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Controlling the propagation of randomized laser beams through large scale plasmas is a prob-
lem of ongoing concern in inertial confinement fusion (ICF). Optical smoothing techniques are
used to limit the effect of self-focusing, to reduce reflectivities of backscattering instabilities
and to improve laser irradiation uniformity onto the target. The resulting intensity distribu-
tion is made of many spikes, the so-called speckles, randomly distributed in space and time.
The statistical properties of such laser beams are known in vacuum [1], but can be modified
by the interaction with plasma. This phenomenon, referred to as plasma induced smoothing,
arises from forward scattering of the laser light on the laser induced density perturbations in the
plasma [2, 3, 4].

Several processes of forward scattering on such perturbations: self-focusing (SF), filament
instability (FI), forward stimulated Brillouin scattering (FSBS) and multiple scattering (MS)
have been considered. It is commonly assumed that the beam spray mainly follows from the SF
in speckles carrying a power above the critical power P, < T,/(n,/n.), where T, is the electron
temperature and n, /n. is the ratio of the electron density to the critical density. However, recent
studies provide a growing evidence of the effect of FSBS in beam spraying and a comprehension
of this phenomenon is of a great importance for design of future ICF experiments.

In this work it is demonstrated that the coherent excitation of FSBS outside the incident laser
cone, and hence a strong beam spray, is to be expected speckle powers P > (v;/®)P. and it
cannot be prevented by the incident beam incoherence [5]. Here, v,/ is the normalized ion-
acoustic damping rate. For ICF-conditions v;/@ < 1 and it is therefore expected that beam
spray will take place well below the SF threshold. The complementary case of FSBS driven by
a spectrally broadened pump was studied in the limit of very short coherence times in Ref. [6].

A correct understanding of FSBS driven by a monochromatic, spatially incoherent pump
wave requires a statistical model with the laser beam taken in the paraxial approximation. The

pump al((p ) and scattered al((s) electromagnetic waves are coupled to the ion acoustic wave al((s)
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with frequency Ql((s):

(c&z—{—in({d))al&d) = }/o/dkpal(f;)al(:;*k, (D)
(8,+Vs+in(:))al(:) = }/o/dkpal((’;)al((?jk. 2)

The FSBS coupling constant is ¥3 = Ql((ss) o (no/nc)(I)/(8cn.T,), with (I) the average incident
laser intensity. Statistical properties of the spatially incoherent, monochromatic, pump can be
prescribed. For the usual spatial smoothing techniques, they follow Gaussian statistics with a
zero mean value:
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where nl((p = (pg/2m) exp(—pg K3 5/2) is the Gaussian pump spatial spectrum normalized to
one. Due to the pump incoherence, the scattered and acoustic fields are stochastic quantities
and their statistical properties have to be considered. An iterative approach allows to calculate

average values for successive momenta of al((d’s). From Egs. (1) and (3) it follows:
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where (a\™") = (27)2 [dqdy (@™ e+,

Under suitable assumptions the iterative procedure converges and the following results can

be extracted. Concerning the scattered wave: for long times, t > ts(j,) = (/Aws)?z/c, one finds

(d) (d)

a spatial amplification, (ak ) =~ expq;,.,, <> With the spatial growth rate ql(fc)oh =15/ (cAwy).

This result suggests that the spatial growth rate of the average amplitude (al(( )> is limited by the
(d)

pump incoherence. For shorter times ¢ < ¢/, the scattered wave behaves asymptotically in time

and z as: <al((i)) ~ exp (2% +/tz/c — Awst). In this transient regime, the spatial growth rate is
Ei),oh and thus stays negligible compared to A®,. In both, convective and transient

(d)

regimes, the growth of average amplitude of the scattered wave, <akd ), is strongly reduced by

smaller than ¢

the pump incoherence. This is the regime of incoherent amplification of FSBS.

