Thursday

Q 54: Poster 3

Time: Thursday 16:30-19:00

Q 54.1 Thu 16:30 Poster.I+I1
Effect of Medium Acidity and Photostability of 3-
(4-Dimethylamino-phenyl)-1-(2,5-dimethyl-thiophen-3-yl)-
propenone DDTP): A New Green Emitting Laser Dye —
eKHALID ALAMRY, ABDULLAH ASIRI, SALMAN KHAN, Samy EL-
Davry, and MauMoup HusseIN — Chemistry Department, Faculty of
Science, King Abdulaziz University, P.O. Box 80203, Jeddah 21589,
Saudi Arabia

On the line of a previous work on the spectral properties of some
of heteroaryl chalcone, the effect of medium acidity and photoreac-
tivity of 3-(4-dimethylamino-phenyl)-1-(2,5-dimethyl-thiophen-3-yl)-
propenone (DDTP) has been investigated in dimethylformamide and
in chloromethane solvents such as methylenechloride, chloroform and
carbon tetrachloride. The dye solution (ca. 5¥10*4 mol*L*1 in DMF)
gives a good laser emission in the range 470*560 nm with emission
maximum at 515 nm upon pumping by nitrogen laser (Aex*337.1 nm).
The laser parameters such as gain coefficient (a), emission cross sec-
tion (oe) and half life energy (E1/2) at maximum laser emissionare
also determined.

Q 54.2 Thu 16:30 Poster.I+11
Hybrid quantum repeater with encoding — eNapja KoLB
BeRNARDES)2 and PETER vaN Loock!:2 — 10QI Group, MPL, Er-
langen, Germany — 2Institute of Theoritical Physics I, Uni. Erlangen-
Nuremberg, Erlangen, Germany

In the context of the quantum repeater, practical limitations as fi-
nite memory decoherence times and imperfect two-qubit operations
will constraint the final-state fidelity and the key generation rate of
the protocol. By aiming to improve the hybrid quantum repeater
[1,2] against these limitations, we present an encoded scheme using
Calderbank-Shor-Steane codes [3]. For the case of repetition codes, we
propose an explicit implementation of the quantum error correction
protocol. Moreover, we analyze the entangled-pair distribution rate
for the hybrid quantum repeater with encoding and we clearly iden-
tify a triple trade-off between the efficiency of the codes, the memory
decoherence time, and the local gate errors. Finally, we show that in
the presence of reasonable imperfections our system can achieve rates
of roughly 620 Hz per memory for 20 km repeater spacing, a final
distance of 1280 km, and final fidelity of about 0.95.

[1] P. van Loock et al., Phys. Rev. Lett. 96, 240501 (2006).

[2] P. van Loock et al., Phys. Rev. A 78, 062319 (2008).

[3] N. K. Bernardes and P. van Loock, arXiv:1105.3566 (2010).

Q 54.3 Thu 16:30 Poster.I+I1
Quantitative Benchmarking of Quantum Error Correction
Codes for Amplitude Damping — eRicarpo WickeRT 2 and
PETER vaN Loock!2 — 1Optical Quantum Information Theory
Group, Max Planck Institute for the Science of Light, Erlangen, Ger-
many — 2Institute of Theoretical Physics I, Universitit Erlangen-
Niirnberg, Erlangen, Germany

The ability to transmit quantum states of light in a coherent and error-
free fashion is a fundamental requirement for the successful implemen-
tation of quantum communication protocols. When comparing error-
correction strategies, the importance of quantitative benchmarks be-
comes apparent: various measures can be employed which can, under
certain circumstances, give rise to different relative orderings between
codes. Here we discuss the connection of entanglement-based quanti-
ties with worst-case and codeword fidelities, with a particular atten-
tion to codes designed to protect both discrete-variable (single-photon
states) and continuous-variable (coherent-state superpositions) quan-
tum information carriers against amplitude damping (photon-loss) er-
rors.

Q 54.4 Thu 16:30 Poster.I+11
High-fidelity entanglement purification using chains of atoms
and optical cavities — eDENIs GonTal2 and PETER vaN Loock!2
— lnstitut of Optik, Information und Photonik, Friedrich-Alexander-
Universitat Erlangen-Niirnberg, Staudtstrasse 7, 91058 Erlangen —
20ptical Quantum Information Theory Group, Max Planck Institute
for the Science of Light, Giinther-Scharowsky-Str. 1, Bau 26, D-91058
Erlangen

In our previous work [1], we proposed a practical scheme to purify
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dynamically a bipartite entangled state using short chains of atoms
coupled to high-finesse optical cavities. In contrast to conventional
entanglement purification protocols, we avoid CNOT gates and thus
reduce complicated pulse sequences and superfluous qubit operations.
In this paper, we significantly improve the output fidelity of remotely
entangled atoms by introducing one additional entanglement mecha-
nism in each of the repeater nodes and by optimizing the laser pulses
required to control the entire scheme. The latter entanglement mech-
anism exploits again the cavity-QED dynamics and requires only one
extra high-finesse cavity in each node of the repeater. Our improved
distillation scheme together with entanglement distribution and swap-
ping, opens an attractive route towards efficient and experimentally
feasible quantum repeaters for long-distance quantum communication.

[1] D. Gonta and P. van Loock, Phys. Rev. A 84, 042303 (2011).

Q 54.5 Thu 16:30 Poster.I+I11I
Long distance QKD enhanced by quantum repeaters with lin-
ear optics. — eSILVESTRE ABRUZZO, HERMANN KAMPERMANN, and
Dacmar Bruss — Heinrich-Heine-Universitat Diisseldorf, Institut fiir
Theoretische Physik III, Diisseldorf, Germany

In this work we analyze and characterize a generic quantum repeater|1]
architecture based on dual-rail entanglement, heralding and entangle-
ment swapping with linear optics and quantum memories. We calcu-
late the asymptotic secret key rate and we show its dependency on the
experimental parameters describing the proposed quantum repeater.
This will permit us to bound and to estimate the requirements on the
imperfections of the experimental set-up.
[1] H. J. Briegel et al., Phys. Rev. Lett. 81, 5932-5935 (1998).
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Quantum Communication using Continu-
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Free Space
ous Polarization Variables — eBeTTINA HEIM
PeUNTINGER!2, FABIAN SPrRoOLL!, CHRISTOFFER WITTMANN
CHRISTOPH MARQUARDT!'2, and GErD LreucHs!'2 — IMPI for the
Science of Light, Giinther-Scharowsky-Str. 1 / Bld. 24, Erlangen
— Z2Institute of Optics, Information and Photonics, University of
Erlangen-Nuremberg, Staudtstrafe 7 / B2, 91058 Erlangen, Germany

We present our experimental work on quantum communication us-
ing an atmospheric channel of 1.6 km in an urban environment. In
our prepare-and-measure setup, we encode information into continu-
ous polarization states. The signal states are measured using homo-
dyne detection with the help of a local oscillator (LO). Both, signal
and LO, are sent through the free-space quantum channel, polarization
multiplexed and occupying the same spatial mode. This leads to an
excellent detection interference and an auto-compensation of the phase
fluctuations introduced by the channel. Additionally, the LO automat-
ically acts as a spatial and spectral filter, which allows for unrestrained
daylight operation. As low losses are a crucial point for quantum com-
munication protocols, we have developed an active beam stabilization
in order to increase the overall channel transmission. Currently, we are
working on the implementation of protocols for Continuous Variable
(CV) Quantum Key Distribution with different modulation schemes.
Furthermore, the transmission of squeezed and EPR-entangled states
is in preparation.

Q 54.7 Thu 16:30 Poster.I+I11I
Concepts for a portable squeezed light source for use in
quantum communication — eCHRISTIAN PEUNTINGER'?, STE-
FAN BERG-JoHANsEND2 CHRIsTIAN GABRIEL!'?, BETTINA HEM!:2,
CHRisSTOPH MARQUARDT!2, and GERD Lrucus'? — 'Max-Planck-
Institut fir die Physik des Lichts, Giinther-Scharowsky-Str. 1 / Bau
24, 91058 Erlangen, Deutschland — 2Institut fiir Optik, Information
und Photonik, Universitdt Erlangen-Niirnberg, Staudtstrasse 7 / B2,
91058 Erlangen, Deutschland

We present experimental investigations of two portable squeezed light
sources, one of which is meant to be implemented in a 1.6 km free-space
quantum communication experiment. The first design is an asymmet-
ric Sagnac interferometer with a fiber acting as the nonlinear medium
[1]. This setup generates amplitude squeezed states which can be easily
detected. The second design is a single-pass fiber setup which squeezes
the polarization field variables. It has been shown that this scheme is
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capable of generating high amounts of squeezing [2]. The advantages
and disadvantages of both schemes are discussed in detail. A special
focus is laid on the obtainable amount of squeezing in each system
as well as their mechanical stability and the ease of detection of the
quantum state of light by the receiver.

[1] J. Heersink et al. Phys. Rev. A, 68 (1), 013815 (2003)

[2] R. Dong et al. Opt. Lett., 33, 116-118 (2008)

Q 54.8 Thu 16:30 Poster.I+I1I
Investigating the feasibility of a practical Trojan-horse at-
tack on a commercial quantum cryptosystem — eN1TIN Jan!:2,
ELENA ANISIMOVAS, CHRISTOFFER WITTMANNY2,  CHRISTOPH
MARQUARDT 2, VapiMm Makarov®, and Gerp Lreucush2 — 1Max
Planck Institute for the Science of Light, Erlangen, Germany
— 2Institut fuer Optik, Information und Photonik, University of
Erlangen-Nuremberg, Germany — 3Department of Electronics and
Telecommunications, Norwegian University of Science and Technology,
Trondheim, Norway

An optical component inside a quantum key distribution (QKD) sys-
tem may be probed via the quantum channel by sending in sufficiently
intense light and analyzing the back-reflected light. This forms the
basis of a Trojan-horse attack. We experimentally review the feasibil-
ity of such an attack on a commercially available QKD system from
ID Quantique. The objective is to read Bob’s phase modulator (to ac-
quire knowledge of his basis choice) without alerting him; this breaches
the Scarani-Acin-Ribordy-Gisin protocol. Using optical time domain
reflectometry, we prepared optical maps of Bob’s module at three dif-
ferent wavelengths: 806, 1310 and 1550 nm. With the intensity of
Eve’s input light chosen so as to obtain a requisite back-reflection level
(5-10 photons per pulse), we find a strong afterpulsing ensues in Bob’s
detectors. This would cause a high QBER that would stop the QKD
exchange, so we are now exploring the longer wavelength (1630-2000
nm) regime, where we conjecture a weaker afterpulsing would allow us
to craft and execute a successful attack.
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Quantum key distribution on Hannover Campus — eJORG
DunMmE!, TorsTEN Franz!, REeINHARD F. WERNER!, VITUS
HANDCHEN?, Tobias EBerLE?, and RoMaN ScHNABEL? — !Leibniz

Universitat Hannover, Institut fiir Theoretische Physik, AG Quanten-
information — 2Albert Einstein Institut, Quantum Interferometry

We report on the progress of the implementation of an entanglement-
based quantum key distribution on Hannover campus using squeezed
gaussian states (continuous variables). This poster focuses on the the-
oretical aspects of the project. Experimental data has been compared
with the theoretical simulation of the experimental setup. We espe-
cially discuss effects of the homodyne detection and postprocessing in
use on the measurement outcome.

Q 54.10 Thu 16:30 Poster.I-+II
Cavity QED quantum interface — eBERNARDO CASABONE!, AN-
DREAS STUTE!, TRACY NORTHUP!, and RAINER BrarT!:2 — lInstitut
fiir Experimentalphysik, Universitit Innsbruck — 2Institut fiir Quan-
tenoptik und Quanteninformation der Osterreichischen Akademie der
Wissenschaften, Innsbruck

While trapped ions are suitable candidates as qubits at quantum nodes,
photons are ideal candidates as flying qubits to transfer quantum states
between remote locations. Optical cavities provides a coherent and
highly-efficient interface between ion and photon. Such an interface
could be used as a quantum-memory-readout device, mapping the
quantum state of a single ion to a single photon.

A system consisting of a single trapped 4°Cat ion coupled to the
mode of a high-finesse optical resonator is used. Intra-cavity photons
are generated in a vacuum-stimulated Raman process between two
atomic states driven by a laser and the cavity vacuum field. Single
photons are generated on the 4P3,5 <> 3D5 /5 transition, in which all
Zeeman states are resolved in agreement with theoretical simulations.
A laser on the narrow 4S5} /9 <> 3D5 /o transition permits the address-
ing of individual Zeeman states. Coherent state manipulation on this
transitions enables the initial preparation of any quantum state.

We present the results of mapping a initial quantum state of the
trapped 4°Cat ion to a polarization superposition of a single photon,
via a bichromatic excitation of two vacuum-stimulated Raman transi-
tions.
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SPDC-basierte Einzelphotonenquellen fiir Anwendungen in

der Quanteninformation — eSABINE EuLer>2, Tosias Dienr!
und THoMmas WarTHERD2 — lInstitut fiir Angewandte Physik, TU
Darmstadt, Schlossgartenstr. 7 D-64289 Darmstadt — 2CASED, Mor-

newegstr. 32, D-64293 Darmstadt

Durch parametrische Abwértskonversion (SPDC) in periodisch gepol-
tem Kalium-Titanyl-Phosphat (PPKTP) werden in einem tempera-
turstabilisierten, cw gepumpten Typ-II-Prozess degenerierte Photo-
nenpaare bei 808 nm erzeugt. Der Hong-Ou-Mandel-Kontrast liegt bei
95%, es werden etwa 3x10% Photonenpaare pro mW und nm detektiert.

Die Photonenquelle bildet die Grundlage fiir zwei verschiedene An-
wendungen: In einem ersten Experiment wird ein QKD-Setup entspre-
chend dem BBB84-Protokoll implementiert, die Einzelphotonenquelle
wird fiir das Sender-Modul verwendet. Die Photonenpraparation er-
folgt dabei durch die Verwendung von Strahlteilerwiirfeln rein passiv.
Ziel des zweiten Experimentes ist es, durch Riickkopplung eines der
SPDC-Photonen in den Kristall in einem stimulierten Prozess zwei
identische Photonen zu erzeugen, die anschliefend an einem polari-
sierenden Strahlteiler ausgekoppelt und nachgewiesen werden kénnen.
Der aktuelle Stand beider Experimente wird prasentiert.

Q 54.12 Thu 16:30 Poster.I4I11
Photoleitfihigkeit und Lasereffizienz von Yb:YAG Kerami-
ken verschiedener Korngroéfien im Vergleich mit Einkristallen
— oULRIKE WorrERs!, Susanne T. FreEDRICH-THORNTON!, Luo
DewEgI?, JiaN ZHaNG?, KLaus PETERMANN! und GUNTER HUBER!
— Unstitut fiir Laser-Physik, Universitit Hamburg — 2Temasek La-
boratories, Nanyang Technological University, Singapur

Vergleichende Studien haben gezeigt, dass trotz sehr dhnlicher spek-
troskopischer Eigenschaften hochdotierte Yb:YAG-Einkristalle eine ge-
ringere Lasereffizienz aufweisen als entsprechende Yb:YAG-Keramiken.
Untersuchungen zu den Effizienzeinbuffen in hochdotierten Yb:YAG-
Lasermaterialien belegen, dass bei Einstrahlung von 940 nm Pumplicht
eine Photoleitfahigkeit generiert wird. Dies deutet auf die Erzeugung
freier Ladungstriger durch einen Upconversion-Prozess hin. Es wurden
unterschiedlich hohe Photostréme in keramischem und einkristallinem
Material gemessen, wofiir Korngrenzen in den keramischen Proben ver-
antwortlich gemacht werden. Die systematische Untersuchung von Ke-
ramiken mit verschiedenen Korngréfen soll in Verkniipfung mit der
Lasereffizienz der untersuchten Proben Riickschliisse auf die beobach-
teten Verlustprozesse im Laserbetrieb ermoglichen.

