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Amplitude Fluctuations of Partially Coherent
Pulse Laser Radiation in Homogeneous Media
with Thermal Nonlinearity
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The evolution of the dispersion of amplitude fluctuations of partially coherent pulse laser
radiation, propagating in homogeneous media with thermal nonlinearity is analysed in this work.
The short and long pulse propagation modes have been studied. The dispersion of the amplitude
fluctuations is shown to oscillate with an cxponentially growing amplitude. The increments of
the fluctuation growth have been found.

The propagation of a powerful laser radiation in a gas medium is accompanied
by thermal blooming [1]. The possibility to develop instability in the laser pulse pro-
pagation in such a medium has been pointed out for the first time in ref. [2]. It was
noted at the same time [3] that the thermal nonlinearity produces radiation fluctuation
stabilization. In fact, in the first stage of pulse radiation propagation in a
medium with thermal nonlinearity, radiation fluctuations are observed. For large values
of the seli-induced phase run-om, however, a parametric amplification is observed for
the small scale perturbation in the field of the powerful wave [4]. Instability in the
pulse radiation develops relative to small perturbations. These perturbations can be
obtained as a result from the initial radiation incoherency [5—6] and also from the
turbulent fluctuations of the medium [7—8]. In this way, parallel to the thermal blo-
oming of the flux as a whole, pulse radiation instability develops with respect to small
perturbations. Moreover, for wide laser beams (see below for the definition of wide
beam), a situation is possible where an instability has been developed and the beams’s
thermal blooming as a whole has not yet appeared.

In the present work we study the amplitude fluctuations of wide beam partial
coherent pulse laser radiation, propagating in a uniform medium with thermal nonli-
nearity. In particular, we have found the asymptotic evaluations for the dispersion of
the amplitude fluctuations.

The radiation propagation is described within the frames of the nonlinear pata-
bolic equation for the complex amplitude of the field £, namely:
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where 2 is the distance, & is the wave number, A, is the transverse Laplacian, n is a
linear refractive index for the gas, dn is the nonlinear additive to the refractive index.
As shown elsewhere [3] for pulse with duration #,>109s (such pulses will be dealt
with in this work), the nonlinearity is thermal whereas the Kerr effect and the electro-
striction effect in 8z may be neglected. Depending on the ratio between the pulse du-
ration £, and the characteristic times for the acoustic wave free path, the forced con-
vection and the thermal conductivity, different regimes of laser radiation propagation
are realized. The enumerated characteristic times are determined in the following way:
t,=l/v is the characteristic time for the propagation of the acoustic wave, T, =l
is the characteristic time for the forced convection, tx=[2/4y is the characteristic time
for attaining the temperature at the expense of the thermal conductivity. In these re-
lations, we have used the notations: / is the scale of field variation in the field’s
transverse cross-section, v, is a transverse component of the velocity of the gas flow,
y is the thermal conductivity. We shall deal with pulses with £,<<ty, Ty which al-
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lows us to neglect the effect of the forced convection and the thermal conductivity.
Depending on the ratio of #, and t,, we discern aregime of long £,>f, and a regime
of short #,<t, pulse. In the first case, the nonlinear variation of the refractive index
is defined by the isobaric heating of the medium and is described by the expression

Z
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where 7= (y,—1)(2—1)o/(Yo po) Y. is the adiabat index, p, is the gas pressure, / and o
are the intensities and the absorption coefficient of the laser radiation. In a short
pulse regime &n is determined by the acoustic pulse, appearing in the moment of
switching the source and it is written in the form
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The problem considered has two characteristic scales of field variation in the beam’s
transverse cross-section: the transverse dimension of the beam a and the correlation
radius for the initial perturbation { (see below). Thus the regimes of long and short
pulses are defined with respect to the perturbation correlation radius [. With respect
to the transverse beam dimensions, the pulses are supposed to be short £,<7g/v. Wide
beams of laser radiation are considered, i. e. beams for which the following
inequality holds, @®>Mz, where Xis the wavelength of the laser radiation. The assump-
tions made here allow us to neglect both the beam diffraction over the emitting appa-
ratus and the thermal blooming of the beam as a whole. It is purposeful to introduce
characteristic lengths for the strength of the diffraction and nonlinear effects. Since
in our case the diffraction over the correlation radius of the initial perturbation is
essential, we introduce the following diffraction length zq4=FkI% The characteristic non-
linear length z, defines the distance necessary for the appearance of radiation instabi-
lity with respect to small initial perturbations. It should be noted that 2, is different
in the short and long pulse modes. Let the initial field E(p, 2=0) be given in the form

