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ABSTRACT characteristics, which is not observed in
The work presents the solution for the light €Xperiments.

scattering problem by arbitrarily-shaped particlesTg gvercome this discrepancy, some more
in the vicinity of the backward scattering direc'[ion-complicated shapes of the ice crystals should be
The solution was obtained within the framework considered. In this contribution, the differential

of the geometrical optics approximation. The cross sections for arbitrarily shaped particles have

refractive index was equal to 1.3116. It was peen calculated within the geometrical optics
shown that the general contribution of scatteringapproximation.

light for arbitrarily-shaped particles in the vicinity
of the backscattering direction consists of the 3- RESULTS

specular reflection of the particles and two typesThe full Mueller matrices have been calculated for
of non-specular optical beams. It is shown thattheg set of 50 particle shapes with random
optical characteristics of the ice particles with grientations. The Maximal dimensions of all

arbitrary shapes correspond to experimental data. particles were approximately equal to @2®. As

1. INTRODUCTION an example, Fig. 1 presents the results of the

calculation of the differential scattering cross

Despite the fact that attempts to solve the invers&ection (DSCS) of these shapes. The refractive
problem of laser polarization sensing of ice cloudsjngex was taken equal to 1.3116.

have been made for a long time [1], this problem
has not been solved yet. The main difficulty in

interpreting experimentally obtained lidar data is
the absence of an effective method for solving the
direct problem of light scattering on ice crystal

particles typical for real cirrus clouds.

2. METHODOLOGY

To build such a solution, the physical optics
approximation was developed in the V.E. Zuev
Institute of Atmospheric Optics SB RAS [d]his
method is effective for solving the direct problem
of light scattering by crystal particles of cirrus
clouds ranging in size from 10 to 10@&n [3].
Using this method, the Mueller matrices database
for the main types of atmospheric ice crystals
(hexagonal plates and columns, droxtals, bullets,
deformed particles, and aggregates) was
calculated. The work on the theoretical calculationFor a preliminary analysis, five particles those
of Mueller matrices for all this variety of forms DSCS scarcely deviated from the average values
and sizes of atmospheric ice crystals has beein the vicinity of backward scattering direction
going on for many years. The database is(=180°) in Fig. 1 were chosen. These particles
available at the IOA SB RAS ftp server [4]. and their optical properties are shown in Fig. 2
However, the most traditional shape of ice crystalsand table 1. It can be seen that the optical
reveal some spectral dependence in their opticatharacteristics of these five ice particles are in the

Figure 1. Differential scattering cross section
obtained for a set of 50 ice particles of arbitrary
shape. The yellow line — the average value over

the entire set of particles
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range of experimentally observed values [5, 6],For the particle of number 5, the DSCS in the

despite the fact that such particles are not typicalicinity of the backward direction is formed due

for cirrus clouds. to specular reflection from the particle and about
2200 non-specular beams that occurred in the
backward scattering direction, Fig. 3. Each non-
specular beam is characterized by its own
trajectory.

Figure 2. Differential scattering cross section for
chosen five ice particles of arbitrary shape

Despite the fact that the selected particles differ in
the values of their optical characteristics over
almost the entire range of scattering angles, in the

vicinity of the backward scattering direction, these igure 3. Differential scattering cross section for
particles have similar values of the optical !teparticleof number 5 and the contributions of

characteristics. Therefore, it is sufficient to Some ypical non-specular beams (dotted line is
consider in more detail only one particle, for the contribution of specular reflection, color lines

example, the particle of number 5 were the contribution of various non-specular
’ ' beams)
Table 1. Five particles of arbitrary shape, their

appearance and optical characteristics in the
backscattering direction

To differentiate the non-specular beams,

distributions of light intensities over the backward

scattering semi-sphere have been calculated for
Particle any beams (Figs. 4 and 6). The intensities are
number|  APPearance LR, s DR drawn as the dots of different brightness at a fixed
particle orientation. A set of the dots shown in

Figs. 4 and 6 gives 2D distributions of scattered
1 51.26 0.51 intensities over the backward semi-sphere for a
randomly oriented particle where rotation around

the incident direction is excluded.

2 55.72 | 0.52 As a result, all non-specular trajectories occurred
in the backward scattering directions can be
divided into two types: the trajectories having a
3 62.1 0.47 uniform distribution in the vicinity of the

backward scattering direction (Fig. 4) and
trajectories with uneven distribution (Fig. 6),

4 38.12 0.54 concentrated in an area close to the backscattering
direction.
Consider the non-specular beams with a uniform
S) 51.57 0.51 distribution in the vicinity of the backward
scattering direction on the example of the non-
Average value 50.58 0.51 specular beam highlighted by blue in Fig. 3. The
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ray trajectories for this non-specular beam are
shown in Figure 5.

The non-specular beam that corresponds to Figs. 4
and 5 gives a high depolarization ratio close to 0.5
in backscattering. Exactly these beams form the
main contribution in backscattering when
calculating within geometrical optics
approximation.

Further, it is worth to consider the non-specular

beams with uneven distribution concentrated in an

area close to the backscattering direction, for

example, the non-specular beam highlighted byFigure 5. Visualization of non-specular trajectory

red in Fig. 3. The trajectory of rays for this non- presented in Fig. 4

specular beam is shown in Fig. 7. However the non-specular beam presented in Fig.
6 and Fig. 7 is noteworthy because of the fact that
it gives an insignificant contribution in
backscattering in any calculations within
geometrical optics approximation. Consequently,
it is necessary to take these trajectories into
account within the physical optics approximation
because these beams would give a noticeable
contribution by diffraction rings in backscattering.

a)

b)

Figure 4. Backscattering semi-sphere, the point in
the center of semi-sphere corresponds to the
backscattering point: a) — the distribution of the
non-specular beam in backscattering direction
(highlighted by blue in Fig. 3); b) — the
distribution of the reciprocal non-specular beam

b)

Figure 6. a) — The same as Fig. 4, but for the
optical beam highlighted by red in Fig. 3; b) — the
distribution of the reciprocal non-specular beam
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Figure 7. Visualization of non-specular trajectory
presented in Fig. 6

4. CONCLUSION

The arbitrarily shaped particles without

particularity in backward scattering direction were
analyzed. It was shown that the main contribution
in the vicinity of backscattering direction for such

kind of particles is formed by both specular
reflection and two types of beams described in
Section 3. Also it was shown that their optical
characteristics approximately correspond to the
experimental data.

For further calculating the optical characteristics
of this kind of particles it is necessary to take into
account the fact that a part of optical beams would
give a contribution by diffraction in
backscattering.
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