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Laser Light Absorption with Density Profile Modi- ications* 
W. Kruer, E. Valeo, K. Estabrook, B. Langdon and B. Lasinski 

University of California, Lawrence Livernore Laboratory 

The absorption of intense laser light is generally otjerved to be 
much more efficient than expected on the basis of classics inverse 
bremsstrahlung . Near the critical density surface where the light 
frequency equals the local electron plasma frequency , laser light is 
readily converted by virtually any slow variation in plasma density into 
electron plasma waves. These plasma waves in turn heat the plasma 
electrons giving rise to so called anomalous absorption. The slow density 
variations responsible for the coupling can be produced in many ways: 
a) driven up from the noise by parametric instabilities, b) present due 
to plasma expansion into the vacuum (for obliquely incident light) or 
c) induced by electron-ion streaming instabilities due to heat transport 
or by variations in the radial intensity profile of the light. 

We have studied in two-dimensional computer simulations the heating 
2 

via such electron plasma waves . Our results emphasize the importance of 
nonlinear steepening of the density profile near the critical density. 
Recently such marked density profile modifications have been directly observe 
*Research performed under the auspices of the U. S. Atomic Energy Commission. 
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in microwave experiments and inferred from some laser plasma experiments . 
We first present a typical simulation result to illustrate these profile 
modifications and then briefly discuss several practical consequences. Finally, 
we show that large DC magnetic field generation is an inherent property of 
the absorption of obliquely-incident light. Such magnetic fields may be 

5 
responsible for recent observations of inhibited electron tram-port . 

For the simulations we used a 2D, electromagnetic, relativistic 
particle code and follow the propagation of laser light from a vacuum 
into an inhomogeneous plasma slab. The boundary conditions on the fields 
are periodic in one direction (that is, an infinite slab) and open in the 
other, allowing reflected laser light to leave the system. On the low 
density side, the particles expand into the vacuum. On the high density 
side, they are re-emitted witn their initial velocity distribution, 
simulating a reservoir of colder particles. In most simulations the light 
wave is incident at an angle to the direction defined by the density gradient, 
and the electric vector is in the plane defined by the density gradient 
direction and the propagation vector of the light. 

First consider a typical example, with parameters characteristic of 
a number of laser plasma experiments. Here v ./c = .06, where v is the 
quiver velocity of an electron in the laser light field. For Nd light, this 
corresponds to an intensity of 5 x 1 0 1 5 W/cm Z. The ratio of the laser light 

v g 
pressure to the thermal energy density of the plasr.'.a,(——) , is equal to .5. 

vte 
The angle of incidence is 24° and k L = 10, hwere L is the initial density scale 
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length. This gradient is rather steep, but the profile becomes even 
steeper nonlinearly. 

The laser light propagates into the plasma and resonantly excites 
an electron plasma wave near the critical density. This wave grows 
in amplitude until it traps electrons and ejects streamers of hot electrons 
towards lower density where they are reflected by the ambipolar potential. 
This stage of the process was reported in some detail in earlier work . 
He focus attention on the longer term density profile modifications due 
to the intense electron plasma waves when ion motion is allowed. 

The dramatic density changes are shown in Figure 1, where we plot the 
ion density versus position at two times from the same 
simulation. The ponderomotive force associated with the intense and local
ized resonantly-driven field ejects plasma. As shown in Figure la, there 
first forms a deep cavity at what was the critical density sjrface. A 
spike of resonantly-excited field is trapped in this cavity. The profile 
continues to evolve because the plasma is freely expanding into the vacuum. 
The secondary density maximum is convected towards the vacuum region and 
the cavity does not persist. A more characteristic, longer-term profile 
is shown in Figure lb. The density cavity has evolved to a sharp step from 
sub to super-critical density. This step is maintained by the ponderotrotive 
force associated with the resonantly driven plasma wave, which is a sharp 
spike of high frequency electric field localized at the critical surface. 
The characteristic spatial extent of this field is 10-20 A- (electron 
Debye lengths). (These are actually two steps--one indu:ed by the electron 
plasma wave and one by the electromagnetic wave at its classical turning 
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point). Note that the size of the density step is quite large: ~ = - , 
where in is the change in density from ths critical density to the lower 
plateau. 

As we have shown, there are a number of important consequences of 
this marked profile modification. First, the nonlinear steepening 
strongly reduces both the size of the resonantly excited electron plasma 
wave and, more importantly, the heated electron energies. In addition, 
the steepening makes resonant absorption an efficient mechanism for a 
larger range of angles of incidence than expected on the basis of linear 
theory. Lastly, it reduces the efficiency of heating at the critical 
surface due to parametric instabilities along the laser light field, 
although plasma waves in this direction can still be strongly excited 
under some conditions in the subcritical plateau region. He typically 
observe fractional energy absorptions of .-> 60S in these 20 simulations, 
but «» do not exclude the possibility that somewhat larger absorptions 
can be found for special parameters. 

It should be noted that the absorption efficiency is probably under
estimated in these model calculations. A uniform plane wave incident on 
an infinite plasma slab (as assumed in the simulations discussed above) 
is too ideal a problem to accurately predict absorption rates. In practice, 
one expects a more "turbulent" situation in which the plasma is strongly 
rippled with ion density fluctuations generated by electron transport 
into the overdense plasma and/or by variations in the light intensity 
profile. Such intensity variations cars he either inherently present 
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in the incident beam or induced by filamentation, lie have crudely 
modeled these effects in additional simulations by simply imposing large 
density fluctuations throughout t*°e plasma. The absorption is enhanced 
and in particular becomes less sensitive to the polarization of the 
laser light. 

Finally the computer simulations demonstrate the generation of large 
DC magnetic fields even in the absence of radiation asymmetry. Tlis field 
generation is an inherent property of the absorption and reflection of 

7 8 obliquely incident light ' . For example, when such light is absorbed, 
its momentum orthogonal to the gradient generates particle velocities 
and currents in that direction. The resulting magnetic field is parallel 
to the critical surface,; i.e., in the direction to inhibit electron 
transport inward. An example is shown in Figure 2, where we plot both 
DC magnetic field and Ion density versus position frorc a computer simu
lation. The magnetic field reaches a value of * 1. KG, in the 
neighborhood of the critical density surface. Further work is underway 
to assess the magnitude and spatial extent of these fields in less ideal 
geometries. 
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FIGURE CAPTIONS 

Figure 1: a) An ion density profile from a two-dimensional computer 

simulation, which illustrates the in i t ia l stage of the 

profile modification. 

b) A longer-term ion density profile from the simulation. 

Figure 2: A plot of DC magnetic f ield and ion density versus position 

from a two-dimensional computer simulation. The in i t ia l 

parameters forthis simulations are: 

V c = - 1 ' - V v t e = 1- 4» ko L " 4 • 0 = 4 5 ° -
The light is circularly polarized. 
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