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Fig. 1. Contour plot of the potential energy surface

%Elf@“y’(ﬁ%ﬁﬁj—n SOtLMLsoé'L'M]C U\&ﬁﬁfrﬂi{k%ﬁ for Xe-NH complex (unit: cm™1).
A :
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Table 1. Coefficients of the analytical potential energy surface fitted to the Xe-NH interaction energies (unit: a.u.).

d b go g1 g2 g3

=0 —1.8385205 16.93437 1.130022 —0.97360069 0.46016453 —0.034526157
=1 —0.021789996 —0.34768087 3.2636825 —1.8553302 0.37045221 —0.020794565
=2 —0.030858469 0.55375963 4.0884162 —2.2125726 0.44414605 —0.024797144
=3 0.014704463 —0.14636125 —0.88634176 0.77338021 —0.1827139 0.010493307
l=4 —0.010110235 0.067764542 5.0920545 —2.2941267 0.33453091 —0.016187902
=5 0.000203371 —0.007798537 —1.3188333 0.50120194 —0.05747956 0.002093391
Cgo = —2.3756 x 107, Cga = —3.1589 x 106, Cry; = 2.0097 x 107, Cr3 = 1.4414 x 107, Cgg = —1.3447 x 109,
Cga = —6.4900 x 108, Cgq = —9.1539 x 107, Cg; = 2.9212 x 10%, Cg3 = 2.1336 x 10%, Cg5 = 2.6888 x 108,

C100 = —6.7759 x 106, C1p2 = —3.4159 x 109, C194 = —1.9272 x 107, C106 = —1.0856 x 108
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Fig. 2. Potential energy curves for different 6 of Xe-
NH complex (r = 1.95879a0).
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Fig. 3. Zeeman splitting of rotational level of n = 0,

j =1 of NH molecule in magnetic field.
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with Xe in the absence of magnetic field.
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Abstract

Sympathetic cooling is one of the most promising techniques for producing ultracold molecules from precooled
molecules. Previous researches have shown that it is inadequate to use the ultracold alkali-metal atoms as coolant for
sympathetic cooling. To explore the possibility of ultracold alkali-earth-metal atoms as coolant, in this paper a theoretical
investigation is performed of the cold collision dynamics for Xe-NH(X3% ™) system in magnetic fields. The interaction
potential energies of Xe-NH complex are calculated respectively by using the single and double excitation coupled-cluster
theory with the noniterative treatment of triple excitations [CCSD(T)] method and complete basis set limit extrapolated
method. An analytic express of potential energy surface (PES) is given for the first time. A single global minimum value
occurs at R = 7.14ag, 6 = 102.76° with an energy of —153.54 cm ™!, and the PES has a weak anisotropy. Combine the
ab initio PES with quantum scattering theory, then the cold collisional dynamics of Xe-NH system in a magnetic field
will be studied. The elastic and inelastic transition cross sections and their ratios of NH molecules in the lowest low-field
following state (n = 0, m; = 1) under different magnetic fields and collisional energies are calculated. The results show
that the elastic cross section is independent of magnetic field, and the inelastic cross section changes with magnetic field,
especially at an ultracold temperature. A common rule of thumb is that to successfully implement cooling, the ratio of
elastic cross section to inelastic cross section needs to reach 100 at least. The results suggest that it is likely to be a

challenging work to perform sympathetic cooling of NH molecule by ultracold Xe atom.

Keywords: Xe-NH complex, sympathetic cooling, cold atom-molecule collision
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