
Collective dynamics in RF-dressed quantum gases

How does RF coupling enrich dynamical properties of 39K condensates ?
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The 𝟑𝟗𝐊 experiment 

All optical cooling 



Internal states of 𝟑𝟗𝐊
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Coherent-drive & dressed states
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At 𝐵 = 54.7 G
𝜔0 ≈ 2𝜋 ⋅ 39.575 MHz  
Ω ∈ 2𝜋 ⋅ 5, 40 𝑘𝐻𝑧

adiabatic sweep
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Interaction energy in RF-dressed BEC

Mean-field ansatz

𝑔−− 𝜃0 = sin4 𝜃0/2 𝑔11 + cos4 𝜃0/2 𝑔22 +
 +2 sin2 𝜃0/2 cos2 𝜃0/2 𝑔12

𝐸𝑖𝑛𝑡 = 𝑔−−

𝑁(𝑁 − 1)

2𝑉

𝛿/Ω

𝑎
−

−
 (

𝑎
𝐵

)

ۧȁ𝜓 =
1

𝑉

1

𝑁!
ො𝑎− 

† 𝑁
ۧȁ0  

𝐻𝑖𝑛𝑡 =
1

2𝑉
∑𝑔𝑖𝑗 ො𝑎𝑖 

† ො𝑎𝑗 
† ො𝑎𝑗 ො𝑎𝑖 

𝐸𝑖𝑛𝑡 = 𝜓 𝐻𝑖𝑛𝑡 𝜓



Mean-field competition between Rabi coupling and interactions
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Gross-Pitaevskii equation :
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Low density limit : tunable 3-body attractive interactions
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Experimental proof : breathing frequency in a cigar trap 

300 Hz

18Hz
axial

radial

• 39K BEC with 150 000 atoms, all in state ۧȁ1 , cigar trap
• Choosing RF power fixes Ω in 5, 40 𝑘𝐻𝑧. 
• RF sweep (0.4ms) from 𝛿 = −7 Ω to 𝛿𝑓

• Quasi-quench of interaction strength ⟹ radial breathing oscillations (𝑇 ≈ 1.7𝑚𝑠)
• No axial dynamics observed at short times 
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Experimental proof : breaking of scale invariance

𝜔𝑏 = 2𝜔⊥ 1 +
 𝑔3𝑛 𝑟 3/3𝑑2𝑟

 𝑚𝜔⊥
2𝑛 𝑟 𝑑2𝑟 

• If only 2-body interaction in 2D geometry : 
hidden scale invariance ⟹ 𝜔𝑏 = 2𝜔⊥

• 3-body interactions break the scale invariance, 
variational approach gives :

Ω = 2𝜋 ⋅ 25𝑘𝐻𝑧



3-Body induced collapses



3-Body induced collapses
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Ω/2𝜋 = 7,5kHz Ω/2𝜋 = 30kHz 

𝛿𝑐−𝛿𝑐 𝛿𝑐−𝛿𝑐



Conclusion :

• 𝛾 =
2𝑔𝑛

ℏΩ

• 𝑔𝑚𝑖𝑛 ≪ 𝑔

Universality ? 
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Other interesting regimes ?

• 𝛾 ≫ 1 incoherent mixture

• 𝛾 ∼ 1 ?



Renormalisation of two-body interactions
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