Q 54.13 Thu 16:30 Poster.I+II
Stickstoff-gekiihlter Ytterbium-Faserverstirker bei 1015 nm

— eRurH  StEINBORN!2, TuHomas DienL’2, ANDREAS
KocLBauierb 2, DaNIEL KoLBE!'2, MATTHIAS SATTLER'2, MAATTHIAS
StappeL!2 und JocHEN WaLz!:2 — lInstitut fiir Physik, Johannes

Gutenberg-Universitiat, 55099 Mainz, Deutschland — 2?Helmholtz-
Institut Mainz, Johannes Gutenberg-Universitat Mainz, 55099 Mainz,
Deutschland

Ytterbium-Faserlaser /verstirker sind eine bewéhrte, vielseitige und
zuverldssige Laser-Quelle im Wellenldngenbereich von 1050nm bis
1100 nm. Fir kiirzere Wellenlangen steigt der Absorptionsquerschnitt
an und beschrénkt den Laserbetrieb.

Bei Kiihlung zu kryogenen Temperaturen dndert sich die thermische
Besetzung der Stark-aufgespaltenen Laserniveaus 2Fy,, und 2Fj /2
Damit ldsst sich die Absorption im Bereich von 1000 nm bis 1050 nm
deutlich reduzieren.

Dieser Effekt wird ausgenutzt um einen Faserverstéarker bei 1015 nm
aufzubauen. Dazu soll ein, von einem TA (tapered amplifier) vorver-
starkter, Diodenlaser von einem auf 77 K gekiihlten und bei 976 nm
gepumpten Ytterbium-Faserverstarker verstarkt werden.

Es soll der Einfluss unterschiedlicher Faserlingen und Pumpkonfigu-
rationen untersucht werden. Der aktuelle Stand des Experiments sowie
erste Ergebnisse werden présentiert.

Q 54.14 Thu 16:30 Poster.I4I11
Kristallziichtung und spektroskopische Untersuchungen von
Ce:CaScy04 — eMarTHIAS FECHNER, FABIAN REICHERT, KLAUS
PETERMANN und GUNTER HUBER — Institut fiir Laser-Physik, Uni-
versitdt Hamburg

Mit der Absicht einen durchstimmbaren Festkorperlaser im sichtbaren
Spektralbereich zu realisieren, wurde Ce:CaSc20O4 untersucht. Dieses
orthorhombische System ist neben den Granaten eines der wenigen
oxidischen Wirtsmaterialen, bei denen der 5d-4f-Ubergang des Ce3*-
Tons im griingelben Spektralbereich fluoresziert [1]. In diesem Beitrag
werden die Kristallziichtung des Materials sowie die spektroskopischen
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Untersuchungen der Einkristalle behandelt. Mit temperaturabhingi-
gen Lebensdauermessungen konnte beispielweise gezeigt werden, dass
bei Raumtemperatur keine nichtstrahlenden Prozesse die Quanteneffi-
zienz verringern. Wahrend bei allen bisher untersuchten Cer dotierten
Granaten aufgrund von Absorption aus angeregten Zustanden kein La-
serbetrieb im sichtbaren Spektralbereich méglich ist [2,3], konnte mit
Ce31:CaSco 04 erstmals Verstirkung durch stimulierte Emission im
sichtbaren Spektralbereich fiir ein Cer dotiertes Material nachgewie-
sen werden.

[1] Y. Shimomura, et al., J. Electrochem. Soc. 154, 234 (2007).

[2] D. S. Hamilton, et al., Phys. Rev. B 39, 8807 (1989).

[3] J. K. Lawson, et al., Phys. Rev. B 47, 14003 (1993).

Q 54.15 Thu 16:30 Poster.I-+II
Power scaling of an all-solid-state laser source for trap-
ping lithium — eANDREA BERGSCHNEIDER, ULRICH EISMANN,
FrEpERIC CHEVY, and CHRISTOPHE SALOMON — Laboratoire Kastler
Brossel, CNRS UMR 8552, UPMC, Ecole Normale Supérieure, 24 rue
Lhomond, 75231 Paris, France

We recently presented an all-solid-state laser source emitting 670 mW
of narrowband 671-nm light, frequency-locked to the lithium D-line
transitions for laser cooling applications [1]. It consists of a solid-
state Nd:YVOy ring laser emitting light of 1342 nm wavelength, which
is subsequently frequency-doubled in an enhancement cavity using
periodically-polarized potassium titanyl phosphate (ppKTP). Mean-
while, a power of about 800 mW has been achieved.

Here, we focus on the challenge of increasing the output power into
the multi-Watt range. The key issue is the minimization of unavoidable
detrimental thermal effects in the Nd:YVO4 and the nonlinear crystal.
We discuss in detail the theoretical optimization of the spatial overlap
between pump beam and cavity mode while keeping a TEMgg-mode
[2]. We experimentally alter the pump beam wavelength and size as
well as the crystal doping and length and compare to theoretical re-
sults. We also investigate intra-cavity second harmonic generation.

[1] U. Eismann et al., arXiv:1103.5841 (2011)

[2] Y. F. Chen et al., IEEE J. Quantum Electron. 33, 1424 (1997)

Q 54.16 Thu 16:30 Poster.I+II
Untersuchung von holographischen Verstidrkungsgittern in
Nd:YAG — eRoranp ULLMANN!, RoBERT ELsNER!, AXEL HEUER!,
RaLF MEeENzEL! und MARTIN OSTERMEYER!':2 — lUniversitit Pots-
dam, Institut fiir Physik und Astronomie, Karl-Liebknecht-Str. 24-25,
14476 Potsdam — 2IBL Innovative Berlin Laser GmbH, Am Schlan-

gengraben 16, 13597 Berlin

Moderne LIDAR-Verfahren bendtigen gepulste Lasersysteme mit ei-
ner hohen Schuf$-zu-Schufs Frequenzstabilitiat. Diese wird typischerwei-
se durch elektronische Regelverfahren wie ramp and fire oder Pound-
Drever-Hall erzielt. Durch die Kopplung eines frequenzstabilen Dau-
erstrichlasers an einen gepulsten Ringoszillator iiber dynamische Ver-
starkungsgitter lasst sich ein passives Stabilisierungsschema realisieren.
Dariiber hinaus dient das Verstarkungsgitter gleichzeitig als passive
Giiteschaltung [1] sowie als phasenkonjugierendes Element [2].

Zur Charakterisierung des Verstarkungsgitters wurden erste Experi-
mente durchgefiihrt und anschlieffend die Ergebnisse mit einem eigens
entwickelten numerischen Modell verglichen.

[1] Damzen et al, Opt. Lett. 20, 1704 (1995)

[2] Sillard et al, Opt. Lett. 23, 1093-1095 (1998)

Q 54.17 Thu 16:30 Poster.I+II
Aufbau eines ECDL-basierten Sensors fiir die Konzentrati-
onsmessung von Gasen — eTiMOTHY QUINCEY, THORSTEN FUH-
RER und THoMAs WALTHER — TU Darmstadt, Institut fiir Angewand-
te Physik, AG Laser und Quantenoptik, Schlossgartenstr. 7, D-64289
Darmstadt

Laserdioden mit externem Resonator (ECDL) sind heute in vielen Be-
reichen im Einsatz - unter anderem in der Sensorik und in der Spek-
troskopie.

Eine aktive Stabilisierung aus Eigenentwicklung ermoglicht grofie
modensprungfreie Durchstimmbereiche und gewéhrleistet den stabilen
Betrieb eines solchen ECDL-Systems. Auf Basis von Polarisationsspek-
troskopie wird ein Fehlersignal erzeugt, welches das Langenverh&ltnis
zwischen dem externen Resonator und dem internen Resonator der
Laserdiode darstellt.

Vorgestellt wird ein neuartiges Konzept fiir einen Sensor, wobei das
Fehlersignal der aktiven Stabilisierung fiir die Gasdetektion verwen-
det wird. Durch das Scannen iiber einen ausgewéhlten Wellenlangen-
bereich werden Absorptionslinien der Gasatome wegen der optischen

Langenanderung aufgrund der Dispersion im Fehlersignal sichtbar.
Aufbauend auf vorherigen theoretischen Betrachtungen ist es mog-
lich aus dem Dispersionssignal die Teilchenzahldichte und damit die
Konzentration der Atome in der Zelle zu bestimmen.
Erste Messungen wurden mit einer Rb-Gaszelle bei Raumtempera-
tur durchgefiihrt. Der verwendete Aufbau und die bisherigen Ergeb-
nisse werden prasentiert und diskutiert.

Q 54.18 Thu 16:30 Poster.I4+II
Efficient frequency doubling of laser light at 738 nm —
eTromas CorraTu!, MICHAEL JOHANNING!, LADIsLAv BoHATY?Z,
PeETRA BECKER?, and CHRISTOF WUNDERLICH! — 1Universitit
Siegen, Naturwissenschaftlich-Technische Fakultdt, Dept. Physik,
57068 Siegen — 2Universitét zu Koln, Institut fiir Kristallographie,
50939 Koln

For laser cooling and detection of ytterbium ions stored in a Paul trap,
continuous-wave laser light with a wavelength of 369 nm is required.
This light is generated with a titanium-sapphire laser at 738 nm and
a frequency doubler. Two nonlinear optical crystals, bismuth tribo-
rate (BiB3zOg) and -barium borate (3-BaB204), are used for second-
harmonic generation. A ring resonator in symmetric bow-tie config-
uration is used to achieve higher power densities. The parameters
characterizing the resonator (focus diameter, optical length, reflectiv-
ity of the incoupling mirror) are optimally adjusted for each of the two
nonlinear crystals and the results are compared.
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in a hollow core fiber — eANDREAS

VUV generation
TroMmas Dienr!2, DanieL KorBel2, MATTHIAS

KOGLBAUER! "2,
SarTLeErY2, MarTHIAs STaPPEL!2, RuTH STEINBORND'Z, and
JocuEN Warz'2 — 1Johannes Gutenberg-Universitiat, D-55099

Mainz — 2Helmholtz-Institut Mainz, D-55128 Mainz

Non-degenerate four-wave mixing (FWM) in metal vapors is a well-
established method for the generation of cw vacuum ultraviolet (VUV)
radiation, such as Lyman-a-light (121.56 nm), the cooling transition in
(anti-)hydrogen. Utilizing resonances of the nonlinear medium (mer-
cury) enabled the highest mixing-efficiencies so far [1]. Nevertheless
the achievable output power is in the nW regime.

Using focused beams, the interaction region is in the order of the
confocal parameter (~1mm). One possibility to further enhance the
efficiency is to elongate this region. This can be accomplished by con-
fining the light in a vapor filled hollow core fiber, which can have a
length of several cm.

We present a study of possible phase-matching scenarios with the
associated VUV efficiencies, considering dispersion and losses due to
the medium as well as the fiber. The phase-matching temperature is
smaller, compared to the mixing with focused beams. This allows for
the FWM between Hg isotopes, promising a gain of more than three
orders of magnitude in the nonlinear susceptibility. Generation of Hg
vapor within the fiber is demonstrated via absorption spectroscopy on
the 615 — 63 P transition in Hg transverse through the fiber.

[1] Can. J. Phys. 89(1), 25-28 (2011)

Q 54.20 Thu 16:30 Poster.I4+I1I
Numerical Investigation of Frequency Stable Coupling of
Laser Oscillators via Gain Gratings — eROBERT ELSNER!,
Roranp UrLmann!, AxerL Heuer!, RaLr MEenzer!, and MARTIN
OsTERMEYER"2 — !University of Potsdam, Institute for Physics and
Astronomy, Karl-Liebknecht-Str. 24/25, 14476 Potsdam, Germany —

2IB Laser, Am Schlangengraben 16, 13597 Berlin, Germany

Pulsed laser sources with a high shot-to-shot frequency stability are
required for advanced LIDAR techniques. Frequency stable operation
of such laser sources is commonly achieved using active stabilization
schemes. Unfortunately, the performance of these active schemes is
inherently limited by the bandwidth of the controller. Therefore, it
would be advantageous for mobile applications if the components for
active stabilization could be discarded. Gain gratings in saturable gain
media offer the potential to realize such a passive stabilization scheme
in self-Q-switched loop resonators [1,2]. The spectral and spatial se-
lectivity of the gain grating in combination with a cw seed ensures
single-frequency operation and high shot-to-shot stability. This pas-
sive coupling scheme is investigated numerically. Existing numerical
models are extended to two spatial dimensions and selected results are
presented.

[1] Damzen et al. Opt. Lett. 20, 1704(1995)

[2] Sillard et al. J. Quantum Electron, IEEE J. of 34, 465-472(1998)
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Intracavity absorption spectroscopy with a Nd-doped
ZBLAN fiber laser in the spectral range from 1.32 to 1.35 ym
— oJoHANNES ROHL, SVETLANA KuznNETsova, PETER Fioporow,
OrrwiN HeroMmic, BEnsaMIN LOHDEN, Kraus SENGSTOCK, and
VALERY BAEV — Institut fiir Laserphysik, Universitat Hamburg, Ger-
many

Emission spectrum of Nd3*- doped silica fiber lasers is very sensitive to
intracavity absorption. Up to now absorption measurements have been
performed in the spectral ranges 0.9 - 0.945 pm (4F3/2 — 41g/5) and
1.075 - 1.14 pm (4F3/2 — 4111/2) [1]. The laser emission at another
strong transition, 4F3/2 — %I13/2 around 1.33 pm could not be excited
in silica glass, because of strong excited state absorption. In order to
achieve laser emission in this spectral range we use a Nd-doped ZBLAN
glass fiber where the influence of excited state absorption is sufficiently
reduced. The selected ZBLAN fiber is doped with 1000 ppm of Nd and
pumped by a laser diode at A, = 808 nm. The fiber length is 50 cm,
the cut-off wavelength Ac = 1.05 pm and the core/cladding diameters
are 5/125 pm. In the emission spectra of the laser, ranging from 1.32 to
1.35 pum, we have observed a strong atmospheric absorption dominated
by water vapor lines. The sensitivity of this fiber laser to intracavity
absorption corresponds to the effective absorption path length of sev-
eral kilometers. Absorption spectra of various other molecules such as
HF, CHy4, OH and NO can be detected in this spectral range as well.
[1] J. Hiinkemeier et al., Optics Communications 176, 417 (2000).
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Stimulierte Raman-Streuung in einem mikrofluidischen Ka-
nal mittels integrierter Wellenleiter — eCLAUDIA HOFFMANN!,
MarTHIAS Pospiecu!, MoriTz EMons!, GONTER RINKEZ und Uwe
MoRGNER!'3 — lInstitut fiir Quantenoptik, Leibniz Universitat Han-
nover, Hannover, Deutschland — 2Karlsruher Institut fiir Techno-
logie, Institut fiir Mikroverfahrenstechnik, Eggenstein-Leopoldshafen,
Deutschland — 3Centre for Quantum Engineering and Space-Time
Research (Quest), Hannover, Deutschland

Die Verwendung mikrostrukturierter Komponenten in der Verfahrens-
technik ermdglicht Transport, Mischung und Analyse von Substanzen
auf kleinstem Raum und von sehr geringen Mengen. Fiir die Kontrolle
und Optimierung solcher Komponenten ist ein genaues Wissen iiber
die innerhalb ablaufenden Reaktionsprozesse erforderlich.

