The Boltzmann constant from the shape of a H,'20 spectral line
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As recently agreed at international level, the new definitions of kilogram, ampere, kelvin, and mole
rely upon the assignment of fixed values to a set of fundamental constants, namely Planck constant,
elementary charge, Boltzmann constant (kg), and Avogadro number. These changes will be adopted
only after a further refinement of the experimental values of these constants. The Doppler effect
represents a unique tool for a direct access to kg and gives the basis of a relatively new method of
primary gas thermometry, known as Doppler-broadening thermometry (DBT), which converts
temperature determinations into frequency measurements [1]. Here, we report on a new DBT
experiment made in a '®0-enriched water sample at the temperature of the triple point of water,
using a pair of offset-frequency locked extended-cavity diode lasers at 1.39 uym, one of which being
an optical frequency standard. This technique allowed us to build an absolute, highly accurate and
reproducible frequency scale underneath absorption spectra [2]. A sophisticated and extremely
refined spectral analysis procedure was developed for the retrieval of the Doppler width, also taking
into account Dicke-narrowing and speed-dependent effects [3]. Hence, we provided a new
determination of kg with a combined uncertainty of 24 10 [4]. This is the best result obtained so far
with an optical method. Our determination is in agreement with the recommended CODATA value.
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