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Conductance Quantization : Landauer theory
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Conductance Quantization : Landauer theory
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Universal conductance quantum 1/h

Net current carriers

D)
3\!

Left Reservoir Right Reservoir

Cold atoms and beyond J-P Brantut

Sunday, June 29, 14



A A

Heisenberg relation —

Cold atoms and beyond J-P Brantut

Sunday, June 29, 14



A A

Pauli principle

Cold atoms and beyond J-P Brantut

Sunday, June 29, 14



A A

» time

Pauli principle

Cold atoms and beyond J-P Brantut

Sunday, June 29, 14



Universal conductance quantum 1/h

No reference whatsoever to electric charges, fields etc
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Universal conductance quantum 1/h

No reference whatsoever to electric charges, fields etc
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Experimental setup

7.5 104 6Li atoms

T~01TF

Tr=352nK
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Experimental setup : cloud shaping
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Experimental setup : cloud shaping
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Experimental setup : cloud shaping

Binary mask
Gaussian beam (@ 532 nm)

Microscope objective
Demagnification x11
Images a “split gate” onto the atoms
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Experimental setup : cloud shaping

Attractive “Gate” potential
Gaussian envelope (@ 767 nm)
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Experimental setup : cloud shaping
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Experimental setup : cloud shaping

x-frequency 30 kHz
z-frequency 10 kHz
Channel ground state 1 pK
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Experimental setup : cloud shaping

x-frequency 30 kHz
z-frequency 10 kHz
Contact ground state 1 pK
Chemical potential 0.352 pK
Temperature 42 nK

Gate Potential 0 -3 K
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Measurement

E(k)

Conductance G (1/h)

1}

Juia -

1
0.0 0.5 1.0 1.5 2.0
Gate potential V,, (uK)

Cold atoms and beyond J-P Brantut

Sunday, June 29, 14




ETH

Eddgentisische Technische Machschule Zurich
Swita federal Institete of Technology Zerkh

Measurement
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Landauer theory

No free parameter

Gate potential V,, (uK)
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Measurement

Conductance G (1/h)

v, = 10.4 kHz
v, = 8.2kHz

Gate potential V,, (1K)
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Measurement
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Varying the split gate strength

Conductance G (1/h)
Conductance G (1/h)
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Gate pot'entim v, (uk) ' QPC horizontal confinement v, (kHz)
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What do we learn ?
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It works...

.. with neutral particles: no forces are applied to the atoms
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It works...

.. with neutral particles: no forces are applied to the atoms

..with closed, microcanonical reservoirs: only elastic processes
take place in the reservoirs, no dissipative dynamics

..with very little interparticle scattering in the reservoirs: mean
free path much larger than the cloud size

Wide control over the reservoirs dynamics
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Wide tunability of the geometry
Using “optical lithography”, any geometry can be implemented
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Wide tunability of the geometry
Using “optical lithography”, any geometry can be implemented

Example: quantum wire with sharper edges

In-situ picture of the potential
shape

Cold atoms and beyond

Sunday, June 29, 14



titet Technalogy Zerih

Wide tunability of the geometry
Using “optical lithography”, any geometry can be implemented

Example: quantum wire with sharper edges

In-situ picture of the
potential shape
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Conclusions and perspectives

Strongly interacting gases: BEC-BCS crossover
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Engineering reservoirs: non thermal, coherent, small size
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Conclusions and perspectives

Strongly interacting gases: BEC-BCS crossover

Engineering reservoirs: non thermal, coherent, small size

Other transport coefficients: heat conductance, thermopower
J.P.Brantut et al, Science 342, 713 (2013)
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