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(Algebraic) Superfluidity



Introduction



α) Interactions



N interacting particles



N interacting particles with phases
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N interacting particles with a single phase
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β) Dimensionality



How about particle-particle interactions?
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Fig. 2.1: Schematics of particles confined in 3D, 2D and 1D.

such as GaAs-AlGaAs [7], and graphene [8, 9], amongst many others. This has

led in part to the development of CMOS, the backbone of modern transistor-

based electronics, as well as being instrumental in three Nobel prizes, namely

the discovery of the quantum Hall e↵ect (QHE) [10], the fractional quantum

Hall e↵ect (FQHE) [11] and graphene [8]. For the remainder of this section, I

will focus on the 2DEGs present at GaAs/AlGaAs interfaces, in large part be-

cause they are the substrate of choice for a 1D-1D Coulomb drag experiment,

the subject of this thesis, owing to their unmatched cleanliness, i.e. ultra-high

electronic mobility.

2.1.1 Doped AlGaAs/GaAs/AlGaAs Quantum Wells

Owing to the near identical crystalline lattice constant of its components,

GaAs/AlGaAs heterostructures are the material of choice to create low-disordered

interfaces and are unmatched for creating ultra-high mobility 2DEGs. The

large electron a�nity di↵erence between the two heterostructure’s components



Interactions on a line

±ε



γ) Statistics



Fermions/Bosons

In the true 1D regime: particle exchange ain’t allowed

Quantum statistics should be quenched: 3He (fermions) ‘should’ 
resemble 4He (bosons) in 1D
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Quantum Condensed Matter in 1D



The One-Dimensional Quantum Fluid
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If Helium-3 was in 1D
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If Helium-4 was in 1D
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What is a ‘must-have’  for Tomonaga-Luttinger in helium ?



Lengthscales for 1D Physics

Helium 4 coherence length:

De Broglie wavelength:

Thermal length:

ξ0 ≈ 0.345nm

Λ(T ) = 2π2 /mkBT ≈1nm

LT = c1 / kBT ≈1nm

Bottom line : a small radial confinement dimension (~nm) 

Confining atoms in a tube of radius a =1nm :
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~350 mKThe transverse energies are: 



Tailor-made Lone Nanopore

A.J. Storm, J.H. Chen, X.S. Ling, H.W. Zandbergen and C. Dekker, Nature Mat. , 2 , 537 (2003);

In ~2 weeks, see http://gervaislab.mcgill.ca/theses.php for Michel Savard thesis.
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Mini ‘UHV-style’ Homemade Flow Cell

Silver

Invar sample
holder

CuNi capillaries

Si3N4 TEM Membrane
10-100nm thick

2.6mm

~30µm

2-50 nm

P-F Duc, M.Savard, M. Petrescu, B. Rosenow, A. Del Maestro, and G. Gervais, 
Science Advances 1, el1400222 (2015)



What kind of Physics would someone (perhaps) do?



Broad Expectations from QMC and Literature

Special thanks to Ian Affleck, Adrian del Maestro, Bernd Rosenow, Ady Stern, 

Thierry Giamarchi, and Leonid Glazman for stimulating discussions! 



From my own ‘Mission-Driven’ curiosity



Quantum Statistics Quenching

Can we show the quenching of the quantum
statistics in 1D in the case of a strongly interacting
liquid, using 3He, 4He and/or 3He/4He mixtures?

(hard to do with electronic systems)



A Fully Tunable Tomanaga-Luttinger System
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Can we engineer a Luttinger system for which the
K parameter containing all interactions can be 
tuned continuously by pressure and/or use of
different atomic species?



In the Clean 1D Limit

Can we demonstrate the existence 
of the algebraic superfluid?



In the Clean 1D Limit
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But what if disorder strikes?  I

A ‘quantum’ impurity



But what if disorder strikes ?  II

Disorder Scattering



‘Beau Risque’

Localization and/or crystallization in a 1D or 
a quasi-1D neutral liquid. 



I could go on and on….and it drives me nuts



So, to conclude



It is believed that both the one-dimensional ‘metal’



and the (Super) Tonks gas in cold atoms



follow a ‘Mathematically-exact’ and ‘Universal’ prescription.
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So, why not in a ‘real’ tangible quantum fluid?



OK, I’m done!


