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It is well-known that electromagnetic field can have different spatial modes, e.g.,
Hermite-Gaussian or Laguerre-Gaussian modes. Quantum mechanically, each of this spa-
tial modes can have different quantum states and thus may be squeezed in one of its as-
sociated conjugate quadratures via different quantum approaches. Fast growing interests
have been focused on how to simultaneously squeeze a number of spatial modes but not a
single one owing to its promising applications in diverse fields including quantum imaging
processing beyond the standard quantum limit, multipartite quantum entanglement and
parallel quantum computation.

In particular, it has been verified experimentally that four-wave mixing (FWM) can be
employed to efficiently generate multi-spatial-mode squeezed light. However, up to date,
the record has been limited up to 75 squeezed spatial modes. Here, by carefully analyzing
the FWM process, we identify that the optical diffraction is the key factor which limits
the number of squeezed spatial modes, and also propose a plausible approach to realize
more than 10000 squeezed spatial modes by reducing the diffraction in the system. The
mechanism to reduce diffraction is based on the intrinsic properties the FWM process
itself which only requires manipulations of involved laser parameters like beam widths,
intensities and detunings. It should be able to be easily realized in current experimental
settings.

Figure 1: Left: Conjugate four-wave mixing process to produce multi-spatial-mode
squeezed light. Here the probe âp and signal âs are quantum fields respectively, and
Ωc1 and Ωc2 are two classical control fields. Right: The relative noise as a function of the
ratio between the local oscillator width and the probe width. The incident quantum probe
is in the fundamental Hermite-Gaussian mode with beam waist of 1.0 mm.
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