LLE REVIEW

22

8. (a)F.H.Harlow,dJ.E.Welch, Phys. Fluids 9,842 (1966}, (b) B.
J. Daly, Phys. Fluids 10, 297 (1967), (c) J. R. Freeman, M. J.
Clauser and S. L. Thompson, Nuc. Fusion 17,223 (1977).

9. G. Birkhoff, Los Alamos Scientific Laboratory Report LA-
1927 (1956) and LA-1862 (1955), unpublished.

10. S.J.Gitomer,R.L.Morse,and B.S. Newberger, Phys. Fluids
12,234 (1977).

11. (a)L.Montierth,F.L.Cochran,and R.L.Morse, Bulletinofthe
American Physical Society 24, 945 (1979) and (b) R. L.
McCrory, L. Montierth, R. L. Morse and C. P.Verdon, “Taylor
Instability in Fusion Targets” in Laser Interactions and
Related Plasma Phenomena, Vol. V, (Plenum Press, in press,
1980).

12. S. E. Bodner, Phys. Rev. Lett. 33, 761 (1974).

13. R.L.McCrory, R. L. Morse, and K. A. Taggart, Nuc. Sci. Eng.
64, 163 (1977).

2.C Enhanced Reflectivity Due to
Pondermotive Rippling

Recent theoretical studies have elucidated a physical process
which may play a significant role in determining the amount of
light reflected from a target plasma corona. Unlike well-known
scattering instabilities such as Stimulated Brillouin Scattering
(SBS) and Stimulated Raman Scattering (SRS), this effect is due
to an equilibrium feature of the coronal plasma flow.

The effect may be described using the simple model of the
target plasma shown in Fig. 18. For simplicity, the lightis taken to
be normally incident (the extension to oblique incidence is
straightforward). The corona is modeled by a uniform plasma of
density n moving through the critical surface at a constant
velocity v. To model the absorption processes, which are most
effective near critical density, we assign the critical surface a
partial reflectivity R, < 1.The incident light has wavenumberk; in
combination with the light reflected from the critical surface it
forms astanding wave of wavenumber 2k. The electric field of this
standing wave then gives rise through the pondermotive force to
a stationary density ripple in the corona, also of wavenumber 2k,
which can Bragg-reflect the incident light and thus enhance the
reflectance of the corona.Alinearized analysis gives thefollowing
equation for the total reflectance R,,, due to the critical surface
and the density ripples:

R, = R?, eﬁ(1 ‘Rzroz),
The parameter g contains the laser and plasma parameters

ﬂ = n/nc V/CS V20$C vi
* T/, Tv/clEAIZ Fav_, V2, .
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Fig. 18

Simplified model of corona. The inci-
dent laser light is taken to be normally
incident to the uniform underdense
plasma (a). The plasma is streaming at

velocity v with respect tocritical surface.

Also shown are (b) the standing wave
part of the electric field, wavelength K;
and (c) the density fluctuations due
to pondermotive force, wavelength
2k These densily fluctuations can Bragg-
reflect the incident light.

Table 2
Typical values of B in a laser plasma
corona.
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Critical surface

/ reflectivity Ry

Plasma Streaming at
Velocity V

Incident laser light

Reflected light
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Here n is the critical density, c, is the ion sound speed, V. is the
electron quiver velocity in the incident light, V,, is the electron
thermal velocity, L is the length of the plasma, and v is a
phenomenological damping factor, representing primarily ion

INCIDENT LASER POWER (W/cm 2)

10" 101° 1018

T,/Ti=10 B=0.938 9.38 938
15 0.251 251 25.1
20 0.101 1.01 101

Values of g forL =100 yv/cs =125,
n/n.=15 x=105u
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Fig. 19

Total reflectance as a function of pand
R, (R ™ R, as B » o). Density
fluctuation may significantly enhance
reflection from the corona for much of
the parameter region of interest to
laser fusion, B > 1.
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Landau damping. Note thatifv=0o0rv=0,=0and R2_, =R2,
Thus both damping and a non-zero flow velocity must be present
to obtain enhanced reflection from the coronal density rippies.

Results for R, as afunction of g are shown in Fig. 19 forseveral
values of R, , the critical surface reflectivity. Note that for g<<1,
R~R,whileforg >>1,R,,~A,=1.The transition between these
two limits occurs near =1, so that for <1 we expect significant
enhanced reflection. In Table 2 are listed some typical values for
B in a laser plasma corona, calculated for

=100 um,v/c.,=15n/n. =05 A= 1.05um,

and several values of T./T, (ratio of electron to ion temperature)
and incident laser power. The strong dependence on T./T,isdue
to the Landau damping factorv in g. Table 2 shows that for much
of the parameler region of interest to laser fusion g > 1,so that
the density ripples may significantly enhance reflection from the
corona.

Enhanced reflection is difficult to observe experimentally, since
unlike SBS and SRS itdoes notalterthe spectrum of the reflected
light but rather augments the specularly reflected component.
However, the density ripples themselves appear in simulations?
and have been observed in microwave experiments2, When the
coronal flow velocity is near the ion sound speed, the density
ripples become ion acoustic waves and contribute to SBS3,



PROGRESS IN LASER FUSION

REFERENCES

1. K. Lee,D.W.Forslund, J. M. Kindel, and E.L. Lindman, Phys.
Fluids 20, 51 (1977).

2. H.E.Huey,A.Mase,N.C. Luhmann,W.F.DiVergilio,and J.J.
Thomson, Phys. Rev. Lett. 45, 795 (1980).

3. C.J.Randall,J.J.Thomson,and K. G. Estabrook, Phys. Rev.
Lett. 43,924 (1979), C. J. Randall, J. A. Albritton, and J. J.
Thomson, UCRL-84330.

25



