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Re@: Mean field theory

47 h?

+ contact term: gn = an

+ dipole term: [ d*r Uga(r' — r)n(r")

= Gross—Pitaevskii equation:
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 Vaalr) + gn(r) + / &3¢ Usg(r' — 1)n(x') | w(r)

with n(r) = [4(r) 2
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When do we care about quantum fluctuations?

!Lee et al., Phys. Rev. 106, 1135
2Lima and Pelster, Phys. Rev. A 89, 84, 041604
3Schmitt et al., Nature 539, 259-262
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When do we care about quantum fluctuations?

> Ugg = Cya(1 — 3 cos? §)r=3 is anisotropic
~» Mean field (MF) part can be decreased
by changing the trapping aspect ratios
= Quantum fluctuations (QF) get important

» MF competes with QF

> [MF X —n

> AppHy o n3/2. [1.2]

» Experiments with Cr, Dy[3! and Er X
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!Lee et al., Phys. Rev. 106, 1135
2Lima and Pelster, Phys. Rev. A 89, 84, 041604
3Schmitt et al., Nature 539, 259-262
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Bose Bose mixture
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> g11,82 > 0 and gi» < 0 with g2, 2> g1182.
» MF competes with QF 5.9
> us\}”): o —n1/2 9r © e
> A,u(l_lH)Y o nf/z, [4] ‘(mlsi “ 8
» Experiments with 39K [5]
and Na-K mixture in near future 7 & ®
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“D. S. Petrov, Phys. Rev. Lett. 115, 155302
®Cabrera et al., Science 359, 301-304
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Quasi one-dimensional system

- o 0 0 |

> p << hwy
BEC is 1D

Ground state wavefunction:

V(r) = ¢o(p)¥(2)

v

v

v

oo(p) is Gaussian

> gip = ﬁ, = m—ZL = radial oscillator length

v

MF competes with QF

> UMF X Nn
> Apiny o< —n
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Dimensional crossover
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®Edler et al, Phys. Rev. Lett. 119, 050403
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Dimensional crossover

» Consider large densities i.e. gipnip 2 th_.[6]
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Dimensional crossover

» Consider large densities i.e. gipnip 2 th_.[ﬁl

Correction changes sign
and power dependence
due to the growing role
of transversal modes
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®Edler et al, Phys. Rev. Lett. 119, 050403

For very small nipa

— Appy ~ —nip
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Dimensional crossover

» Consider large densities i.e. gipnip 2 th_.[ﬁl

—[As if the gas were 3D ]

Correction changes sign
and power dependence
due to the growing role
of transversal modes

For very small nipa
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Bose Bose mixture in (fully) quasi one-dimension

» MF competes with QF
> gk o< +n

1 1/2
> AM(LI—%Y, 10 X _”1/ .y

"Petrov and Astrakharchik, PRL, 117, 100401
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Dimensional crossover

» For specific set of parameters g11, g22, g12:
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Summary

» Weakly interacting systems exists where the QF are not negligible
because of small MF

» MF and QF competes with each other which leads to a stable and
trap free solution

» In “1D" systems the LHY corrections have a crossover to a 3D
behaviour

Daniel Edler (Inst. f. Theor. Physics) Quant. fluct. in dip. BECs and BBM 2018-06-12 9/9



Summary

» Weakly interacting systems exists where the QF are not negligible
because of small MF

» MF and QF competes with each other which leads to a stable and
trap free solution

> In “1D" systems the LHY corrections have a crossover to a 3D

behaviour
Thank you for your attention
Merci pour votre attention
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