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Three-body resonances
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Three-body resonances
• Ultracold atoms

• Nuclear physics

• Excitons in semiconductors, …
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Realization in ultracold atoms
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Photoassociation of three-body resonances

Cao et al., PRL 132 093403 (2024)

Park et al., 13 031018 (2023)

Controlled collision of cold atoms
and cold molecules

ultracold: µK … nK



Dimensionality and mass ratio
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Bloch, Nat. Phys. 1, 23 (2005)

Realization of low-dimensional geometries (quasi-1D)

𝑉𝑑𝑖𝑝𝑜𝑙𝑒 ∝ 𝐸 𝑟 2

Different atomic species:
- Li-6
- Na-23
- K-40
- Rb-87
- Cs-133
- …

Using two atomic species:
Mass ratios between 1/22 … 22

Dimensionality Mass ratio

Lifetime of
three-body 
resonances



The three-body system

• Two identical bosons (2,3), one distinguishable (1)

• No interaction between identical particles

• Gaussian pair-interactions 𝑉𝑖𝑗 𝑟 = 𝑣0𝑒
−(𝑟𝑖𝑗/𝑟0)
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2-body spectrum:

𝑎 ≅ 3 𝑟0

Mass ratio 𝛽 =
𝑚𝐵

𝑚𝑋



Method
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Gaussian Expansion Method (GEM) Complex Rotation Method (CSM)

𝑟 → 𝑟 exp(𝑖𝜃)

𝐻 0 = 𝑇 + 𝑉(𝑟)
𝐻 𝜃 = 𝑇 exp −2𝑖𝜃 + 𝑉(𝑟 exp(𝑖𝜃))

→ Resonances can be found via bound-state
methods

Moiseyev, Phys. Rep. 302, 211 (1998)

Hiyama et al, Prog. Partcl. Nucl. Phys. 351, 223 (2003)

3D: only s-wave (𝑙 = 𝐿 = 0)
1D: no 𝑌𝑙,𝑚; 𝑙, 𝐿 ∈ {0,1}



Complex-rotated spectra

➢ Similar result for both 1D & 3D ➢ Γ decreases with 𝛽 
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Bound state
Resonance
Continuum

𝐼𝑚 𝐸′ ≃ 0 ± 10−5

1a 2s
2s

LH et al., FBS 65, 38 (2024)



Width vs mass ratio
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➢ Damped-oscillatory behavior ➢ Specific points of stability (BIC)

133𝐶𝑠 − 6𝐿𝑖
87𝑅𝑏 − 40𝐾 23𝑁𝑎 − 6𝐿𝑖

87𝑅𝑏 − 7𝐿𝑖

LH et al., FBS 65, 38 (2024)

2 heavy, 1 light

2 light, 1 heavy



Summary & Outlook

Summary:
• Γ shows damped-oscillatory dependence on the mass-ratio
• Specific mass-ratios with exceptional stability (BIC)

Outlook:
• Validity of theory: deep resonances (Cao et al., PRL 132, 093403 (2024))?
• Universality? Other systems?
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Few-Body Syst 65, 38 (2024)
arXiv:2312.04080
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