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Table 1. The hyperfine structure parameters of molecules (1 deb = 3.3 x 10 C-m). Datas are from Ref.[32,37,38].
brot/GHz  d/deb I1 I eQqi/MHz eQqy/MHz c¢i/Hz c3/Hz c3/Hz ca/kHz  gr g1 g2
£l 2.0896628 3.2 3/2 3/2 -0.139 -3.048 60.7 983.8 259.3 6.56 0.001 1.484 1.832
BrHAAIL  2.0896628 3.2 0 1 -0.139 -3.048 60.7 983.8 259.3 6.56 0.001 1.484 1.832
Eh5 1.7355 475 3/2 7/2 -0.097 0.150 14.2 854.5 105.6 3.9418 0.0 1.478 0.738
L AR 1.7355 4.75 0 1 -0.097 0.150 14.2 854.5 105.6 3.9418 0.0 1.478 0.738
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Fig. 1. Probability of nuclear spin projection as a function of (a) ¥ and (b) magnetic field. Here, we fix Bo =350 G (1 G =
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Fig. 2. Adiabatic curves of (a) toy model 1 and (b) toy model 2, as a function of ¢, with r = 1500a9 and 6 = 90° . Magnetic field

is fixed as Bp = 350 G, microwave Rabi frequency (2 = 2w x 15 MHz and detune A = —2x x 12 MHz.
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Fig. 3. Multi-channel scattering as a function of ¥pyis: (a) Toy model 1; (b) toy model 2. By inel represent elastic (inelastic) rate,

and extra subscript ‘no’ means that we neglect fzhyperﬁne in corresponding calculations. Here, relative kinetic energy kp x 10 nK,

magnetic field is fixed as Bg = 350 G, microwave Rabi frequency (2 = 2w x 15 MHz and detune A = —2n x 12 MHz.
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SPECIAL TOPIC— Ultracold atomic and molecular physics

Robustness of microwave shielding for ultracold molecules
under mismatched microwave and magnetic fields"

DENG Fulin f

(Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, China)

( Received 29 May 2026; revised manuscript received 21 June 2026 )

Abstract

Microwave shielding has recently emerged as a powerful technique for suppressing inelastic collisions and
enabling evaporative cooling of ultracold polar molecules. With appropriately applied microwave fields, a
repulsive shielding barrier emerges at short range, which prevents molecules from reaching reactive collision
distances. So far, both fermionic and bosonic molecular gases can be cooled below the degeneracy temperature
through microwave shielding. Moreover, it offers a convenient method to tune molecular interaction. In addition
to the microwave field, achieving efficient microwave shielding requires a strong bias magnetic field to define a
quantization axis and to suppress processes that involve changes in the internal spin degrees of freedom. In
current experimental setups, the polarization or spatial orientation of the microwave field is often not perfectly
aligned with the magnetic field, which is referred to as mismatched fields, leaving an important gap between
idealized theoretical treatments and practical experiments.

In this work, we theoretically investigate the impact of mismatches between microwave and magnetic
fields on the shielding performance. By performing multi-channel scattering calculations together with adiabatic
potential analyses for two colliding polar molecules, we systematically vary the mismatch angle and examine the
resulting scattering rates. We demonstrate that the shielding effect is highly robust even under significant
mismatches: the elastic scattering rate remains essentially unchanged, while the inelastic loss rate stays
efficiently suppressed to a level comparable to the perfectly aligned case. More importantly, we identify the
underlying physical mechanism behind this robustness. We find that in a sufficiently strong magnetic field, the
projection of the molecular nuclear spin is hardly affected by the mismatch angle. As a result, the molecular
state can be accurately approximated as a direct product of a rotational state and a fixed nuclear-spin
projection state. This observation reveals that the primary role of the magnetic field is to lock the nuclear-spin
projection of the molecule, which does not require precise alignment with the microwave field. Consequently,
the microwave shielding effect for ultracold polar molecules is remarkably robust against mismatches between
the microwave and magnetic fields.

Our findings also provide a natural explanation for experimental observations reported in earlier works:
Even a simple rigid-rotor model that completely ignores hyperfine structure can reproduce experimental results
quantitatively, regardless of the mismatch. In typical ultracold molecule experiments, the microwave field often
has a large ellipticity, which tends to obscure the subtle effects of field mismatches and hyperfine details. Under

such conditions, treating the molecule as a structureless rigid rotor becomes fully adequate.
Keywords: ultracold polar molecule, dipolar interaction, ultracold collision
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