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Synopsis Photoassociation spectroscopy, based on forming of molecules from colliding atoms in the presence
of light, is a priceless tool for the study of atomic interactions. It enables direct measurements of bound state
energies, both in excited and ground state molecules. Applications include determinations of s-wave scattering
lengths, as well as atomic state lifetimes. In this work we present the results of our research on the mass-scaling
behaviour of molecular bound state energies and collisional properties in spin-singlet atoms. We will concentrate
on two such species: strontium and ytterbium, both of which offer several stable isotopes, enabling mass tuning
of the system’s properties.

Two-valence-electron atoms, particularly
strontium and ytterbium, have special features
that make them particularly attractive from
the standpoint of ultracold physics. Their 1S0

ground state makes them insensitive to external
magnetic fields. Narrow intercombination lines
present in these systems (7.5 kHz in Sr and 181
kHz in Yb) enable magneto-optical trapping at
microkelvin temperatures. A doubly-forbidden
1S0→3P0 line in both species is used as atomic
references in optical clocks. Finally, both species
have an array of stable isotopes (five bosons and
two fermions in ytterbium, three bosons and a
fermion in strontium), which enables mass tun-
ing of collisional properties of cold gases of these
atoms simply by switching the isotope. The in-
creased interest in ultracold gases of divalent
atoms has resulted in spectacular achievements,
including degenerate quantum gases in almost
all of the isotopes of both species. Photoas-
sociation spectroscopy [1], which enables direct
measurement of molecular bound state energies
of molecules formed by colliding cold atoms in
the presence of light, has also been extensively
performed with divalent atoms. In this work
we concentrate on the mass-scaling behaviour
of bound state energies of molecules formed in
photoassociation spectroscopy, as well as the
properties of collisions of divalent atoms.

The first presented system is the case of two-
color photoassociation of ytterbium with rubid-
ium atoms [2]. This system is of particular im-
portance as it bridges the gap between alkali and

divalent species. Based on data from photoasso-
ciation spectroscopy we have fitted an ab initio
based single-channel model of the ground state
Rb-Yb interaction. Using this model we have
determined the s-wave scattering lengths for all
isotopologues of this system.

In the case of the RbYb system, a mass
scaled model was obtained using just one poten-
tial curve. A different case is seen the Sr2 dimer
near the 1S0+

3P1 asymptote [3]. Here, not only
the nonadiabatic mixing between two potential
curves (0+u and 1u) has to be considered to even
obtain a good fit to photoassociation data for
one isotope, but also an additional 0+u curve per-
turbs the mass-scaling behaviour of the bound
state energies in this molecule.

The last presented system is the 1S0+
3P1

0+u curve in the ytterbium dimer [4], for which
we have constructed a mass scaled model of the
atomic interactions, again by fitting to photoas-
sociation data. We will show that the rotational
structure of photoassociation spectra near the in-
tercombination line of ytterbium depends heavily
on the properties of the ground state collision due
to the emergence of shape resonances.
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