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Cold atoms and condensed matter physics

_ Cold Fermionic atoms |Electrons in a solid

Density 102 cm?3 1022 cm3 (Metals)
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Cold atoms and condensed matter physics

_ Cold Fermionic atoms |Electrons in a solid

Density 102 cm?3 1022 cm3 (Metals)

Interparticle spacing:1 pm

Wavelength of atomic wave functions is in the optical domain
-> optical lattices, microscopic disorder, etc
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Cold atoms and condensed matter physics

_ Cold Fermionic atoms |Electrons in a solid

Density 102 cm?3 1022 cm3 (Metals)
Mass 6 (Li), 40 (K) 5.4 104

Interparticle spacing:1 pm

Fermi temperature: 1 pK

Requires laser cooling + evaporation
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Cold atoms and condensed matter physics

_ Cold Fermionic atoms |Electrons in a solid

Density 102 cm?3 1022 cm3 (Metals)
Mass 6 (Li), 40 (K) 5.4 104
Fermi Temperature pK 104K
Temperature 100 nK 10 mK
1
Temperature range: — ~ 0.1
Tr

Requires laser cooling + evaporation (+ new ideas ?)
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Cold atoms and condensed matter physics

_ Cold Fermionic atoms |Electrons in a solid

Density 102 cm?3 1022 cm3 (Metals)
Mass 6 (Li), 40 (K) 5.4 104

Fermi Temperature pK 104 K

Temperature 100 nK 10 mK

Charge O -1

Interactions Contact, tunable Coulomb, material dep.
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Feshbach resonances

Use the internal structure of atoms to manipulate scattering
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Feshbach resonances
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_ Cold Fermionic atoms |Electrons in a solid

Density 102 cm?3 1022 cm3 (Metals)
Mass 6 (Li), 40 (K) 5.4 104

Fermi Temperature pK 104 K

Temperature 100 nK 10 mK

Charge O -1

Interactions Contact, tunable Coulomb, material dep.
Potential shaping Laser light growing, lithography
Probing Imaging, spectroscopy AC/DC characteristics,

response functions...
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_ Cold Fermionic atoms |Electrons in a solid
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Charge O -1
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From materials to devices

Material

e gas

atoms
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From materials to devices

Material | Device

e gas |—>|gate pattern

atoms|—>»|beam patterns
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From materials to devices

Material | Device | Measurement

e” gas —>»|gate pattern ——»|terminals ——>|conductances

atoms |—>|beam patterns| .{---»

See also :
M. Inguscio (Florence), B. DeMarco (Urbana), A. Aspect
(Palaiseau), I. Bloch (Munich), C. Chin (Chicago)...
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= Experimental setup

Two terminals Landauer configuration
Strongly attractive interactions: superfluids
Disordered superfluids

= Thermoelectric transport
Theory : Charles Grenier, Corinna Kollath and Antoine Georges

Ballistic channel
Disordered channel : ballistic to diffusive crossover
Efficiency of heat to work conversion

= QOutlook
Lithography for cold atoms
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= Experimental setup

Two terminals Landauer configuration
Strongly attractive interactions: superfluids
Disordered superfluids
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Two-terminals setup

105 ©Li atoms

T~02TF
Tr=930nK
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Two-terminals setup
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Two-terminals setup
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Two-terminals setup

Repulsive TEMo, laser beam on the center of the cloud
Trap frequency up to 11 kHz

Creates a narrow multimode, ballistic channel
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Two-terminals setup

Left Reservoir Right Reservoir
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Two-terminals setup S——
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Linear response —
Ohm’s Law — :
channel IN G A'u
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Linear response

