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ULTRA-COLD ATOMS
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ULTRA-COLD ATOMS
Examples: Weakly interacting fermions
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Efimov potential (1970)
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Yukawa potential (1930)
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MEDIATED INTERACTIONS



IMPURITIES IN A BOSE-EINSTEIN CONDENSATE
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Neglect direct interactions between impurities
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impurity boson boson boson

𝑔 < 0 can be large 𝑔𝐵 > 0 is small

(attraction) (weak repulsion)
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IMPURITIES IN A BOSE-EINSTEIN CONDENSATE
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Bose polaron recently observed

Jørgensen et al, PRL 117, 055302 (2016)

Ming-Guang Hu et al, PRL 117, 055301 (2016)

𝑎 ≤ 0 𝑎 = ±∞ 𝑎 > 0

87Rb + 40K

39K|−1〉 + 39K|0〉

BEC impu
rities

BEC impurities
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POLARONIC INTERACTION

BEC of 
density 𝑛0

𝑔
𝑔

excitation

The Bogoliubov excitations of the BEC can 
mediate a Yukawa potential

To second-order in perturbation theory:
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BEC coherence length

for weak coupling 𝑔
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POLARONIC INTERACTION

BEC of 
density 𝑛0

𝑔
𝑔

excitation

The Bogoliubov excitations of the BEC can also 
mediate an Efimov potential

for resonant coupling 𝑔

Non-perturbative!
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HAMILTONIAN
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HAMILTONIAN
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NON-PERTURBATIVE METHOD: TRUNCATED BASIS
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At resonance 𝑎 = ±∞
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RESULT: POLARONIC POTENTIAL

Effective potential (Born-Oppenheimer) between polarons:

1

𝑎
− 𝜅 +

1

𝑟
𝑒−𝜅𝑟 +

8𝜋𝑛0
𝜅2

= 0𝑉 𝑟 =
ℏ2𝜅2

2𝜇 (𝑎𝐵 → 0)

For small 𝑎 ≲ 0

𝑉(𝑟)

𝑟

0

0
-50

𝜉

−
ℏ2

2𝜇

0.5672

𝑟2

Efimov

−
ℏ2

2𝜇
8𝜋𝑛0

2/3−2 × 𝑛0
4𝜋ℏ2

2𝜇
𝑎 +

𝑎2

𝑟

Yukawa



POSSIBLE EXPERIMENTAL OBSERVATIONS

Heavy impurities in a condensate of light bosons (e.g. 133Cs  + 7Li,     Yb + 7Li)

• Polaron RF spectroscopy: mean-field shift with the 
impurity density

• Loss by recombination: shift of the  loss peak with the 
condensate density 



OUTLOOK

Strong interaction between bosons:
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CONCLUSION

• A Bose-Einstein condensate of atoms can mediate interactions that go from 
weak Yukawa-type to strong Efimov-type.

arXiv:1607.04507

• Fermionic impurities in a BEC : atomic analogues of 
nucleons and mesons

• Analogues of quarks and gluons?


