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Preface

This book intends to give both an introduction and an in-depth review of the beau-
tiful physics being done with atom chips. Topics range from the manipulation of
single atoms to the quantum entanglement between many atoms, and from in-
terferometry with atomic matter waves to studies of fundamental atom–surface
interactions.

For about three decades researchers have used magnetic and electric fields from
DC to optical frequencies to confine neutral atoms for a variety of experiments and
applications. The term atom chip has come to designate setups where microscop-
ic or micro-fabricated structures, typically confined to a surface, generate three-
dimensional trapping fields in the vicinity of the surface.

At its inception, the atom chip was regarded primarily as a tool to conveniently
generate electromagnetic fields varying on a small length scale, and as such is relat-
ed to early prototypes of magnetic mirrors. In fact, the attainment of Bose–Einstein
condensation on a chip in 2001 in Tübingen and Munich was the first landmark
that brought atom chips to the attention of the physics community at large. Since
then, a growing number of research groups has adopted microchips as a conve-
nient and fast method for the creation of Bose–Einstein condensates (BECs), and
now also degenerate Fermi gases.

The strongly confining, complex, multi-parameter potentials that can be realized
with atom chips have enabled experimentalists to explore new situations. For ex-
ample, studies of one-dimensional quantum gases are benefitting from extremely
elongated single traps that can be generated on atom chips, and BECs have been
diffracted from specifically designed magnetic lattices realized on the chip surface.

However, atom chips are not merely devices to form atom traps by a combination
of conductors and insulators on a surface. Atom chips promise rich functionality
and integrability, and possibly nano-scale miniaturization, as advertised early on
by a number of researchers in the field. The small length scale well matched to the
condensate size and proximity of a solid surface have opened up and driven fur-
ther research possibilities. The first and perhaps most immediate example is the
investigation of fundamental surface-induced forces, such as the van der Waals and
Casimir–Polder forces. This field has progressed and expanded considerably due to
the close and stimulating interaction between atom chip experimentalists and the-
orists. Furthermore, the repertoire of fields and interactions used on atom chips
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XVI Preface

has grown to include radiofrequency and microwave potentials, resonant and far-
detuned optical fields in miniature optical devices, as well as surface interactions
with micro-mechanical structures. In each case, the small-scale, near-field situa-
tion of the atom chip has been exploited in ingenious ways to create new and rich
physical situations that go beyond the possibilities of macroscopic experiments.
Examples include coupling of a BEC to an oscillating mechanical cantilever, cavity
quantum electrodynamics experiments with BECs, and some of the most beautiful
condensate interferometry experiments performed so far.

The combination of these features makes atom chips an interesting platform for
quantum information and quantum simulation experiments. This has also moti-
vated the development of the newest family of atom chips, surface-electrode-based
ion traps, which present both similarities and interesting differences compared to
their neutral-atom counterparts.

A third area has emerged where atom chips are used as a means to construct the
most compact and robust ultra-cold atom devices. The very recent demonstration
of BEC in microgravity was enabled by an atom chip. Trapped-atom clocks on atom
chips are being explored as promising secondary frequency standards. The idea of
“integrated atom optics” on atom chips as a means to build atom interferometers
emerged with the first atom chip experiments, but is certainly still in its infancy
today. Last but not least, experiments with BECs in cryogenic environments also
benefit from the small size and robustness of atom chips.

This book represents a collective effort by the community of atom chip re-
searchers to outline the state of their knowledge as of 2009/2010. Each chapter
starts with a thorough introduction before exposing the state of the art on a specific
topic. Additionally, there are introductory chapters describing the particularities of
designing magnetic potentials and producing BECs on atom chips, as well as on
atom chip fabrication. The latter is discussed in a tutorial style and sufficient detail
to enable a researcher with minimal micro-fabrication knowledge to start fabricat-
ing atom chips. In this way, we hope that the book will be valuable for students
and researchers who are entering the field of atom chips or are active in one of the
neighboring fields, but also for anyone desiring to get an overview of this beautiful
and active area of contemporary quantum physics.

Paris and Cambridge, June 2010 Jakob Reichel and Vladan Vuletić
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Institute for Quantum Computing
University of Waterloo
200 University Ave. W.
Waterloo, ON N2L 3G1
Canada

Stephanie Manz
Atominstitut der Österreichischen
Universitäten
TU Wien
Stadionallee 2
1020 Wien
Austria

Jason McKeever
Entanglement Technologies
Palo Alto, CA 94306
USA

Stefan Myrskog
Morgan Solar Inc.
30 Ordnance St.
Toronto, Ontario M6K 1A2
Canada

Antonio Negretti
Institut für
Quanteninformationsverarbeitung
Universität Ulm
Albert-Einstein-Allee 11
89069 Ulm
Germany

Gilles Nogues
Institut Neel
25 avenue des Martyrs
bâtiment T, BP 166
38042 Grenoble cedex 9

Jean-Michel Raimond
Laboratoire Kastler Brossel de l’E.N.S.
24, rue Lhomond
75231 Paris Cedex 05
France

Jakob Reichel
Laboratoire Kastler Brossel de l’E.N.S.
24, rue Lhomond
75231 Paris Cedex 05
France

Stefan Scheel
Blackett Laboratory
Imperial College London
Prince Consort Road
London SW7 2AZ
United Kingdom

Monika H. Schleier-Smith
MIT Department of Physics
77 Massachusetts Avenue
Cambridge, MA 02139
USA

Jörg Schmiedmayer
Atominstitut der Oesterreichischen
Universitäten
TU Wien
Stadionallee 2
1020 Vienna
Austria

Thorsten Schumm
Atominstitut der Österreichischen
Universitäten
TU Wien
Stadionallee 2
1020 Wien
Austria



XX List of Contributors

Andrei Sidorov
Centre for Atom Optics & Ultrafast
Spectroscopy
Faculty of Engineering and Industrial
Science
Swinburne University of Technology
Serpells Lane,
Mail H38, PO Box 218
Hawthorn, Victoria 3122
Australia

David A. Smith
Atominstitut der Österreichischen
Universitäten
TU Wien
Stadionallee 2
1020 Wien
Austria

Joseph H. Thywissen
Department of Physics
University of Toronto
60 St. George Street
Toronto, Ontario M5S 1A7
Canada

Philipp Treutlein
University of Basel
Department of Physics
Klingelbergstrasse 82
CH-4056 Basel
Switzerland

N. J. (Klaasjan) van Druten
Van der Waals-Zeeman Instituut
Universiteit van Amsterdam
Valckenierstraat 65-67
1018 XE Amsterdam
Netherlands

Vladan Vuletić
MIT Department of Physics
77 Massachusetts Avenue
Cambridge, MA 02139
USA

Christopher I. Westbrook
Laboratoire Charles Fabry de l’Institut
d’Optique
Campus Polytechnique RD 128
91127 Palaiseau Cedex
France

David J. Wineland
Time and Frequency Division
National Institute of Standards and
Technology
325 Broadway
Boulder, CO 80305
USA

C. Zimmermann
Physikalisches Institut
Universität Tübingen
Auf der Morgenstelle 14
72076 Tübingen
Germany




