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- implementations — criteria & possibilities

. + Work with:
--many qubits, not working so well
.- Josephson circuits: where’s the qubit? Roger Koch and company
: ' Guido Burkard

--circuit mechanics theory Fred Brito




Five criteria for physical implementation of
a quantum computer

|.  Well defined extendible qubit array -stable memory
2. Preparable in the “000..."” state

3. Long decoherence time (>104 operation time)

4. Universal set of gate operations
5

Single-quantum measurements

D. P. DiVincenzo, in Mesoscopic Electron Transport, eds. Sohn, Kowenhoven, Schoen
(Kluwer 1997), p. 657, cond-mat/9612126; “The Physical Implementation of Quantum
Computation,” Fort. der Physik 48, 771 (2000), quant-ph/0002077.
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Five criteria for physical implementation of

a quantum computer
& quantum communications

Well defined extendible qubit array -stable memory
Preparable in the “000..." state

Long decoherence time (>10% operation time)
Universal set of gate operations

Single-quantum measurements

Interconvert stationary and flying qubits

Transmit flying qubits from place to place
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Quantum—dot array proposal:
Loss & DiVincenzo, Phys. Rev. A 57, 120 (1998).
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—quantum dots defined in 2DEG by side gates

—Coulomb blockade used to fix electron number/at magnetized
one per dot

q : . barrier

—spin of electron is qubit

—gate operations: controllable coupling of dots
by point—contact gate voltage

—readout by gatable magnetic barrier

high g—factor
layer
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Josephson junction qubit -- Saclay

Manipulating the quantum state of an

electrical circuit
Science 296. 886 (2002)

D. Vion, A. Aassime, A. Cottet, P. Joyez., H. Pothier,
C. Urbina, D. Esteve and M.H. Devoret
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Oscillations show rotation of qubit at
constant rate, with noise.

Where’s the qubit?



IBM Josephson junction qubit

“qubit = circulation
of electric current
in one direction or
another (?77??)

Low-bandwidth control scheme for an oscillator stabilized Josephson qubit

R. H. Koch, J. R. Rozen, G. A. Keefe, F. M. Milliken, C. C. Tsuei, J. R. Kirtley, and D. P. DiVincenzo
IBM Watson Research Ctr., Yorktoum Heights, NY 10598 USA
(Dated: November 16, 2004)




IBM Josephson junction qubit

“qubit = circulation
of electric current
in one direction or
another (Xxxx)

Understanding systematically the quantum description of
such an electric circuit...




Simple electric circuit...

harmonic oscillator with resonant
; : s frequency
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Quantum mechanically. like a kind of atom (with harmonic potential):

s =L X 1s any circuit variable
Lkx? $  aneion (capacitor charge/current/voltage,
n=d e / Inductor flux/current/voltage)
n=3 fhm Ep=(n+ % ) e . 20
B ! That is to say, it is a
e, S

“macroscopic” variable that 1s

7 fo being quantized.
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