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Figure1 (Color online) Intensity ((a),(c)) and phase ((b),(d)) plots of
different LG mode
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Figure 2 (Color online) (8) Schematic of the up-converter module (SFG module); (b) setup for up-converting a herald single photon with OAM.
C&C: coincidence circuit; PZT: piezoelectric transducer; CCD: single-photon-counting camera; APD: single photon detector
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Figure 3 (Color online) Experimental results with coherent light as input. () The relationships between the SFG output powers and the input signal

powers respectively. The inserted images across the lines are the spatial shapes for the corresponding SFG light; (b) the up-converted images of light
with single OAM and superposition input at single photon level respectively
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Light carrying orbital angular momentum (OAM) has exciting applications, including the studies of fundamental
quantum physics, optical manipulation and trapping of particles, astrophysics, high-precision optical measurements and
optical communication, etc. In quantum information field, a photon encoded with information in its OAM degrees of
freedom enables networks to carry significantly more information and increase their capacity greatly due to the inherent
infinite degrees of freedom for OAM. Therefore it is no surprise that many groups and researchers are active in building
up a high-dimensional quantum network and many important progresses have been achieved during the past years. To
realize a long-distance quantum communication, a quantum repeater has to be used to overcome the problem of
communication fidelity decreasing exponentialy with the channel length, where, quantum memories for photons, used
for storing quantum information, which have been realized successfully during the past decade in many systems such as a
cold/hot atomic system, a solid matter, a diamond, and others, are key components consisting of a quantum repeater.
Photons acted as information candidates can connect different quantum repeaters. Long distance quantum communication
requires the wavelengths of photons are situated in the low-loss communication windows, but most quantum memories
currently being developed for use in a quantum repeater work at different wavelengths, only few memories can work in
low-loss communication windows. Furthermore, the signal stored is an attenuated coherent light and has the Gaussian
mode. Though the storage of photonic entanglement at telecom wavelength is realized in an erbium-doped optical fibre
recently, the spatial mode used is Gaussian mode. Quantum memories for photons with OAM have recently been realized,
but all work at different wavelengths. So a quantum interface to bridge the wavelength gap is necessary.

There are some experimental realizations of quantum interfaces for single photons with Gaussian shapes, either by
using second order nonlinear processes in nonlinear crystals or by third-order nonlinear processes in atomic ensembles.
Frequency conversion using nonlinear crystals is much more attractive for practical applications because it can offer wide
phase-matching wavelength range, in contrast to using atomic ensembles. So far, such an interface for OAM-carried
photons has not been realized yet. Recently, our group focused on the realization of frequency conversion of light with
OAM, and reported the first experimental realization of an OAM photonic quantum interface. In this review, after briefly
showing the state of the art, we focus on the experimenta progresses on the quantum interface achieved in our group
recently. The progress achieved will pave the way for high-dimensional quantum information processing, creating a link
between different quantum systems that work in different wavelengths by using OAM degree of freedoms of photons.
Our results will also have potential applications in many other fields, such as biology, astrophysics, night-vision
technology, and chemical sensing.

orbital angular momentum, frequency conversion, single photon
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