Ultracold gases composed of two atomic species offer numerous possibilities for studying novel few-and many-body phenomena like Efimov states, or crystalline quantum phases. All these applications require a fine control of the scattering properties, in particular of the interspecies scattering length.

Magnetic Feshbach Resonance (MFR) is the main tool for tuning the interspecies scattering length of two different alkali-metal atoms [1]. For a mixture of alkali-metal atoms with closedshell atoms like alkaline-earth or Ytterbium atoms, MFR cannot be easily implemented [2]. To circumvent this pitfall, we propose a new concept of FR: the Laser-Assisted Self-Induced Feshbach Resonance (LASIFR). A continuouswave laser couples the state of the colliding atoms to a weakly-bound rovibrational level of the related molecular ground state (Fig. 1a). In the field-dressed picture, this coupling can be interpreted as a Feshbach Resonance between channels sharing the same electronic molecular state but with different number of photons (Fig. 1). The coupling relies on the variation of the intrinsic permanent dipole moment of the molecular state with the interatomic distance. As for MFR, the two channels have a long lifetime.

We focus on the example of 87 Rb and 84 Sr mixture [2]. We show how the interspecies scattering length can be controlled by a LASIFR. We also demonstrate that the resonance width can be tuned by the laser intensity, a remarkable property of the LASIFR.

Ultracold quantum gas mixtures are currently a convenient platform for the formation of ul-tracold polar molecules, inter alia promising systems for quantum simulation [3]. We prove that the proposed LASIFR represents a powerful tool for ultracold molecule formation in two respects. First, the optical control of the LAS-IFR induces a strong increase of the pair probability density at short distances, enabling a huge increase of the population transfered by STimulated Rapid Adiabatic Passage (STIRAP) via a vibrational level of an electronic excited state. Secondly, in analogy with magnetoassociation using magnetic field ramping, chirping of the laser frequency accross the LASIFR induces an adiabatic passage between the initial state of the atom pair and a vibrational level of the electronic ground state. 

Figure 1 .

 1 Figure 1. Scheme for the LASIFR in the bare-state (a) and dressed-state (b) pictures. Work supported by CEFIPRA under project #5404-1
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