In unserem Experiment verwenden wir stimulierte Raman-Streuung
(SRS), um Fliissigkeiten in einem Mikrokanal in einem Quarzglassub-
strat zu unterscheiden. Das Anregungslicht wird dazu mittels Wellen-
leitern zum Kanal hin und wieder weggefiihrt. Die fiir SRS erforderli-
chen Anregungswellenldngen werden durch einen NOPA bereitgestellt,
der durch ein faserbasiertes Verstarkersystem mit einer Repetitionsrate
von 1 MHz gepumpt wird, sowie direkt vom verstirkten Lasersystem.
Verglichen wurden Aceton und Methanol, wobei ein Bereich von 970
cm-1 bis 1120 cm-1 angeregt wurde. In diesem Bereich weist Metha-
nol eine starke Resonanz auf, Aceton aber nur eine schwache. Erwar-
tungsgemaf konnte in Methanol ein deutlich stirkeres Signal erzeugt
werden.

Q 54.23 Thu 16:30 Poster.I+II
Ein Brillouin-LIDAR zur Messung von Temperaturprofilen
des Ozeans: Optimierung des ESFADOF-Pumpprozesses —
eVINCENZO TALLUTO, ANDREAS RuDOLF, CARL BOHMER und THO-
MAS WALTHER — Institut fiir Angewandte Physik, AG Laser- und
Quantenoptik, Technische Universitat Darmstadt, Schlossgartenstr. 7,
64289 Darmstadt

Faraday Anomalous Dispersion Optical Filter (FADOF) sind beson-
ders schmalbandige, abstimmbare, atomare Kantenfilter, welche Trans-
missionsdnderungen von nahezu 100 % innerhalb eines Frequenzbe-
reichs von einem GHz und weniger ermdglichen. Sie sind in der Lage,
minimale Frequenzverschiebungen des Eingangssignals in grofe Inten-
sitdtsanderungen des Ausgangsignals zu Uberfiihren.

Ein Excited State FADOF (ESFADOF) soll als Detektor des von
uns entwickelten Brillouin-LIDARSs eingesetzt werden. Das System ist
fiir den Einsatz an Bord eines Helikopters gedacht und wird die beriih-
rungslose Messung von Temperaturprofilen des Ozeans ermdoglichen.

Hierzu muss der ESFADOF Frequenzverschiebungen der tempera-
turabhéngigen Brillouin-Streuung von + 7-8 GHz auflésen. Um die Ab-
sorptionsverluste im Wasser zu minimieren, wird ein atomarer Uber-
gang bei 543 nm zwischen zwei angeregten Zustédnden in Rubidum ge-
nutzt. Das Rubidium muss daher bei 780 nm optisch gepumpt werden.
Wir zeigen, dass durch Optimierung dieses Pumpprozesses die Filter-

charakteristik gezielt gestaltet werden kann. Insbesondere lassen sich
die Transmissionskanten mit hoher Genauigkeit symmetrisieren. Die
maximale Transmission betragt dabei 72 % + 0,2 %.

Q 54.24 Thu 16:30 Poster.I+I11
Diffraction Unlimited Imaging of NV Centers in Diamond
— ePascaL HELLER, ANDREAS HAUssLER, and FEDOR JELEZKO —
Institut fiir Quantenoptik, Universitdt Ulm, Albert-Einstein-Allee 11,
89081 Ulm - Germany

Near pairs or chains of multiple Nitrogen-Vacancy (NV) color centers
in diamond are interesting candidates for a multi qubit system in solid
state. The coupling of such NVs is due to dipole dipole interaction
and therefore is limited by these short-range forces to about 50 nm.
Resolving and measuring the properties of such near NV, an imag-
ing method far more powerful than conventional far-field-microscopy
is needed. We use the nonlinear effect of Ground State Depletion
(GSD) to overcome the diffraction limit by more than one order of
magnitude. So far a spatial resolution below 20 nm perpendicular to
the optical axis has been achieved. Further improvement will lead to
superresolved 3D images, enabling high precision qubit engineering.

Q 54.25 Thu 16:30 Poster.I4I11
Intensity measurement of strong laser beams using multi-
photon Thomson scattering — OwMRI HAR-SHEMESH, eFELIX
MACKENROTH, and ANTONINO D1 Piazza — Max-Planck-Institut fiir
Kernphysik, Saupfercheckweg 1, Heidelberg, Germany

The development of strong laser pulses (intensity I > 1020 W/cm?)
is of both theoretical and practical interest. Intensities as high as
2 x 1022 W/cm? have already been reported [1], and are expected to
increase even more in the near future.

The precise measurement of the intensity of such strong laser pulses
is very challenging. The equipment involved in intensity measurements
for lower-intensity lasers cannot withstand such strong fields, and the
tight focus of these latter pulses introduces further complications.

In this work we propose a new method for measuring the intensity of
strong laser fields. Our method exploits the well-known fact that when
ultra-relativistic electrons are accelerated they emit radiation primar-
ily in a narrow-cone around the direction of their instantaneous veloc-
ity [2]. By allowing ultra-relativistic electrons to propagate through
a strong laser field, and by measuring the spectrum of the radiation
emitted, it is shown that the value of the peak laser intensity can be
inferred.

References

[1] V. Yanovsky et al., Opt. Express 16, 2109 (2008)

[2] J.D. Jackson, Classical Electrodynamics, 3rd edition, Chapter 14.
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Interferometric locking link between tunable cw lasers and
frequency combs — eERik BeNKLER', FELIXx Ronpr?, and HaR-
ALD R. TeLLE! — !Physikalisch-Technische Bundesanstalt, Bunde-
sallee 100, D-38116 Braunschweig — 2Cosingno, Imagine Optic Spain
S.L.,Mediterranean Technology Park av. Canal Olimpic s/n 08860
Castelldefels (Barcelona)

We present a novel transfer interferometer acting as versatile and ro-
bust optical frequency locking link between a tunable single frequency
laser and an optical frequency comb. In contrast to conventional lock-
ing schemes which employ merely one single line, the signal-to-noise
ratio is much superior here since substantial parts of the comb, i. e.
many lines, contribute to the error signal. The set point of the control
loop can be arbitrarily chosen. Thus, assuming a stabilized frequency
comb (e. g via self-referencing and external standard) the frequency of
the cw laser can be continuously tuned over thousands of subsequent
comb lines while the frequency stability of the comb is transferred to
a high degree. Fluctuations and drift effects of the transfer interfer-
ometer itself are widely eliminated with the help of a fast common
mode rejection circuit. Experimental results will be presented for a
tunable extended-cavity 1.5 um laser diode linked to an Er-fiber based
frequency comb.

Q 54.27 Thu 16:30 Poster.I4I11
Performance of the Advanced Ligo laser — ePaTRICK
OpPERMANN!, CHRISTINA Bocan!, JAN HENDRIK POLD!, PaTRICK
Kwege!?, Benno WiLLKE!, and KARSTEN Danzmann! — Albert-
Einstein-Institut Hannover — 2MIT, Cambrige, USA

Most high precission measurements require a very stable and robust
light source. The gravitational wave detector Advanced LIGO has very
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strict requirements according to the frequency and power stability as
well as with the spatial beam profile of the injected continuous wave
200W Nd:YAG laser. Therefore a combined active and passive sta-
bilization scheme is essentialy. In order to achieve a TEMOO mode
content of more than 99.5% a bow-tie shaped cavity is used which also
supress beam pointing and power noise at radio frequencies. For the
frequency stabilization the laser system is stabilized to a high finesse
reference cavity. The laser system is power stabilized to a relative
power noise of 2¥10e-8/sqrt(HZ) and provides an additional input to
achieve a relative power noise of 2¥10e-9/sqrt(Hz) at the interferometer
input.

In this contribution the concepts and results of the stabilization of
the Advanced LIGO laser will be presented. Particular attention is
paid to the requirements of AdvLIGO, and how they can be fullfilled
within the current power stabilization. A second key aspect is the
complex structure of the frequency stabilization including an AOM in
douple-pass configuration allowing for frequency shifts.
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Comprehensive study on Virtually Imaged Phased Arrays -
experiment, theory and optical simulation — e KARSTEN SPER-
LicH, STEPHAN REIss, and HEINRICH SToLz — Institut fiir Physik,
Universitdt Rostock

Virtually Imaged Phased Arrays (VIPAs) are highly dispersive ele-
ments that can be used for spectroscopy. Their advantage in Brillouin
spectroscopy is the very high dispersion, much higher than a grating’s
dispersion, and the low intensity loss compared to other multiple-beam
interferometer, like Fabry-Pérot- or Lummer-Gehrcke interferometer.
In this paper we shortly explain the basic principle of VIPAs and
present Brillouin scattering measurements performed with a standard
VIPA-setup together with the setup itself. Furthermore we show our
ray tracing simulation using FRED and compare the achieved results,
the experimental data as well as the theory, published by Xiao et al.
[1], together in a Mathematica framework. Due to the framework it is
very fast and easy to change all relevant parameters of the whole setup
and get the results from theory instantly while the FRED simulation
is closer to the experimental data, but takes several minutes comput-
ing time. [1] Xiao, S. Weiner, A.M. Lin, C., ”A Dispersion Law for
Virtually Imaged Phased-Array Spectral Dispersers Based on Paraxial
Wave Theory”, IEEE JOURNAL OF QUANTUM ELECTRONICS,
VOL. 40, NO. 4, APRIL 2004
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Laser feedback System for X-ray pump-probe experiments
— eoDENNIS GoOERIES, BENJAMIN Dicke, EpcGar WECKERT, and
ALke MEENTS — Deutsches Elektronen Synchrotron (Desy) - Hasy-
lab, Notkestrasse 85, D-22607 Hamburg, Germany

The research in organic light emitting devices (OLEDs) is becoming
more and more important nowadays. We plan to determine the ex-
cited state structures of different metal-organic compounds with time-
resolved microcrystallography. Here the sample is probed by an X-ray
a few microns in size only. This also requires the excitation of a much
smaller volume than in conventional time-resolved experiments. This
introduces less heat to the system and therefore allows higher repeti-
tion rates of the laser system.

A challenge for such kind of experiments is to provide a spatial and
temporal overlap of both, the small laser and X-ray beam, over sev-
eral hours with deviations below two microns. On this background
we developed a PID controlled optical feedback system. It consists of
two piezo actuator-driven mirrors (full stroke 23*m) and two position
detecting devices (lateral effect sensors or cameras) with a high res-
olution. This system is divided into two loops, the first one for the
positional and the second one for the angular stability. The second
loop requires an additional lens focusing the light onto the detector
and is highly dependent from the first loop, which defines a point
source.Therefore a written complex algorithm ensures a smooth inter-
play between both loops. This configuration is built at beamline P11
at Petra III and we present results on the meeting.

Q 54.30 Thu 16:30 Poster.I+I1
Laser-induced front side etching using self-regenerating ad-
sorber layer (SAL-LIFE) of fused silica — ePIERRE LORENZ,
MARTIN EHRHARDT, and KLAUS ZIMMER — Leibniz-Institut of Sur-
face Modification, Permoserstr. 15, 04318 Leipzig, Germany
Laser-induced front side etching (LIFE) is a method for laser etch-
ing of transparent materials using absorber layers. Within this study
the continuous etching of fused silica with self-regenerating adsorber

layers is presented using nanosecond KrF excimer laser radiation (A
= 248 nm, At, = 25 ns). The sample was positioned in a vacuum
chamber which was loaded by toluene gas and the gas phase induced
the self-regenerating adsorber layer on the sample surface. The laser
beam was focused onto the sample surface through the gas. The laser
fluence, the number of pulses, the repetition rate as well as the par-
tial pressure of toluene was varied. The laser fluence was altered up
to 5 J/cm2 and the surface was processed with different pulse num-
bers up to 1000 pulses at different repetition rates from 1 to 100 Hz.
The treated fused silica was analysed with microscopic (white light in-
terferometry, scanning electron microscopy (SEM)) and spectroscopic
methods (X-ray photoelectron spectroscopy (XPS), energy dispersive
X-ray spectroscopy (EDX)). The results disclose that the SAL-LIFE
method allows nm-precision structuring of fused silica with low surface
roughness over a large etching depth range from nm to a few hundred
pm as well as a large lateral etching region from sub-um to a few cm.
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Einstufiges fs-Faserverstirkersystem mit 1 MHz Repetiti-
onsrate und 80 ;J Pulsenergie — eBERNHARD KREIPE', MAR-
cEL ScHuLTzE!, MoRriTZz EMONs!, MaTHIAs HorFMaNN! und Uwe
MoRraNER'2 — llnstitut fiir Quantenoptik, Leibniz Universitit Han-
nover, Welfengarten 1, 30167 Hannover — 2Centre for Quantum En-
gineering and Space-Time Research (QUEST),Welfengarten 1, 30167

Hannover

Wir présentieren ein kompaktes einstufiges Faserverstarkersystem, das
bei 1 MHz Repetitionsrate und 100 W mittlerer Ausgangsleistung kom-
primierte Pulse mit 80 uJ Pulsenergie und 700 fs Pulsdauer liefert.

Als Seedquelle dient ein Chirped-Pulse-Oscillator mit zwei Yb:KYW
Kristallen, der bei einer Zentralwellenldnge von 1045 nm Pulse mit 5 W
mittlerer Leistung und 1 MHz Repetitionsrate mittels Cavity-Dumping
erzeugt [1]. Diese werden mit einem Chirped-Volume-Bragg-Grating
gestreckt und in einer 80 cm langen Rod-Type Faser auf 100 W hoch-
verstarkt. Die Kompression mit einem Gitterkompressor liefert Pulse
mit 80 puJ Pulsenergie und 700 fs Pulsdauer, woraus Spitzenleistungen
im 100 MW-Bereich resultieren. Dieses System wird als Laserquelle fiir
einen Pulsed-Laser-Deposition Aufbau zur Erzeugung von Random-
Lasing Strukturen eingesetzt.

[1] Palmer et al.: ,12 MW peak power from a two-crystal Yb:KYW
chirped-pulse oscillator with cavity-dumping“. Opt. Express 18 19095
(2010)
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Acceleration of non-relativistic electrons at a dielectric grat-
ing structure — eJonN BREUER and PETER HOMMELHOFF — Max-
Planck-Institut fiir Quantenoptik, Garching bei Miinchen, Germany

Using the laser electric field for particle acceleration has been proposed
about 30 years ago [1|. First experimental results have recently been
obtained [2]. The key advantages are not only high accelerating gradi-
ents and therefore future smaller sized accelerators, but also the precise
temporal control of the electron motion via the laser fields. The con-
cept of sub-wavelength fused-silica transmission gratings, which pro-
vide spatial harmonics that propagate synchronously with electrons
passing parallel by the grating surface, has been proposed [3]. We are
following this approach for non-relativistic (27 keV) electrons in order
to prove the efficacy of light-field based acceleration and steering of
electrons, analogous to today’s microwave accelerators. From numeri-
cal simulations we expect an accelerating gradient of up to 60 MeV/m
and an energy gain of about 300 eV for electrons passing 100 nm away
from the grating. We will present the experimental setup, the current
status and detail possible applications.

