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RYDBERG ATOM
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Low angular momentum Rydberg states 𝑙 ≤ 3 High angular momentum Rydberg states 𝑙 ≥
4

Rydberg-Ritz expression

❖ Strong permanent electric dipole moment

❖ Sensitivity to small external fields

❖ Applications: ultracold chemistry or
quantum information processing



THE ADIABATIC HAMILTONIAN
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𝐻𝑎𝑑 = 𝐻𝐴 + 𝐻𝑟𝑜𝑡 + 𝐻𝑟𝑦𝑑 + 𝐻𝑠𝑤

𝐻𝑟𝑜𝑡 = 𝐵𝑵2

𝐻𝑟𝑦𝑑 = −𝒅 · 𝑒
𝑹

𝑅3
+ 𝑒

𝒓−𝑹

𝒓−𝑹 3 Charge-dipole interaction

𝐻𝑠𝑤 = 2𝜋𝑎𝑆 𝑘 𝛿 𝒓 − 𝑹 s-wave fermi pseudopotential

𝐻𝐴 = −
ℏ2

2𝑚𝑒
𝛁𝑟
2 + 𝑉𝑙(𝑟)

𝑱 = 𝑵 + 𝒍

❖ Subcritical dipole moment:     𝑑 < 1.639𝐷 (Fermi-Teller)

[𝑱𝑍, 𝐻] = 0
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ZERO-RANGE ELECTRON-MOLECULE SCATTERING

Cs(40d)-RbCs(N=0)

𝐻𝑟𝑦𝑑 + 𝐻𝑠𝑤
𝐻𝑟𝑦𝑑
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ELECTRONIC STRUCTURE OF Cs(38)-RbCs

104 𝑐𝑚/𝑠102𝑐𝑚/𝑠 103𝑐𝑚/𝑠
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Landau-Zener



ELECTRONIC STRUCTURE OF Cs(38)-RbCs
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VIBRATIONAL STATES OF Cs(42s)-RbCs(N=0)
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Stabilization method



VIBRATIONAL STATES OF Cs(42s)-RbCs(N=0)
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VIBRATIONAL STATES OF Cs(42s)-RbCs(N=0)

Franck-Condon factors

two-photon scheme

Cs

Cs

Cs
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CONCLUSIONS AND OUTLOOK

❖ Analysis of the electronic structure ->  𝐻𝑠𝑤 cannot be neglected

❖ Including non-adiabatic couplings in the neighboring adiabatic potential
curves

❖ Identification of vibrational states that could be created by
photoassociation

❖ Future works-> including hyperfine, and electric and magnetic field
interactions
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SUPPLEMENTARY MATERIAL 

ROVIBRATIONAL HAMILTONIAN (𝒥 = 0)
❖ Landau-Zener:

❖ Decoupling:

❖ Coupling:
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SUPPLEMENTARY MATERIAL 

ROVIBRATIONAL HAMILTONIAN (𝒥 = 0)
❖ Weights of the Rydberg atom partial waves:

❖ Weights of the polar molecule partial waves:

❖ Electric dipole moments:
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