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Analytic results are presented for the laser beam deflection rate in the case of spatial and temporal
smoothing by induced spatial incohererit®l). It is shown that for flow perpendicular to the beam
propagation direction with Mach number M, temporal smoothing decreases the beam deflection rate
for M>1, but may increase it foM <1 and weak acoustic wave damping. 1®97 American
Institute of Physicg.S1070-664X97)01712-4

The ability to accurately control the pointing of high model, which ignores self focusing, may be extended by ap-
power laser beams is critical to achieving spherically sym-plying temporal smoothing sufficient to suppress hot spot
metric implosions of capsules in inertial confinement fusion.self-focusing, while keeping the average laser intensity small
Indirect drive hohlraums typically have cylindrical symmetry enough to remain below the linear, collective filamentation
and, owing to the large number of laser beams that will behreshold® In this paper, an analytic theory of beam deflec-
employed at the National Ignition FaciliiNIF),! the laser tion by flow is presented for the case of a laser beam which
irradiance, nearly will as well. Nearly spherical, indirect, il- is spatially smoothed by a RPP and temporally smoothed by
lumination of the capsule may be achieved by precisely aiminduced spatial incoherendsl).t’
ing the laser beams into rings whose position along the hohl- The standard model of temporal beam smoothing by ISI
raum axis is chosen to zero out low order azimuthalis to assign statistically independent, random, time varying
asymmetry, while high order asymmetries are highly attenuphases to each Fourier mode of the laser ligfithe electric
ated by a sufficiently large hohlraum-to-capsule aspect ratidield at the focal planezZ=0) may therefore be modeled as
To engineer this precision aiming, laser beam trajectories
through the hohlraum plasma must be accurately predicted. .

At present, the main design tool, LASNEgnly allows for E=XEoR[e(x,t)expiwot)], ()

the classical effect of refraction by macroscopic plasma den-

sity non-uniformity, while experimental observatioh of  where

nonclassical beam deflection has been attributed to the non-

linear combined effect of flow transverse to the laser

beanf~* and microscopic density fluctuations induced by e(x,t)= ; exdi{k-x+ ¢(k,t)}]. )
laser speckles or “hot spots.” Some previous theoretical [kl <km

work®1° of beam deflection mainly presented numerical re-

sults of models which also incorporated self-focusing, whileHere k= (k,,k,), x=(x,y), and, k,=kq/(2F)=m/(F\),

the relative simplicity of a model which takes the laser in-whereky=2=/\, F is the optic “F” number, A andw, are
tensity pattern to be time independent and identical to thathe wavelength and angular frequency of the laser. The phase
produced by random phase pldRPP optics? in a quies- lag introduced by each echelon elemafitk,t), is an inde-
cent plasma has allowed us to obfaitetailed analytic pre- pendent random variable with an auto-correlation time of the
dictions of the beam deflection rate. In relatively weak re-order of 1Av, whereAv is the frequency bandwidth. The
gimes of laser intensity, such that most hot spbase below  amplitudeE, varies slowly inx and defines the diffraction
the power threshold for explosive self focusifgsuch a limited intensity profile of a single RPP element.

model is plausible, as well as in stronger intensity regimes The beam deflection rate can be related to the self-
where self-focusing is suppressed by strongly supersonicorrelation of the ponderomotive potentiald(x,t)
flow.8°In such regimes beam deflection may yet be signifi-=|e(x,t)]> at two space time points, C(R,7)
cant, since it has no intensity threshold. The validity of our=(U(x,t)U(y,t"))/{U%(x,t)), where R=x—y, 7=|t—t']|
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and( ) denotes ensemble average. For the laser light modeln the details of the method of creating the bandwidth, but,
(1), we have, wheiN>1 (N is the total number of beamlets for the purpose of analytical work we will assume a simple

into which the beam is spjit form
-1 T?
C(R,7)= 3[1+f(1Co(R)], 3 (= ©)
where To+T

whereT~1/Av.
ka) (4) The density response of the plasma due to an applied
2 2 : ; : ; ;
R4k, ponderomotive potentidl (x,t) may be written in the linear-
ized approximatiohas

Co(R)=

[J1(X) is the Bessel function of order unityand

()= (exdi{ (k) = Bkt VDI ®  M=MGkeUko), @

The functionf (7) is non-negative, it has a width of the order where ny is the equilibrium density, the “hat” denotes
of 1/Av, andf(0)=1. The precise form of (7) will depend  Fourier-transform with respect tq y andt, and,

