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We investigate, through numerical calculation and experiments, the incoherent combination of a 2D Airy beam
array (ICCAB) and the coherent combination of a 2D Airy beam array (CCAB), respectively. Excellent exper-
imental results are obtained for both ICCAB and CCAB. The on-axis scintillation indices of ICCAB and CCAB at
the receiver plane in atmospheric turbulence are also compared experimentally. It is shown that ICCAB has a
smaller scintillation index than that of CCAB in the same turbulent condition due to the coherence reduction of
the constituent beamlets. The results obtained in this paper are useful for the development of beam propagation
through atmosphere turbulence. © 2017 Optical Society of America
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1. INTRODUCTION

Since the first experimental demonstration of Airy beams
within the context of optics in 2007 [1], this unique type
of beam has been an active area of research in recent years that
has included generation methods, trajectory control, and prac-
tical applications. It is well known that the one and two trans-
verse dimension Airy beams have been generated by different
approaches in the laboratory [2–6]. Following these laboratory
approaches, the circular Airy beam has also been illustrated
theoretically and experimentally [7–12]. Owing to its “diffrac-
tion-free,” “self-healing,” and “self-bending” features on propa-
gation, Airy beams are widely applied to vacuum electron [13],
optical trapping [14], microparticle clearing [15,16], surface
plasmon polaritons [17], and free space optical communication
[18].

Recently, it has been shown that Airy beams have a “self-
healing feature” to retain the intensity profile during propaga-
tion in atmospheric turbulence [19]. This distinctive property
suggests to researchers that Airy beams can be used for beam
propagation in turbulence to provide some advantages, as the
asymmetric transverse intensity characteristic of single 1D or
2D Airy beams is disadvantageous in some practical applica-
tions. Researchers have begun to transfer their attention to con-
stituting a symmetric beam array through superimposing two
or four single 1D or 2D Airy beams for compensating for this

defect [20–23]. However, these generated 2D Airy beam arrays
take less or no account of the coherence or incoherence of the
constituent beamlets. The average intensities of both phase-
locked and nonphase-locked Airy beam array propagating
through atmospheric turbulence are derived based on the ex-
tended Huygens–Fresnel principle [24]. In fact, the incoherent
combination beam array demonstrates more favorable features
in some applications such as in scintillation reduction of free
space optical communication [25]. By using the “self-bending
feature” of Airy beams, the constituent beamlets propagate
through independent regions of turbulence and just overlap
at the receiver plane. It is found that, by the numerical simu-
lation, the scintillation of an incoherent Airy beam array can
significantly be reduced to the theoretical minimum [26].
To deeply understand the scintillation reduction mechanism
of Airy beam array propagation through atmospheric turbu-
lence, the generation method of the incoherent combination
of a 2D Airy beam array (ICCAB) and the coherent combina-
tion of a 2D Airy beam array (CCAB), and experiments to
illustrate their scintillation characteristics are desirable.

In this paper, we focus on, through experiments, the inco-
herent and coherent combination of 2D Airy beam arrays and
demonstrate their scintillation properties in atmospheric turbu-
lence. A simple method using only one expended laser beam to
generate both an incoherent and a coherent combination of

3750 Vol. 56, No. 13 / May 1 2017 / Applied Optics Research Article

1559-128X/17/133750-08 Journal © 2017 Optical Society of America

mailto:luqiang52177@163.com
mailto:luqiang52177@163.com
https://doi.org/10.1364/AO.56.003750


a two-beamlet 2D Airy beam array is developed. This is realized
by using a phase display device in the optical system to directly
destroy the coherence between the constituent two beamlets.
The corresponding numerical calculation of the generation
method using the phase screen method is illustrated. In addi-
tion, the scintillation characteristics of ICCAB and CCAB in
atmospheric turbulence are experimentally analyzed.

2. PRINCIPLE DESCRIPTION

In this section, we begin with a brief theoretical description of
the mathematical model of ICCAB and CCAB. Then, the gen-
eration method of ICCAB and CCAB and the corresponding
numerical calculation using the phase screen method are
demonstrated.

