• 0.575 < P < 1.088. Periodic emission of solitons to the underdense 
region is observed. 

• 1.088 < P < 1.155. The time evolution of the wave amplitude at x = 0 
undergoes period doubling. 

• 1.1575 < P < 1.255. A small frequency modulation appears. 

• P > 1.255. The emission of soliton shows chaotic behavior. 

 

Numerical results: 

Plasma wave break and surfing electron acceleration to high quality 

electron beams (on-going research)   



Conclusion 

• Lots more interesting works need to be done to understand laser 
plasma collective interactions. 

• Physics understanding is critical to the success of fusion. 

• We need collaborations of theory, computation and experiments. 
We need interdisciplinary, international, intercultural 
communication and collaboration. 

• We need intergenerational collaboration as fusion is a business of 
several generations. We may learn from high energy physics 
community (Higgs boson) and LIGO for gravity waves. 



1D High Power Raman Scattering 

[1] Bengt Eliasson, Chuan S Liu, Padma K Shukla and Naveen Kumar 



Plasma Photonics 



Thanks for your attentions! 


