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ABSTRACT
Simulations siaw resonance absorpiion occurring on a steepencd and

rippled critical surface.  Stinulated scattayring may be present for long laser
pulses, and in reactor target chambers.

In this paper we describe the pictuce of laser 1ight absorption and
scattering which 1s emerging from our theory and computer simulation studies
of laser-plasma interoctions. On the subjec’ of absorption, wo discuss
theoretical and cxperimental cvidence that resonance absorption in a steepencd
density profile is a dominant absorption mechanism. Recent work also indicates
the presance of critica) surface ripples, which we study using two and three
dimensional computer simulations. Predfctions of hot electron spectra due to
resonance absorption are described, as are effects of plasma outfiow, We then
discuss tvo regimes where stimulated scattering may oceur. Briltouin scatter-
ing s expected in the underdense target blow-off, for iong laser pulses, and
is 1imited by jon heating. Raman scattering in the backpround gas of a reactor
target chamber s pradicted to be st must a Y08 effect for 1 pm lasers.

.. ABSORPTION

An oxperiment was recently performed at Livel‘mre‘ to test the gngle r\gd
nulayizatiun dependence of absorption for laser intensities 1, o 1019 = 101
W/eme, e have analyzed this pxberiment theoretically, using-computer simula-
tions of resonance absorption.t Since the 1ight pressure is comparable to the
plasma pressyre, strong density profile modification occurs, The profile falls
steeply through the critical density n., to a flat plateau at about ng/2.
Resunance absorption accurs in p pulnr?zatiun, maximizing at angles of incidence
05 20°. For s polarization, absorption is due to jon density fluctuations at
g driven by the laser, and renajns constant with © as long as the 1ight's turne
ing puint stays on the density plateau {0 < 45°}, The critical surface scems

to be rippled duc to efther laser hot spots or critical surface instahilities,
which we discuss below. We model this rippling by assuming the surface to be
tilted randomly in all planes, with an rms angle of ~ 8°, The thearetically
predicted absorptions are shown as the solid Vine in Fig. 1.

“Research ; erfaormed under the auspices of the U.S, Encrgy Reseavch and
Developmant Administration under contract No. W7ADL-EWG-48.

The shapes of the theoretical and experimental

curves ogrec well, Other absorption moch- T
anisms giva 2 107 additional angle and yrvwonee Protsiasion
polarization independent absorption. is B

We have studied the formation of Fiv

ripples on tho critical surface using
saveral computer simulation techiiques.
_ With Z0MRR (2 space dimensions, PICY &
we found that rippling is quite sen- . =
sitive to polarization. For swpolars -t
{zed ight of high intensity, Valeo
and Estabrogkd shiowed that the density —io—fomtmmimnd
depression due to the ponderamotive 9
force 15 unstable to bubble formation.
Closed cavities are produced which are Figura 1
A1), in dismeter and are {solated from the
t. For circularly polarized laser 1ight, these density
g'ﬂ?ﬂﬂ?ﬂﬁeé’?@mﬂn open to the {Ingident 1ight on thoir tow-density side. As
the structures foru due to the instability, dissination Ly the pepalarized
component incregses, and overal) absorption {5 cnhanced, Me inferred from our
20 studies of the different polarizations that in threo spatial dimensions
tubes of low density plasma are expegted to form, As_the surface rippies pre-
ferentially in the plane containing ky and Bp. The 3D simulations described
below confivm this hypothesis.

Motivated by understanding the full polarization properties of eritical
surface ripples, we have bequn using a 30 PIC code doveloped at Stantord
University. The code is relativistic and clectromaguetic, using a 3¢ x 32 »
32 mesh, The preliminary studies had triply perlodic boundary conditjons. To
study 3D ripples caused by narmally incident 11ght, o plane wave was launched
in the vacuum region onto an over dense plasma slab: with light pressure ®
plasma pressure during the course of the
run. Fig. 2 shows two side views of the
slab late in time, when ripples have formw
ed, The left and right vjews show the
planes containing & and Ty respectively.
These first 3D results show thggt ripples
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are strongest in the plane of [y, consis~
tent with our 2D Z0HAR simulatitins.

towever, for strony enougn laser fields
weaker eipples will also forn in the plaae
of £y, as shown on the right side of Fig. 2.

