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Currently there is growing interest in studying high temperature plasmas. Indeed, with the 

advancements in laser technology, powerful laser pulses are now available, and their interaction with solid 

targets, as in inertial confinement fusion (ICF), can produce high temperature plasmas reaching up to 20 𝑘𝑒𝑉 

[1]. At such high temperatures, electron rest energy 𝑚𝑒𝑐2 becomes non negligible compared to the electron 

thermal energy 𝑇𝑒 where 𝑚𝑒 is the electron rest mass, c is the speed of light, and 𝑇𝑒 is the electron temperature 

in energy units. The relevant parameter quantifying relativistic effects is therefore given by 𝑧 =
𝑚𝑒𝑐2

𝑇𝑒 
.  

In the context of ICF, we present a study of stimulated Brillouin scattering (SBS) and filamentation 

instability (FI) in high temperature plasmas.  

Plasmas in presence of an electromagnetic (EM) wave are described by the continuity equation, the 

momentum and energy balance equations using linear relativistic and collisionless hydrodynamic model [2], 

−𝑖𝜔𝛿𝑛 + 𝑖𝑘𝛿𝑉 𝑛0=0          (1) 

−𝑖𝜔𝛿𝑉 𝐺 𝑛0𝑚𝑒 + 𝑖𝑘(𝑛0𝛿𝑇 + 𝑇0𝛿𝑛) + 𝑖𝑘 𝛿𝛱𝑥𝑥 = 𝑞𝑒𝑛0𝛿𝐸 + 𝛿𝐹𝑝𝑒 +
𝑖𝜔

𝑐2  𝛿𝑞    (2) 

−𝑖𝜔𝑛0𝑒  (−1 + 𝑧2(1 − 𝐺2) + 5𝑧𝐺)𝛿𝑇+𝑖𝜔𝑇0𝛿𝑛 + 𝑖𝑘𝛿𝑞 = 〈𝛿(𝑗𝐻𝐹 ∙ 𝐸⃗⃗𝐻𝐹)〉   (3) 

where 𝐺(𝑧) is the relativistic inertial factor, 𝛿𝑞 = −𝐾𝑇
𝑑𝛿𝑇

𝑑𝑥
+ 𝛼𝑉𝑛0𝑇0𝛿𝑉 is the generalized heat flux, 𝛿Π𝑥𝑥 =

−𝜂
𝑑𝛿𝑉

𝑑𝑥
+ 𝛼𝑇𝑛0𝛿𝑇 is the generalized stress tensor, 𝐾𝑇 is the thermal conductivity, 𝜂 is the viscosity coefficient 

and 𝛼𝑇 = 𝛼𝑉 , the off-diagonal transport coefficients. Additionally, the ponderomotive force 𝛿𝐹𝑝𝑒  and the 

absorption rate of the EM wave 〈𝛿(𝑗𝐻𝐹 ∙ 𝐸⃗⃗𝐻𝐹)〉 are taken into account. These model equations coupled with the 

Maxwell's equations are used to study the SBS [3] and FI [4], in the temperature range beyond 10 𝑘𝑒𝑉. We 

give in Figs. 1 and 2 the spatial growth of the FI as function of the wavenumber 𝑘 for respectively the thermal 

and ponderomotive sources. The plasma parameters used are the electron temperatures 𝑇𝑒0 = 1 𝑘𝑒𝑉 (dashed 

line), 𝑇𝑒0 = 3 𝑘𝑒𝑉 (dotted line) and 𝑇𝑒0 = 20 𝑘𝑒𝑉 (solid line), the underdense electron density 𝑛𝑒0 = 0.1𝑛𝑐 

where 𝑛𝑐 is the electron critical density, the laser wavelength 𝜆𝐿 = 1.06 𝜇𝑚 and the ion charge number 𝑍𝑖 = 6. 



 

  Fig.1        Fig.2 

 

The analysis of these instabilities reveals strong spatial growth rates. Additionally, the relativistic 

effects on SBS and FI are examined through the relativistic transport coefficients and the factor 𝐺(𝑧). We also 

find that for these instabilities, the ponderomotive source is more efficient than the thermal source. A 

comparison between SBS and FI is presented based on their wave vectors (magnitude and direction) and their 

growth rates.  

In conclusion, in hot plasmas with a temperature exceeding 10 𝑘𝑒𝑉 , the SBS and FI can play a 

detrimental impact in the context of ICF as they lead to significant laser energy loss and compromise the 

symmetry of the target implosion.  
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