[1] R. Palmer, Particle Accelerators, 11, 81-90 (1980)

[2] T. Plettner, R. L. Byer et al., PRL, 95, 134801 (2005)

[3] T. Plettner, R. L. Byer et al., PRSTAB, 9, 111301 (2006)
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Ultrafast electron emission from sharp tungsten tips us-
ing few-cycle infrared pulses — eMICHAEL FORSTER, SEBASTIAN
THoMAS, MARKUS SCHENK, MICHAEL KRUGER, LOTHAR MAISEN-
BACHER, and PETER HoMMELHOFF — Max-Planck-Institut fiir Quan-
tenoptik, Hans-Kopfermann-Strafe 1, 85748 Garching bei Miinchen,
Germany

Strong-field photoemission from metal nanotips triggered by few-cycle
Ti:Sa pulses shows pronounced similarity to the well-studied case of
gases irradiated with high-power lasers. In particular, evidence for
the recollision of electrons with the surface of a tungsten tip has been
found [1], which hints at the possibility of electron recombination with
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the metal and corresponding high harmonic generation (HHG).

Using longer wavelengths offers the possibility to access a new pa-
rameter range that is in principle similar to that leading to HHG in gas
systems, but comes at the difficulty that no known laser medium sup-
ports few-cycle pulses around 2 pm directly. Here we show first results
of photoemission measurements using two different light sources, one
of them relying on parametric amplification and broadband difference-
frequency generation [2]. We compare our findings to established re-
sults in the solid state and the gas phase.

[1] M.Kriiger, M.Schenk, P.Hommelhoff, Nature 475, 79 (2011).

[2] C.Homann, M.Bradler, M.Forster, P.Hommelhoff, E.Riedle,

submitted for publication.
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Progress in metering the absolute phase — oTivm RarHIE!,

A.Max SavLErR!, Max MOoOLLER!, DanieL AporpH!, DOMINIK

Horr!, WALTER MOLLER!, GERO STIEBENZ?, and GERHARD G.
Paurus! — nstitut fiir Optik und Quantenelektronik and Helmholtz-
Institut Jena, Max-Wien-Platz 1, 07743 Jena, Germany — 2APE

GmbH, Plauener Str. 163-165, 13053 Berlin, Germany

We report on progress in metering the absolute phase of few-cycle
laser pulses. The respective phasemeter (PM) is based on measuring
the asymmetry of photoelectrons emitted in opposite directions. A
prescision of 80 mrad is achived for every single shot in real-time. At
the same time an accurate measurement of the pulse duration is ob-
tained. So far this technique was restricted to sub-8 fs laser pulses. By
combining the PM with polarization gating we extend the measure-
ment range of the PM up to a pulse length of 12fs. Together with a
fast electronic real-time circuit, the PM also allows for improvement of
the carrier-envelope phase stabilization of few-cycle laser pulse systems
by 25% as compared to commercial f-2f interferometric stabilization
systems. This electronic circuit delivers the asymmetry parameter in
less than 20 us with 100 % duty cycle. A parallel use of a PM with
phase-sensitive experiments and tagging each measurement with the
absolute phase opens the door to phase-senstive measurements without
a phase-stabilized laser system (phase-tagging).
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Towards nonlinear optical microscopy with few-cycle laser
pulses — eWan Hur!, STEFaAN GoMEs pa Costal, HiLtoNn B. DE
Acuiar!, GaBrieL TEMPEAZ, and ANDREAS VOLKMER! — 13. Insti-
tute of Physics, University of Stuttgart, Stuttgart 70550, Germany —
2FEMTOLASERS Produktions GmbH, Fernkorngasse 10, 1100 Wien,
Austria

With the advent of high-dispersion mirrors, the delivery of tightly fo-
cused laser pulses with sub-20-fs pulse durations became feasible with
compact and user-friendly compressors. For tightly focused sub-10-fs
pulses in the visible and near infrared region, typically active pulse-
shaping techniques are employed. Here, we report on pushing the
limits of purely passive dispersion management in nonlinear optical
microscopy with few-cycle pulses. 6.4-fs pulses from a Ti:Sapphire os-
cillator were coupled into an inverted microscope. Ultra-broadband
dispersive mirrors covering the full laser spectrum pre-compensate the
dispersion of high-N.A. objectives, resulting in pulse durations of 9.8
fs at the focus. The pulse duration at the sample was limited by the
properties of the microscope’s dichroic filter. We have designed a filter
that supports the full bandwidth of the laser and introduces negligible
dispersion. Its implementation is expected to enable pulse durations
closely approaching the sub-7-fs bandwidth limit at the focus.

Q 54.36 Thu 16:30 Poster.I+I1T
An optimized Ultrafast Electron Diffraction setup to reach
a high spatial and temporal resolution — eSiLvio MORGEN-
STERN, CHRISTIAN GERBIG, VANESSA SPORLEDER, CRISTIAN SARPE,
MarTHIAS WOLLENHAUPT, and THoMAs BAUMERT — Universitit
Kassel, Institut fiir Physik und Center of Interdisciplinary Nanostruc-
ture Science and Technology (CINSaT), D-34132 Kassel, Germany

Ultrafast Electron Diffraction (UED) has lately become one of the
most promising techniques to directly provide insights into fundamen-
tal dynamics in solids at the microscopic level and on the pico- to
subpicosecond timescale [1].

In this contribution we present an optimized compact and self-
referencing UED-setup to reach a high spatial and temporal resolution.
Additionally we present first results in time-resolved diffraction exper-
iments.

[1] M. Chergui & A. H. Zewail, Chem. Phys. Chem. 10, 28 (2009)
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Full characterization of ultrashort electron pulses — eVANESsA
SPORLEDER, CHRISTIAN GERBIG, SILVIO MORGENSTERN, CRISTIAN
SARPE, MATTHIAS WOLLENHAUPT, and THOMAS BAUMERT — Univer-
sitdt Kassel, Institut fiir Physik und Center of Interdisciplinary Nanos-
tructure Science and Technology (CINSaT), D-34132 Kassel, Germany

We use grating enhanced ponderomotive scattering [1] to in situ char-
acterize ultrashort electron pulses obtained from our femtosecond
transmission electron diffractometer [2,3]. The temporal and spatial
electron pulse shape is reconstructed employing our particle tracer
algorithm taking the complete setup geometry into account. In ad-
dition to space charge density effects on the electron pulse duration,
the influence of the spatio-temporal source profile is studied to achieve
shortest electron pulses at highest coherence.

(1] C. T. Hebeisen et al., Opt. Express 16, 3334 (2008)
[2] M. Chergui & A. H. Zewail, Chem. Phys. Chem. 10, 28 (2009)
[3] G. Sciaini & R. J. D. Miller, Rep. Prog. Phys 74, 096101 (2011)

Q 54.38 Thu 16:30 Poster.I+I11
Gepulste-Laser-Deposition von ZnO: Random Lasing und
Strukturanalyse der Schichten mit RHEED — eMATHIAS
HorrFMANN', STEFAN ScHRAMEYER2, MARK GyaMmri?, DETLEV
Ristau? und Uwe MorceNER!"2 — lInstitut fiir Quantenoptik, Leib-
niz Universitdt Hannover, Deutschland — 2Laser Zentrum Hannover,

Hannover, Deutschland

Mit Hilfe der gepulsten Laserdeposition (engl.: Pulsed Laser Deposi-
tion - PLD) kdnnen eine Vielzahl von Materialien als Schichten bzw.
Schichtstrukturen deponiert werden. Bei unserem System wird der Ma-
terialabtrag mit einem hochrepetierenden fs-IR-Laser durchgefiihrt.
Deponiert wird Zinkoxid (ZnO) auf amorphen Substraten. Angeord-
net als stark streuendes Medium (z.B. in Form von Nanopartikeln) ist
ZnO bekannt fiir seine Eigenschaft als 'Random Laser’. Einen Einblick
in die Struktur der hergestellten Schichten ermdglicht neben der Raste-
relektronenmikroskopie (SEM) das RHEED-Verfahren. Dieses Verfah-
ren kann im Gegensatz zum SEM bereits wiahrend des Herstellungs-
prozesses Informationen tiber das Strukturwachstum liefern. In diesem
Beitrag werden aktuelle Ergebnisse mit Bezug auf die Eigenschaften
des Random Lasings von ZnO und der Struktur in Abhéngigkeit der
Substrattemperatur und des Hintergrundgases vorgestellt.
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Compression and control of ultra short laser pulses ap-
plying Phase Resolved Interferometric Spectral Modulation
(PRISM) — eTiLLMANN KALAs, HENDRIKE BRAUN, JENS KOHLER,
MarTHIAS WOLLENHAUPT, and THOMAS BAUMERT — University of
Kassel, Institute of Physics and CINSaT, D-34132 Kassel, Germany

‘We present experimental results on spectral domain pulse shaper based
ultra short laser pulse compression and control. Experiments involv-
ing ultra short laser pulses rely on proper compression techniques
to compensate dispersion and phase distortions accumulated on the
optical path to the interaction volume. On our home build preci-
sion pulse shaper [1] we implement the novel pulse compression tech-
nique PRISM (Phase Resolved Interferometric Spectral Modulation)
[2]. One advantage of the PRISM-method is that it does not need
any parametrization of the spectral phase function. Furthermore, un-
like the MIIPS-technique (Multiphoton Intrapulse Interference Phase
Scan) in which the spectrally dispersed second harmonic spectrum is
measured, PRISM only requires a measurement of the integrated non-
linear signal. We present applications of PRISM to pulse compression
in a commercial microscope and a vacuum champer, exploiting non-
linear signals like two photon induced photodiode current and multi-
photon ionization (MPI) of Xe. We additionally show that PRISM
can also be used for the optimization of user-defined contrasts in the
spectrum of second harmonic generated radiation (SHG).
[1] J. Kohler et al.: Opt. Express, 19(12), 11638(2011)
[2] T. Wu et al.: Opt. Express, 19(14), 12961(2011)
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Controlling ionization mechanisms in high band gap di-
electrics via tailored femtosecond laser pulses. — eTHOMAS
WINKLER, CRISTIAN SARPE, JENS KOHLER, MATTHIAS WOLLEN-
HAUPT, and THoMAS BAUMERT — University of Kassel, Institute of
Physics and CINSaT, D-34132 Kassel, Germany

Tailored ultrashort laser pulses provide a great potential to control
laser induced ionization being the primary step in the ablation pro-
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cess of dielectric materials. In our previous work we have shown that
shaped pulses enhance the precision in material processing of trans-
parent dielectrics. For instance pulses generated by cubic spectral
phase modulation allow to create structures with sizes one order of
magnitude below the diffraction limit by controlling the interplay be-
tween multiphoton and avalanche ionization [1]. Here we extrend our
previous work [2] with simulations to study the dynamics of the free
electron plasma in a thin water jet induced by both bandwidth limited
and shaped laser pulses. These simulations, based on numerically solv-
ing the rate equation [3| in a refined form [4] for the time dependent
free electron density, allow to investigate the dynamics for different
temporal pulse shapes. Comparing the simulation results with the
experimental data on phase shifts from laser-induced electron density
obtained by a precise spectral interference technique we find very good
agreement between these two approaches.

[1] L. Englert et al., Appl. Phys. A, 92, 749 (2008), [2] C. Sarpe
et al., APL , 88, 261109 (2006), [3] P. K. Kennedy et al., IEEE JQE.,
31, 2241 (1995), [4] J. Noack, A. Vogel, IEEE JQE, 35, 1156 (1999)
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THz-Erzeugung durch optische Gleichrichtung in LiNbO3 mit
ultrakurzen Femtosekundenlaserpulsen — eMARTIN RicHTER!,
Maxksim Kunitski', MARk THoMSON?, ARNO VREDENBORG!, JIAN
Wul, HarrmuT G. Roskos? und REINHARD DORNER! — lInstitut
fiir Kernphysik, Goethe Universitit Frankfurt — 2Physikalisches In-

stitut, Goethe Universitat Frankfurt

Die Manipulation von Elektronen durch starke THz-Felder kann
zur Untersuchung von Ionisationsprozessen in Atomen und Mole-
kiilen verwendet werden. Vor kurzem wurde eine effiziente THz-
Erzeugungsmethode vorgeschlagen, die auf optischer Gleichrichtung
von Femtosekundenlaserpulsen in LiNbO3 Kristallen basiert [1]. Al-
lerdings wurde festgestellt, dass das iiblicherweise verwendete Pulse-
Front-Tilt Schema mit einer einzelnen Linse als abbildendes Ele-
ment ineffizient ist, wenn ultrakurze Femtosekundenlaserpulse (<100
fs) als Pumpstrahl verwendet werden. Zur Entwicklung eines effizi-
enteren THz-Aufbaus wurde ein Raytracingcode geschrieben, der ei-
ne Simulation der Abbildungsfehler ermoglicht. Anhand dieser Si-
mulation und nachfolgender Experimente wurden verschiedene THz-
Erzeugungsschemen verglichen.
[1] J. Hebling et al., Opt. Express 21, 1161 (2002)
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Tip-based electron source for femtosecond electron diffrac-
tion — eJAN-PAUL STEIN, JOHANNES HOFFROGGE, MARKUS SCHENK,
MicHAEL KRUGER, PETER BauMm, and PETER HOMMELHOFF — Max-
Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Strasse 1, 85748
Garching bei Miinchen

Illumination of a sharp tungsten tip with femtosecond laser pulses leads
to the emission of ultrashort, high brightness electron pulses that are
ideally suited for ultrafast electron diffraction (UED) experiments [1].
The tip’s small virtual source size (~5nm) results in a large trans-
verse coherence length of the electron pulse and therefore better spa-
tial resolution as compared to a conventional flat cathode design. The
enhanced electric field at the tip apex (2GV/m) is about two orders
of magnitude larger than the maximum electric field applicable in a
plate capacitor based setup (20 MV /m). This reduces the influence of
the initial energy distribution on the pulse duration at the target and
improves the timing jitter. Simulations show that a setup with a sharp
tip as the cathode in combination with two anodes yields an electron
pulse duration of about 50fs at the sample. The electron energy is
30keV and the gun to sample distance is 3cm. We implemented the
two anode setup with the tip experimentally. We will present the ex-
perimental characteristics of the emitted electron beam both in static
field emission and in laser triggered emission.

[1] P. Hommelhoff, C. Kealhofer et al., Ultramicroscopy 109, 423-429
(2009)
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Broadband degenerate four-wave mixing of optical vor-
tex beams — PrTER HANSINGER!, ®GEORGI MALESHKOV?Z,
DracoMIR N. NEsHEV?, ALEXANDER DrErscHuH!2, and GERHARD
G. Pavrus!4 — lInstitut fiir Optik und Quantenelektronik, Friedrich-
Schiller-Universitat Jena, Max-Wien-Platz 1, 07743 Jena, Germany
— 2Department of Quantum Electronics, Sofia University, 5 James
Bourchier Blvd., Sofia-1164, Bulgaria — S3Nonlinear Physics Cen-
tre, Research School of Physics and Engineering, Australian Na-
tional University, Canberra, Australia — 4Helmholtz-Institute Jena,

Helmholtzweg 4, 07743 Jena, Germany

Optical vortices, also known as screw dislocations, are singular points
within the phase of a light beam. The phase varies by a multiple m
of 27 over the angular coordinate ¢, and is therefore undefined in the
center and the intensity becomes zero at this point. m is called the
topological charge and corresponds to photon angular momentum, and
as such is a conserved quantity. Such donut beams have become useful
e.g. in optical micromanipulation as so-called optical tweezers.

