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Few-body problem near unitarity

A quantum criticality→ unitarity limit (a→∞)

scattering length a = limk→0− tan δ(k)/k

Halo state: 6He, 11Li nuclei, He3 molecule

Three-body Efimov effect
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The Efimov effect: if two do not bind, three would

Vitaly Efimov, 1970

Three particles with
isotropic, short-range
interactions form an
infinite series of three-
body bound states
with En = E0e−2nπ/s0

when a→∞
(s0 ≈ 1.00624) [1].

Three-body energy spectrum

Borromean: one leaves, all fall apart (a < 0)

∞ large state with short-range interactions

Less states with stronger interactions (a > 0)

[1] Efimov, Phys. Lett. B 33, 563 (1970).
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Efimov states: manifestations

Ultracold atoms 4

First experimental observation
in Cs atoms
Kraemer, et al. Nature (2006)



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

Efimov states: manifestations

Ultracold atoms 4

First experimental observation
in Cs atoms
Kraemer, et al. Nature (2006)



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

Efimov states: manifestations

Ultracold atoms 4

First experimental observation
in Cs atoms
Kraemer, et al. Nature (2006)



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

Efimov states: manifestations

Ultracold atoms 4

First experimental observation
in Cs atoms
Kraemer, et al. Nature (2006)



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

Efimov states: manifestations

Ultracold atoms 4

First experimental observation
in Cs atoms
Kraemer, et al. Nature (2006)



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

Efimov states: manifestations

Ultracold atoms 4

First experimental observation
in Cs atoms
Kraemer, et al. Nature (2006)



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

Efimov states: manifestations

Ultracold atoms 4

First experimental observation
in Cs atoms
Kraemer, et al. Nature (2006)



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

Efimov states: manifestations

Ultracold atoms 4

First experimental observation
in Cs atoms
Kraemer, et al. Nature (2006)



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

Efimov states: manifestations

Ultracold atoms 4

First experimental observation
in Cs atoms
Kraemer, et al. Nature (2006)



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

Efimov states: manifestations

Ultracold atoms 4

First experimental observation
in Cs atoms
Kraemer, et al. Nature (2006)



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

Efimov states: manifestations
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Non-universal three-body parameter?



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

In this section

1 Introduction
The Efimov effect

2 Universal three-body parameter near broad Feshbash
resonances

3 Three-body problem with multichannel interactions
Hyperfine physics in alkali atoms
Efimov resonances in Cs-Li admixture

4 Summary



Three-body collisions for alkali atoms near Feshbach resonances Yujun Wang

Efimov effect in Born-Oppenheimer picture

Hyperspherical vs Born-Oppenheimer (BO)
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ν (r) ' −χ2
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ν (r) ' VAA(r) = −C6,AA/r6.
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Efimov-favored AAX systems — universal three-body parameter

Nodal positions in the van
der Waals region are deter-
mined by aAA and rvdW,AA.

Universal Efimov state en-
ergies independent of rc
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Efimov-favored AAX systems — universal three-body parameter

Universal Efimov spectrum for YbYbLi [1]

[1] Wang, Wang, D’Incao, and Greene, PRL (2012).
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Hyperspherical potentials with nuclear spins

ψ =
X
ν

Fν(R)
X
K,J

φJ,K,λ
ν (R; θ, ϕ)DJ

MK(α, β, γ)
X

λ=msi ,mii

|ms1 ms2 ms3 mi1 mi2 mi3 〉

Hyperspherical potentials for three 7Li atoms

7Li atom:

s = 1/2, i = 3/2

8 hyperfine levels
f = 1, 2

∆Ehf ≈ 20mK

In the calculation:

|f = 1,mf = 1〉,
|f = 2,mf = 1〉

J = 0, 2

B = 200G

More work needs to be done for > 50 spin channels.
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A two-channel model for A + A + X two-body interactions

Two-channel model for isolated Feshbach resonances:

sres = 2µ2δµδBabgrvdW/~2

sres � 1: broad resonances
sres � 1: narrow resonances

Three-body in two-channel representation:

„
− 1

2µ
∂2

∂R2 +
Λ2

2µR2 + VAA(r31)

«
ψα +

X
β=g,e;i<j

Vαβ(rij)ψβ = (E− εα)ψα
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Feshbach resonances in Cs+Li systems

Cs-Li broad resonances: abg ≈ −29 bohr, ∆B ≈ 60G, sres ≈ 0.7
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Efimov resonances in Cs+Cs+Li recombination (eπ/s0 ≈ 4.9)

No Efimov resonance is found for |aCsLi| < 104 near
893G (aa) and 943G (ba) narrow Cs+Li Feshbach resonances.
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Summary

The three-body parameter is universal for atoms near
broad Feshbach resonances.

Three-body hyperspherical potentials are calculated by
including hyperfine interactions.

The positions of Efimov resonances are predicted in Cs-Li
ultracold admixture.
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