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Abstract

The alkali metal gas chamber is the main component of the atomic magnetometer used for magnetic
field measurement. In order to measure the number density of alkali metal gas in the gas chamber,
a new method based on surface plasmon resonance effect is proposed. Alkali metal atoms in the
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polarization state of different number density of alkali metal gas will have a small refractive index
difference, through the surface plasmon resonance (SPR) method to measure the difference, to
achieve the measurement of the number density. An angle-modulated Kretschmann prism-coupled
SPR structure suitable for potassium atom chamber number density measurement is studied and
analyzed. The theoretical calculation results show that the corresponding potassium metal number
density ranges from 1.97 x 1012 cm-3 to 2.01 x 1016 cm-3 at the resonance Angle of 42.6° to 46°,
covering most of the density range of the more common potassium atom gas chamber. This paper
presents a new real-time, contactless, spatially distributed fixed-point measurement method for al-
kali metal gas density, which is of great significance to the development of atomic magnetometer.
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Figure 1. Schematic of (a) SPR principle
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Figure 2. Spectrum of reflectance of the proposed SPR sensor at various thicknesses of (a) gold film and (b) silver film with
an incident wavelength of 770.1 nm and a refractive index (RI) of 1.0
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Figure 3. Calculated refractive index curves as a function of
wavelength for various density of K
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Figure 4. Optical path diagram of rubidium atomic density measurement principle
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Figure 5. Resonance drift diagram with different K refractive index with an incident wavelength of 770.09 nm
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Figure 6. The relation curve of density and incident angle
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