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Classical Fluid Flow

for a viscous fluid: Q ⟶ 0 as R ⟶ 0

Hagen-Poiseuille Law
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Quantum Fluid Flow
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Why do we want to get smaller?
Entering previously inaccessible physical 
regimes can lead to the discovery of new and 
useful phenomena. 

1

Need more data to construct a theory for the 
pore ➠ nucleation dominated dissipative 
crossover as R ➞ 0.

2

Experimental discovery of a high density & 
strongly interacting Tomonaga-Luttinger liquid3



Universal Physics in 1D
All excitations are collective ⇒ no quasiparticle 
description.

no long range order ⇒ correlations are algebraic
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Universal Physics in 1D
All excitations are collective ⇒ no quasiparticle 
description.

no long range order ⇒ correlations are algebraic
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Hints From Simulations
R = 10 Å 
R = 11 
R = 12 
R = 13 
R = 14 
R = 15

Luttinger liquid 
theory

LKT/v
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Current experiments within a 
factor of 2-3 in radius!
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BIG challenges in geting small
Luttinger liquids can be realized with ultracold 
atoms
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E. Haller, et al., Nature 466, 597 (2010)
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measurements in both wires for sample 2-L and
2-C, respectively. Steps are observed in the con-
ductance of the wires, but as the wires are non-
ballistic, the conductance is not exactly quantized
in units of 2e2=h, where e is the elctronic charge
and h is Planck’s contant. Such plateau-like fea-
tures at reduced conductance G < 2e2=h! N ,

with N the number of quantum-mechanical chan-
nels, have been observed previously (24), and it
was found that well-defined 1D subbands were
still formed in the wires. Three main features are
observed in the 1D-1D drag (22): (i) peaks in the
drag signal concomitant with the opening of
1D subbands, (ii) negative Coulomb drag at low

density when the conductance in the drag wire
is nearly depleted, and (iii) a negative Coulomb
drag occurring between peaks in the drag signal
(at a higher subband occupancy). We reproduced
these qualitative features of the drag signal in
several devices over numerous cooldowns (see,
e.g., Fig. 2A); the features are consistent with

Fig. 1. Design of the vertically integrated quan-
tum wire device. (A) Schematic of the active part
of the double quantum wires device. The epoxy bond
and stop-etch (EBASE) process causes the lower gates
and two-dimensional electron gas (2DEG) to be above
the upper gates and 2DEG. (B) In the interacting
region of the device, two independent quantum wires
are created, and superimposed vertically, andCoulomb
drag measurements are performed. (C) Scanning elec-
tronmicrograph of the device. The lower plunger (LPL)
and pinch-off gate are visible on top of the device. The
upper plunger (UPL) and pinch-off gate are also
visible underneath the lower gates. After process-
ing, the electron density in the upper (lower) layer
is 1.1 (1.4) × 1011 cm−2. (D) Typical conductance
data of the lower quantum wire (green curve, left
axis) and of the upper quantum wire (blue curve,
right axis) from sample 2-C for fixed UPL = –0.23 V.
Because each gate is capacitively coupled to both
wires, varying the voltage in a single gate affects the
conductance of both wires.

Fig. 2. Coulomb drag measurements in vertically
integrated quantum wires. (A) Drag resistance at
T = 75 mK (red curve, left axis) versus gate voltage,
along with the conductance in the upper and lower
quantum wires (blue and green curves, respectively;
right axis) for sample 2-L for fixed UPL = –0.15 V. (B)
Drag resistance at T = 330 mK (black curve, left axis)
versus gate voltage, along with the conductance in
the upper and lower quantum wires (blue and green
curves, respectively; right axis) for sample 2-C for fixed
UPL = –0.23 V. (C) Temperature dependence of the
Coulomb drag signal in sample 2-C for quantum wires
with a single subband occupied (black curve), less than a
full subband occupied (green curve), and slightly more
than a single subband occupied (gray curve). The drag signal changes
drastically with the wire’s subband occupancy, or 1D density. (D) Expected
behavior of the drag resistance versus temperature based on TLL theory,
including corrections from forward scattering. [Cartoon reprinted with
permission from (10). Copyright (2003) by the American Physical Society.]
Here, T0 = ℏvFd−1, d is the interwire separation, vF is the Fermi velocity, and
eF is the Fermi energy. (E) Temperature dependence of the drag signal for
samples 2-L, 2-C, and 3-R. For samples 2-L and 2-C, the temperature

dependence was taken with no more than one 1D subband occupancy in each
wire [highlighted by a gray stripe in (A) and (B), respectively], whereas the
number of 1D subbands occupied in sample 3-R is bounded by 0 < Ndrive ≤ 2
and 0 ≤ Ndrag ≤ 3. The magnitude of the drag resistance in sample 2-L is
divided by 200 for visibility; the large difference in magnitude of the drag
signal between devices is likely caused by slight differences in the density
mismatch of the pair of wires from sample to sample, as RD is expected to
decrease exponentially with increasing density mismatch.
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& quantum  
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k�1
F ⇠ 20� 50 nm

Relevant 4He  
scales:

�dB ⇠

Eint ⇠ 1 K
n�1
1D ⇠ 0.5 nm

n�1
1D ⇠ 500 nm

Need physical confinement!



Grand Challenges
Theoretical predictions and smoking guns for 
crossover to Tomonaga-Luttinger liquid regime1

1D Boson-Fermion correspondance2

1D weak links and Josephson junctions3

Novel quantum phase transitions5

Entanglement in quantum liquids6

Breakdown of the 2-fluid model4



Discussion
Helium Community 
• What do experimentalists want from theorists? 
• What do we really know about the correlation length at low 

temperature? 
• Do we understand how the nature of dissipation mechanisms 

will change in 1D? 
• Can larger pores be created and coated to reduce their size? 
• How can we increase the stability of quasi-1D pores? 
• What different things can we learn from single channel vs. 

multi-channel experiments?   
• Which types of  results be directly compared?

Cold Atoms & Quantum Wires 
• What can we learn about 1D in ultracold atom and electronic systems?  
• What maximal densities could ever be achieved in those systems? 
• How hard is it to “swap-in” fermions in ultracold atoms sytems?