E(p, 2=0)=E,+ Fi(p),

where E,=const, Fy(p) is the amplitude of the initial perturbations (| Fy|<|Eol)-
We separate in F, the real and imaginary parts F,=y+in. It is supposed that the
random fields % and n are isotropic, statistically independent and with Gaussian corre-
lation functions. For example, for the correlation function of x we have

Py (pa)) =T exp {— (p1—Pa)?/2L3}

where o is the fluctuation dispersion, [, is the correlation radius. Under the assump-
tions made, the spectral components of y are d-correlated

(@)X (d2)) =P (q1) 8 (9; +92),

where @ is the two-dimensional space spectrum defined by the relation
_ 1 (o} ENWAL
o@= g (i) e {5 ()}
and qngt— defines the spectral width for the initial perturbations. For the sake of
0
simplicity we shall consider further the case of “amplitude initial modulation Fy=1.

We linearize (1) in the long and short pulse modes using the expressions for 8z (2)
and (3), respectively. As a small parameter we use p=|F;|/|E,| The equations ob-
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tained of first order in p define the space-time evolution of the perturbations. To solve
these equations we take the Fourier transform along the transverse component p and
towards the Laplace transform with time. Using the expressions obtained for the spec-
tral amplitudes of the perturbations, we obtain for the dispersion of the amplitude
fluctuations o?({=1,2 correspond to long and short pulse modes):

(4) o2=Al+ A, (I=172),

where
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4k2v02. 11/2
x¥py= |1 + 2],

gr=(k/2)"? is the Fresnel frequency, p is the Laplace complex variable. In the general
case of an arbitrary relation between 2, 2z, and 2z, the analytical integration of the
expressions in (4) is not possible. In the present work we have obtained asymptotic
evaluations for (4) by the fastest descent method and Laplace method. The use of
these approximate methods for calculating integrals is connected with the necessity of
existence of parameters that are much larger than unity. The imposition of such strong
conditions defines also the boundaries of applicability of the results obtained.

In long pulse mode, the characteristic length of instability evolution is 2, = (ky/.¢,) "
At a distance z=g2,, the total self-induced phase run on for the wave S(z,)=kz,v/t,=1.
At distances z~z,<z, the variations of the initial perturbations are independent of the
nonlinear effects and they are completely defined by diffraction. Under such condi-
tions, the amplitude fluctuations decrease. For 2>z, three characteristic regions of
space frequency exist in the spectrum of the initial perturbations. In the region

q<2qp (_;_)—1/2 the nonlinearity does not affect the evolution of perturbation. The space
s — —1/2 1/4
frequency ¢>2¢r (;~> g use unstable. In the lower 2¢g (zi) / <L g<2qg (Zi) and
upper ¢>2¢y (—;—)1/4 regions of unstable frequency, the perturbations increase expo-
s . ! . . 3 q 2 z 113 ' 2z \1/2
nentially with the following increments I'(g)=—- [(E) z—] and I'= <z—) » - €8
pectively. It should be noted that I' is independent of ¢ in the upper region of un-
stable frequencies. When calculating the dispersion of the amplitude fluctuations, two
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cases are possible: the upper bound of the perturbation spectrum could be located
either in the upper or in the lower instability ranges. In the first case, when the
pathway satisfies the conditions
@) (2420)'" 2e<<z<2}/2,
for the dispersion of the amplitude fluctuations we obtain
2n 3 \!2

G%Nﬁg{ 1—cos [—3'*"1-‘ 6z <};E(;) ] }

X exp {[ 2(2n2)*/(z.24)] 7}
With increasing distance and energy, [y, in the pulse o} oscillates with an exponen-

tially growing shell. A considerable attenuation of the amplitude fluctuations is pos-
sible in this case. With g located in the upper unstable frequency region, for the
distances that meet the requirements

@) 22 22

(6)

for 6 we obtain
®) oo (Z) 14 g Bosin |- r6.8( )"

n Z
X exp (222/2,)17).

