Singular vibronic interaction in liquids: manifestation in the optical spectrum
of impurity atoms in superfluid helium
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It was found that the linear vibronic interaction of impurity centers with long-wave
phonons in liquids is singularly enhanced compared to this interaction in a solid.
As a result, a macroscopic number of phonons with almost zero frequency is
created during the electronic transition. This leads to a finite broadening of the zero
phonon line (ZPL) in the optical spectrum already in the case of purely linear
vibronic interaction [1]. The ultimate reason for this difference in linear vibronic
interaction in a liquid is related to the fundamental difference between a solid and a
liquid in transverse modes: in a solid they have a finite frequency at any
wavenumber k, except k = 0, while in a liquid the frequencies are 0 at any k of
these modes. This allows the liquid to isochorically change its shape in accordance
with the Archimedes principle, which, in turn, leads to an exceptional
amplification of the low-frequency part of the vibronic transitions in liquids. We
show that taking this gain into account makes it possible to explain the strong
temperature dependence of the zero-phonon transition line of the Dy atom to the
inner shell in superfluid helium found in reference [2].

Our theory takes into account the presence of superfluid and normal components in
superfluid helium. Due to the singular vibronic interaction, the ZPL of the
superfluid component has a finite width and a symmetrical shape. The temperature
dependence of the ZPL is a consequence of the temperature redistribution of the
superfluid and normal components of the liquid and the temperature dependence of
the ZPL of the normal component; the ZPL of the superfluid component disappears
at the lambda temperature Ty = 2.17 K. The width of the ZPL of a normal
component increases linearly with increasing temperature. Our calculations of the
temperature changes of the ZPL of the superfluid and normal components of the
superfluid “He are in good agreement with the results of ZPL measurements [2].
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