A. Mathematical Model
A centrosymmetric Airy beam array consisting of n 2D finite
energy Airy beamlets can be described as [24]

ϕ �
Xn
m�1

ϕm; (1)

where ϕm is the mth electric field envelope of the symmetric
Airy beam array, m � 1; 2; 3…n, n labels the number of the
Airy beamlets, the mth beamlet of the beam array can be ex-
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where a is the decay factor, which is a small positive parameter
associated with the effective aperture of the system, ξ is a nor-
malized propagation distance, and (smx , smy) is dimensionless
transverse coordinates of mth Airy beamlet is given by
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>>>>>:
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4
π;
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where x0, y0 are the arbitrary transverse scale, taking x0 � y0, as
we consider only the symmetric 2D finite energy Airy beams in
this paper. θm is the rotary angle of the mth beamlet in the
Cartesian coordinates, and c is the transverse displacement
parameter of the beamlet from the origin.

The intensity distributions of ICCAB (Inc) and CCAB (I c)
at the propagation distance ξ can be described as follows,
respectively:

Inc �
Xn
m�1

�ϕm�smx ; smy; ξ� × ϕ�
m�smx ; smy; ξ��; (4)
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�
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B. Numerical Calculation of Generation Method
The Fourier transform method was first used by Siviloglou to
experimentally generate an Airy beam [1], putting the Fourier
transform of the Airy beam (a cubic-phase mask) in the phase
plane and then using a Fourier lens to inverse the Fourier trans-
form; thus, the Airy beam is generated in an image plane as
shown in Fig. 1.

For an Airy beam array, the phase mask for the mth Airy
beamlet is expressed by

Φm � Mod2π �Ang�φm � φFm��; (6)

where Mod2π�·� stands for modulation of the phase value
within 0 to 2π, Ang�·� denotes taking the phase value of a com-
plex element, φm � F �ϕm�smx; smy; 0� is the Fourier transform
of the mth beamlet, and F represents the Fourier transform.
Instead of a Fourier lens in the optical system, we use a
Fresnel lens phase function to generate the Airy beam, de-
scribed as φFm � 2π × ��x � cm�2 � y2� × z∕λf 2 [27]; z is the
displacement of the image relative to the focal plane of the lens
with focal length f , and cm stands for the transverse displace-
ment from the origin of the mth beamlet.

In this paper, we focus on the incoherent and coherent
combination method of an Airy beam array, thus taking the
corresponding parameter n � 2. The final phase mask for a
two-beamlet Airy array can be expressed by

Φ �
�
Φ1 � Mod2π �Ang�φ1 � φF1�� x < 0
Φ2 � Mod2π �Ang�φ2 � φF2�� x > 0

: (7)

To show that the generation method is accurate, the
multiple-phase screen method [26] is used for independent
numerical calculation to simulate the combination and propa-
gation of the Airy beam array. In simulation, the input beam is
a Gauss beam in which the beam waist is 50 mm at a distance of

Fig. 1. Schematic of a conventional optical Fourier system to
generate an Airy beam.
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−0.5 m. The only phase screen introduced to the simulation is
calculated according to Eq. (7) at origin (0 m). The other
parameters are taken as follows: the arbitrary transverse scale
x0, y0 is 26 μm, the decay factor a is 0.03, the transverse dis-
placement parameter c of the Airy beamlet is 1.94 mm, the
focal length of the Fresnel lens is 190 mm, c1 � 3.84 mm,
c2 � −3.84 mm, the wavelength is 632.8 nm, the simulated
size is 1 mm × 1 mm, and the corresponding scale bar
is 125 μm.

Figures 2(a1–a6) are the simulated propagation dynamics of
ICCAB and CCAB. It is noted that both ICCAB and CCAB
come into one main lobe during their propagation at a distance
of 0.2 m due to its self-bending feature, as seen in Figs. 2(a2, a5).
We define this propagation distance as the converged plane in
this paper. Figures 2(a1, a4) are the intensity patterns of ICCAB
and CCAB at a distance of 0.19 m. And Figs. 2(a3, a6) are the
intensity patterns of ICCAB and CCAB at a distance of 0.215 m.

Clearly, the main lobe of CCAB in Fig. 2(a2) has the ob-
vious interference fringe along the transverse shift axis; how-
ever, the main lobe of ICCAB in Fig. 2(a5) without an
interference fringe has a symmetric Gaussian-like intensity dis-
tribution. This is the obvious characteristic between CCAB and
ICCAB. The reason for this difference is mainly the coherence
reduction of the constituent beamlets. When the two beamlets
are incoherent, the intensity of ICCAB is only a combination of
the intensity of each constituent beamlets numerically. In ad-
dition, it is also noted that before the converged plane, the in-
tensity pattern of the constituent beamlets in Figs. 2(a1, a4) are
same with each other and without the interference fringe. After
the converged plane seen in Figs. 2(a2, a3, a5, a6), the intensity
pattern of CCAB always demonstrates the interference fringe
along the transverse shift direction. However, the intensity pat-
tern of ICCAB does not demonstrate the interference fringe.

