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BEC MIXTURES

1) 12)
Balance inter- and intra-
species interactions: « R
higher order interactions
a
effects 12 <0

CL11>O CL22>O

| Mixture of 3%K atoms with radio-frequency coupling

500 - |h) —— CC
T —— |- — bb
S 5 /
— 0 T~ |d) = 0 / _ |c)
S (0] A $h6
= o ———— | 200 hwo |,
: —_ - 0
—500- |a) Aw
0 100 200 20 40 60 80 |b) —

B [G] B [G]




INTERACTIONS CONTROL IN 3°K SPIN MIXTURES
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PERTURBATIVE REGIME

For higher densities the spin mixture composition adapts to minimize the energy:
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SRONGLY NON-LINEAR REGIME
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* Highly non-linear regimes (y > 1) are experimentally accessible by tuning () towards low values.

« Magnetic filed stabilization up to a rms noise of 67 uG rms over 2 hours (over 57 G)
S. Tiengo et al. Rew. Sci. Instr. 96(6) (2025)



INTERACTION CONTROL FOR THE *K MIXTURE

DRESSED CONDENSATE PREPARATION

1. Condensation in a cigar shaped trap (180 x 26) Hz

2. Set magnetic field B + B filed noise stabilization

3. Adiabatic Rapid Passage RF fiel:—“/’
for dressed condensate preparation /7
_ g




CONDENSATE 1D EXPANSION

1D expansion for 62.6 ms
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1. GP imaginary time for simulating dressed ground
state initial solution R. Eid et al. PhyS Rev. A 112 (12 2025)

2. One-dimensional real time expansion dynamics



CONCLUSION

+ We demonstrated to have a precise control of interactions, from weakly to strongly nonlinear regimes

» Observation of energy saturation as a consequence of density-dependent spin-mixture composition

OUTLOOK

 Investigation of novel nonlinear effects in the physics of condensates
* Modulational instability study to characterize three-body correction
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DENSITY DEPENDENT MIXTURE POLARIZATION
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RICH NON-LINEAR PHYSICS
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FEEDFORWARD CIRCUIT

An additional compensation coil fed by a feedforward circuit for compensating
coil current fluctuations and external magnetic field noise
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S. Tiengo, R. Eid, M. Apfel, G. Brulin, and T. Bourdel, "A simple magnetic field stabilization technique for atomic
Bose-Einstein condensate experiments”, Review of Scientific Instruments, 96(6), (2025)
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https://pubs.aip.org/aip/rsi/article-abstract/96/6/063201/3348025/A-simple-magnetic-field-stabilization-technique?redirectedFrom=fulltext
https://pubs.aip.org/aip/rsi/article-abstract/96/6/063201/3348025/A-simple-magnetic-field-stabilization-technique?redirectedFrom=fulltext

PERTURBATIVE REGIME
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ONGOING WORK: quenches to resonance via RF pulses
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ONGOING WORK: quenches to resonance via RF pulses

Losses at T,:
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HIGHER ORDER INTERACTIONS: strong coupling

Perturbative expansion of the condensate energy
E=FEO9 L ED £ 253 L \3EG) L O\

Few-body scattering in perturbation
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S. Tiengo, R. Eid, T. Bourdel, "Three-body interactions in Rabi-coupled Bose gases: a perturbative approach”, Phys. Rev. A 111 (5 2025)
A. Hammond, L. Lavoine, T. Bourdel, Tunable 3-body interactions in coherently driven two-component Bose-Einstein condensate, Phys.
Rev. Lett. 128, 083401 (2022).

L. Lavoine, A. Hammond, A. Recati, D.S. Petrov, T. Bourdel, Beyond-mean-field effects in Rabi-coupled two-component Bose-Einstein
condensate, Phys. Rev. Lett. 127, 203402 (2021).
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