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Intensity fluctuation spectra of light absorption by atomic vapor are measured down to four orders
of magnitude below the shot noise level[1]. The spectra are obtained simply by applying light to
atomic vapor and measuring the transmitted intensity, without any other external perturbations.
The spectra reveal their rich nature, which had previously been unobserved; the effects of atoms
transiting the laser beam, Rabi flopping in the optical transitions and Larmor precession of the
magnetic moment are seen in these spectra. The properties of the fluctuations can be understood
theoretically and reflect not only the quantum behavior of atoms, but also that of light. We
illustrate the physics of these spectra and the measurement technology that realizes these high
precision measurements. We expect the study of such spectra to lead to fundamental advances in
our understanding of photon-atom interactions.
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A typical spectrum of intensity fluctuations of the beam transmitted through rubidium gas, obtained

using noise reduction (red). Transit noise, Zeeman noise and Rabi noise are seen at progressively higher

frequencies, respectively, mostly below the shot noise level. The shot noise dominates at higher frequencies

in the same spectrum measured with standard methods (magenta). The spontaneous noise spectrum for

the buffered rubidium vapor has much smaller fluctuations (blue). In it, the transit noise and the Rabi

noise are drastically reduced while the Zeeman noise is clearly visible. The shot noise level 2eI, common

to both spectra, is indicated (black).

[1] T. Mitsui, K. Aoki, “ Observation of spontaneous quantum fluctuations in photon absorption
by atoms”, arXiv:1301.5405.
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