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Atom diode: A laser device for a unidirectional transmission
of ground-state atoms © ANDREAS RUSCHHAUPT Institut fiir
Mathematische Physik, TU Braunschweig, Mendelssohnstr. 3, D-38106
Braunschweig, Germany

We propose and discuss different schemes for an “atom diode” , namely,
a one-dimensional laser device that lets a two or three-level ground state
atom pass in one direction, say from left to right, but not in the opposite
direction. A new method for cooling atoms or molecules based on the
atom diode is presented.
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Der Effekt der elektromagnetisch induzierten Transparenz erméglicht
die Transmission von Licht durch dichte atomare Medien aufgrund
quantenmechanischer Interferenz der Absorptionsamplituden. In
solchermafien préparierten Medien wurden interessante Phénomene,
wie eine extreme Reduktion der Gruppengeschwindigkeit, beobach-
tet. Mit der langsamen Lichtausbreitung konnen Quasiteilchen, die
sogenannten Dunkelzustands-Polaritonen, assoziiert werden, welche
eine Uberlagerung von einer photonischen und einer atomaren
Spinwellen-Komponente darstellen.

Es soll iiber Messungen berichtet werden in denen Licht, welches
eine Rubidium-Gaszelle unter Bedingungen der elektromagnetisch in-
duzierten Transparenz passiert, durch einen schwachen Magnetfeld-
Gradienten abgelenkt wird. Der beobachtete Ablenkungswinkel ist pro-
portional zur Zeit, welche ein Lichtpuls benotigt um die Zelle zu pas-
sieren. Die Ergebnisse konnen unter der Annahme der Existenz eines
effektiven magnetischen Dipolmoments der Dunkelzustands-Polaritonen
erklidrt werden. Dies wird auf die Spinwellenkompomente der Quasiteil-
chen zuriickgefiihrt. Das Experiment kann als ein Stern-Gerlach Experi-
ment fiir Dunkelzustands-Polaritonen aufgefasst werden.
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Towards photon transfer between single molecules via shared
— eANDREA MAzzEI', L. DE S. MENEZES!, STEPHAN GOETZINGER!,
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Universitét zu Berlin, — 2Laboratory of Physical Chemistry, Swiss Fed-
eral

Cavity Quantum Electrodynamics is a central field of research in quan-
tum optics: the basic system is represented by a single mode of a cavity in-
teracting with a single dipole. This is of interest, for instance, in quantum
information processing in order to convert stationary into flying qubits.
We study the interaction between single terrylene molecules and the high-
Q modes of a microsphere resonator. To date microsphere resonators offer
the best possible optical properties: Q-factors up to 0.09*10'° with mode
volumes of few hundreds of um? lead to very high Purcell factors [1,2,3]
and possibility of strong coupling [4] . Terrylene molecules have shown
very stable behavior at room temperature when spin-casted in ultrathin
films of about 20 nm, being photostable for times as long as one day [5].
We report first results on coupling a single molecule to high-QQ modes
and discuss future experiments with two or more molecules.
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We investigate coherent backscattering of light by two harmonically
trapped atoms in the light of quantitative quantum duality. Including
recoil and Doppler shift close to an optical resonance, we calculate the
interference visibility as well as the amount of which-path information,
both for zero and finite temperature [1].
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Rydberg atoms can be seen as a prototype system to investigate reso-
nant energy transfer processes, which play an important role e.g. in many
biological sytems (Forster processes). Due to the strong interactions of
Rydberg atoms with external fields, one can use moderate electric fields
of a few V/cm to tune the atom pair states [nP,nP) and |nS, (n + 1)S)
of 8Rb into degeneracy. In an ultracold gas of Rb atoms excited into the
32P Rydberg state, one finds after a few ps many atoms in the 335 state
due to the resonant energy transfer |32P,32P) — |325,335).
The dependence of this process on the applied electric field can be mainly
explained by many-body effects in a stationary gas [1]. We present a
model extending the approach of Ref. [1] and density-dependent mea-
surements. Both show that the time dependence can be explained in a
stationary picture, underlining the coherent character of the resonant
energy transfer in an ultracold Rydberg gas [2].
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QED in einem absorbierenden Kristall: was wird aus der Band-
struktur? — eANDREAS KURCZ und CARSTEN HENKEL — Institut
fiir Physik, Universitdt Potsdam, Germany

Fiir die Quantisierung des elektromagnetischen Felds in periodischen
Medien ist das Bloch-Theorem hilfreich, weil die Modenfunktionen mit
quasi-periodischen Bloch-Wellen identifiziert werden koénnen. In Gegen-
wart von Absorption versagt dieses Verfahren allerdings, weil die Mo-
denfrequenzen komplex werden [1]. Wir verallgemeinern die Modenent-
wicklung des Feld-Operators mit Hilfe des Quantisierungsschemas fiir
die makroskopischen Maxwell-Gleichungen [2,3]. Im Fall verschwinden-
der Absorption finden wir die bekannten Bloch-Moden wieder. Wir zei-
gen auflerdem, dass die Bandstruktur in der (k,w)-Ebene durch Absorp-
tion “aufgeweicht” wird. Dazu wird der spontane Zerfall eines kollektiven
Zustands von N Zwei-Niveau-Systemen berechnet, in Analogie zur Ab-
strahlung eines phasenkohérenten arrays von Dipol-Antennen.
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Simplified model for double jumps in dipole-dipole interacting
atoms oVOLKER HANNSTEIN and GERHARD C. HEGERFELDT
Institut fiir Theoretische Physik, Universitit Gottingen, Friedrich-Hund-
Platz 1. 37077 Gottingen

A simplified scheme for the investigation of cooperative effects in the
quantum jump statistics of small numbers of atoms in a trap is presented,
which generalizes previous work [1,2,3]. It allows the analytic treatment of
three dipole-interacting four-level systems which model the level scheme
of Ba™ ions for which extremely high cooperative effects have been re-
ported to be measured in experiments. Our theoretical result show effects
of maximum 5% and practically no effects for experimental parameter
values. As a consequence the dipole-dipole interaction can be ruled out
as an explanation for the measured large effects for three Ba™ ions [4].
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