—Z/m;c2
G(kw)= , : 8)
{1-[(w/csk) =M (ke /K)]>=2i yo[ (w/csk) =M (ke /K) T}

In (8), M is the Mach number of the incident flow, is the  the angular integrals in the Fourier-inverse in terms of the
ion-acoustic sound speeah; is the ion mass? is the charge  zero-order Bessel function. The integral okers then per-
state andy, is the nondimensional Landau damping coeffi- formed using well-known properties of Bessel functions so

cient. The rate of beam deflection may be writtes that (11) reduces, after a fair amount of algebra, to
da 1 [fdxUdyn FA da 3ng * o
4z~ "2, Jdm O G anse, arrein

wheren, is the criticallplasma density: For beam_ diameter = |1—M cos 6|cos § d@

large compared to the intensity fluctuation correlation length, f - 75" (12

the numerator and denominator () may be replaced by 0 [r*+g“(1—M cos )]

the corresponding ensemble averages to obtain where we have introduced the dimensionless parameters
da o A g=mc T/(F\) and S=Z(U)/m,c2= 1/4(vy/ve)?, Where
d9z- n—<U>f dk dw ik,G(k,w)C(k,®), (100 v, is the electron quiver velocity based on the average laser

Cc

intensity andv, is the electron thermal speed, and, the di-
where the Green function is given 1§8) and we have used mensionless variable=Rk,=7R/F\. Physically,g is the
the relation(U?)=2(U)2. It may be shown fron(10), that
in the limit of infinitely large correlation times, the beam 1.0 .

deflection reduces to the corresponding expres<igg. ®
(1495 of Ref. 9 for RPP optics while for infinitely short © 0.8
correlation times the deflection vanishes. In the limit when S )
v0<<1, the w-integration can be performed using the well- 5
known relation 2 0.6
)
+o f(X) e—0 +o f( ) ©
f_w XIiEN Pf_oc —dX+|7Tf(0) § 0.4
We get, after some simplification, g 0.2
da Z’7T<U> Ny (ZD
9= ame. f dk ICCy( k)J dé[f]. cose,

0.0 :
(11) 0.0 0.5 1.0 15 2.0

R . R Mach number
where [f].=f[ck(M cosd+1)]—f[ck(M cosd—1)]. For
FIG. 1. Normalizedsee the textbeam deflection rate as a function of Mach

the. mOdelA(G) we have f(a)) :.(T/Z) exp(-|w[T). We now number for several fixed values gftogether with the corresponding result
write —k2Cy(k) as a Fourier-inverse d¥2C, and express for an RPP with no temporal smoothing.
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hot-spots power exceeds the threshold for self-focussing then
the increased deflection due to the resonant denominator may
be more than compensated by the reduction due to suppres-
sion of self-focussing. Our conclusion that temporal smooth-
ing actually increases the deflection-rate fék<1 may not

be true under those circumstances. This conclusion may also
be false in the presence of Landau damping, which may be
the dominant effect ify is large andM <1. We may get an
estimate for the upper bound gfby observing that the sub-
sonic deflection~1/g®> wheng is large (y,=0) while the
corresponding deflection due to Landau damping aleng
(g=) provided 1—M> \y,. For M>1 the deflection is
dominated by the “wave-drag” effetand a small Landau

damping is not significant. Thus Landau damping may be
g neglected wheg<y, *®. NearM =1, nonlinear effecténe-
glected herg finite g effects and Landau damping all com-
pete to regularize the singularity in the beam deflection rate.
However, since this singularity is integrable, the behavior

ratio, of the distance traversed by the ion-acoustic souny€rY close tv =1 has only a small effeton the physically

wave in a correlation time, to the hot-spot diameter. For€lévant integrated deflection.

parameters typical of ISg is of order unity. The parameter The above analysis was presented for the ISI method of
Sis a measure of the mean laser intensity. The present lif€MpPoral smoothing. However, similar results appear to hold
earized theory requiréS<1. For NIF parametersS~0.01, for the random phase modulati@rvariant of “Smoothing

therefore, the present linearized theory is justified when self?y Spectral Dispersion(SSD), in the limit of a large num-
focusing is weak. ber of color cycles.
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