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Central Theme of quantum transport:
currents at the atomic level
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Nano-Devices
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Focus Areas

Magnetization

Information storage
(State of magnetization)

Information processing
agnetization dynamics)

Spin transport channels
(Information transfer through spin currents)

Spin based logic and memories

Single spin manipulation for
quantum information processing ©5

Nanoscale energy transfer



Regimes of transport
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Fock space picture




Generalized Viewpoint
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Given a bias point a set of Fock states
are probabilistically distributed!

These may be viewed as transition
Energies in the one-particle picture



Part II: Quantum Dot Heat Engines
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PRELIMINARIES

Electronic transport in the
Presence of electrochemical
Potential gradients.

Thermoelectric transport in the
presence of electrochemical
potential and temperature
gradients.

ENERGY CONVERSION!!
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Nanoscale Devices/Heat Engines?
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Thermodynamics of a resonant state

Callen-Onsager theory
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Thermoelectric operation: Power

Short Circuit Open Circuit
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Role of Non-equilibrium phonons
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The system Hamiltonian
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The Lang-Firsov transformation
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Formulation
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Currents
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Applications
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Battery Operation Schematic




Nanoscale Devices-The energy picture
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Heat Engines with demons
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Examples of nano-device “demons”

Out of Equilibrium
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Part III; Information driven thermal machine

Heat Heat Quantum dot
Current Worki Current
orking
Contact R | <4 System 4 Contact L

W=Mpt qVyp, T :

Information T ; Yhuc
Current
Bath
F

[ Information ]
Source _ .,
N

Nuclear Spin Relaxation

27



Landauer writing and erasure
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Hyperfine thermal machine
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Hyperfine interaction basics
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SQD: Basic Formulation
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nano-device “demons”+ info battery
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nano-device “demons”+ info battery
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Connection with Maxwell’s Demon
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Connection with Maxwell’s demon

Energy Information



Connection with Maxwell’s demon/Landauer principle
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Information flow: Larger than Carnot operation
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DO

PSB Application: Double Resonance due to
Two-Electron states

Two-electron states at B =0
A Three S = 1 states (T)
d Three S = 0 states ()
Triplets are blocking states
TWO RESONANCES:
arT,;-$,
arT,-S,
I, and T. move Iin opposite
directions under B and F,.

Two Electron Energy (ueV)
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Other “complicated” nanoscale demons
The case of Entanglement and quantum information:
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Part IV: Concurrence Thermal Machines
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Set up and Many-body states
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Density Matrix master equations

For constant density of states we define:
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Example of Density Matrix-Coherences
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Density Matrix master equations
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Battery/Power Source Functionality
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Concurrence Switch

Steady State Concurrence vs Bias
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nano-device with “demons”

Out of Equilibrium
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World of Quantum transport

Unified formalism
For quantum transport

2”N many electron levels
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Quantum Nano-Energy-Spin Transport

Spintronics (Spin + Charge)

Semiconductor (Charge)
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