‘We have performed experiments where vortex beams with different
topological charges are interacting via degenerate four-wave mixing in a
nonlinear Kerr medium. The vortices are imprinted on ultrashort laser
pulses of different central wavelengths, so that both spectral broaden-
ing and topological charge mixing occurs. This leads to sum- and
difference- topological charges in the spectral satellites. The cascaded
mixing process is observed up to third order. Broadband simulations
in the spectral domain confirm the experimental findings.
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Remote entanglement of distant single atoms — eANDREAS
REISERER, STEPHAN RITTER, CHRISTIAN NOLLEKE, CAROLIN HAHN,
ANDREAS NEUZNER, MANUEL UpPHOFF, MARTIN MUcCKE, EDEN
Ficueroa, JORG BocHMANN, and GERHARD REMPE — Max-Planck-
Institut fiir Quantenoptik, Hans-Kopfermann-Str. 1, 85748 Garching

Entanglement of remote particles is a key resource for quantum com-
munication and distributed quantum computing. In our experiments,
two single atoms are trapped in high-finesse optical cavities in indepen-
dent laboratories and entangled via the exchange of a single photon.
For this purpose, we first demonstrate that a single atom in an optical
cavity can work as an efficient quantum memory for single photons gen-
erated by another independent setup with similar parameters. This is
then used to transfer quantum information from one atom to the other
and to generate and store maximally entangled states between the two
atoms.

Q 54.45 Thu 16:30 Poster.I411
Design considerations for an optical microfibre fabrication
machine — eCHRISTIAN LUTZLER, MARCEL SPURNY, WOLFGANG
Avrr, and DIETER MESCHEDE — Institut fiir Angewandte Physik, Uni-
versitdat Bonn

Due to their high light confinement and strong evanescent field, op-
tical microfibres are ideal for nonlinear optics, surface spectroscopy
and interferometric sensing. The shape of both waist and tapered
sections determines the optical properties of the microfibre, in partic-
ular surface intensity, adiabaticity and number of guided modes. A
heat-and-pull apparatus is used to produce microfibres from standard
diameter fibres. Applications which are sensitive to the exact shape
of the optical fibres, e.g. interferometric sensing, showed that the mi-
crofibres obtained from a previous pulling machine [1] do not fully
meet the expectations in terms of mode guidance, shape accuracy and
reproducibility.

Our poster shows both requirements on the mechanics of a microfi-
bre fabrication machine and indicates critical points during fabrication
process. Possible reasons for the discrepancy between obtained and de-
sired shape of the optical microfibres are illustrated. These are, among
others, the inertia of the employed translation stages and the influence
of the hydrogen-oxygen burner which is used as a heat source. The new
fibre pulling machine, which is built under these design considerations
at the University of Bonn, is presented.

[1] F. Warken, A. Rauschenbeutel und T. Bartholoméaus, ”Fiber
pulling profits from precise positioning”, Photonics Spectra 42, 3, 73
(2008).
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Bandbreitenreduzierung der stimulilerten Brillouin Streuung
fiir ultrahochauflésende Spektroskopie von optischen Signa-
len — oSTEFAN PREUSSLER, ANDRzZEJ WIATREK, KAMBIZ JAMSHIDI
und THOMAS ScHNEIDER — Institut fiir Hochfrequenztechnik, Hoch-
schule fiir Telekommunikation Leipzig

Die Messung von optischen Signalen im Frequenzbereich ist in den Be-
reichen Wissenschaft und Technik von grofser Bedeutung. Zum Beispiel
kénnen in optischen Kommunikations- und Ubertragungssystemen ein-
zelne WDM-Kanéle betrachtet werden. Auferdem ist die hochauflosen-
de Darstellung des Spektrums von Millimeter- oder Terahertz-Wellen
durch optische Methoden essenziell fiir verschiedenste Anwendungen.
Die Auflésung der Spektren ist bei herkémmlichen gitterbasierten opti-
schen Spektrumanalysatoren stark begrenzt. Spektrale Komponenten
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unterhalb von 1.25 GHz koénnen nicht korrekt dargestellt werden. Im
Bereich der optischen Kommunkationstechnik wird der nichtlineare Ef-
fekt der stimulierten Brillouin Streuung verwendet um Spektren mit
einer wesentlich héheren Auflésung von 20 MHz zu messen.

In diesem Beitrag zeigen wir die Verringerung der natiirlichen Bril-
louin Bandbreite und damit die Erhéhung der Auflésung. Durch die
Uberlagerung des Brillouin Gewinns mit zwei Verlusten wird die Bril-
louin Bandbreite auf 3.4 MHz reduziert und zur ultrahochauflésenden
Messung des Spektrums eines mit 5 MHz modulierten optischen Si-
gnals verwendet.
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Entanglement of two single atoms over a distance of 20m
— eNorBERT ORTEGEL!, MicHAEL Kruc!, JuLian Hormann?,
Kar REDEKER!, LEA GERARD!, WENJAMIN ROSENFELDY'2, MARKUS
WEBER!, and HARALD WEINFURTER!'2 — 1Department fiir Physik,
LMU Miinchen, Schellingstrae 4, 80799 Miinchen — 2Max-Planck-
Institut fir Quantenoptik, Hans-Kopfermann-Strafle 1, 85748 Garch-
ing

Atom pairs entangled over long distances can serve as basic elements
in quantum communication schemes e.g. the quantum repeater. They
can also be used to carry out fundamental tests of quantum mechan-
ics such loophole free tests of Bells inequality. Recently, we generated
entanglement between two single Rb87 atoms that are located in in-
dependent optical dipole traps 20 meters apart.

In our case entanglement between the atoms is obtained via the en-
tanglement swapping protocol. In this contribution we present details
on the tools and methods used to perform such an experiment. It
starts by creating entanglement between the electronic spin state of
each atom and the polarization state of a photon. The photons are
then brought together via an actively stabilized fiber link without loss
of coherence. A Bell-state projection of the two-photon state by two-
photon interference at a fiber beamsplitter yields an entangled atom
pair. In order to preserve the entanglement the atomic spin state is
stabilized by actively compensating external magnetic fields. Finally,
a state-readout of the atoms reveals the non-classical correlations that
prove their entanglement.

Q 54.48 Thu 16:30 Poster.I+I11
Highly efficient sub-microsecond Zeeman-state readout of
Rb87 via state-selective ionization — eKa1 REDEKER!, NORBERT

OrreEcEL!, LEA GERARD!, MicuaEL Kruc!, JurLiaN HormaNN!,

FLoriaN HENKEL!, WENJAMIN RoSENFELD!:2, MarRkUs WEBER!,
and HARALD WEINFURTER!"? — !Department fiir Physik, LMU
Miinchen, Schellingstrafe 4, 80799 Miinchen — ?Max-Planck-Institut

fiir Quantenoptik, Hans-Kopfermann-Strafte 1, 85748 Garching

Future applications in quantum information technology such as quan-
tum repeaters and atomic quantum computers heavily rely on the ca-
pability to read out qubits fast and efficiently. Here we present a
readout scheme for a qubit encoded in Zeeman-states of a single Rb87
atom that fulfills these requirements. It is based on a state-selective
photo-ionization of the atom and subsequent detection of the ioniza-
tion fragments.

The readout starts by mapping a selected superpostion of two
Zeeman-states onto a superpostion of two hyperfine levels using a
STIRAP transfer sequence. The atom is then hyperfine-state selec-
tively ionized and the produced electron and ion are collected using
two opposing channel-electron mulitpliers (CEM’s). The whole pro-
cess takes less than 1 microsecond and the overall efficiency of the
CEM'’s to detect at least one of the ionization fragments was found to
be above 99%.We show data on the speed and precision of the photo-
ionization process, measurements of the absolute detection efficiencies
of the CEM’s as well as progress towards integrating the CEM’s into
a single atom trap setup.
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Experimental investigation of thermal and mechanical prop-
erties of a subwavelength-diameter silica fiber — eCHRISTIAN
WutTKE and ARNO RAUSCHENBEUTEL — VCQ, TU Wien — Atomin-
stitut, Stadionallee 2, A-1020 Wien

Subwavelength-diamter optical fibers have proven to be a powerful tool
for coupling light and matter. Furthermore, thanks to their evanescent
field, they can be used as coupling devices for optical cavities like, e.g.,
whispering-gallery-mode microresonators. For many of these applica-
tions, the mechanical and thermal properties of the subwavelength-
diameter fiber are of relevance. However, these properties are not
easily calculated. As an example, the transverse dimension of the

subwavelength-diameter fiber is comparable to the thermal wavelength.
Thus, the thermal radiation differs from the classical blackbody spec-
trum. For this reason, we carry out experimental investigations using
a Fabry-Pérot type optical resonator. It is based on a tapered optical
fiber (TOF), equipped with two fiber Bragg gratings which enclose a
subwavelength-diameter waist. Since the TOF is inside the resonator
volume, this enables us to measure changes of the subwavelength-
diameter fiber properties with high precision. We present the current
status of the experiments.

We gratefully acknowledge financial support by the Volkswagen
Foundation and the ESF.
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Nanofiber-based optical spectroscopy on emitter-doped crys-
tals — eDAvID PAPENCORDT, ARIANE STIEBEINER, MORITZ NUM-
rRICH, RuTH GARcia-FERNANDEZ, and ARNO RAUSCHENBEUTEL —
VCQ, TU Wien — Atominstitut, Stadionallee 2, 1020 Wien, Austria

The use of optical nanofibers as an exceedingly sensitive tool for spec-
troscopy has proven to exhibit numerous advantages [1,2]. We present
our results on nanofiber-based spectroscopic measurements on dye-
doped organic crystals. We deposit the crystals on the nanofiber waist
of a tapered optical fiber and excite them via the nanofiber, while
the emitted fluorescence light is coupled into the guided mode of the
fiber. Thus, crystal growth and guest-host interactions in the crystal
can be studied spectroscopically. The measurements are performed
under cryogenic conditions, allowing us to better resolve the spec-
tral information. By measuring the statistical fine structure of the
emitter-molecules doping the crystal, we take an important step to-
wards nanofiber-based single molecule spectroscopy.

We gratefully acknowledge financial support by the Volkswagen
Foundation, the ESF, and the EC (STREP “CHIMONO?”).
[1] F. Warken et al., Opt. Express, 15, 11952 (2007)
[2] A. Stiebeiner et al., Opt. Express, 17, 21704 (2009)
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Controlling the radiative properties of molecules in a mi-
croresonator — e ANDREAS M. KErN!, ALExEY CHIzHIK?, and AL-
FRED J. MEXNER! — lInstitut fiir Physikalische und Theoretische
Chemie, Universitit Tiibingen — 2Drittes Physikalisches Institut, Uni-
versitat Gottingen

The enhancement of light in an optical resonator leads to stronger
absorption by a molecule located therein. This, however, has been
shown to be only one of two effects on the light-molecule interaction.
The increased density of optical states also leads to a shorter radia-
tive lifetime and thus enhanced emission. Here, we present our work
on the control of the optical properties of single molecules in opti-
cal microresonators formed by two silver mirrors placed only half a
wavelength apart. Using higher-order laser modes as illumination, the
geometric orientation of the molecules can be probed and proves to
have a large effect on the coupling of the molecule to the resonator
modes. Influencing the photonic landscape around the molecule, one
also gains insight into the nonradiative, lossy processes and thus the
system’s quantum yield. Using pulsed excitation, we obtain additional
information on the dynamics of an emitter’s decay path. This versa-
tile measurement approach allows the detailed study of fluorescence,
luminescence and FRET processes.
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Stability of nonlocal solitary waves in random nonlinear me-
dia — eFaBiaN MaucHER!"2, WiesLaw KroLikowsk1?, and STEFAN
SkupIND3 — 1Max Planck Institute for the Physics of Complex Sys-
tems, 01187 Dresden, Germany — 2Laser Physics Centre, Research
School of Physics and Engineering, Australian National University,
Canberra, ACT 0200, Australia — 3Friedrich Schiller University, In-
stitute of Condensed Matter Theory and Optics, 07743 Jena, Germany

Nonlocal nonlinearities are common to diverse physical settings, such
as beam propagation in media where certain transport processes like
heat or charge transfer, or diffusion and/or drift of atoms are responsi-
ble for the nonlinearity. It also occurs in systems involving long-range
interaction of atoms or molecules, e.g., nematic liquid crystals or Bose-
Einstein condensates with long-range interatomic interaction. Here,
we consider solitary waves subject to random perturbations, where
the randomness acts on the source of the underlying physical process
leading to nonlocality. We use both numerical simulations and ana-
lytical methods to show that stability of bright solitons in presence of
random perturbations can be dramatically enhanced if the nonlocality-
induced correlation length becomes comparable to the extent of the
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wave packet. In the regime of weakly correlated disorder, a simpli-
fied mean-field approach allows to estimate the life-time of solitary
wave-packets.
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Miiller Matrices of an arbitrarily oriented polarizer in
three dimensions — eToBias KoLsl2, Vanessa CHILLED2, JaN
KorGeERD2, CHRISTOFFER WITTMANND2, ANDREA AIELLO':2, PE-
TER BANzER!2, CHRIsTOPH MARQUARDT!'2, and GERD LEUCHS' 2 —
IMax Planck Institute for the Science of Light, Guenther-Scharowsky-
Str. 1, 91058 Erlangen, Germany — 2Institute for Optics, Informa-
tion and Photonics, University Erlangen-Nuremberg, Staudtstr. 7/B2,
91058 Erlangen, Germany

Motivated by a recently predicted phenomenon, the geometric spin
Hall effect of light (gSHEL) at polarizing interfaces [1], we investigate
the action of a real polarizer. In this work, we study a commercial
polymer film polarizer and compare our experimental findings with a
well-known projecting polarizer model [2].

To this end, we rotate and tilt our polarizer around the horizontal
and vertical axes and measure the Miiller Matrix for a multitude of
configurations. The Miiller Matrix describes, how a sample effects the
state of polarization of a light beam transmitted across it.

We specifically adapt the polarizer model to the case of absorbing
polarizers. We show that this modified model is in good agreement
with our experimental data.

