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Strongly coupled quantum fluids

2.1 Dilute Bose gases
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2.2 Liguid Helium
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When are quantum effects important??
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Critical Temperature O/
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Onset of condensation

of Mormic and Moleculor Syssems
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8’Rb BEC ground state fraction
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Gross-Pitaevski Equation
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Non-linear Schrodinger equation for the order parameter in zero
temperature limit. The solution is the chemical potential!



The case of finite interaction
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FIG. 1. Estimates from the literature of the constant ¢ in
AT )Ty — can'’?. The grey bar is the result of this paper.
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Lower Critical Temperature (MF approach)

Critical temperature decreased in
87Rb:
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Gross-Pitaevski Equation
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Linearize (Bogoliubov-DeGennes egs.)
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Blue detuned laser

BEC
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Collective excitations A

Perturbing the trapping potential of a 8’Rb

BEC with a sine wave
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Superfluid behaviour

Thermal Fraction

Heating of the sample
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Vortices
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Vortex lattices

Ketterle et al., Science 292 (2001)



BEC-BCS crossover
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Eulers equation for a perfect fluid
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Superfluidity in Helium

Yarmchuk et al., PRL 43 (1979)
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Superfluidity in Helium

Bewley et al., University of Maryland, from
aps.org
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Why Is Helium a quantum fluid?

d(He) =0.265nm
d(Ne) =0.296nm

Lennard-Jones type /
potential (approx.!) V() =, (d_lz B 2d_6]
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Aog (He) = 0.4nm > d
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Specific heat capacity of “He

Pulsed heat method compared
to PIMC simulation
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Ceperley, Rev. Mod. Phys. 67 (1995)



Allen, Misener, Kapitza (NP 1978)

Experiments on flow through capillary
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Theoretical understanding of superfluids

London, Tisza and Landau
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Landaus dispersion curve

Neutron scattering experiments

DISPERSION CURVE
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Grand canonical ensemble
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Exact solutions for no interactions
Solve with perturbation theory for weak interactions

QMC simulations for strong interactions

Neutron Scattering
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Correlation function and structure factor
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Static structure factor ©

of Mormic and Moleculor Syssems
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Thank you for your attention!



