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Feshbach resonance is a key concept in the research and engineering of ultracold atoms and molecules. In recent
studies, Feshbach resonances are supposed to play a crucial role in the fast loss of ground state polar molecules from
optical dipole traps when their two-body collisions are non-reactive. However, several discussions exist regarding the
origin of the fast loss as well as the characteristics of the resonance states for atom-molecule and molecule-molecule
collisions, including the distribution of the resonances [1, 2, 3, 4].

In this study, we explore magnetic Feshbach resonances for the ultracold s-wave collisions between Rb(2S) and
AlF(1Σ+) on an ab initio potential energy surface by solving the coupled-channel equations with the converged basis
set. As in the collisions between alkali atoms (2S) and alkaline-earth atoms (1S) [5, 6], geometry dependence of the
hyperfine coupling parameters in the short range of the collision complex is essential for causing resonances.

All the resonances obtained by the present calculations are attributed to bound states whose energies and wave-
functions are highly sensitive to the coupling with various rotational states via the short-range anisotropy of the
interaction potential. As a result, clusters of resonances associated with hyperfine couplings of three atoms are ob-
served repetitively while sweeping the magnetic field, and the spacing between the clusters serves as the fingerprint
of the short-range anisotropy of the potential. The critical importance of the coupling between rotational states in the
short range for describing Feshbach resonances is consistent with the previous calculation results for Rb(2S)+SrF(2Σ+)
[4].
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Figure 1: Elastic cross section as a function of magnetic field for the collisions between Rb and SrF(𝑁 = 0) in
their lowest internal states. For the convergence, it is necessary to include the rotational states up to 𝑁max = 65. The
collision energy is 𝐸c = 0.1𝜇K. Grid interval of magnetic field is Δ𝐵 = 0.1 G.

Acknowledgments
We performed coupled-channel calculations by extending the code originally developed by Timur V. Tscherbul [7].

References
[1] M. Mayle, B. P. Ruzic, and J. L. Bohn Phys. Rev. A 85, 062712 (2012).; M. Mayle, G. Quéméner, B. P. Ruzic, and J. L. Bohn

Phys. Rev. A 87, 012709 (2013).
[2] A. Christianen, M. W. Zwierlein, G. C. Groenenboom, and T. Karman Phys. Rev. Lett. 123, 123402 (2019).; A. T. Karman,

and G. C. Groenenboom Phys. Rev. A 100, 032708 (2019).
[3] M. D. Frye and J. M. Hutson, Phys. Rev. Res. 5, 023001 (2023).; M. D. Frye and J. M. Hutson, New. J. Phys. 23, 125008

(2021).; X.-Y. Wang, M. D. Frye, Z. Su, J. Cao, L. Liu, D.-C. Zhang, H. Yang, J. M. Hutson, B. Zhao, C.-L. Bai, and J.-W.
Pan New. J. Phys. 23, 115010 (2021).

[4] M. Morita, M. B. Kosicki, P. S. Żuchowski, P. Brumer, and T. V. Tscherbul Phys. Rev. A 110, L021301 (2024).
[5] P. S. Żuchowski and J. Aldegunde, and J. M. Hutson Phys. Rev. Lett. 105, 153201 (2010).
[6] V. Barbé, A. Ciamei, B. Pasquiou, L. Reichsöllner, F. Schreck, P. S. Żuchowski and J. M. Hutson Nat. Phys. 14, 881 (2018).
[7] T. V. Tscherbul and J. P. D’Incao Phys. Rev. A 108, 053317 (2023).

mailto:michal.tomza@fuw.edu.pl

