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Fig. 1. Rotation effect of D-PP on image: (a) Situation where the image (green letter R) experience two reflections in PP placed ho-
rizontally, here, the light field is vertically incident on the front surface of PP; (b) the impact of PP rotation on image rotation,
here, the light field is vertically incident on the front surface of PP, and the rotation axis of PP is parallel to the direction of
propagation of the incident light field; (c) the relationship between the rotation angle o of the PP and the rotation angle [ of the
image after two reflections, the rotation axis is parallel to the propagation direction of the incident light field, the solid black line
represents the theoretical results, and the red circles filled in yellow represent the experimental results; (d) composition of D-PP, a
D-PP can be seen as a combination of two PPs, the rotation angle of one PP is «, and the rotation angle of another PP is —a.
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Fig. 2. OAM beam splitter based on BD and beam splitting under different parameter conditions: (a) Composition of the OAM
beam splitter and optical path diagram in it. Here, WP1, WP2, and WP3 represent polarization compensation waveplates; RP rep-
resents a right-angle prism. a, al, a2, b, b1, 02, ¢, cl, 2, ol, 02 indicate the path of the beam in the beam splitter, the upper right
corner shows the overall rendering of the device, the lower left corner shows the physical image of the device; (b) beam splitting un-
der different parameter conditions, « is the rotation angle of PP, § is the relative phase difference between the two orthogonal po-
larized beams introduced by WP1, [ is the topological charge of OAM, P,1 and P,2 are the output powers of the output ports

ol and o02.
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Fig. 3. Experimental results of beam splitting of OAM states with different topological charges in OAM sorter with different para-
meters: (a) Results of beam splitting of OAM states |1) and |2) when the parameters are set as (o, §) = (n/4, 0); (b) results of
beam splitting of OAM states |1) and |3) when the parameters are set as (o, §) = (n/8, n/2), each percentage represents the ra-

tio of each output power to the total output power of all ports for a certain incident OAM state.
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Fig. 4. Beam splitting in the cascading case: (a) Cascaded OAM beam splitters. Due to that the OAM states to be separated are

11, 12),

the second stage are set as («, )

|7) and |8), the parameters of the first stage OAM splitter are set as («, 6) = (n/4, n), and the two OAM splitters of
= (n/8, 3n/2) and (o, ) =
olol, 0102, 0201, and 0202; (b) experimental results of cascading OAM beam splitters for OAM states [1), |2),

(n/ 8, n), respectively, after cascading, there are four output ports,

|7) and |8), each

percentage represents the ratio of each output power to the total output power of all ports for a certain incident OAM state.
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Abstract

In recent years, the high-dimensional properties of the orbital angular momentum degree of freedom of light
have attracted extensive attention. This degree of freedom has been studied and used in many scientific fields,
especially in optical communication and quantum information. In order to fully utilize the high-dimensional
properties of orbital angular momentum, non-destructive separation of different orbital angular momentum
states has become a fundamental requirement. However, the existing orbital angular momentum beam-splitting
systems either lack stability and cascade expansibility, or the properties of the separated orbital angular
momentum states are seriously damaged, thus failing to participate in further interaction processes. In this
work, we construct a miniature Mach-Zehnder interferometer based on the beam displacer, and design an
orbital angular momentum beam splitter, thereby realizing the non-destructive beam splitting of orbital angular
momentum mode. In the orbital angular momentum splitter, the theoretical energy loss is zero because there
exists only total reflection of the beam. The beam in the miniature Mach-Zehnder interferometer passes through
the same optical element, and the spatial deviation of the beam is small, so the orbital angular momentum
beam splitter has good stability. In addition, because the separated orbital angular momentum state has the
same propagation direction as the incident orbital angular momentum state, the beam splitter has good
extensibility and is easy to use in cascade. Our research result is of great significance in using the orbital

angular momentum as a high-dimensional degree of freedom in optical communication and other related fields.
Keywords: orbital angular momentum, state recognition, optical communication
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