Finally we present a setup designed to measure the position of a
light beam transmitted across a tilted polarizer. This setup allows a
direct measurement of the gSHEL using our

[1] J.Korger, et. al., Appl Phys B, 427-432 (2011); [2] Y. Fainman,
J. Shamir, Appl Optics 23, 3188 (1984)

Q 54.54 Thu 16:30 Poster.I+I11
Investigation of a Single Chiral Nano-Structure — ePAwEL
WozNiak!2, Saran Fritscu'?2, PeTer Banzerb?, Karia
HorLica!, Sitke CHRISTIANSEN'2, and GerD Lrucns'? — Max
Planck Institute for the Science of Light, Glinther-Scharowsky-Str. 1,
D-91058 Erlangen, Germany — 2Institute of Optics, Information and
Photonics, University Erlangen-Nuremberg, Staudtstr. 7/B2, D-91052
Erlangen, Germany

Metamaterials built from chiral meta-atoms have attracted increas-
ing interest in the last years. For instance, such materials can be
used as broadband waveplates which sense the handedness of the im-
pinging light beam. In our studies, we experimentally investigate the
optical properties of single nano-scaled helices using different types of
tightly focused polarization tailored light beams. The single three di-
mensional nanostructures are fabricated on an I'TO-on-glass substrate
using electron-beam-induced deposition (EBID) [1]. They consist of a
composite material of gold nano-crystals (2-7 nm) embedded into a car-
bonaceous matrix. They are designed such that they have a diameter
of only 50-200 nm with up to five helix pitches resulting in a resonant
behavior in the visible wavelength range. We present first experimen-
tal results of our measurements on single nano-helices performed in
transmission and reflection.
[1] K. Hoflich et al., Adv. Mater. 23, 2657-2661 (2011)
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Towards highly efficient whispering gallery supported THz
detection — eFLORIAN SEDLMEIR'2, DmITRY V. STREKALOVS,
SEBASTIAN BAUERSCHMIDT!'2, SascHA PREU2, STEFAN MALZERZ,
GorrrriIED H. DOHLER!, HARALD G. L. ScHwEeFEL!?, and GERD
Lrucas’? — 'Max Planck Institut fiir die Physik des Lichts, Er-
langen, Deutschland — 2Universitdt Erlangen-Niirnberg, Erlangen,
Deutschland — 3Jet Propulsion Laboratory, Pasadena, CA, United
States

Efficient detection of weak terahertz signals is a very challenging task.
Here we present a new concept and first experimental results of measur-
ing weak terahertz signals using a triply-resonant, phase-matched whis-
pering gallery mode resonator (WGMR). The idea is based on sum-
frequency generation in a highly nonlinear x(?-material (LiTaOg).
There, a THz signal and a near infrared pump beam is converted into
a near infrared idler beam, which can easily be detected. In order to
increase the conversion efficiency the crystal is shaped with a diamond
turning machine into a WGMR, where long interactions lengths are
possible.

We will present efficient coupling of near infrared light into high
quality (Q) modes with @ ~ 108, as well as sufficient @ ~ 200 in the
THz domain. Due to the extremely high refractive index nrg, ~ 6,

highly efficient coupling into the WGMR in the THz domain is chal-
lenging and novel methods ranging from high index waveguides to
grating enhanced evanescent coupling will be discussed. First steps
towards measuring the near infrared sidebands will be presented.
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Coupling color centers in diamond to optical fiber microcav-
ities — Hanno Kauppl2, Marraias MapeErRD?2, eLouls Costal?,
CurisTIAN DruTscu®, JakoB RricHEL?, THEODOR W. HANscH!2,
and Davip HungERr!2 — ! Ludwig-Maximilians-Universitit Miinchen,
Deutschland — 2Max-Planck-Institut fiir Quantenoptik, Garching,
Deutschland — 3Laboratoire Kastler Brossel, E.N.S., Paris, Frankreich

Optical fibers with machined and coated end facets can serve as high
reflectivity mirrors to build low loss optical resonators with free space
access [1]. These microcavities feature a very small mode volume on
the order of a few tens of cubic wavelengths and a very large Finesse of
up to 105, corresponding to quality factors of several millions. Thus,
the Purcell factor, being proportional to the ratio of quality factor and
mode volume, can be as high as 103, which can dramatically enhance
the emission rate of an emitter inside the cavity.

We want to use the microcavities to couple solid state based emit-
ters such as color centers in diamond to the cavity mode and raise the
emission efficiency. First steps towards studying the interaction with
nitrogen-vacancy centers in diamond will be presented.

[1] D. Hunger, New Journal of Physics 12, 065038 (2010)
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Towards Cavity Nanoscopy — eMarTHiaAs Maper!:2, HanNo
Kaupp!2, Louis Costal'2, CurisTiaN Dgrurscul2, Jakos
ReicueL?, TaeoporR W. HAnscu!?2, and Davip Huncerl!:2
— !Ludwig-Maximilians-Universitéit, Miinchen, Deutschland —
2Max-Planck-Institut fiir Quantenoptik, Garching, Deutschland —

3Laboratoire Kastler Brossel, E.N.S. Paris, Frankreich

The sensitivity for observing nano-objects with conventional mi-
croscopy is limited by their small cross section. Exploiting multiple
interactions of light with nanoscale objects inside an optical resonator
increases the sensitivity for detecting nano-particles. To realize high
spatial resolutions under these conditions, microscopic mode cross sec-
tions within the cavity are required. These requirements are fulfilled by
fiber-based Fabry-Pérot type cavities. This type of optical resonator
provides a high finesse, a small mode volume and easy free-space ac-
cess. The cavity is made of a laser-machined and high-reflective coated
end facet of a single mode optical fiber and a plane macroscopic mirror.

Scanning the plane mirror under the fiber enables spatial resolved
detection and spectroscopy of single nanoparticles on top of this mir-
ror.

This opens the possibility for highly sensitive spatially resolved spec-
troscopy of a wide variety of nano-objects.

We report first results of experiments on absorption spectroscopy
and cavity nanoscopy with gold nanoparticles.
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Nanodiamonds for biological application — e ANNA ErRMaKOVAL,
Boris Navypenov!, Fepor JeLezko!, RorLr REUTER?, JORra
WRACHTRUP?, GouTaM PraManik?, and Tania WEIL3 — lInstitute
for Quantum Optics, University Ulm, Germany — 23. Physical Insti-
tute, University Stuttgart, Germany — 3Institute of Organic Chem-

istry III, University Ulm, Germany

Diamond is good material for biological and medical application, since
it is highly biocompatible diamond and its surface can be functional-
ized and covered with active molecules. This very interesting for nan-
odiamonds which have large specific surface area the are small enough
in order to move inside the cell. At the same time small diamond
nanoparticles (2-10 nm) have been shown to be non-toxic for a vari-
ety of cells, compared to different dyes. Moreover, diamond contains
a variety of photostable defects. Where the nitrogen-vacancy center
[NV] is the most promising one. Nanodiamonds containg NV allow
the detection of small magnetic field with high spatial resolution and
sensitivity.

In this work we present motional dynamics of nanodiamonds coated
with a novel peptide-polymer hybrid poly(ethylene oxide) (cBSA-
PEO) marked with Rhodamine in the solution. The successful coating
of nanodiamond with ¢cBSA-PEO has been confirmed by emission from
NV centers. The higher colloidal stability of this nanodiamonds in the
solution with high ionic strength was determined by fluorescence cor-
relation spectroscopy.
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Generation of a close to full solid angle dipole wave —

eMARIANNE BaDpER!2, AnNDREA GorrLal:2, BenoiT CHaLoPIN'3,
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% NoRr-

IriINA HARrRDER', KrAaus MANTEL!, ROBERT MAIWALD
BERT LINDLEIN2, MARKUS SoNDERMANN!:2 and GErp Lrucush?2
— !Max Planck Institute for the Science of Light, Erlangen, Ger-
many — 2Institute of Optics, Information and Photonics, University of
Erlangen-Nuremberg, Erlangen, Germany — 3Laboratoire Collisions

Agrégats Réactivité, Université Paul Sabatier, Toulouse, France

Efficient photon-atom interaction is essential for quantum communi-
cation protocols. We aspire to a coupling strength close to unity for
interfacing the free-space light field with a single trapped Ytterbium
ion. To this end we trap the ion in the focal point of a deep parabolic
mirror allowing illumination from nearly the complete solid angle [1].
The mirror converts a properly shaped incident plane wave into an
inwards running dipole wave matching the dipole properties of the
atomic transition [2]. Absorption experiments require additional tem-
poral shaping of the incident light [2,3].

We present spatial and temporal pulse shaping at the cooling wave-
lengths of YbT and Yb2t+ (370nm and 252nm, respectively) as well
as results of an aberration correction of the parabolic mirror. Fur-
thermore, we define a measure for the quality of our experimental
achievements. From that, we envision absorption efficiencies beyond
80%.

[1] R. Maiwald et. al., Nature Physics 5, 551 (2009)

[2] M. Sondermann et. al., Applied Physics B, 89, 489 (2007)

[3] M. Stobinska et. al., EPL 86, 14007 (2009)
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Setup for dissipative Optomechanics in a signal recycled
Michelson-Sagnac Interferometer — eRaMoNn MoGHADAS Nial,
ANDREAS SawaDskY!, HENNING KAUFER!, ANDRE XUEREB!2, KLE-
MENs HAMMERERD2, and RoMaN ScHNABEL! — lInstitut fiir Gravi-
tationsphysik, Leibniz Universitdt Hannover and Max-Planck-Institut
fiir Gravitationsphysik (Albert-Einstein-Institut), Callinstrake 38, D-
30167 Hannover, Germany — 2Institut fiir Theoretische Physik, Leib-
niz Universitat Hannover, Appelstrafe 2, D-30167 Hannover, Germany

Conventional optomechanical experiments couple mechanical oscilla-
tors with an optical cavity mode in a dispersive manner. The result of
this is that the cavity resonance frequency experiences a shift depend-
ing on the displacement of the mechanical oscillator. Here we illustrate
an experimental setup which enables optomechanical coupling, tunable
between either a dispersive or a solely dissipative domain. In the dissi-
pative case, the dependence of the cavity linewidth on the mechanical
displacement is dominating the dispersive coupling. We use a silicon
nitride micro-mechanical membrane with high-Q as a mirror inside
a signal-recycled Michelson-Sagnac interferometer. This composition
can lead to strongly enhanced cooling in the non-sideband-resolved
regime. In the case of a pre-cooled cryogenic setup, one can expect
ground state cooling of the membrane*s fundamental oscillation mode.
This system is also appropriate for highly sensitive position measure-
ments.

Q 54.61 Thu 16:30 Poster.I+I1
Interaction of a single atom with an optomechanical resonator
— oJuaN Mauricio Torres and MARc BIENERT — Theoretische
Physik, Universitdat des Saarlandes, D-66041 Saarbriicken, Germany

We study the dynamics of a Fabry-Perot cavity with a pendular end
mirror coupled to an atomic dipole. The system is driven by an exter-
nal laser and dissipates due to cavity losses and atomic fluorescence.
We focus on the good cavity limit where the fluorescence can be sup-
pressed by quantum interference between the cavity and atomic degree
of freedom. For this case we analyze the spectrum of the scattered light
which is dominated by features due to the mechanical interaction with
the movable mirror. We discuss how to extract information about the
motional state of the mirror and the possibilities of interfacing the
atomic with the mechanical degree of freedom.

Q 54.62 Thu 16:30 Poster.I+I1
A Non-Gaussian master equation for the optomechanical
strong coupling regime — eNitELs LOrcH and KLEMENS Hawm-
MERER — Leibniz Universitat Hannover, 30167 Hannover, Germany

We study the dynamics of an optomechanical system consisting of a
driven optical cavity that is coupled to a mechanical oscillator via
radiation pressure force. It is well known that in such systems the
classical nonlinear dynamics can give rise to self-induced oscillations.

More recently the strong coupling regime, in which the optomechanical
coupling g can exceed the cavity decay rate k, is starting to become
experimentally available. We derive a master equation for this regime
as an expansion in g/wps, where wys denotes the frequency of the
mechanical oscillator.

Q 54.63 Thu 16:30 Poster.I4+II
Quantum light generated by atomic arrays — eHEssam
Hapmeian'2, SErRGEY GRISHKEVICH?, STEFANO ZippiLLib23, and
G10VANNA MoriGi'»2 — 1Universitat Auténoma de Barcelona, Spain
— 2Universitét des Saarlandes, Germany — 3Universita degli Studi di

Salerno, Italy

Atom-photon interactions by a periodic atomic array is studied, when
the scattering cross-section is increased either by an optical fiber or a
cavity resonator. In the latter case, we consider a setup in which the
atoms are driven by a laser and identify the conditions, under which
the light at the cavity output exhibits nonclassical features. When
the atoms form a periodic array confined, for instance, in a multimode
hollow fiber [1,2], they can constitute a quantum nonlinear medium
leading to the formation of spatial patterns of the propagating light.
The coherence properties of the emitted light are determined and char-
acterized for experimentally accessible parameters.

[1] D. Chang, V. Gritsev, G. Morigi, V. Vuletic, M. Lukin, and E.
Demler, Nature Phys. 4, 834 (2008).

[2] M. Bajcsy, S. Hofferberth, V. Balic, T. Peyronel, M. Hafezi, A.
S. Zibrov, V. Vuletic, and M. D. Lukin, Phys. Rev. Lett. 102, 203902
(2009).

Q 54.64 Thu 16:30 Poster.I4I1I
Semi-classical correlation functions in cavity QED — eJAMEsS
Awves DE Souzal2, HayTHAM CHIBANIY, MarkUs Kocu!, CHRis-
TIAN SaMmes!, Tarjana WiLk!, CeLso JOrRGE ViLLas-Boas?, and
GERHARD REMPE! — !Max-Planck-Institut fiir Quantenoptik, Hans-
Kopfermann-Str. 1, D-85748 Garching, Germany — 2Departamento
de Fisica, Universidade Federal de Sao Carlos, Via Washington Luis
km 235, Sdo Carlos, SP 13565-905, Brazil

In a recent experiment, we have studied the quantum dynamics of
a strongly coupled atom-cavity system by evaluating time-dependent
second- and third-order correlation functions of the photons emitted
from the cavity [1]. A new coherent dynamical process named su-
per Rabi oscillation has been observed, which reflects the coherent ex-
change of energy between the driving laser and the atom-cavity system.
For low driving strengths, it is well explained by the Rabi oscillations
between the ground state and the first excited dressed states of the
system. For higher driving, systematic deviations from this two-level
model are found due to the population of higher excited dressed states.
Here, we address the question if this deviation can also be explained
by semi-classical models of light-matter interaction. To this end, we
introduce the idea of semi-classical trajectories. Similarly to a quan-
tum trajectory the semi-classical evolution of the system is interrupted
by sudden quantum jumps when a photon is spontaneously emitted by
the atom. This enables us to investigate the effect of the atomic emis-
sions on a classical field. [1] M. Koch et al, Phys. Rev. Lett. 107,
023601 (2011).

Q 54.65 Thu 16:30 Poster.I4+I11
Kinetic approach to quantum radiation reaction — eNorMAN
NEerrz and ANTONINO D1 Piazza — Max-Planck-Institut fiir Kern-
physik, Saupfercheckweg 1, D-69117 Heidelberg

Nonlinear quantum electrodynamical effects gained more and more at-
tention over the last years due to the increasing intensity of modern
laser systems and the availability of high energetic electron beams. Al-
though the laser intensities might not be sufficiently high to allow pair
creation, especially the collision of laser pulses with ultra-relativistic
electrons will lead to processes that include multi-photon emissions
whose influences are significant for the dynamic of the electrons in the
laser field. Therefore we study the evolution of distribution functions
for a system of an intense laser field and a counterpropagating electron
beam. We treat the problem in the well-known framework of strong-
field QED [1] and formulate cascade equations in the kinetic approach
[2]. We restrict ourselves to the impact of pure radiation effects and
thus exclude the possibility of pair creation. We show analytically
that the classical limit coincides with the result of the Landau-Lifshitz
equation [3] and perform numerically simulations for different field
strengths and electron momenta.

[1] V. I. Ritus, J. Sov. Laser Res. 6, 497 (1985).

