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Dipolar interaction: long-range and 
anisotropic

 Magnetic Atoms
Weak dipoles ~ 10 ��, stable (10 s)

H. Kadau et al., 
Nature 530, 194 (2016) 

H. Bernien et al., 
Nature 551, 579 (2017)

Rydberg Atoms
Strong dipoles ~ 104 Debye, lifetime ~ 100 μs

C. Lagoin et al., 
Nature 609, 485 (2022)

Dipolar Excitons
Strong dipoles ~ 103 Debye, lifetime ~ 1 μs

G. Ye, et al.,
 Nature Photonics (2023)
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Dipolar interaction: long-range and 
anisotropic

Jin & Ye Physics Today 64, 5, 27 (2011)

Dipolar Molecules
Medium dipoles ~ 3 Debye, alone stable (10 s)



Polar Molecules
Precision measurement

ACME III (Harvard),JILA, ICL, Caltech, Amsterdam… 

Ultracold chemistry

JILA, 2010

KRb + KRb → K2 + Rb2
A. Micheli, Nat. Phys. 2, 341 (2006).

Spin systems



BCS-BEC in Polar Molecules
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unstable at the short range
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Dipolar superfluids

X. Ye, et al., Sci. Adv. 4, eaaq0083 (2018).
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Microwave Shielding

CaF

Theoretical proposal: Suppression of inelastic scatterings: 



Realization of fermionic MSPMs
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Realization of Bosonic MSPMs

J. Lin et al., Phys. Rev. X 13, 031032 (2023)
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Effective potentials for MSPMs



Microwave shielding
Single molecule:

Ω Ω



Microwave shielding
Two molecules:

Two-body Hamiltonian:

Kinetic energy:



Microwave shielding
Two molecules:

Spherical tensors:

Dipolar interaction:

Two-body Hamiltonian:

Kinetic energy:

The parity symmetry reduces the Hamiltonian to a 7D matrix in the symmetric space. 



Microwave shielding
BO approximation:

mostly couples to

The 7D Hamiltonian is further reduced to a 2D matrix, 
which can be solved analytically!



Microwave shielding
Effective potential:

F.Deng, X. Y. Chen, X. Y. Luo, W. Zhang, S. Yi, and TS, PRL 130, 183001 (2023)



Algorithm
7-Channel Scatterings:

Angular momentum basis:

Log-derivative method: 
B. Johnson, Journal of Computational Physics 13, 445 (1973).

Matching the asymptotic solution: 



Scattering cross sections
p-wave:



Finite elliptic angles

X. Y. Chen,  et al., Nature 614, 59 (2023)



Tetramer bound states

Goulven Quéméner, John L. Bohn, and James F. E. Croft, 
Phys. Rev. Lett. 131, 043402 (2023)



Tetramer bound states
X. Y. Chen et al., Nature 626, 283 (2024)



Modulational dissociation

X. Y. Chen et al., Nature 626, 283 (2024)
F. Deng et al., arXiv:2405.13645



Fermionic MSPMs



BCS-BEC crossover in atomic gases

s-wave p-wave

Sa de Melo et al., PRL 71, 3283 (1993); PRL 96, 040402 (2006).



BCS-BEC crossover in dipolar gases

Shi, Zou, Hu, Sun, & Yi, PRL 110, 045301 (2013). Qi, Shi, and Zhai, PRL 110, 045302 (2013).

Kanjilal and Blume, PRA 78, 040703(R) (2008)



BCS superfluid in MS molecules
Many-body Hamiltonian:

Gap equation:

(1) Renormalization free
(2) Logrithmic discretization



BCS superfluid in MS molecules



Extending lifetimes of tetramers

LiRb: 10.4s

F. Deng et al., arXiv:2405.13645



Bosonic MSPMs



Bose molecules

N. Bigagli et al., Nature 631, 289 (2024). 



Bose molecules

DAMOP S. Will’s talk



Bose molecules
Hamiltonian: W. Jin et al., arXiv:2406.06412



Bose molecules
Hamiltonian: W. Jin et al., arXiv:2406.06412

Liquid Helium W. L. McMillan, 
Phys. Rev. 138 A442 (1965)

Inapplicable!!!



Bose molecules

Variational ansatz:

W. Jin et al., arXiv:2406.06412

TS, E. Demler, and J. I. Cirac, Annals of Physics 390, 245 (2018).
TS, E. Demler, and J. I. Cirac, PRL 125, 180602 (2020).



Bose molecules
Ground state energy:

Cluster expansions:
J. B. Aviles, Annals of Physics 5, 251 (1958)



Bose molecules
Phase diagrams:



Bose molecules
Condensate fractions and momentum distributions



Bose molecules

Liquid Helium 
W. L. McMillan, 

Phys. Rev. 138 A442 (1965)

Helium 4 v.s. MSPMs

N. Bigagli et al., Nature 631, 289 (2024). 



Conclusion and Outlook

New paradigm in MS polar molecules beyond atoms and Helium

Realization of tetramer BEC and BCS-BEC crossover

?

J. Lin et al., Phys. Rev. X 13, 031032 (2023)

N. Bigagli et al., Nature 631, 289 (2024). 

W. Jin et al., arXiv:2406.06412

F. Deng, et al., PRL 130, 183001 (2023)

X. Y. Chen et al., Nature 626, 283 (2024)
F. Deng et al., arXiv:2405.13645

 T. Langen et al.,arXiv:2407.09391
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