3. EXPERIMENTAL GENERATION

The schematic of the experimental setup is shown in Fig. 3, and
the operation of the optical system can be described as follows.

First, a He–Ne laser (wavelength is 632.8 nm) goes through a
spatial filter system to expand the Gauss beam waist to 50 mm.
Then, the expanded beam passes through a polarizer, ensuring
the polarized direction of the incident beam parallel with the
long axis of the liquid crystal molecules. After that, a phase-
delay (PD) device is placed into the optical system to reduce
coherence of the two-part beams. Following that, the beam
passes through a beam splitter and further gets to the LCoS
SLM 1 [28,29], in which the incident angle is about 5°.
And the incident beam is phase-only modulated by the
LCoS SLM 1 through loading a phase mask of an Airy beam
array onto the LCoS SLM 1. Finally, the combination process
and propagation dynamics of a 2D Airy beam array can be
captured by a CCD camera, which can axially scan near the
converged plane.

To bring out the incoherent combination process in experi-
ments, we use a laser with a spatial coherent length of only
about 96 μm, and a PD device is adopted to reduce the coher-
ence of the constituent beamlets; half of it is glass, and the other
half of it is air, as seen in Fig. 3. The delayed optical path be-
tween the beamlets caused by the PD device is 3.12 mm,
32.5 times the spatial coherent length of laser beam, making
sure that the constituent beamlets are almost incoherent.
When the PD device moves out of the optical system, the
two beamlets on the optical axis are coherent because their
optical paths are equal.

The calculated phase mask [30] to generate ICCAB and
CCAB according to Eq. (7) is illustrated in Fig. 4, sampled
1920 × 1080 pixels, and the calculated parameters are equal with
the numerical simulation in Section 2.B. The phase mask is ob-
tained by superimposing a phase mask of a two-beamlet Airy
beam array in Fig. 4(a) onto a phase mask of Fresnel lens in

Fig. 2. Numerical simulations of ICCAB and CCAB at different
distances. a1 to a3 are the combination process for CCAB, and a4
to a6 are the combination process for ICCAB. (a1, a4), (a2, a5),
and (a3, a6) are the corresponding intensity patterns at 0.19 m,
0.2 m, and 0.215 m, respectively. Fig. 3. Schematic of the experimental setup to generate ICCAB and

CCAB. Where, He–Ne laser is a collimated 632.8 nm laser, SF is the
spatial filter, P is a polarizer, PD is a phase-delay device, LCoS SLM 1 is
a liquid crystal on silicon spatial light modulator, the black-dotted line
denotes the propagation trajectory of the Airy beam array, and the
blue-dotted arrow represents the axially scanning direction of the
CCD camera.
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Fig. 4(b). The LCoS SLM 1 used in the experiment is a reflective
device, which is manufactured by Holoeye incorporation. The
device panel has 1920 × 1080 pixels in a 15.36mm×8.64mm
array, with a pixel pitch of 8 μm × 8 μm and 87% fill factor.

In comparison, we respectively capture three intensity patterns
of ICCAB and CCAB at three distances (0.19 m, 0.2 m, and
0.215 m) after LCoS SLM 1 corresponding to Figs. 5(b1, b4),
5(b2, b5), and 5(b3, b6), equal to the simulation. As predicted in
the numerical calculation, the experimentally generated Airy
beam arrays present the same incoherent and coherent properties
and propagation dynamics. There are some excellent conclusions
between the experimental results in Fig. 5 and the numerical
simulations in Fig. 2. First, the intensity patterns in Fig. 5 are
as similar as those in Fig. 2 at the three different propagation
distances. However, it also can be seen that the intensities of
the main lobes of Airy beams in Fig. 5(b6) is different, caused
by the absorption and aberration of the glass in the PD device as

seen in Fig. 3. The aberration of the glass especially will change
the diffraction property of the generated Airy beamlet. Thus,
with the propagation distance increasing, the intensities of the
main lobes of the generated Airy beam array are different.
Second, the main lobe of CCAB in Fig. 5(b2) has the obvious
interference fringe along the transverse shift direction. And the
main lobe of ICCAB in Fig. 5(b5) has the symmetric Gaussian-
like intensity distribution. It obviously proves that the laser com-
bination in Fig. 5(b5) is incoherent and in Fig. 5(b2) is coherent.
Finally, after the converged plane as seen in Figs. 5(b2, b3, b5,
b6), the intensity pattern of CCAB always demonstrates the in-
terference fringe along the transverse shift direction. However,
the intensity pattern of ICCAB does not demonstrate the inter-
ference fringe..