(s)

Similarly, one obtains the evolution of the ion acoustic wave average amplitude (akv ). For

times ¢ > ts(a2 (¥3/Vs)?z/c, the ion acoustic wave grows spatially: <a|(( )) ~ exp(qgi)h —Awy/c)z,

where qg o)h =% 2 /(c vy) is the spatial growth rate of FSBS driven by a coherent pump. For shorter

times 7 < tSf,Z, the ion acoustic wave is in a transient regime (al({s<)> ~exp (2W+\/tz/c — Awyz—

vs1). In this regime, Eq. (5) is valid only for times > 1) = = (13 /Aw;)?z/c. This time RS ty(asz

val — val

does not exceed a few picoseconds for a millimetric plasma.
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The condition for spatial growth of (aﬁ?} reads: cq(s) > Awy. It defines a threshold for the

coh
average power in a speckle: (P)/P. > \/2/m(vy/ Ql((ss)) (64/6,). Above this threshold, one ob-

serves a coherent spatial amplification (al((i)) ~ exp qESO)h

)

herence. This result is so far valid only for times ¢ > t,,;. However, defining the effective spatial

growth rate in the transient regime as qi‘j%c = (}/g ct/ z) 1/

Z, that is not reduced by the pump inco-

2 A®,, one obtains that the pump in-
coherence does not affect the spatial amplification of <al((i)> for times ¢ >> (Awy /)% z/c. For a
millimetric plasma, this time ranges between a few tenth to a few hundreds picoseconds, much

shorter than the characteristic durations of ICF laser pulses. One has thus the following figure

of merit (FOM):
T P)/P.
v/ Q.

where yr = 1+1.6625/7(po/Aei)*7 accounts for thermally enhanced density perturbations [7].
This FOM has a straightforward physical mean-
ing. The light scattered outside the cone with aper-
ture CO, is amplified in the incoherent regime.
On the contrary, the light scattered inside this
cone demonstrates a strong, coherent amplification.
Thus, for C < 1, coherent excitation of FSBS oc-
curs only for scattering angles 6; < 0,, i.e. in the
cone of the incident wave. Enhanced FSBS in the
incident aperture enhances plasma induced smooth-
ing and in turn reduces the reflectivity of backward
instability. Conversely for C > 1, coherent excita-
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In this regime C > 1, beam spray is thus expected. 5
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Because the ion acoustic damping rate v,/ Ql((i) <1, Y &

the threshold is well below the SF threshold. power (P)/F. The dashed curve shows

the i h t th rate.
From the above FOM follows immediately the © teoherent growth rate

following criterion for beam spray:

(s) 2
O o no 3 b
O'IyTv_s%[“m 113n—c T, [keV] (g) >1. (7)

All the above given analytical considerations were confirmed using three-dimensional parax-
ial simulations. We considered a Helium plasma with an electron density 0.037., and the

electron and ion temperatures 500 and 50 eV, respectively. The ion acoustic damping rate,
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v/ Ql(:s) = 2.75, 5.5 or 8.25%, is chosen independently. A Gaussian laser beam is focused
through a random phase plate providing a speckle pattern with coherence width pg ~ 4.3 um.
The average intensity is varied in the range (1.1 —16) x 10'3W /cm?, corresponding to variation
of the average power in a speckle (P) = 7 pZ (I) from 1 to 14% of P..

The spatial growth rate of light scattered at the frequency my —2c¢;/po is plotted as a func-
tion of (P)/P. in Fig. 1. In the low power regime, the spatial growth rate is less than 0.5 x
102 um~". It evolves almost linearly with (P)/P. and agrees rather well with predictions in
the incoherent regime (dashed line). These numerical results confirm that, below the threshold
power (6), the growth of FSBS is limited by the pump incoherence. On the contrary, when the
power in a speckle is above the threshold power (see vertical arrows), much higher growth rates
are observed. These results are consistent with expectations for the coherent regime.

In conclusion it has been shown that the instability growth rate for FSBS is not limited by
pump incoherence. This instability leads to a strong deterioration of the beam propagation which
is not stabilized by the laser beam spatial smoothing. As future ICF experiments will be oper-
ating in exactly this regime a detailed understanding of the propagation of randomized beams
through plasmas is of fundamental importance. A new FOM has been obtained to characterize

parametric instabilities in this regime.
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