Modulation theory in two-component Bose-Einstein

condensates: the ferromagnetic paradigm
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dark-bright solitons in two components systems
Nonlinear optical medium Elongated BECs

Segev group, Opt. Lett. 1996 Theory: Busch & Anglin PRL 2001, Manakov regime
2 carrier waves in a photorefractive crystal Experiment: Cornell group, PRL 2001, immiscible
OUpUt Sengstock group, Nature Phys. 2008 :
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dark-bright solitons in miscible BECs

8Rb |F, mg) = |1,1) = |1) (70%) and [2,2) = |2) (30%) with gi» < \/B118%

Dynamical instability if the relative velocity of the two components exceeds a critical
value Law et al. PRA 2001

Engels group, PRL 2011 :
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for v > verir dark/bright structure with a pedestal
for v > vgir dark/dark solitons Engels group PRA 2011



mean field miscibility criterion: g12 < /811822

consider the (realistic) case gi1 = g2» = g. Miscibility <= gi» < g
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Son & Stephanov 2002, Qu, Pitaevskii & Stringari 2016:
the degrees of freedom associated to total and relative density fluctuations
decouple, even at the nonlinear level.



Mapping to Landau-Lifshitz equation Ivanov, Kamchatnov, Congy, Pavloff (2017)
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The Riemann problem for easy-plane LL

e finite region of hyperbolicity

e Rl depend non-monotonously
on physical variables

e the hyperbolocity region is
divided in monotonicity sectors
where the system is genuinely
nonlinear

e Riemann problem —

Ivanov, Kamchatnov, Congy, Pavloff (2017)




Soliton oscillations in the easy-axis LL Kosevich, Gann, Zhukov, Voronov (1998)
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a movable Josephson junction Schecter, Gangardt, Kamenev (2

The minority component acts as a barrier for the majority component

P1(x, t) = /m exp(i¢1)
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What about the easy plane soliton ?

Periodic dispersion relation < 50%-50% mixture Eso = |25sin(Psor/2)| )
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What about the easy plane soliton ?

Periodic dispersion relation ( 50%-50% mixture Eso = |25sin(Psor/2)| )
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What about the easy plane soliton ?

Periodic dispersion relation ( 50%-50% mixture Eso = |25sin(Psor/2)| )
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CONCLUSION

J. C. Maxwell (1870)

The recognition of the formal analogy between
two systems leads to a knowledge of both,
more profound than could be obtained by
studying each system separately.

BEC as a platform to study ferromagnetic systems ©

(almost) perfect coherence and no dissipation + tunable parameters J

> Possible development: coherently coupled BEC <= H.y || ex J

experimental data IDGPE

Farolfi et al. (2021) Kamchatnov & Shaykin (2021)



