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Coherent Manipulation of Atomic States in Dipole Potentials
— e ANDRE LENGWENUS, MICHAEL VOLK, WOLFGANG ERTMER, and
GERHARD BIRKL — Universitdat Hannover, Institut fiir Quantenoptik,
Welfengarten 1, 30167 Hannover
For the experimental realization of quantum information processing
with neutral atoms, it is essential to investigate methods for the coher-
ent manipulation of the internal states of trapped atoms. Although neu-
tral atoms are more difficult to control than ions, they might be advan-
tageous because of scalability and weaker coupling to the environment
which might be leading to longer coherence times. For ultracold Rb85
atoms confined in optical dipole potentials, we experimentally demon-
strate the coherent coupling of the hyperfine groundstates by stimulated
Raman transitions. With Rabi and Ramsey techniques we investigate
the dephasing of the ensemble of atoms. Applying echo spectroscopy, we
measure the coherence time of the evolution of the internal states. In
order to advance towards a scaleable system of qubits for quantum in-
formation processing, we apply these methods in parallel to ensembles of
atoms in two-dimensional arrays of optical micro-potentials created by
micro-fabricated lens arrays.
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Experimental Cluster State Quantum Computing — ePHILIP
WartHeER!, KeviIN Rescu!, TERRY RupoLpu?, EMMANUEL
SCHENCK', HARALD WEINFURTER?, MARKUS ASPELMEYER', and
ANTON ZEILINGER! — nstitut fiir Experimentalphysik, Universitét
Wien, Boltzmanngasse 5, 1090 Vienna, Austria 2QOLS, Blackett
Laboratory, Imperial College London, London SW7 2BW, United King-
dom — 3*LMU Miinchen, Sektion Physik,SchellingstraBe 4/I11, D-80799
Miinchen — “*Institut fiir Quantenoptik und Quanteninformation,
Osterreichische Akademie der Wissenschaften, Boltzmanngasse 3, 1090
Vienna, Austria

We have experimentally realized four-qubit cluster states encoded into
the polarization state of four photons, in which each qubit can be individ-
ually addressed. Very recently, these cluster states haven been proposed
as a new architecture for quantum computation, which requires the quan-
tum computer to be initialized in such a highly-entangled cluster state.
From this point, the quantum computation proceeds by a sequence of
single-qubit measurements with classical feedforward of their outcomes.
Because of the essential role of measurement this quantum computer is
irreversible and thus one-way. In the one-way quantum computer the
order and choices of measurements determine the algorithm computed.
We fully characterize the quantum state by implementing the first ex-
perimental four-qubit quantum state tomography and explore the state’s
relevant entanglement properties. Using this cluster state we perform the
first demonstration of one-way quantum computing through a universal
set of one- and two-qubit operations.
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Process Tomography of a nuclear quadrupolar spin quantum
information processor — eHERMANN KAMPERMANN — Universitéit
Diisseldorf

In the present work the first virtual 2 qubit solid state NMR quantum
processor, using the spin—% Na nuclei of a NaNOj single crystal, is pre-
sented. Methods from liquid NMR, like strongly modulating pulses, are
adopted to the quadrupolar spin system to implement efficient unitary
operations and to generate pseudo pure states. The procedure of quan-
tum process tomography was developed for the quadrupolar spin system,
which is used to characterize quantum algorithms and the decoherence
process.
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Optimizing linear optics quantum gates — oJENS EISERT — Insti-
tut fiir Physik, Universitat Potsdam, 14469 Potsdam, Germany — Black-
ett Laboratory, Imperial College London, London SW7 2BW, UK

In this talk, the problem of finding optimal success probabilities of
static linear optics quantum gates is linked to the theory of convex op-
timization. The success probability is a key quantity that determines
on the one hand the necessary significant overhead in resources in near-
deterministic quantum computation using linear optics. On the other
hand, in small-scale linear optical applications one may be well-advised
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in any case to make use of postselected quantum gates. It is shown that
by exploiting this link to convex optimization, upper bounds for the suc-
cess probability of networks realizing single-mode gates can be derived,
which hold in generality for linear optical networks followed by postselec-
tion, i.e., for networks of arbitrary size, any number of auxiliary modes,
and arbitrary photon numbers. As a corollary, the previously formulated
conjecture is proven that the optimal success probability of a postse-
lected non-linear sign shift gate is p = 1/4, a gate playing the central
role in the scheme of Knill-Laflamme-Milburn for linear optics quantum
computation. The concept of Lagrange duality is shown to be applicable
to provide rigorous proofs for such bounds for elementary gates with-
out feed-forward, although the original problem is a difficult non-convex
problem in infinitely many objective variables. Similar applications of
this method in finding optimal linear optical schemes are outlined.

[1] J. Eisert, quant-ph/0409156.
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Quantum computing with single spins in diamond —
oTORSTEN GAEBEL, IULIAN POPA, MICHAEL DOMHAN, CHRISTOF-
FER WITTMANN, FEDOR JELEZKO, and JORG WRACHTRUP — 3.
Physikalisches Institut Universitét Stuttgart

Long decoherence time and a precise understanding and manipula-
tion of state evolution are some of the most important requirements to
be met by a quantum system in order to implement quantum comput-
ing algorithms. An efficient system for this purpose is given by single
paramagnetic defect centers in diamond. Recently, single spin readout
in nitrogen-vacancy (N-V) defects in diamond at low temperature was
demonstrated [1]. The coherent evolution of the electron spin of a defect
center in diamond was previously reported [2] and a two-qubit conditional
quantum gate at ambient conditions was demonstrated [3].

