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RESONANT ABSORPTION IN PLASMA DENSITY

PROFILES PRODUCED BY LASEP HEATING

by

R. C. Malone and R. L. Morse

ABSTRACT

Efficiency and optimum angle of incidence
of combined resonant and collisional absorption
of laser light are found by numerical simulation
and an extension of ray tracing to be moderately
insensitive to pulse width and peak power.
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As the peak power is increased and the pulse length decreased in laser-solid

target experiments, ccllisional (inverse bremsstrahlung) absorption becomes less

effective. This happens because the absorptivity of the plasma decreases with

increasing temperature and because the optical path length through the plasma

decreases as the pulse length, and, therefore, the length of the blowoff plasma,

decreases. When collisional absorption becomes so weak that a significant lrac-

tion of the incident power reaches the geometrical optics turning point (we are

implicitly thinking of almost flat targets and wavelengths short compared to

density gradient lengths) resonant absorption can be important. Light polar-

ized in the plane of incidence (p polarized) tunnels from near the turning point

to the critical surface (where u « UJ. ) and is converted into particle energy
pe xaser

by whatever process damps plasma oscillations there. This process vanishes for

normal incidence and has a maximum for some optimum nonnormal angle.

Previous calculations of thy efficiency of resonant absorption have used

numerical solutions of the wave equation to treat linear density profiles at an
2 4

instant in time ' or to treat microscopic collective processes, including ion

density profile modification near the critical surface, on a time scale short

compared to a typical pulse length. ~ This note reports preliminary numerical

simulations of resonant and collisional absorption together with hydrodynamics



and heat flow by a method which more easily permits treatment cf the full time

duration of a typical pulse.

The simulations are done in planar geometry (variables depend only on x and

t) with the same two temperature (T and T.) Lagrangian hydrodynamics and heat

flow code used in Ref. 7 and the same fully ionized CH_ target prescription.

However, absorbed power,instead of being legislated as a function of time at the

critical surface,is calculated for all x and t by an extension of the ray tracing

procedure to include resonant absorption.

The ray tracing procedure, which is valid in the short wavelength limit and

which has been shown to be a useful approximation to solutions of the wave equa-
D Q

tion for calculating collisional absorption, ' consists of calculating the path

of a ray from Sneli's law, which for a planar plasma gives

sin 8
sin e(x) y T , (1)

[1 - n (x)/n P

where 6, 9-., n , and n are the angle of the ray with respect to the surface
u e c

normal, the vacuum incident angle, the electron density, and the critical density,

respectively. Consequently the turning point of the ray occurs where the electron

density is

nTP = nc C O S 60 < nc ' ( 2 )

The collisional absorption is calculated by attenuating the incident power, P.,

along the ray path, S., in proportion to the inverse bremsstrahlung coefficient,

<(n ,T ) , correct«d for the group velocity,

dP KCP tcP

and depositing the instantaneous power removed from the ray into the local

Lagrangian zone. Equation 3 is integrated from the vacuum through the turning

point and back to the vacuum so that the ray crosses every zone twice. Linear

interpolation is used everywhere but in the zone containing n ™ , where a circular
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arc path is used to treat the singularity.

Resonant absorption is included by removing an additional fraction, A^, of P

at the turning point for p polarized light and depositing this power in the zone

containing n . Equation 3 is then integrated back on out to the vacuum as usual.

A_ is taken to be the resonant absorption fraction calculated and plotted in

Refs. 3 and 5 for a linear density profile of length L from the vacuum, with L

taken here to be the gradient length between x_p and x (where n =» n,^ and n ,

respectively) extrapolated to the vacuum. That is

n
C xi i_ . «_ N

" /_ _ \ » T P C *

3'5 is a function of C = ̂ ^ ^ ' Sl" V
is a functional fit to the curves shown in Fig. 1 of Ref. 5,

This A R
3' 5 is a function of C = ^ ^ L a s e r ^ ' Sl"2 V The form We USe f ° r

which is a bit too large at large £ where the exponential character of the tunnel-

ing makes A^ small, but a reasonable fit for smaller £.

A similar ray tracing procedure to that presented here has been used pre-

viously by Klnsinger and Goldman.

This combined collisional and resonant absorption model reduces to collision-

al ray tracing when resonant absorption is negligible and gives the wave equation

resonant absorption result when the density profile is linear and collisional

absorption is negligible. Since resonant absorption is essentially the tunneling

of energy from x_p to x followed by wave damping near x , calculation of L from

the tunneling distance, x__ - x , and removal of the resonantly absorbed fraction

of P at x_p is believed to be a reasonable approximation.

Figure 1 shows the total, time-integrated absorption fraction, A, from simu-

lations with A = 1,06 urn light in Gaussian pulses of various durations, x (FWHM),

and peak powers, P., and with both p and 6 (no resonant absorption) polarization.

As expected, for s polarization A is largest at 0=0° and for lower PQ where tem-

peratures are lower. Also T = 3 * 10 s gives a greater A than 1 * 10 s for

Po=10 w/cm because the gradient lengths and, therefore, the optical depths are,

on the average, longer. Also, as expected, A for p polarization has a maximum for



some 9.. = 6 ^ 0, and this 0 is smaller for the larger T because gradient
0 max max

lengths are longer.

It is interesting that 0 is a weak function of Pn and x, as is the
max U

corresponding maximum of A. Since the maximum of A^(C) of about 0.5 occurs at

£ * 0.5, these 0 values of from 7° to 10° (Fig. 1) correspond, for X * 1.06 ym,

to an average value of L = 10 urn. There are several compensating effects which

seem to be responsible for these weak dependences. Most obvious perhaps is that

as collisional absorption increases there is less power available at x,rp to go

into resonant absorption, and so the total absorption, A, increases less than the

collisional absorption. Also, as gradient lengths, and with them L, increase for

whatever reason, collisional absorption increases while resonant absorption,

decreases.
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Fig. 1. Time integrated absorptivity, A, is shown as a function of
angle of incidence, 9°, for p(|[ in plane of incidence) and
S polarized light and three different sets of values of the
incident power density and Gaussian pulse width, P_ and T.