Ohm’s Law
chanwnel

Thermodynamic relations
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Linear response ——
Ohm’s Law — :
Channel IN G A'u
. . 1
Thermodynamic relations JAN uw = — AN
Resevvoirs K
Continuity equation In = AN
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Atomic flow through the channel —-—
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Atomic flow through the channel ——
0.14 ¢~
0.12 . G
0.1 Y | E
S oosf. \ .
= 0.04 :
0.02 |- ;
0 : : —— 1 | |
0.02 ' i L 1 | I I
0 0.5 1 1.5 2 25 3 3.5 4 I‘i

Ballistic channel :

k/G = 481(30) ms Experimental fit




Atomic flow through the channel —
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Ballistic channel :

k/G = 481(30) ms Experimental fit

k/G = 450(30) ms

Landauer-Blittiker + ideal reservoirs




Where does the voltage drop ?
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Where does the voltage drop ? —

Line density (um™)

-60 -30 0 30 60
Position (um)
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Where does the voltage drop ?

Line density (um™)

Position (upm)
Contacts
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Resistance of cold atom systems : interactions
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Strongly attractive Fermi gases : pairing and superfluidity
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Resistance of cold atom systems : interactions
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Resistance of cold atom systems : interactions
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Strongly attractive Fermi gases : pairing and superfluidity
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Resistance of cold atom systems : interactions

i Contact

1 resistance

Strongly attractive Fermi gases : pairing and superfluidity




Resistance of cold atom systems : disorder




| Projected disorder (laser speckle)

See also : M.Inguscio (Florence), B. DeMarco (Urbana), A. Aspect (Palaiseau), S. Rolston (NIST)




Resistance of cold atom systems : disorder
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Resistance of cold atom systems : disorder

Percolation threshold
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Resistance of cold atom systems : disorder

V'=0.45 V'=0.93
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= Thermoelectric transport
Collaboration with Charles Grenier, Corinna Kollath and Antoine Georges

Ballistic channel
Disordered channel : ballistic to diffusive crossover
Efficiency of heat to work conversion
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Temperature bias
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Temperature bias : a thermodynamic effect
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Temperature bias
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Temperature bias |
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Intrinsic thermoelectric effect
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Thermoelectric capacitor description
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A Technology Zerkh

Thermoelectric capacitor description
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Provides a fitting procedure to extract resistance and thermopower




Trap frequency in the
channel : 9.3 kHz

AN/Niot
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Trap frequency in the
channel : 9.3 kHz

AN/Niot

Trapped ideal Fermi gas
_|_
Landauer-Buttiker formula

No aolj ustable parameter
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Ballistic channels : thermoelectric response

T Normalized atom number difference
as a response to the temperature bias

o (AN/Niot)

o1l (ATy/Tr)
4 6 8 10
v, (kHz)

Increasing confinement:
- decreases the conductance
« increases the thermoelectric response
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Ballistic to diffusive crossover
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Ballistic to diffusive crossover

Time (s)

Disorder strength = 0.13 pK
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Ballistic to diffusive crossover |
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Ballistic to diffusive crossover |
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Ballistic to diffusive crossover

Time (s)

Disorder strength =1.08 pK
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Ballistic to diffusive crossover
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Ballistic to diffusive crossover
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Increase thermoelectric response at the expense of a
decrease of conductance
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Thermopower / Resistance tradeoff
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Thermopower / Resistance tradeoff
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Thermopower / Resistance tradeoff
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Transmission has a larger dependence on energy in the diffusive case
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Energy dependance of transmission
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Efficiency and Power

Thermoelectricity drives current against the potential difference

A NI TTR

efficiency relative to a reversible process v(kHz) V(LK)




# Technology Terkch

Efficiency and Power

Thermoelectricity drives current against the potential difference
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see also E.L.Hazlett et al, arXiv1306.4018
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= Qutlook
Lithography for cold atoms
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Conclusion
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Transport properties of cold Fermions with tunable
interactions / disorder / dimensionality
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Transport properties of cold Fermions with tunable
interactions / disorder / dimensionality

Towards quantum simulation of mesoscopic devices
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Experiment: (ETH Zdrich) Theory of thermoelectricity :
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