To scale up the number of qubits, two or more N-V centers can be cou-
pled via their magnetic dipolar interaction. Because of the weakness of
the magnetic dipoles, the separation distance between two defects should
be in the range of a few nanometers. We will show the first data on N-
V centers created by specific implantation techniques, allowing for short
inter-center distances. Coherent coupling between implanted defects was
demonstrated using spin echo modulation techniques.

[1] F. Jelezko, I. Popa, A. Gruber, and J. Wrachtrup, Appl. Phys.
Lett. 81, 2160 (2002). [2] F. Jelezko, T. Gaebel, I. Popa, A. Gruber,
and J. Wrachtrup, Phys. Rev. Lett. 92, 076401 (2004). [3] F. Jelezko, T.
Gaebel, 1. Popa, M. Domhan, A. Gruber, and J. Wrachtrup, Phys. Rev.
Lett. 93, 130501 (2004).
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Coherent control of trapped ions using off-resonant lasers —
JUAN JOSE GARCIA RiPOLL!, PETER ZOLLER>?, and JUAN I. CIRAC!
— Max-Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1,
Garching bei Miinchen, D-85748 ?Institute for Theoretical Physics,
University of Innsbruck, A-6020 Innsbruck, Austria — 3Institute for
Quantum Optics and Quantum Information of the Austrian Academy
of Sciences, A-6020 Innsbruck, Austria

In this work we develop a unified framework to study the coherent con-
trol of trapped ions subject to state-dependent forces. Taking different
limits in our theory, we can reproduce two different designs of a two-
qubit quantum gate —the pushing gate [1] and the fast gates based on
laser pulses from [2]—, and propose a new design based on continuous
laser beams. We demonstrate how to simulate Ising Hamiltonians in a
many ions setup, and how to create highly entangled states and induce
squeezing. Finally, in a detailed analysis we identify the physical limits
of this technique and study the dependence of errors on the temperature.

[1] J. L. Cirac and P. Zoller, Nature 404, 579-581 (2000).

[2] J. J. Garcia-Ripoll, P. Zoller and J. I. Cirac, Phys. Rev. Lett. 91,
157901 (2003).
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Verschrinkte Ionenzustinde mit einer Lebensdauer von mehr
als zehn Sekunden — eW. HANSEL'?, C. Roos!, H. HAFFNER!?
M. RieBE!, M. CuwaLLA!, J. BeENHELM!, T. KORBER', G. LAN-
CASTER!, D. F. V. JaMmEs®, F. ScHMIDT-KALER' und R. BraTT!?

Unstitut fiir Experimentalphysik, Universitit Innsbruck, Osterreich
— 2Institut fir Quantenoptik und Quanteninformation, Osterreichische
Akademie der Wissenschaften, Osterreich — 3Los Alamos National
Laboratory, NM 87545, Los Alamos, USA — “Abteilung Quanten-
Informationsverarbeitung, Universitdt Ulm, Albert Einstein Allee 11,
D-89069 Ulm

Es wird hédufig angenommen, dass die quantenmechanische Ver-
schrankung zweier raumlich weit getrennter Teilchen ein besonders emp-
findlicher Zustand ist und aufgrund der Wechselwirkung mit #ufleren
Feldern sehr schnell zerféllt. In einer Tonenfalle ist es gelungen, ein Paar
von Kalzium®-Ionen so zu verschrinken, dass der resultierende Zustand
besonders geschiitzt ist. Die Nutzung eines dekohérenzfreien Unterraums
ermoglicht dem erzeugten Bell-Zustand eine Lebensdauer von iiber zehn
Sekunden, eine Zeit, die viele Grofilenordnungen iiber der Zeit einer ein-
zelnen Gatteroperation liegt. In einem Quantencomputer kénnen daher
solche dekohérenzfreien Unterrdume fiir robuste Speicher genutzt werden,
dariiber hinaus ermoglichen sie den geschiitzen Transport quantenmecha-
nischer Information.
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Prozesstomografie einer Teleportation — eH. HAFFNER'?, M.
RieBE!, C. Roos!, W. HANSEL!, M. CHWALLA!, J. BENHELM!, T.
KORBER!, G. LANCASTER!, D. F. V. JAMES?, F. SCHMIDT-KALER'*
und R. BLaTT!? — nstitut fiir Experimentalphysik, Universitit Inns-
bruck, Osterreich — 2Institut fiir Quantenoptik und Quanteninforma-
tion, Osterreichische Akademie derWissenschaften, Osterreich — 3Los
Alamos National Laboratory, NM 87545, Los Alamos, USA — *Abteilung
Quanten-Informationsverarbeitung, Universitéit Ulm, Albert Einstein Al-
lee 11, D-89069 Ulm

Drei “°Ca-Ionen werden in einer linearen Paul-Falle gespeichert und die
in ihnen gespeicherte Quanteninformation wird mittels Laserpulsen ge-
zielt manipuliert. Das Teleportationsexperiment verlauft wie folgt: Ziel-
und Hilfsion werden verschréankt und anschliessend wird das Quellion in
einem von sechs verschiedenen Eingangszustdnden priapariert. Das Ergeb-
nis einer Bellmessung an Hilfs- und Quellion bestimmt welche Laserpulse
zur Rekonstruktion des Eingangzustandes am Zielion eingestrahlt wer-
den miissen. Die Messung der Dichtematrix des teleportierten Zustands
fiir alle sechs Eingangszustande erlaubt dann die Bestimmung der Pro-
zessmatrix y, die den Teleportationsprozess vollstédndig beschreibt.

[1] M. Riebe et al, ” Deterministic quantum teleportation with atoms”,
Nature 429, 734 (2004).