[2] V. N. Baier, V. M. Katkov and V. M. Strakhovenko, “Electromag-



Thursday

netic processes at high energies in oriented single crystals” (World Sci-
entific, Singapore, 1998).
[3] L. D. Landau and E. M. Lifshitz, “The Classical Theory of Fields”
(Elsevier, Oxford, 1975)

Q 54.66 Thu 16:30 Poster.I+I11
Trapping states of the electromagnetic field. — eMELANIE
RoLLEs, CHRISTIAN ARENZ, and GIOVANNA MoriGt — Universitiat
des Saarlandes

The dynamics of the electromagnetic field of a high-finesse resonator,
which is pumped by a beam of "two-level" atoms, can exhibit trap-
ping states when the strong coupling regime holds [1,2]. Trapping
states are fixed points of the dynamics, which occur for well defined
interaction times, and can exhibit marked non-classical features [2,3].
In this work we study the existence of trapping states of two-modes
of a high-finesse microwave resonator, which are pumped by a beam
of multilevel atoms. In particular, we analyze the conditions on the
atomic configurations, on the coupling and on the interaction times
which can lead to the creation of stable, entangled states of the cavity
field modes.

[1] John J. Slosser, P. Meystre and Samuel L. Braunstein, Phys. Rev.
Lett. 63, 934 (1989).

[2] P. Filipowicz, J. Javanainen and P. Meystre, J. Opt. Soc, 3, 906
(1986).

[3] M. Weidinger, B. T. H. Varcoe, R. Heerlein, and H. Walther, Phys.
Rev. Lett. 82, 3795 (1999).

Q 54.67 Thu 16:30 Poster.I+I1
Noise effects on Landau-Zener transitions in Bose-Einstein
condensates — eMarTHIAS KRAFT, STEPHAN BURKHARDT, and
SANDRO WIMBERGER — Institute for Theoretical Physics and HGSFP,
University Heidelberg

Quantum transport phenomena in Bose-Einstein condensates (BEC)
loaded into spatially periodic lattices is an active area of current re-
search. For the Wannier-Stark system, which can be realized with
a tilted optical lattice, the Landau-Zener model provides a fruitful
approach to describe interband transitions of the atoms in the conden-
sate. Nevertheless to gain a good understanding of the dynamics of any
real system the implementation of noise into the model is crucial. We
therefore extend the simple Landau-Zener model to incorporate typical
sources of noise. This is done to investigate the interband transition
dynamics of the atoms in the BEC when a "noisy” optical lattice is
considered. The possibility to use noise to control the transition prob-
ability is discussed.

Q 54.68 Thu 16:30 Poster.I+I1
Auf dem Weg zu Lasing Without Inversion in Quecksilber
bei einer Wellenléinge von 253,7 nm bzw. 185 nm — eBENJAMIN
REIN und THOMAS WaALTHER — TU Darmstadt, Institut fiir Ange-
wandte Physik, AG Laser und Quantenoptik, Schlossgartenstr. 7, D-
64289 Darmstadt

Das Erreichen der Besetzungsinversion im Verstdrkungsmedium eines
Lasers ist die fundamentale Voraussetzung fiir die Dominanz der sti-
mulierten Emission und somit das Einsetzen der Lasertatigkeit. Die-
ses Prinzip schrénkt jedoch die Entwicklung von cw-Lasern im VUV-
Wellenldngenbereich und darunter drastisch ein, da die fiir eine Beset-
zungsinversion nétige Pumpleistung mit der 4ten Potenz der Frequenz
der Laserstrahlung ansteigt und technisch nicht mehr erreichbar wird.

Lasing Without Inversion macht es jedoch moglich, dhnlich wie bei
EIT, durch die kohirente Anregung von atomaren Ubergingen und
deren destruktive Interferenz die Absorption auf dem Laseriibergang
zu unterdriicken. Somit geniligen schon wenige angeregte Atome, um
Lasertéatigkeit zu erzielen.

Es wird die experimentelle Realisierung des LWI Experimentes in
Quecksilber vorgestellt, sowie erste Ergebnisse zum 435,8 nm Laser-
system présentiert. Diese Wellenlédnge wird durch eine hoch effiziente
Frequenzverdopplung mittels eines KNbO3-Kristalls in einem tempe-
raturstabilisierten Resonator erzeugt. Die Fundamentale wird von ei-
ner Laserdiode im ECDL-Aufbau bereitgestellt. Ein spezielles Locking-
Verfahren erlaubt dabei einen weiten modensprungfreien Abstimmbe-
reich um die Zielwellenldnge einfach zu erreichen.

Q 54.69 Thu 16:30 Poster.I+I1
Optimized waveguide arrays for multiple walker continuous-
time quantum walks with integrated photon-pair creation —
oFABIAN KaTzscHMANN!, ANDREAS SCHREIBER!'®, AUREL GABRISZ,
Craic Hamirron?, Icor Jex2, and CHRISTINE SILBERHORN!:3

Hntegrated Quantum Optics, Applied Physics, University of Pader-
born, 33098 Paderborn, Germany — 2Department of Physics, Faculty
of Nuclear Sciences and Physical Engineering, Czech Technical Uni-
versity in Prague, Brehova 7, Prague 11519, Czech Republic — 3MPI
for the Science of Light, IQO Group, Erlangen, Germany

Quantum walks enable the simulation of coherent procedures in na-
ture, like the energy transport in photosynthesis, and they provide a
platform for the realization of quantum algorithms and quantum com-
puting schemes.

For this purpose we consider a multiple walker continuous-time
quantum walk in periodically poled LiNbOs waveguide arrays. In this
process a pump field is coupled into a waveguide of the array to drive
a PDC process generating photon-pairs, which subsequently perform
a continuous-time quantum walk in our waveguide array. The phase
matching conditions can be engineered through the periodic poling of
the LiNbOj3 crystal and tuned by the temperature of the device to
switch from degenerate photon pairs to non-degenerate.

‘We report on the characterization and optimization of periodically
poled LiNbO3 waveguide arrays used to implement an all optical mul-
tiple walker continuous-time quantum walk and present our current
experimental results.

Q 54.70 Thu 16:30 Poster.I+II
Manipulation of nuclear linewidths by coherent control
and cooperative effects — eSumaNTA DAs, ADRIANA PALFFY,
and CHrisTorPH H. KEITEL — Max-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg, Germany

Coherent manipulation of electronic states in atomic and molecular
systems have led to several fascinating applications in varied branches
of physics. Coherent control techniques for nuclear states can be of
tremendous advantage, in particular for metrology and quantum com-
putation given the reduced sensitivity of nuclei system to the environ-
ment due to screening by the atomic electrons. However extremely
narrow linewidths make it difficult to probe nuclei directly by means
of atomic spectroscopic techniques. Here we investigate possibilities
to manipulate the linewidths of nuclei. One direction involves the hy-
perfine coupling between the nuclear and electronic degrees of freedom
to effect the absorption-emission spectra for the nuclear transitions by
coherent driving the corresponding electronic transitions [1]. Another
direction is related to collective phenomena such as super- and subra-
diance [2] in a dense sample of nuclei to modify the linewidth of the
nuclear transition.

[1] O. Kocharovskaya, R. Kolesov and Y. Rostovtsev, Phys. Rev. Lett.
82, 3593 (1999).

[2] R. H. Dicke, Phys. Rev. B 89, 472 (1953).

Q 54.71 Thu 16:30 Poster.I4I11
Non-monotonic signatures of many-particle indistinguishabil-
ity — eMarTE C. Ticuy'?, Younag-Sik Ra3, Hvance-Tac Lim3,
Osung Kwon?®, Frorian MinTErTH?, Yoon-Ho Kmm?, and An-
DREAS BUCHLEITNER! — !Physikalisches Institut der Albert-Ludwigs-
Universitit, D-79104 Freiburg — 2Lundbeck Foundation Theoreti-
cal Center for Quantum System Research, Department of Physics
and Astronomy, University of Aarhus, DK-8000 Aarhus, Denmark —
3Department of Physics, Pohang University of Science and Technol-
ogy (POSTECH), Pohang, 790-784, Korea — *Freiburg Institute for
Advanced Studies, Albert-Ludwigs-Universitdt, D-79104 Freiburg

Many-particle interference effects, which constitute a building block
for applications in quantum technologies, require the precise under-
standing and faithful manipulation of the mutual indistinguishability
of the interfering particles. We study theoretically and experimen-
tally the transition between many distinguishable and indistinguish-
able particles in scattering setups that exhibit many-particle interfer-
ence. A theoretical exact few-particle study is confirmed by a four-
photon Hong-Ou-Mandel type interference experiment, while a com-
plementary semiclassical approach allows an approximate description
of the behavior in the limit of many particles. Surprisingly, interference
signals are non-monotonic in the inter-particle distinguishability in the
vast majority of possible setups, which is explained by the competition
of many-particle interference terms of various degrees.

Q 54.72 Thu 16:30 Poster.I4+II

Validity of the quantum regression formula for resonance
fluorescence in a photonic crystal — e GEESCHE BOEDECKER and
CARSTEN HENKEL — Universitdt Potsdam

In many theoretical treatments of open quantum systems, the Markov
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assumption is made, i.e., quanta emitted by the system disappear
rapidly in the bath. A photonic crystal provides a structured pho-
ton continuum where this is not justified, due to strong backscattering
and the formation of band gaps. We evaluate within the second-order
Born approximation the spectrum of resonance fluorescence. Predic-
tions from the quantum regression theorem are compared with Kubo’s
formula (linear response theory) that does not make use of the Markov
approximation.

Q 54.73 Thu 16:30 Poster.I+I11
Spatial correlations of biphotons generated by parametric
down conversion pumped with different transversal laser
modes — eDIRK PUHLMANN!, DieTMAR KORN?, AXEL HEUER!, and
RALF MENzEL! — 1Universitit Potsdam, Photonik, Karl-Liebknecht-
Strasse 24/25, 14476 Potsdam-Golm — 2Institut fiir Photonik und
Quantenelektronik Karlsruher Institut fiir Technologie (KIT), En-
gesserstr. 5, D-76131 Karlsruhe

Biphotons can be used for a variety of applications in metrology, imag-
ing or in quantum mechanics. In this Poster we present investigations
of the transversal correlations of biphotons generated from type II
parametric down conversion (PDC). To enhance the spatial correla-
tions the diameter of the pump beam can be increased and small aper-
tures in the experimental setup should be avoided [1]. To investigate
the spatial correlations, two different types of laser sources, a pico sec-
ond laser and a cw laser, and different transversal laser modes were
applied to pump the PDC process. Higher TEM modes were gener-
ated by a spatial light modulator. The results of the measurements
are reported.

[1] Ostermeyer M., Puhlmann D., Korn D., J. Opt. Soc. Am. B 26,
2347-2356 (2010)

Q 54.74 Thu 16:30 Poster.I+I11
Spin-light entanglement in an optical cavity — eHEssam
HagiBian!2, Sterano ZippiLLi»2:3, and GiovanNa Morici!:?2 —
LUniversitat Auténoma de Barcelona, Spain — 2Universitit des Saar-

landes, Germany — 3Universita degli Studi di Salerno, Italy

Photonic interfaces count on several successful implementations that
make use of atomic ensembles [1]. The combination of atomic ensem-
bles and optical resonators can provide further resources for quantum
networks [2]. Here we study a system consisting of a periodic atomic
array where the atoms couple with the mode of a high-finesse optical
resonator and are driven by a laser. When the von-Laue condition is
not satisfied, coherent scattering into the cavity mode is suppressed,
and photons are pumped via inelastic scattering processes [3]. In this
regime, the collective spin-wave modes and the cavity mode are ef-
fectively coupled in the low excitation limit. In this contribution we
discuss how this coupling can be used in order to generate entangle-
ment between the spin modes and the cavity mode.

[1] K. Hammerer, A.S. Sgrensen, E.S. Polzik, Rev. Mod. Phys. 82,
041 (2010).

[2] I. Leroux, M.H. Schleier-Smith, V. Vuletic, Phys. Rev. Lett. 81,
021804 (2010); J.B. Brask, L. Jiang, A.V. Gorshkov, V. Vuletic, A.S.
Sorensen, M.D. Lukin, Phys. Rev. A 81, 020303(R) (2010).

[3] H. Habibian, S. Zippilli, G. Morigi, Phys. Rev. A 84, 033829
(2011).

Q 54.75 Thu 16:30 Poster.I+I1
Asymptotic Long-Time Properties of Decoherence and Quan-
tum Darwinism — eNENAD BarLaneskovic!, GERNOT ALBER!,
and JarosLav Novorny!:2 — llnstitut fiir Angewandte Physik,
Technische Universitdt Darmstadt, D-64289 Darmstadt, Germany
— 2Department of Physics, FNSPE, Czech Technical University in

Prague, 115 19 Praha 1 - Stare Mesto, Czech Republic

Decoherence plays a crucial role in understanding the mechanism of
emergence of the classical world from quantum mechanics and offers
numerous interesting applications in the course of quantum informa-
tion processing as well as other areas of quantum information science,
ranging from error correction to storage of information. Different de-
coherence models provide several perspectives on the destruction of
entanglement and shed new light on einselection of preferred pointer
states of open systems due to their interaction with environments [1].

In this contribution we discuss characteristic properties of decoher-
ence and quantum Darwinism based on qubit-models of open systems
[2] which interact with their respective environment by iterated and
randomly applied controlled-NOT-type operations. The asymptotic
dynamics of the resulting quantum Markov chain is determined ana-
lytically [3]. From this asymptotic dynamics characteristic features of

quantum Darwinism including its connection to decoherence-induced
loss of entanglement of open quantum systems can be investigated.

[1] W. H. Zurek, Nature Physics 5, 181-188 (2009). [2] W. H. Zurek,
Phys. Rev. A 71, 052105 (2005). [3] Novotny, J., Alber, G., Jex, L.,
Phys. Rev. Lett. 107, 090501 (2011).

Q 54.76 Thu 16:30 Poster.I4+II
Dynamics of two spins coupled to spin chain environment
— oP1ERRE WENDENBAUMY2, BRUNO TAKETANI?, ENDRE KAJARIZ,
G1ovaNNA Morici?, and Dract Karevski! — !nstitut Jean Lam-
our, dpt P2M, Nancy Université-CNRS, France — 2Theoretische

Physik, Universiat des Saarlandes, Saarbriicken, Germany

We study the dynamics of two spin-% systems, which are coupled to
a Ising spin chain but do not interact directly with one another. As
shown in [1], the interaction between the distant spins, mediated by
the chain, may give rise to quantum correlations in the systems of in-
terest. We investigate these scenarios by considering the Ising chain,
in the thermodynamic limit, as a commom environment to which both
spins are coupled. We derive the Heisenberg-Langevin equations of
motion for the spins degrees of freedom and discuss their predictions
for several limiting cases.

[1] L.Campos Venuti, S.M Giampaolo, F. Illuminati and P. Zanardi,
Phys. Rev. A 76, 052328 (2007).

