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Fig. 1. Schematics of the spin noise spectroscopy measurement (LP, linear polarizer; B, magnetic field; \/2,
half wave plate; WP, Wollaston prism; 8V (t), time-dependent Faraday rotation which is raw data; 6V2(w),

frequency-dependent Faraday rotation which is power spectrum).
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Fig. 2. Characteristic of D2 line in Rubidium spectrum: (a) Rubidium 85 and 87 D2 transition hyperfine
structure in the ground-state; (b) absorption spectrum of Rubidium under room temperature. The wave-

length of probe light is set at the edge of the absorption peak of 8Rb, which means that only the spins of

85Rb can be detected. So the spectrums we measured show the spin noise signal of 8°Rb only.
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Fig. 3. (color online) Spin Noise spectroscopy measured by: (a) GW GSP-827 frequency analyzer; (b) DAC
(data acquisition card) 1; (¢) DAC 2; (d) DAC with real time FFTs.
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Fig. 4. Relationship between SNR and accumulation time N for: (a) Frequency analyzer; (b) DAC 1; (c)

DAC 2; (d) DAC with real-time FFTs.
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Fig. 5. (color online) The dependence of the SNR on
the total measuring time for the four processing proce-
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sults from: DAC with real-time FFTs, DAC 1, DAC 2
and GW GSP-827 frequency analyzer, respectively.
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Abstract

Spin noise spectroscopy is a non-demolition technique to detect the spin dynamics, and it is a good way to realize
spin property under thermal equilibrium. Since spin noise arises from spin fluctuation at thermal equilibrium, it is
a weak signal, therefore, various methods are used to enhance the signal-to-noise ratio (SNR) of the measurement
system. To study the influence from different factors on the quality of spin noise spectroscopy, we report spin noise
spectroscopy measurements in Rubidium vapor with three methods: a commercial frequency analyzer, a data acquisition
card (DAC) with fast Fourier transform (FFT) done by a computer, and a DAC with real-time FFT based on FPGA
(field-programmable gate array), respectively. According to the experimental results, we discuss several parameters
and their influences on the SNR of the spectrum, including spectrum accumulation time, measurement efficiency and
acquisition resolution. We find that the accumulation time is the most important factor for achieving high-quality
spectrum. Measurement efficiency indicates how a good quality of the spin noise spectroscopy can be achieved in a
finite time period, and we make a comparison of measurement efficiency among three methods. However, improvement
of acquisition resolution does not make much more contribution to the quality of spin noise spectroscopy. Taken all
into account, the DAC with real-time FFT performs best due to its bigger data utilization ratio, higher measurement
efficiency and the multiplex advantage, thus it is more helpful for spin noise spectroscopy measurement in the study of

spin dynamics.

Keywords: spin noise spectroscopy, Rb vapor, signal-to-noise ratio, Faraday rotation
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