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Fig. 1. Relationship between an Ellipse in real space and a point on the Poincaré sphere: (a) The location

of a point on Poincaré sphere is determined by longitude ¢ and latitude 6; (b) the parameter of an ellipse in

real space can be described by a point on Poincaré sphere given by Eq. (1) and Eq. (2a)(see also movl.avi).
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Fig. 2. Relationship between Plum blossom PED path

and a spatial curve on the Poincaré sphere: (a) A plum-
blossom curve PED path; (b) a space curve (colorful) lays
on the Poincaré sphere, the area of sphere surface within
the colorful curve is £2. The PED path in Fig. 2 (a) is the

projection of the colorful space curve on Poincaré sphere.
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Fig. 3. Each point in PED path corresponds to an
ellipse in physical disk: (al) Plum blossom PED path
and parts of medial axes t; and t2; (bl) ellipses in
physical disk and parts of g1 and g2 curves; (a2) full
path of t1 (deep blue) and t2 (magenta); (b2) full path
of g1 and g2, g1 and g2 are ellipses’ envelope curves,
They

represent outer caustic and inner caustic of beam, re-

g1 is the outer curve and g2 is inner curve.

spectively (See also mov2.avi).
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Fig. 4. A structured beam with b = 0: (a) The Plum-
blossom curve turns into circle. Medial axes t; and
to are concentric circles; (b) ellipses in physical disk;
(c) the intensity pattern; (d) the phase pattern. This is
also known as a Laguerre-Gaussian beam with [ = 15
and p = 15.
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Fig. 5. Structured beam with b = 1: (a) The plum-

blossom curve is turned to be a heart curve; (b) el-

lipses in physical disk, the inner caustic is then con-
centrating to two points which make beam having non-
diffraction feature; (c) intensity pattern; (d) phase
pattern. Noticed that the intensity near the caustic

becomes stronger.
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Fig. 6. Non-diffraction and self-healing properties of structured beam with b = 1.

(al), (b1), (cl) Are

intensity patterns of light beams (in vaccum) in yoz plane: (al) not blocked, see also mov3. avi; (bl) r <

30 pm is blocked, the intensity pattern gradually heals under beam propagating; (c1) r > 30 pm is blocked.
(a2), (b2), (c2) and (a3), (b3), (c3) Are ray distribution of beam in z = 0 and z = 500 pm plane, respectively.
The evolution of ray distribution gives an intuitionistic explanation of self-healing process.
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Fig. 7. Structured beam with b = 5: (a) PED path is
a fivepetal plum-blossom curve, t; is deep blue, and
to, magenta; (b) ellipses in the physical disk and their
inner envelope curves, which form a decagonal star
structure; (c) the intensity pattern; (d) the phase pat-

tern. The intensity near the caustic becomes stronger.
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Fig. 8. Self-healing property of structured beam with
b= 5: (al), (a2) Non-blocked; (bl), (b2) r < 30 pm
is blocked; (c1), (c2) r > 20 pm is blocked. (a2), (c2)
demonstrate the self-healing property of this beam.
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Abstract

Structured beam plays an important role in optical communication, microscopy and particle manipulations. Tradi-
tionally, structured beam can be obtained by solving Helmholtz wave equation. This method involves complex mathe-
matical procedures, and the properties of solved light beam are obscure. It is worth noting that the structured beam can
also be constructed by ray-optical Poincaré sphere method: this method is a rather intuitive and convenient for designing
the structured beam with novel properties. This method also provides a ray-based way to study the propagation prop-
erties of structured beam. In this paper, the ray-optical Poincaré sphere method combined with plum-blossom curve is
used to build a family of structured beams. The optical field distributions on beam waist, including intensity and phase,
are calculated by the ray-optical Poincaré sphere method. The shape of inner and outer caustics of optical field are
also detailed in order to demonstrate the self-healing or non-diffraction features of beams. By using angular spectrum
diffraction, the free space evolutions of such structured beams are demonstrated. The results show that the structured
beam turns to be the well-known Laguerre-Gaussian beam when the leaf number of plum-blossom curve is 0. While
the leaf number equals 1, the structured beam has non-diffraction property, for its inner caustic concentrates onto two
points. In geometrical optics sight, all light rays are tangent to the inner caustic, and the optical fields carried by rays
interfere near the caustic, leading the beam to possess a self-healing capacity. The self-healing property is demonstrated
in terms of rays. With the beam’s propagating, rays which launch from the inner side of beam gradually reach the outer
side of beam. On the contrary, the rays launching from the inner side of beam arrive at the outer side of beam. When
the center of beam is blocked, the inner rays are also blocked. After propagating, outer side rays will reach the inner
side, fill up the hole of beam, and recover the injury of optical field. Furthermore, we demonstrate the structured beam
with a 5leave plum-blossom curve. In this case, the inner caustic of this beam turns into a decagonal star structure; our
simulation results show that this beam has relatively strong self-healing capability. Theoretically, one can simply change
the parameters of plum-blossom curve or choose other kind of Poincaré sphere curve to create more complex structured

beams.

Keywords: structured light beam, Poincaré sphere, geometrical optics, ray tracing
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