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Introduction to Inertial Confinement Fusion

Figure 1. Inertial Confinement Fusion

Lasers symmetrically irradiate the pellet

Hot plasma expands into the vaccum. Rocket-like reaction to this is the implosion of the fuel.

Most of the fuel is compressed to around 1000 g cm3

≈ 100,000,000 Kelvin hotspot created at the center of the fuel by shock heating leads to

ignition and fusion burn.

Stimulated Raman Scattering

Figure 2. Stimulated Raman scattering process

SRS, producing a langmuir wave and scattered wave (called side-band)at densities below

one-forth of critical density.

no
o ≤ ncr/4

ncr, i.e., critical density corresponds to where plasma frequency is equal to pump frequency

Challenge in ICF and Our Objective

SRS is one of the major causes for pre-heating of fuel in ICF

The objective of this work is to suppress SRS coupled with decay instability by applyig static

magnetic field.

Importance of Magnetic Field in plasma

A charged particle undergoes a circular orbit in the plane perpendicular to the direction of the

field when placed in a magnetic field. Due to the combined influence of magnetic field and

ponderomotive force, charged particle executes the spiral trajectory.

The externally applied magnetic field not only enhance the strength of ponderomotive force,

but also provide an additional momentum to the plasma electrons and retains the energy to

longer distance.

The applied azhimuthal magnetic field provides the additional perpendicular component of

nonlinear current density, results the significant gain in amplitude of EMW.

~Bo = c( ~ko× ~Eo)
ωo

Laser-Plasma profile: Magnetized density rippled plasma

no
o is electron populations at temperature Te and no

h as density of hot electrons at temperature

Th

Consider a high power laser with frequency ωo, ~Eo = x̂A exp[−i(ωot − koz)] propagating
through plasma with static magnetic field Bsẑ

Coupling of SRS and decay instability

The laser couples to a backscattered electromagnetic sideband wave of field,
~E1 = x̂A exp[−i(ω1 − k1z)], and a daughter plasma wave (EPW1) of potential
Φw = φw exp[−i(−kwz)] where ω1 = ω − ωo and k1 = k − ko

The electron plasma wave EPW1 decays into ion acoustic wave (IAW) of potential

Φs = φs exp[−i(ωst − ksz)] and a back scattered EPW2 of potential Φd = φd exp[−i(ωdt − kdz)]
where ωd = ωs − ω and kd = ks − kw.

The electrons acquire oscillatory velocity, v1 = eE1
im(ω1−ωc), from the scattered wave. At (ω, ~kw),

where Φp = φs exp[−i(ωdt − kdz)]. Here, ωc is the cyclotron frequency.

Five wave theory

We obtain the coupled equations,
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Schematic Diagram

Results and Conclusions

Figure 3. (a) Variation of normalized growth rate in the presence of magnetic field at various Eigen values with

ωp/ω0 = 0.03, (b) Variation of growth rate with magnetic field in the presence and absence of density ripple, (c)

Variation of growth rate with the spot size of laser beam at various Eigen values, keeping ωp/ω0 = 0.03

Conclusion

Due to the localization of the lower hybrid wave in the presence of density rippled plasma and

azimuthal magnetic field, the SFRS growth rate is significantly reduced.

This may help reduce the preheating of fuel in ICF.
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