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Three-body resonances
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Three-body resonances

 Ultracold atoms Control of reactive collisions by quantum interference
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Realization in ultracold atoms

Photoassociation of three-body resonances
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ultracold: pK ... nK

Controlled collision of cold atoms
and cold molecules
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Dimensionality and mass ratio

Lifetime of
three-body
Dimensionality resonances

N

Different atomic species:
Realization of low-dimensional geometries (quasi-1D) . Li-6

Mass ratio

- Na-23
- K-40
- Rb-87
<y - Cs-133
Vdipole X |E(T)|2 )
Bloch, Nat. Phys. 1, 23 (2005) Using two atomic species:

Mass ratios between 1/22 ... 22
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The three-body system

* Twoidentical bosons (2,3), one distinguishable (1) Mass ratio f = —Z
mxy

* No interaction between identical particles

a=3r,
2-body spectrum:
1D
[ : : @ : @
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Gaussian Expansion Method (GEM)
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Hiyama et al, Prog. Partcl. Nucl. Phys. 351, 223 (2003)

3D: only s-wave ([ = L = 0)
1D:no Y ;1L € {0,1}

Complex Rotation Method (CSM)
r = rexp(if)

HO)=T+V()
H(O) = T exp(—2i0) + V(r exp(if))

- Resonances can be found via bound-state
methods

i
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threshold
o-—6—© / = Re(E)
~ 28 .

bound .

states Resonances
(a) rotating continuum

Moiseyev, Phys. Rep. 302, 211 (1998)
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Complex-rotated spectra
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» Similar result for both 1D & 3D
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» I' decreases with 8
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Width vs mass ratio
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» Damped-oscillatory behavior » Specific points of stability (BIC)
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Summary & Outlook

Summary:

* ' shows damped-oscillatory dependence on the mass-ratio
* Specific mass-ratios with exceptional stability (BIC)

Outlook: arXiv:2312.04080
* Validity of theory: deep resonances (Cao et al., PRL 132, 093403 (2024))?
* Universality? Other systems?

lucas.happ@riken.jp
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