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Collisions between ultracold molecules often produce fast trap loss. To avoid this, shielding methods
have been developed, using carefully engineered microwave or static electric fields. These methods produce
long-range repulsive interactions that prevent colliding pairs approaching closer than a few hundred bohr
and suppress most loss processes. This talk will explore similarities and differences between microwave and
static-field shielding.

Both microwave and static-field shielding may be understood in terms of effective potentials. For scat-
tering properties, it is most useful to consider effective isotropic potentials that govern the scattering for
individual partial waves L, particularly s-wave scattering (L = 0). These effective potentials are qualita-
tively similar for microwave and static-field shielding [1, 2], with a repulsive wall at a few hundred bohr and
a weak attractive well (asymptotically ~ R~%) at even longer range. The balance between attraction and
repulsion allows control of the scattering length and the creation of 2-molecule bound states.

Microwave shielding is almost universal, in the sense that all polar molecules have very similar scattering
properties when lengths, energies and Rabi frequencies are expressed in suitable reduced units [2]. This
universality extends to elastic cross sections, loss rates, scattering lengths and bound states. Static-field
shielding, by contrast, depends crucially on the reduced rotational constant [3] and different molecules have
quite different scattering properties and can support different numbers of bound states [4].

For condensed-matter simulations, the anisotropy of the interaction is crucial, and it is useful to consider
effective potentials that include the anisotropy explicitly. If time allows, I will describe anisotropic effective
potentials for static-field shielding [5] and contrast them with those for microwave shielding [6] and from
earlier work on static-field shielding [7]. The differences will produce qualitatively different behaviour for
condensed-matter systems shielded with microwave or static electric fields.

Acknowledgments

I am grateful to Bijit Mukerjee and Joy Dutta for collaborations on the work underlying this talk. This
work was supported by the U.K. Engineering and Physical Sciences Research Council (EPSRC) Grant
Nos. EP/P01058X/1 and EP/V011677/1.

References

[1] B. Mukherjee, M. D. Frye, C. R. Le Sueur, M. R. Tarbutt, and J. M. Hutson. “Shielding collisions of ultracold
CaF molecules with static electric fields.” Phys. Rev. Res., 5, 033097 (2023).

[2] J. Dutta, B. Mukherjee, and J. M. Hutson. “Universality in the microwave shielding of ultracold polar molecules.”
arXiv:2501.03170.

[3] M. L. Gonzélez-Martinez, J. L. Bohn, and G. Quéméner. “Adimensional theory of shielding in ultracold collisions
of dipolar rotors.” Phys. Rev. A, 96, 032718 (2017).

[4] B. Mukherjee and J. M. Hutson. “Controlling collisional loss and scattering lengths of ultracold dipolar molecules
with static electric fields.” Phys. Rev. Res., 6, 013145 (2024).

[5] B. Mukherjee and J. M. Hutson. “Effective anisotropic interaction potentials for pairs of ultracold molecules
shielded by a static electric fiel.” unpublished work (2025).

[6] F. Deng, X.-Y. Chen, X.-Y. Luo, W. Zhang, S. Yi, and T. Shi. “Effective potential and superfluidity of microwave-
shielded polar molecules.” Phys. Rev. Lett., 130, 183001 (2023).

[7] L. Lassabliere and G. Quéméner. “Model for two-body collisions between ultracold dipolar molecules around a
Forster resonance in an electric field.” Phys. Rev. A, 106, 033311 (2022).


mailto:J.M.Hutson@durham.ac.uk