Figure 6 demonstrates the normalized intensity distribu-
tions of experimental and numerical simulation along the trans-
verse direction at the converged plane. Figures 6(c1) and 6(c2)
stand for normalized intensity of CCAB and ICCAB, respec-
tively. It can be seen that the normalized intensity profile in
experiments agree excellently with numerical simulation, both
ICCAB and CCAB. In both cases as seen in Figs. 6(c1) and
6(c2), we found that the main lobe is symmetrical with a
Gauss-like beam profile (the black solid line denotes the fitting
Gauss curve). The spot sizes are all about 88 μm in the four
cases, and the energy almost resides in them. From Figs. 5(b1)
and 5(b4), the measurement spot sizes of the main lobes are

Fig. 4. Illustration of the phase mask for the laser combination of a
2D Airy beam array. (a) is the phase mask of a two-beamlet Airy beam
array; (b) is the phase mask of Fresnel lens; and (c) is the superimposed
phase mask to generate the CCAB and ICCAB, consisting of (a) and
(b). Blank stands for grayscale value 0, and white stands for grayscale
value 255.

Fig. 5. Experimental results of ICCAB and CCAB. b1 to b3 are the
combination process for CCAB; b4 to b6 are the combination process
for ICCAB; and (b1, b4), (b2, b5), and (b3, b6) are the corresponding
intensity patterns after the LCoS SLM 1 0.19 m, 0.2 m, and 0.215 m,
respectively. The corresponding scale bar is also 125 μm.

Fig. 6. Comparison of the normalized intensity profiles of experi-
ment and numerical simulation along the transverse direction at dis-
tance 0.2 m. c1 stands for normalized intensity of CCAB, and c2
stands for normalized intensity of ICCAB.
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almost 80 μm for both the incoherent and coherent Airy beam
arrays. It is shown that the beamlet remains almost retain their
original spot size (about 80 μm) for propagation at a 0.1 m
distance (from 190 mm to 200 mm). Note that a Gaussian
beam of this size (80 μm) would have diffracted 7.25 times
in a 0.1 m propagation distance. It suggests that the constituted
beamlets of ICCAB and CCAB remain almost diffraction-free
properties during propagation along the z axis.

Figures 7(a) and 7(b) correspond to the x axis’s transverse ac-
celerations of the beamlets’ main lobes of ICCAB and CCAB
along the z axis, respectively. The blue curves depict the para-
bolic trajectory, which is well described by the theoretical relation
x � λ20z

2∕�16π2x30� [1], and the red rhombus or circles depict
the measurement results. It can be seen that both ICCAB and
CCAB clearly demonstrate the transverse acceleration in our ex-
periment as seen in Fig. 7. As a result, after 0.1 m of propagation
the beamlets of both ICCAB and CCAB almost experience a
deflection of 202 μm, and the intensities of main lobes of both
ICCAB and CCAB set together at a distance of 0.2 m.

To demonstrate the self-healing properties of both ICCAB
and CCAB, we block one of the main lobes at a distance
of 0.19 m as seen in Fig. 8. Also, we capture three intensity
patterns of ICCAB and CCAB at three distances—0.19 m,
0.2 m, and 0.223 m—after LCoS SLM 1 corresponding to
Figs. 8(c1, c4), 8(c2, c5), and 8(c3, c6), respectively. It depicts
the reformation of the Airy beam array after propagation at
a distance of 33 mm at distance 0.223 m. The self-healing
of the blocked beamlet is apparent. The main lobes are reborn
at the corner and are marked using the red arrows as shown in
Figs. 8(c3) and 8(c6).

4. COMPARING SCINTILLATION
CHARACTERISTICS OF ICCAB AND CCAB

Atmospheric turbulence, generated by a temperature differen-
tial between the earth’s surface and the atmosphere, causes a
fluctuation in received irradiance (including the temporal varia-
tion and spatial variation within a receiver aperture). The fluc-
tuation in received irradiance resulting from propagation
through atmospheric turbulence is commonly described as
scintillation [31]. In this section, we briefly review two impor-
tant atmospheric parameters used to describe atmosphere scin-
tillation strength, and we focus on the scintillation
characteristics of ICCAB and CCAB through a random
medium, using an experimental method.

