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Laser beam propagation though turbulent atmo-

sphere results in disintegration of laser beam into speck-

les at the distances exceeding several kilometers (strong

irradiance fluctuation regime) [1], see Fig. 1 with exam-

ples of such propagation. At smaller distances (weak

irradiance fluctuation regime) classic perturbative ap-

proaches well describe modification of laser beam prop-

agation due to turbulence [2, 3], while statistically aver-

aged beam propagation in strong scintillation regimes

is addressed through semi-heuristic theory [4]. The

strength of the fluctuations of the irradiance I (laser

beam intensity) at the target plane is characterized by

the scintillation index σ2
I
≡ 〈I2〉/〈I〉2−1, where by 〈. . .〉

we denote an the average over the ensemble of atmo-

spheric turbulence realizations. It was shown in [5] that

a significant fraction of deviation between theoretical

value of σ2
I

[4] and simulations is due to rare large fluc-

tuations of laser beam intensity. Such giant fluctuations

were first observed in experiments of [6, 7]. Here we

study the structure of large fluctuations and propose

to use them for the efficient delivery of laser energy

over long distances by triggering the pulse laser oper-

ations only during the times of such rare fluctuations.

For instance, in atmospheric conditions of Fig. 1, 0.1%

realizations carry & 28% of initial power after 7 km of

laser beam propagation. A temporal rate of change in at-

mospheric realizations is affected by atmosphere condi-

tions. Typically new atmospheric realization could occur

each ∼ 10 ms [5]. Thus waiting for the optimal realiza-

tion might take several seconds. We find that the most

intense speckle approximately preserves both the Gaus-

sian shape and the diameter of the initial collimated

beam while loosing energy during propagation. Such op-

timal realizations create effective extended lenses focus-

ing the intense speckle beyond the diffraction limit of

vacuum propagation. Atmospheric realizations change

every several milliseconds. A triggering the pulsed laser
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Fig. 1. (Color online) Distribution of laser irradiance I in

transverse plane (69× 69 cm central part of target screen

is shown) after L = 7 km propagation of the collimated

Gaussian beam with the waist w0 = 1.5 cm and the max-

imal intensity Imax = 1 (the maximum in the transverse

plane) through the turbulent atmosphere in the strong

scintillation regime σ
2
I = 3.3 and the turbulence strength

C
2
n = 10

−14 m−2/3 [2, 3]. Left panel: a typical atmospheric

turbulence realization with Imax = 0.04 (61% realiza-

tions produce higher Imax). Right panel: a rare realiza-

tion with Imax = 0.19 (0.16% realizations produce higher

Imax). Dashed circles show w0 and the waist of diffrac-

tion limited beam propagated in vacuum. The initial beam

disintegrates into several speckles with the width of the

most intense speckle being ∼ w0. The intense speckles on

left and right panels carry 4.7% and 30% of the total

laser power, calculated based on
√
2w0 radius cross sec-

tion around the intensity maximum. Diffraction-limited

and ensemble-averaged beams carry 3.5% and 1.1% in√
2w0 radius, respectively. Also the ensemble-averaged

〈Imax〉 = 5.10433 · 10−2 and 〈Icenter〉 = 2.86788 · 10−3 (the

averaged irradiance at the center of the target plane)

operations only at times of optimal realizations results

in power delivery and laser irradiance at the intense

speckles to well exceed both intensity of diffraction-

limited beam and intensity averaged over typical real-

izations.
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