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We present the development of a new molecular sensor for
fundamental interactions’ studies based on clock transitions in a
Hg-Hg system. The study planned in our project will enable
implementing optical Feshbach resonances in systems like Hg; or
Hg-alkali atoms for quantum engineering purposes and establish
the basis for the construction of the Hg: optical molecular clock [1,
2]. This new tool will push limits for fundamental research by
orders of magnitude.
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I. INTRODUCTION

The energetic structure of a molecule is determined by
interactions between its components and their quantum
mechanical dynamics. It involves mainly the electromagnetic
interaction between atomic nuclei and electrons, and their
relativistic dynamics. Other interactions - more exotic for
molecular physics - such as strong nuclear interactions affect
the molecular structure by shaping atomic nuclei [3]. The
molecule’s energetic structure is also affected by interactions
with the environment. For example, even in an isolated
molecule, the energy levels in empty space are shifted by the
interaction with the electromagnetic field of vacuum [4]. This
intrinsic sensitivity of molecular structure to interactions and
coupling with the environment makes them attractive as
sensors of new interactions or objects not yet included in the
Standard Model [S]. Nowadays, the possible sensitivity of
atomic structure to various factors [6, 7] is explored, for
instance, in laboratory searches for dark matter [8] by the
global observatory [9] of optical atomic clocks [10] or in the
global network [11] of optical magnetometers [12]. Our
project takes advantage of simple two-atom molecules with
relatively heavy nuclei, which gives a unique opportunity to
look for unexplored yet hadron-hadron interactions at
nanometre scale. New interactions can be seen as the fifth
force or the non-Newtonian gravitational interaction.

II. METHODS/RESULTS

For the experimental realization of the search of new
hadron-hadron interactions, one of the heaviest two-atom

molecules, Hg,, will be used. Interatomic Hg-Hg potential is
relatively well known [13] compared to other heavy molecules
like Yb,. Nevertheless, to reduce the influence of
imperfections of theoretical description, we will take
advantage of quantum defect theory [14] and measure
rovibronic bound states in the ground electronic configuration
near the dissociation threshold [15]. This approach has been
recently proposed as a promising tool for searching new
interactions [16].

Spectroscopy of Hg, will be carried out with gas samples
cooled to microkelvin temperatures in a dipole trap.
Experimental results of one- and two-colour photoassociations
for a broad range of isotopologues of Hg, will provide
necessary information about quantum defects describing near-
threshold bound states with and without the electron
excitation. Mapping bound states in the Hg, system allows
choosing a proper isotopologue to realize the optical
molecular clock [16]. To achieve the electronic ground state of
Hg,, the two-stage experiment will be performed. At first, a
weakly bound state of the Hg,” molecule (close to its
dissociation limit) will be created by photoassociation. Then
the electronic ground-state molecule will be formed via
stimulated Raman adiabatic passage (STIRAP). The
experimental attempt to realize an optical molecular clock will
be based on possible scenarios proposed in Ref. [1]. The
photoassociation spectra will be referenced to optical atomic
frequency standards and should reach a sub-kHz level of
accuracy. The formation of ultracold Hg, molecules by
photoassociation will make a significant step towards a better
understanding of fundamental physics.
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