A. Experimental Parameters
Two important experimental parameters are of interest in this
section. The Rytov variance for a plane wave is used as a mea-
sure of the strength of the scintillations as defined by [28]

σR � 1.23C2
nk7∕6L11∕6; (8)

where k is the wave number, L is the propagation distance, and
C2

n is the refractive-index structure parameter. We generally de-
fine weak scintillations by the condition σR < 1, moderate
scintillations by the condition σR ≈ 1, and strong scintillations
y the condition σR > 1. It is noted that Rytov variance is just a
qualitative result to define the fluctuation conditions for a plane
wave. In this paper, we use the Rytov variance to define the
simulated experiment scintillation conditions for an Airy beam
array, and it is also not a quantitative result for Airy beam array.

The on-axis scintillation index is adopted to characterize the
scintillation strength of ICCAB and CCAB at the receiver plane
in experiments [31],

σ2�x; y; L� � hI 2�x; y; L�i
hI�x; y; L�i2 − 1; (9)

where I is the instantaneous intensity, and h·i denotes the
ensemble average.

Fig. 7. Transverse accelerations in the x axis of the beamlets’ main
lobes of ICCAB and CCAB. (a) shows ICCAB and (b) shows CCAB,
the blue curves depict the theoretical deflections, and the red rhombus
or circles represent the experimental results.

Fig. 8. Self-healing of CCAB and ICCAB with one of the main
lobes is obstructed at distance 0.19 m; (c1) to (c3) stand for
CCAB; (c4) to (c6) stand for ICCAB; and (c1, c4), (c2, c5), and
(c3, c6) are the corresponding intensity patterns after the LCoS
SLM 1 0.19 m, 0.2 m, and 0.233 m, respectively. The corresponding
scale bar is 125 μm.
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B. Setup
To experimentally show the scintillation characteristics of the
incoherent and coherent 2D Airy beam arrays in turbulence,
we adjust parts of the experimental setup in Fig. 3, as illustrated
in Fig. 9. The components before and including LCoS SLM 1
are same with the setup in Fig. 3. The input laser is also an
expanded Gauss beam with a wavelength of 632.8 nm and a
waist of 50 mm. After LCoS SLM 1, another LCoS SLM 2
is put in the optical system with the incident angle, also about
5°. The purpose of SLM 2 is to introduce a random turbulence
phase in real space where the Airy beam array propagation. The
CCD camera (receive plane) is assigned after SLM 2 at 0.2 m.
Thus, we can observe the main lobe intensity patterns of
ICCAB and CCAB in turbulence at the converged plane and
analyze scintillation characteristics of ICCAB and CCAB in dif-
ferent turbulent conditions. LCoS SLM 2 used in the experi-
ment is a reflective liquid crystal spatial light modulator,
which is built by Boulder Nonlinear Systems, including
two 512 × 512 pixels.

The phase mask 1 in Fig. 9 is same with Fig. 4, and the
calculated parameters are equal. The phase mask 2 is a
random-phase screen generated by the multiple-phase screen
method to simulate atmosphere turbulence, which is modu-
lated over 0 to 2π and sampled 512 × 512 pixels to support
the SLM 2. In experiments, we adjust the propagation distance
and the refractive index structure constant C2

n to change the
atmospheric strength. The other fixed parameters are as follows:
the wavelength is 632.8 nm, and the size of the optical aperture
is 0.3 m.

C. Experimental Results
We start with inputting the phase mask 2 with the fixed propa-
gation distance of 2 km, and with varying C2

n 0.125 × 10−14,
0.25 × 10−14, 0.5 × 10−14, 1 × 10−14, and 2 × 10−14, respectively,
corresponding to the Rytov variance 0.25, 0.5, 1, 2, and 4,
respectively.

Figures 10(d1, d2) denote the captured intensity patterns of
ICCAB and CCAB at the converged plane (0.2 m) in turbulent
experiments. Compared to Figs. 2(a2, a5) and Figs. 5(b2, b5),
the intensity patterns of ICCAB and CCAB in Fig. 10 are ob-
viously disturbed by the random phase. However, the main
lobes of ICCAB and CCAB maintain the intensity character-
istics basically; they are marked using the red circle as shown
in Fig. 10.

