TS b Beating the quantum noise limit: Spatial mode optimization
of squeezed vacuum field in hot 8/Rb vapor
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SLM

Squeezed states of light, i.e., quantum states exhibiting reduced
noise statistics, may be used to greatly enhance the sensitivity of light-
based measurements. We study a squeezed vacuum field generated in
hot Rb vapor via the polarization self-rotation effect. By propagating a
strong pump beam through an atomic vapor cell, we were able to Diode laser
achieve a noise suppression of 2.7 dB below shot noise. Our previous
work revealed that this amount of noise suppression may be limited by
the excitement of higher order modes in the squeezed field during the
atom-light interaction. Once incident on the homodyne detection
scheme, these higher order modes may induce an imperfect mode
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Intensity cross section and mode decomposition of a beam directly after interacting with Rb vapor.
Left: Low atomic density (1.4 x 101 cm™3). Right: High atomic density (1.1 X 10%3 cm™3).
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Incident on 50/50 BS Top: Optimization run with optimal squeezing conditions. (a) Pump beam subject to a flat phase
mask. (b) The residuals between the original beam and the optimized beam. (c) The LG mode
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After 50/50 BS * By projecting the phase distribution of the LG mode Conclusion °* We have demonstrated improved squeezing through optimization of the

equation onto an SLM, we may recreate the phase pump beam spatial mode structure.
distribution in the beam associated with that mode.
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 The power of the strong beam is redistributed from the Gaussian mode into

 The phase mask applied to the beam is higher order modes during the nonlinear light-atom interaction.
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L * |nitial optimization of the local oscillator was unsuccessful due to the
_ P(x,y) = arg E(Cpl T lel)LGpl(W' X,¥) oscillatory nature of the liquid crystal display. We continue to investigate this.
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Outlook + Usinga quantum noise-limited camera, we are beginning to directly probe the
spatial structure of the squeezed field.
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where LG, is the mode distribution, w is the beam
waist, and ¢, ¢, are coefficients for mode (p, [).
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