Similar to (6) the increment in (8) increases with increasing distance and energy of
the pulse. It is essential, however, that unlike (6), the oscillation depth in (8) is in-
versely proportional to the distance. Consequently, with increasing distance the oscil-
lations disappear and only an exponential growth of the perturbation is observed.
It is typical for (8) that the increment is independent of the charactaristic size of the
unhomogeneities /. In a completely similar way are obtained also the evaluations for
o? for initial phase modulation. The qualitative behaviour of o} is similar to that of
the case of initial amplitude modulation with the difference that for distances satis-
fying (5) the quantity o? is lower.

The characteristic length of instability evolution in a short pulse mode z,=2,f~"%
where the dimensionless parameter B:4k27v910t2, The total self-induced phase run on
2, that corresponds to Sy(z,)=1, where Sy is taken in the form S,=p(g/qg)® with a
characteristic space frequency gm. As a rule p<1 so that in a short pulse mode
24<z, For z>z, (or equally S,>1) instability evolves in the following region of
space frequencies: P-Y2gz<g. In this case for the initial phase-amplitude modulation
of 12 we obtain the expression

©) 63~ 0% exp[2.85 (2/2,)"].

A peculiarity of the growth increment in (9) is the dependence on the characteristic
size of the unhomogeneity.

The principal difference in the evolution of the amplitude fluctuation in short and
long pulse modes consists in the following: when in the first case by decreasing the
pulse duration #, and retaining its energy constant /of,= const, it is impossible to in-
crease z,, in the short pulse mode with decreasing #, at conmstant pulse energy it is
possible to decrease B and in this way to increase z,.

The asymptotic evaluations for the dispersion of the amplitude fluctuations of
pulse laser radiation obtained in this work allow to optimize the pulse parameters
with the aim of suppressing the evolution of the instability. This is essential in using
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wide, powerful laser beams, for which the radiation instability with respect to small
perturbations evolves prior to the appearance of the effects connected with the thermal
blooming of the beam as a whole.
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AmniuryaHele PIyKTyalud 4aCcTHYHO-KOrePEHTHOTO HMMIlY/IbCHOTO
JIA3epHOTO M3/y4eHHs B OJHOPOJAHOM cpene
C TEIIOBOM HEeJUHEHHOCTBHIO

H. M. Y3yHos

(Pesome)

B Hacrosiiell paboTe NpoOBeJeH aHanu3 3BOMIOUMH JHUCIEPCHH AMIVIMTYXHBIX (ayK-
Tyauuil 4aCTHYHO KOTEPEHTHOrO WMIYJbCHOTO JIa3epHOr0 H3JYydYeHus, PacnpoCTpaHsiomme-
rocsi B OJHOPOJHOH cpele C TemI0BOH HEeNHHEHHOCTHbIO. VICc/ael0BaHEl pPeXHMbl JJIMH-
HOrO M KOPOTKOTO HMMy/abcOB, [losyyeHBl aCHMNTOTHYECKHE OLECHKH JJS JHCIEPCHH

- amnauTyaebix  aykryauui. [Tokasano, yrto AMCHEpCHs aMnMTyaHBIX (QAyKTyalu#d oc-
UHMJAJMPYET C KCMOHeHUMaAbHO HapacTaoulel orubaiouei. OnpeeaeHbl COOTBETCTBYIOILHE
MHKpPEeMEeHTHhl HapacTaHusd (QayKTyauui.
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