The above results are for uniformly
{ncident 1ight, However, sjatfal irregu-
Jarities in"the ineident laser beam can . Figure 2
produce steucture on the critical surface
cven in p polarizetion, and hence eniance tiie absorption. ﬁ typical
siwulation (p polarization) of a "hot spot" 2 1/2 A, in diameter shows as high
as 463 ghsovption, compured to only 13% obsorption ?f the sawe heam were unie
form, Therefore, both the structure of the heam and the interent eritical sur-
faco rippling instability can enhance the efficiency af resonante absorption,

This mport wat wepsed W aA sccoust of work
sponsoced by tha United Staten Governvent, Nether the
Unlied Suir nor the Unid States. Depacimant of
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5

Fime e o o LT RIBUTION Q6 Lhil DOGUMENT 1S UNLINITED



We are also studying absurption on larger spatial scales, $o as to
include readistic geouetry and finite focal spot size. The laser 1ight
pressure nakes the n surfacy convex, since steepening occurs preferen-
tially ncar the intense center of the beam, As a result, absorption may
be incrcased by 10-20%.

Steapencd profi]gs ke thoso predicted in Ref. 2 have recently been moa-
sured cxperimentally.? The measured protile was monotonic in density, Theory

. indicates thot wonotonic profiles wil) only exist ghen the plasma. outfiow velo-
g;ﬁ crolgt1¥u tghthe g:}tggnl s¥rfa:e 1; sabsonic. If the outflow s super-

entering the critical repion, a shoc i
forms at » density n > ng, a5 shown §n Fig, Supersomc Subsonic
3. Such shocks have been seen in numerica)
hydrodynantc calcutations which includa the
1aser 1ight gressure,0 For low-2 plasms
the shock w1g1 be collisionless; associated
microinstabilities and reflected fons may
play a role in encrgy transpart.

He have also examined? the heated
elcctﬁon spectra due to rpsonance absorp-
tigg. In_2D simulations® with I = 3 x
1014 .~ 1017 y/cm and background tempera-
tures Tp n 1 - 32 keV, the haated electrans
form 2 Raxwellan whose (20) temperature

Thot scales 05 Thot o To + 1.9 x 10-5 111 Figure s

[0 1.06um)21+3%,  The initial condition for this data was a density
raiip of gradient scale lengtg 1.76 Ao, A ;éep initial cendition was also
used between intensities 1016 and 10f7 Y/cme, with high cnough maximum
densily for pressure equilibrium,  The equilibrium was tested by starting
with the maximum density too high and letting 1t fall, and conversely by
starting too low and letting the maximum density incrcase. Stmilar Thou's
resulted. The temperatures with the initial step profile were initially
cooler, but thiey gradually fncreased to approximately (but still lower than)
the values obtained with tha ramp profile as the lower density plateau
established §tself. Absorption was (47 & 10)% for these runs, which are
a1l at 0 = 24°, The critical density scale length & ubeys the scaling
L/ - (1 x 4,7 x 10-19)7148, A simple model for resonance absorption
heating {5"described in Rofs, 2 and 7. ' These rcsu;ts compare favorably
with experiments using both lasers and microwaves.
J1. STIMULATED SCATTCRING

Future lascrs will use longer pulse Jengths and produce lcnger densit{
gradients. Under these eircunstances stimulated Brillouin scattering (SBS
may become important. In SBS the incident 1ight is &cattered into an ion
wave and a back- or side-scattered 1ight wave. lon heating duc to the in-
stabti{ty 1imits the scattering in th?s regime, since fon acoustic weves become
strongly damped when Ty + Ta, A simple model has been used to estimate
the stimulated roflect‘v!ty taking into account the self-consistent ian
heating.” Typically, the calculated reflectivities are ~ 10% when L =
10 2, and ~ 50% when L v 50 3,, where L s the scale length of the
underdense plasma.  Reflectivities similar to thuse colculated Huve been
recently observed in Tong pulse experiments on the Argus Laser!0,
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A sccond enviroiment where stimulated scattering may occur 15 in the
background gas of a laser fusion targnt chanber, where there is a long path
for stimlated Raman scattering (SRS) to deco)limate tho bsum and causp aser
energy to miss the target. For a gas density n ~ 1019 cn-3, both forward
and backward SES are strongly driven. Plasma wave trapping of electrons
1imits the instabl11ty growth.  Forward SRS 1s more cffictent at scattering
than backward ERS. due to 1ts higher saturation Jevel. For 1 ym 11ght with
1 = l 15 l(/Cn on target, target diameter 500 ym, and an £/3 lans, a con=
s'!rvn ve (1.0, high) estimate of the scattered ﬂght fraction {s ~ 10%.
This fraction is & 3y, so £Op lasers ars more Tikely to be decol)imated.
Since the SRS growtg cate is very low, & sma)l fractional amount of lasor
bandwidth (e.g. 1073 for 1 nsec) can quench the instability,
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