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Fig. 1. (a) Schematic of the experimental apparatus (P-polarizer, B-magnetic fields, BP-balanced homodyne detector, FFT-fast

Fourier transform); (b) typical spin noise spectrum of ¥3Cs in cell 1 (the laser is detuned £2p, = + 600 MHz from the D2 transition
(6%S1/ (F =4) — 6°Pyp). The temperature of atomic cell is 296 K. The laser power P = 500 uW. Magnetic field B = 5 G);
(c) D2 line transition and ground-state hyperfine structure of **Cs.
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Fig. 2. Magnetic-field dependent spin noise spectrum in cell 1: (a) Spin noise spectrum (black lines) and fitting curve (red lines)
versus the magnetic fields; (b) dependence of center frequency of spin noise spectrum on magnetic fields. The blue circles are the ex-
perimental data. The red line is the fitting curve. The laser is detuned 2, = + 600 MHz from the D2 transition (6%S,; /2 (F=4)
— 6%Py)5). The laser power P = 500 uW. The temperature of atomic cell is 296 K.
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Fig. 3. Detuning frequency dependent spin noise spectrum in cell 1: (a) Spin relaxation rate versus the detuning frequency; (b) total

noise versus the detuning frequency. The laser is detuned from the D2 transition (6%S;/, (F = 3) = 6?P35). The laser power P = 500 pW.

Magnetic field B = 15 G. The blue circles are the experimental data. The red line is the fitting curve. The temperature of atomic

cell is 296 K.
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Fig. 4. The detuning frequency dependent spin noise spectrum in cell 2: (a) Spin relaxation rate versus the detuning frequency at

T = 387 K; (b) spin relaxation rate versus the detuning frequency at T = 431 K; (c) total noise versus the detuning frequency at
T = 387 K; (d) total noise versus the detuning frequency at T = 431 K. The laser is detuned from the D2 transition (62S;, (F = 3) —

6%Py /2). The laser power P = 5 mW. The blue circles are the experimental data, and the red line is the fitting curve.
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Spin noise spectroscopy of cesium vapor in micron-scale cell
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Abstract

In this paper, the spin dynamics and broadening mechanism of cesium vapor in cells without buffer gas is
investigated by means of spin noise spectroscopy. In a macro atomic vapor cell, the lineshape of detuning
frequency spectrum of spin relaxation rate is of Gaussian distribution. For a micron-scaled vapor cell with
strong spatial locality, the lineshape of detuning frequency spectrum of spin relaxation rate is of Lorentzian
distribution. The parameter dependence of detuning frequency spectrum of spin relaxation rate, such as
temperature, is studied quantitatively. The detuning frequency spectrum of the spin relaxation rate is measured
experimentally to be broadened by ~4 GHz, which is obviously larger than the unhomogeneous Doppler
broadening of ~ 500 MHz for a macro atomic vapor cell. At the same time, the detuning frequency spectrum of
total noise in the two atomic vapor cells is studied. In the macro atomic vapor cell, the total noise intensity
strongly relies on the detuning frequency of the laser with respect to the atomic resonance transition. In the
micron-scaled vapor cell, due to the strong homogeneous broadening, the center of the detuning frequency
spectrum of the total noise is observed to dip. Finally, a simplified physical model is established to compute the
broadening of the micron-scaled vapor cell. The homogeneous broadening of atoms is explained experimentally

and theoretically in the micron-scaled vapor cell.

Keywords: spin noise spectroscopy, spin dynamics, spin relaxation rate, homogeneous broadening
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