Figure 11 illustrates the obtained on-axis scintillation indi-
ces of ICCAB and CCAB under different scintillation condi-
tions through varying turbulence strength C2

n. It is shown that
with the increase of the scintillation strength, the on-axis scin-
tillation indices both of ICCAB and CCAB are increased to-
gether. However, the on-axis scintillation indices of ICCAB
are all smaller than CCAB, whether in weak scintillation
conditions (C2

n � 0.125, 0.25 × 10−14), moderate scintillation
conditions (C2

n � 0.5 × 10−14), or strong scintillation condi-
tions (C2

n � 1; 2 × 10−14). In weak scintillation conditions,
the on-axis scintillation indices of ICCAB and CCAB are under
0.1. In moderate scintillation conditions, the on-axis
scintillation indices of ICCAB and CCAB are about 0.15
and 0.17, respectively. And in moderate scintillation condi-
tions, the on-axis scintillation indices of ICCAB and CCAB
are up to the maximum of about 0.44 and 0.5, respectively.

We also present the on-axis scintillation indices of ICCAB
and CCAB under different scintillation conditions with the

Fig. 9. Schematic of the experimental setup to demonstrate ICCAB
and CCAB in turbulence. LCoS SLM 2 is a liquid crystal on silicon
spatial light modulator; phase mask 1 is the same as Fig. 3; phase mask
2 is a random phase screen to simulate atmosphere turbulence; and the
distance between the CCD and the LCoS SLM 1 is 0.2 m.

Fig. 10. Disturbed intensity patterns of ICCAB and CCAB at the
receiver plane. d1 is CCAB and d2 is ICCAB, and the red circle marks
the corresponding main lobe. Turbulence condition: the refractive in-
dex structure constant C2

n is 0.5 × 10−14 m−2∕3; the propagation
distance is 2 km; and the corresponding Rytov variance is 1.

Fig. 11. On-axis scintillation indices of ICCAB and CCAB at the
receiver plane with the fixed propagation distance and varying C2

n fluc-
tuation conditions.
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fixed C2
n � 0.5 × 10−14 and varying the propagation distance

1 km, 2 km, 3 km, 4 km, and 5 km respectively, corresponding
to the Rytov variance 0.28, 1, 2.12, 3.59, and 5.41, respec-
tively. The obtained on-axis scintillation indices of ICCAB
and CCAB in experiments are shown in Fig. 12. It can be seen
that as the propagation distance increases (the scintillation
strength increasing), the on-axis scintillation indices of ICCAB
and CCAB are increasing simultaneously. In weak scintillation
conditions (1 km), the on-axis scintillation indices of ICCAB
and CCAB are about 0.08 and 0.09, respectively. In moderate
scintillation conditions (2 km), the on-axis scintillation indices
of ICCAB and CCAB are about 0.15 and 0.18, respectively.
And in strong scintillation conditions (5 km), the on-axis scin-
tillation indices of ICCAB and CCAB reach the maximum of
about 0.44 and 0.52, respectively.

One conclusion we can obtain from Figs. 11 and 12 is that
the ICCAB has a smaller scintillation index than CCAB under
the same scintillation condition. It can be interpreted as fol-
lows: without consideration of the coherence of an Airy beam
array, each beamlet of the Airy beam array propagates through
the relatively independent regions of experimental turbulence,
producing their mutually uncorrelated intensity fluctuations
and taking advantage of the statistical independence of fluctu-
ations to reduce the on-axis scintillation indices. When the
beamlets of the Airy beam array are incoherent, each beamlet
is statistically independent of fluctuations even through the de-
pendent regions of experimental turbulence. It strengthens the
function of scintillation reduction of the beam array. If we con-
sider the Airy beam array as a whole beam, due to the coherence
reduction, ICCAB has the smaller beam coherence length,
which can be seen as a partially coherent beam, while CCAB
is a fully coherent beam. It is well known that partially coherent
beams have a lower scintillation than fully coherent beams
[25,32]. Thus, ICCAB has a smaller scintillation index than
CCAB under the same scintillation condition.

5. CONCLUSIONS

A sample method to experimentally generate ICCAB and
CCAB is presented in this paper. It is realized by using a

PD device in the optical system to destroy the coherence of
the used short spatial coherent length laser. The experimental
results in Fig. 5 are exactly the same with the simulation results
of ICCAB and CCAB in Fig. 2. After that, the scintillation
characteristics of ICCAB and CCAB in turbulence are analyzed
experimentally. It is shown that ICCAB has smaller scintillation
indices than CCAB under different scintillation conditions. We
think the successful generation method of ICCAB and a smaller
scintillation index of ICCAB in turbulence are useful to reduce
scintillation in the application of beam propagation through
atmosphere turbulence. In addition, the influences of the co-
herent degree of the constituent Airy beamlets on the scintil-
lation characteristics of the beam array under different
turbulent conditions are worth more research.
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