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Fig. 1. Scheme for generating and detecting multimode quantum correlation: (a) Double-A energy level diagram of the ¥Rb D, line.
(b) Experimental layout. M;—Mjs, high reflectivity mirrors; L;—Ls, lenses; Axicon, metal axicon mirror; GL, Glan-Laser polarizer;
GT, Glan-Thompson polarizer; SA, spectrum analyzer. (¢) Schematic of the conical-pump-based FWM. (d) Two-dimensional and
three-dimensional beam pattern captured by a laser beam profiler.
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Fig. 2. Experimental results of quantum correlations: (a)
Normalized noise powers of the corresponding SNLs (trace
A), intensity-difference noise power between the probe and
the conjugate beams (trace B), probe beam (trace C) and
conjugate beam (trace D); (b) intensity-difference noise
power versus total optical power at 2 MHz. Red line: SNL
(trace A)
between the probe and the conjugate (trace B).

Green line: intensity-difference noise power
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Fig. 3. Dependence of the intensity-difference noise and the power gain on (a) one-photon detuning, (b) two-photon detuning,

(c) pump power and (d) temperature in vapor cell. The traces for the intensity-difference noise are plotted in red and the traces for

the power gain are plotted in green.
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Fig. 4. Experimental measurement of multimode quantum correlations between the conical probe and the conical conjugate: (a) The

schematic of global attenuation and local attenuation for experimentally measuring multimode quantum correlation. (b) The intens-

ity-difference noise power as a function of the transmittance as the two beams are attenuated equally; Trace A, the two beams are
globally attenuated with a variable beam splitter; Trace B/C/D, the two beams are locally attenuated with razor blades cutting

from same direction, opposite direction and the perpendicular direction. (¢) The schematic of multimode quantum correlations with

correspondence on the same side.
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Abstract

Multimode quantum correlations and entanglements has drawn much attention recently due to its
importance for both fundamental science and the future development of quantum information processing and
quantum communication. Here, by using a four-wave mixing process with a conical pump beam and a conical
probe beam, we experimentally generate the multimode quantum correlations between a conical probe beam
and a conical conjugate beam, and we also observe about —2.6-dB intensity-difference squeezing between these
two conical beams. In addition, we find the optimal value of each parameter in this scheme for further
applications. Besides, the multi-spatial-mode nature of the generated quantum correlated beams is shown by
comparing the variation tendencies of the intensity-difference noise of the probe and conjugate beams under
global attenuation and local cutting attenuation. Our scheme may find potential applications in quantum

information processing and quantum communication.

Keywords: four-wave mixing, quantum correlation, intensity-difference noise
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