Soliton-to-droplet crossover
active Bose-Bose mixtures
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Bose-Bose mixtures ICFO°

grt gl

2 spin states or 2 different atoms



Mean field phase diagram ICFO?
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Collapse ICFO

Interaction energy of the mixture:
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Beyond mean field ICFO*

What about quantum fluctuations?

grl = —V/Im13gll g, 914 gty = VIrgll

(h) ;
100 um !

D.S. Halletal.,
Immiscible  Phys. Rev. Lett. 81, 1539 (1998)

I Miscible
&%
e 4
iy

“Liquid”
droplets

D. S. Petrov,
Phys. Rev. Lett. 115, 15580 [a@sn

> I
repulsive

<
attractive

Energy modified by quantum depletion (Lee, Huang and Yang, 1957)



A liquid phase ICFO
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Dipolar droplets ICFO"

Dipolar gases: one component, two types of interactions

Dipolar (attractive) ¢gdd < 91y
Contact (repulsive) ¢ <= g++,91,
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Our potassium mixture experiment |CFO"

Imaging objective
(1.5 um resolution)

Feshbach coils

Pure BECs of 2x10° atoms

' Phase-contrast imaging beam

Bose-Bose mixture: 3°K in 2 spin states




Adjusting interactions

Droplets: a+t.ay) > 0and a+yp < 0, tunable (Feshbach resonances)
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Experimental sequence

ICFO°
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Propagation in a waveguide

CFO*

Observation of a self-bound state
(propagation without expansion)

26 ms

34 ms

43 ms

51 ms

60 ms

69 ms

77 ms

W | 86ms



Solitons or droplets? ICFO'

A known self-bound solution in a waveguide: bright soliton

= gtrap =+ 8kir1 =+ 8MF
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2ms

L. Khaykovich et al., Science 296, 1290 (2002) K. Strecker et al., Nature 417, 150 (2002)

Here:
Two components: composite object

Additional Lee-Huang-Yang term: droplets

&= gtrap =+ gkin =+ gMF + gLHY



A composite object ICFO®
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A composite object ICFO"°

Experiment: control gi,/g++ with magnetic field (Feshbach)

O Experiment

11 _ Theory

10 . I . I . I . 1 \ I . 1
55.8 56.0 56.2 56.4 56.6 56.8

B(G)




Toy model ICFO

Effective theory: generalized Gross-Pitaevskii equation with additional LHY term

E = Ervap + Exin + Emr + ELny

Gaussian ansatz:
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Phase diagram ICFO
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Phase diagram ICFO"
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Phase diagram ICFO"

Experiment: control a|,a++ and da with magnetic field B (Feshbach)

Density (x10' atoms/cm?)
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Phase diagram ICFO"

Experiment: control a|,a++ and da with magnetic field B (Feshbach)

Density (x10' atoms/cm?)
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Lifetime ICFO"

High density: atom number decay due to 3-body recombination
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Lifetime ICFO"

High density: atom number decay due to 3-body recombination

2.5“
.
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Kiodel ~ 35 10728 cm /s .
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Compatible with independent measurement K3 < 3.8 x 107%® cm®/s



Lifetime

ICFO®
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Increasing B (decreasing |da|) —> longer lifetimes




Phase diagram ICFO*
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Conclusion ICFO

Summary

Observation of self-bound states

Spin composition

Lifetime given by 3-body recombination

Exploring soliton-to-droplet crossover

Outlook

Speed-up preparation (shortcuts to adiabaticity)

Droplets in lower dimensions
D. S. Petrov and G. E. Astrakharchik, Phys. Rev. Lett. 117, 100401 (2016)

Excitation spectrum
D. S. Petrov, Phys. Rev. Lett. 115, 155302 (2015)



The ICFO Quantum Gases group  |CFO"

Thank you for your attention/!
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