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Nanoscience

= A single phrase to compress the essence of
natural sciences

= Everything consists of atoms '

= NanoScience — everything conS|sts of atoms
= Shaping the world atom by ato™
sy
= Democritus,-Epicurus m
= Recently proven experimentall ™™




Quantum Nanosciene as a part of
Nanoscience

Quantum transport —
= Yes, it consists
= Single sentencehis is not important...

= Small? e°
Conductance sca GQ:"‘ at,
Energy/frequency scale:

= Voltage
= Temperature (currently low)




Overview of thefield

s Classical-guantum
s Continuous-discrete
s Metal-insulator

= Interacting- non-
Interacting
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Yesterday: Josephson

s First fundamental device ever 196~
= Gave rise to quantum nanoscience
m Superconductors: coherent state

= Quantum interference applications
s Generation applications
= Qubit applications




Yesterday: Quantum point contact

1988

Quantization of
conductance

Electrons are waves
Resistance is scattering
Channels
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Y esterday: Quantum computing

s Qubits versus bits

0)or | 1)

_ states
N bits; 2N states

To present N qubits: M bits,

= Quantum algorithms
s Shor,1993: they beat classical
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= |ldeology




Solid-state-based qubits

s Parts of electric circuit
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Today:two-qubit quantum processor
Nature, July 2009DICarlo et.al
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Manipulation of the quantum state
Characterization of density matrix
Proof of the concept

Stata tomography
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Today: Resonance Fluorescence of a Single
Artificial Atom, Science, Feb. 2010
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And now let usrisethe power
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Today: Single-Electron Tunneling and
Nanomechanical Motion, Science Aug. 2009
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Frequency shift
M echanical instabilities
Electro mechanical instabilities




Tomorrow:?

Goals: control, complexity, elegance
First device paradigm
= Circuit, classical elements
Second device paradigm
= Quantum computing with guantum states

Third device paradigm
= Use of quantum fiels: infinitely many degrees of freedom




