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Quantum Computations with Cold Trapped Ions
L1 Clrac and P Zo]ler
Institut fiir Theoretische Physik, Universiiit Technikerstrasse 25, A-6020 Innsbruck, Austria
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FIG. 1. (a) N ions in a linear trap interacting with N different
laser beams; (b) atomic level scheme.
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Realization of the Girac-Zoller
controlled-NOT quantum gate
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Christian F. Roos, Jiirgen Eschner & Rainer Blatt
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All-Silicon Quantum Computer

T.D Laadd,* 1R Goldma
Quansam Ewanglement Project, ICORF, JST, Edward L. (i

. F. Yamaguchi, amd Y. Yamanmoi'
e Laboratery, Sianford University, Stmford, California 94305-4085

E. Abc and K. M. ltoh®
Depuriment of Applied Physics and Physico-Informaries, Keio Univeesity, Yokohama 2238522, Japan
(Recsived 10 Seprember 2001; published 12 June 2002)

NiFe magnet

Dy micromagnet

o Fig. 1. Five-qubit *Si NMR quantum computer with a field gradient
applied in the direction of the qubit chain by a NiFe stripe. The
entire structure is placed in a conventional NMR spectrometer to
perform quantum computing in a very similar way to that which has
been conducted in solution NMR quantum computing.

ELSEVIER

An all-silicon linear chain NMR quantum computer  ®)

?2

(a)

[111)

o3

il ordine a¢ wwesciemcedictcom

sermen @omrer:

‘Salhd Seste Communicasion: 133 (2005) 74

+
Kohei M. ltoh’
D of Applia] Physies and CRESTIST, Keko Untvirsny, Yoloima 214522, Japan.

Received 12 Ocacber 2014; accepied 19 Ocaober 2004 by e guest aliers
Availuble celie 25 Jamuary 2005

deposited 2°Si

211]

solid

state
‘communications

T —

Fig. 2. (a) A schematic of single **Si wire formation at the straight
step edge of the vicinal *Si (111) surface in the step-flow mode of
epitaxial growth. (b) A STM picture of the straight step edge vicinal
Si (111) surface which has been obtained recently. The right figure
is a close up of the step-edge structure showing unique atomic
configuration.
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3. Summary

‘We have discussed the updated version of a solid-state
silicon NMR quantum computer architecture that meets the
five criteria of DiVincenzo for construction of operational
quantum computers. The decoherence time T of the *Si
qubits in Si single crystals has been extended up 255 at
room temperature by irradiation with dipolar decoupling
pulse sequences. Within 7,~25 s, it is possible to perform
10° single qubit and 10° two-qubit operations, which are the
largest number of performable gates in the solid-state
systems. Recent advances in quantum errorcorrecting
codes and fault tolerant quantum computation schemes
implies that it is possible to perform large-scale quantum
computation even in the presence of decoherence if more
than 10° single- and two-qubit gates are performable within
the coherence time 7>. We plan to extend our 7> by two
orders of magnitudes in order to allow for practical fault-
tolerant quantum computing with solid silicon.

Fig. 3. An array of ferromagnetic strips formed on Si (above) and the
cross section of one stripe (below).
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Fig. 1. [A) Two exciton transitions in a single
Q0. [B] Excitationevel diagram, wher= (00},
[0 and (10}, and |11} denote the ground state,
the excitons, and the biexciton, respectively,
The optical sdection rules for various transi-
tions  are  labeled. and indicate
arthogonally and Hnef#y polarized lights. A&
represents the binding energy. (C) The trars-
farmation matrix for & CROT gate.
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Demonstration of conditional gate .

operation using superconducting

charge qubits

T. Yamamoto'*, Yu. A. Pashkin®, 0. Astafiev’, Y. Nakamura'*

&J.S. Tsai'*

NEC Fundamental Research Laboratories, Tsukuba, Ibaraki 305-8501, Japan
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Figure 2 Magnetic-flux dependence of the current of the control flop) and target (botiom)
qubits under the application of pulses shown in Fig. Tc (i). The lengths of the pulses are
Al = 88ps, Af, = 255ps and Afyp = 85ps, where we define the pulse length of
pulse m in Fig. 1c as At mand the interval between pulses /and /m as At m.

Probability

Figure 4 Truth table of the present C-NOT operation estimated by the numerical
calculation (solc blue bars). Detailed values of the probabilties are
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