Q 54.77 Thu 16:30 Poster.I4I11
Quantum interference and entanglement of photons which
do not overlap in time — RaLpH WIEGNER!, CHRISTOPH
TuieL!, eJonannes HoLzr!, Joacnim von Zantuier!, and GIrisn
AcAarRwAL? — Mnstitut fiir Optik, Information und Photonik, Univer-
sitidt Erlangen-Niirnberg, Erlangen — 2Department of Physics, Okla-

homa State University, Stillwater, USA

Since the celebrated work of Hong-Ou-Mandel [1] the interference of
two independent photons at a beam splitter has been studied in var-
ious experiments. To observe the interference the photons have to be
identical in their spectral, spatial and polarization modes and mea-
sured within their coherence time. However, the temporal overlap of
photons at a beam splitter is not a fundamental requirement for the
observation of two-photon interferences. Here we discuss a different
interferometer where the photons are scattered from two independent
single photon sources and registered by two detectors in the far field
[2]. It is shown that two-photon interferences occur in this setup even
though the time delay between the photons may be larger than the
transit time of the photons from the sources towards the detectors.
This is equivalent to the statement that two-photon interferences can
be observed even though the photons exist at different intervals of time.
Since the two-photon signal violates Bell’s inequalities this implies that
entanglement among two photons may arise even though the photons
do not overlap in time.

[1] C. K. Hong, Z. Y. Ou, L. Mandel, PRL 59, 2044 (1987). [2] R.
Wiegner et al., Opt. Lett. 36, 1512 (2011).

Q 54.78 Thu 16:30 Poster.I+I11
Enhancement of block-block entanglement due to local-
ized impurities in the 1D Fermi-Hubbard model — To-
BIAS BRUNNER!2, ERiIcH RUNGE2, eVIviaAN FrRANGA!, and ANDREAS
BucHLEITNER! — 1Physikalisches Institut, Albert-Ludwigs Univer-
sitéit, Freiburg, Germany — 2Technische Universitit Ilmenau, Fachge-
biet Theoretische Physik I, lmenau, Germany

While the study of entanglement in many-body interacting systems is
important for a deeper understanding of the fundamental properties of
entanglement in solids, the impact of naturally occurring impurities on
the entanglement is an essential issue for the development of quantum
information processors. We investigate the block-block entanglement
of the 1D Fermi-Hubbard model in the presence of localized impu-
rities. The block-block entanglement is defined as the entanglement
between two specific blocks of sites in the chain. We find that, despite
the presence of inhomogeneities, on average the block-block entangle-
ment still obeys the area law with a logarithmic correction predicted
by Calabrese-Cardy for homogeneous systems. In addition, for specific
block positions, we find that entanglement is considerably enhanced by
the impurities. This is in strong contrast to what has been observed for
single-site entanglement, where inhomogeneities always destroy entan-
glement, and, therefore, suggests that the block-block entanglement is
more robust against inhomogeneities.

Q 54.79 Thu 16:30 Poster.I4+II
Characterization of a SPDC biphoton source pumped with
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high power cw-laser — eHENNING KURZKE, MICHAEL SEEFELDT,
AxeL HEUER, and RALF MENZEL — Universitdt Potsdam, Institut fir
Physik und Astronomie, Photonik, Karl-Liebknecht-Str. 24-25, Haus
28, 14476 Potsdam

Today, entangled photons (biphotons) are mostly generated via Spon-
taneous Parametric Down-Conversion (SPDC). Biphoton rates up to
the uW range were reported [1]. These biphotons are applied in a
wide range of science and technology. The applications range from
fundamental experiments proving basic concepts of quantum mechan-
ics up to quantum spectroscopy and cryptography. Nevertheless, the
weak intensity of such biphoton sources prevent further applications.
Therefore we tried to increase the biphoton rate by using high cw-
pump power up to 10 W. The 4 mm long NLO crystal consists of MgO
doped Lithium Niobate (PPLN) with 5 periodically poled gratings.
Each grating had a individual grating period. Results, characterizing
the SPDC light, will reported.

[1] A. Jechow, A. Heuer, R. Menzel, Opt. Express, Vol. 16(17), 2008

Q 54.80 Thu 16:30 Poster.I+I1
Entanglement Benchmarked Transport —  eDoMINIK
HORNDLEIN, ViviaN FraNgA, and ANDREAS BUCHLEITNER —
Physikalisches Institut, Universitdt Freiburg, Hermann-Herder-Str.
3, 79104 Freiburg im Breisgau, Germany

Quantum transport phenomena in interacting many particle systems
can be studied to unprecedented detail with the use of experimentally
engineered Hubbard-type hamiltonians. Further on entanglement mea-
sures have shown to be sensitive indicators of phase transitions. Such
different phases can be associated with very different transport proper-
ties, as evident, e.g. for the Anderson and the Mott transition. There-
fore, in a numerical study of the Fermi-Hubbard model, we investigate
the direct relation between transport and the entanglement properties
of the many particle system.

Q 54.81 Thu 16:30 Poster.I+IT
The Hong-Ou-Mandel effect in the context of few-photon
scattering — ePaoLo LonNco! and Kurr Buscu? — !nstitut
fir Theoretische Festkorperphysik, Karlsruher Institut fiir Technolo-
gie (KIT), 76128 Karlsruhe, Germany — 2Humboldt-Universitit zu
Berlin, Institut fiir Physik, AG Theoretische Optik, Newtonstr. 15,
12489 Berlin, and Max-Born-Institut, Max—Born—-Str. 2A, 12489
Berlin, Germany

The Hong-Ou-Mandel effect [1] states that two photons impinging on
a perfect beamsplitter from different ports leave the device “together”
in either one of the two output ports.

Interestingly, the problem of two photons propagating from differ-
ent ends in a waveguide towards a scatterer, e.g. an artificial atom,
is intimately related to the Hong-Ou-Mandel effect. We numerically
investigate the scattering problem in a time-dependent wavefunction
formalism [2]. Depending on the realization of the scatterer and its
properties, we specifically calculate the joint probability of finding both
photons on either side of the waveguide after scattering and how this
can be used as a probe to identify effective photon-photon interactions
mediated by the scatterer. Dissipation and dephasing is taken into
account with the help of a quantum jump approach.

[1] C. K. Hong, Z. Y. Ou, and L. Mandel, Phys. Rev. Lett. 59,
2044 (1987)

[2] P. Longo, P. Schmitteckert, and K. Busch, J. Opt. A: Pure Appl.
Opt. 11, 114009 (2009); Phys. Rev. Lett. 104, 023602 (2010); Phys.
Rev. A 83, 063828 (2011)

Q 54.82 Thu 16:30 Poster.I+I11
Photon transport in one—dimensional systems coupled to
three—level quantum impurities — eCHRISTOPH MARTENS!,
PaoLo Loncol!, and Kurr Buscu?? — llnstitut fiir Theoretis-
che Festkorperphysik and DFG—Center for Functional Nanostructures
(CFN), Karlsruhe Institute of Technology (KIT), 76128 Karlsruhe,
Germany — 2Humboldt Universitit zu Berlin, Institut fiir Physik,
AG Theoretische Optik, Newtonstr. 15, 12489 Berlin, Germany —
3Max-Born-Institut, Max-Born-Str. 2A, 12489 Berlin, Germany

Recent studies on the dynamics of photon transport in waveguiding
systems in the presence of a quantum impurity show interesting trans-
port properties [1-4], for instance, strong effective photon—photon in-
teractions [1,4], interaction—induced radiation trapping (2| and elec-
tromagnetically induced transparency [3,4]. In this contribution, we
present our recent results on such systems with the quantum impu-
rity modeled as a single undriven or driven three—level system. By

monitoring the time evolution of few—photon pulses we investigate the
transmission characteristics in position and momentum space. Fur-
thermore, we analyze the conditions under which long time occupation
of the excited states of the three—level system or even the excitation
of an atom—photon bound state can occur.

[1] J. T. Shen and S. Fan, Phys. Rev. Lett. 98, 153003 (2007)

[2] P. Longo et al., J. Opt. A: Pure Appl. Opt. 11, 114009 (2009);
Phys. Rev. Lett. 104, 023602 (2010); Phys. Rev. A 83, 063828
(2011)

[3] D. Witthaut et al., New Journal of Physics 12, 043052 (2010)

[4] D. Roy, Phys. Rev. Lett. 106, 053601 (2011)
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Multiplexed image storage by EIT in a doped solid — eNina
RENTZSCcH, GEORG HEINZE, DANIEL ScHRAFT, and THoOMAS HALF-
MANN — Institut fiir Angewandte Physik, Technische Universitét
Darmstadt, Hochschulstrafe 6, 64289 Darmstadt

The concept of stored light in atomic coherences, driven by electro-
magnetically induced transparency (EIT) is a promising technique for
coherent storage and processing of optical data. Typically, EIT is
implemented with single light pulses, which carry single-bit informa-
tion. However, realistic applications require the storage of much larger
amounts of data. Hence, the storage of 2D light patterns (images) by
EIT attracted interest in recent years.

To further increase the storage capacity, we apply frequency- and
angle-resolved multiplexing to simultaneously store more than one
image by EIT in a rare-earth-ion doped solid. The inhomogeneous
linewidth of the medium (Pr3+:Y5SiO3) is in the range of GHz, while
the optical transition linewidths are kHz. This enables addressing of
different ensembles of Pr3*t ions by frequency multiplexing — hence
multiplexed data storage by EIT. In addition, we demonstrate EIT
multiplexing also by a variation of the angle between the driving
laser pulses. Due to phase matching conditions, we can hereby sepa-
rately address specific ensembles of ions. We experimentally demon-
strate, that both multiplexing approaches permit independent, selec-
tive storage and readout of more than one image by EIT in a doped
solid. Moreover, we demonstrate combination of frequency and angle-
multiplexing to further increase the storage capacity in the EIT-driven
solid medium.
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Light scattering by two atoms in a high finesse resonator —
eRick DANNERT, MARC BIENERT, and GiovaANNA Morict — The-
oretische Physik, Universitidt des Saarlandes, D-66041 Saarbriicken,
Germany

We investigate the excitation spectra of two atoms which are tightly
trapped in individual potentials inside a cavity. The cavity is driven by
an external laser from the side. The excitation spectra are analyzed
as a function of positions of the atoms in the single mode standing
wave, and assuming they are two different species, as a function of
their detuning. Interference effects are identified, which may lead to
the appearence of collective dark resonances.
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A critical review of theories for quantum friction — e GREGOR
PiepLow, HArRALD R. HaakH, and CARSTEN HENKEL — Universitét
Potsdam

Quantum friction is a force mediated by the electromagnetic field at
T = 0, that opposes the relative motion of two objects. Typical sys-
tems consist of charges, neutral particles, or dielectric bodies moving
with constant velocity above or through a medium. The mere exis-
tence and the precise expression for such friction forces have been the
topic of discussions since the 1970s. We present a common theoretical
framework based on linear response theory of the media in question.
This requires the study of response functions, such as reflection coef-
ficients and Green’s tensors, and of the action of the Lorentz group
on the multipole moments of the moving particle and on the fields
above (or in) the medium. Our approach recovers formalisms used by
other authors and provides a classification of previous treatments. In
particular, we can narrow down the origin of differences between au-
thors, to the description of electromagnetic field modes in the material.
This also provides an interpretation of quantum friction in analogy to
Cerenkov radiation and the dynamical Casimir effect.

Q 54.86 Thu 16:30 Poster.I4II

Full Counting Statistics in one-dimensional waveguiding sys-

tems — eMATTHIAS MOEFERDT!, PETER SCHMITTECKERT?, and
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Kurt Buscu®? — lnstitut fiir Theoretische Festkorperphysik, Karl-

sruher Institut fiir Technologie (KIT), 76131 Karlsruhe, Germany
— 2Institut fiir Nanotechnologie, Karlsruher Institut fiir Technolo-
gie (KIT), 76344 Eggenstein-Leopoldshafen, Germany — 3Humboldt-
Universitat zu Berlin, Institut fiir Physik, AG Theoretische Optik,
Newtonstr. 15, 12489 Berlin — “Max-Born-Institut, Max-Born-Str.
2A, 12489 Berlin, Germany

We present an approach to calculate the Full Counting Statistics (FCS)
for one—-dimensional waveguiding systems. FCS is the full probability
distribution of quantum transport. It is obtained by adding a count-
ing field to the physical Hamiltonian which allows us to calculate a
Moment Generating Function.

While this concept is widely used in the studies of fermionic systems,
it is rarely applied to bosons, although it originated in the field of quan-
tum optics. We implement a waveguide as a coupled resonator optical
waveguide (CROW) with a side—coupled impurity. Transmittance and
reflectance are calculated for a variety of different impurities and ini-
tial pulses. Furthermore, we study occupation numbers of specific sites
and higher order correlations.
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Apparatus to study collective scattering in cavity quantum
electrodynamics — eMarkus P. Bapen!, KyLe J. ArnoLD?2,
and MURRAY D. BARRETT!'2 — Centre for Quantum Technologies,
117543 Singapore — 2Department of Physics, National University of
Singapore, 117543 Singapore
We report our progress in the study of collective scattering effects with
ultracold atoms coupled to a high-finesse optical resonator. In order to
observe collective scattering from the side into the resonator, we trap
up to 10* rubidium atoms in a deep two-dimensional optical lattice
with a lattice spacing of the wavelength of the scattered light. In this
setup, all atoms are coupled identically to the resonator and light scat-
tered into the resonator by individual atoms interferes constructively.
In addition, high trapping frequencies with respect to the resonator
linewidth allow us to study cavity cooling.
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Periodic orbit bunches in open billiard systems — eTHA1 HIEN
TrAN, JORG MaIN, and GONTER WUNNER — 1. Institut fiir Theo-
retische Physik, Universitdt Stuttgart

For chaotic systems Gutzwillers periodic orbit theory has proven suc-
cessful in the domain between quantum and classical mechanics. Its
pivotal formula, the Gutzwiller trace formula, expresses the quantum
density of states in terms of all classical periodic orbits. With the
symbolic dynamics, all periodic orbits can be found in principle. How-
ever, the number of orbits increases exponentially with their symbolic
length. Here, we present a systematic way for open billiard systems to
group orbits with near-degenerate actions in bunches. The Gutzwiller
trace formula can be applied with only one representative per bunch
instead of the full set of periodic orbits. The number of bunches in-
creases algebraically, so that calculations can be extended to longer
orbits.
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The Quantum Free-Electron Laser and the Jaynes-Cummings
model — RAINER ENDRICH!, eENNo Giese!, PaurL Prrissb2,
RoOLAND SAUERBREY?, WoLrGcaNnc P. ScurLeicH!, and M. SUHAIL
ZUBAIRY® — lInstitut fiir Quantenphysik, Univeristit Ulm, 89069
Ulm, Germany — 2Helmholtz-Zentrum Dresden-Rossendorf, 01314
Dresden, Germany — SInstitute for Quantum Studies, Texas A&M

University, College Station, TX 77843-4242, USA

Free-electron lasers (FELs) are a class of coherent light sources in focus
of today’s research. Many areas of science benefit from their unique
properties, such as coherence or widely ranged tunability. The predic-
tions from classical theory match the experimental results extremely
well. So the usual classical approach is sufficient to understand FELSs’
principles of operation.

Recently the question has been raised whether it is possible to op-

erate FELs in a regime, where quantum effects are of importance and
cannot be neglected. The electron’s recoil due to the scattering with
a light wave has to be included in such a regime.

Unfortunately, a general quantum description of FELs leads to a
model for which the time evolution cannot be solved analytically.
Hence, we will face this problem by two approaches: We find a regime
in which the FEL can be described as an effective two-level system
ala Jaynes-Cummings model and the interaction takes place between
two intervals in momentum space. The other approach is fourth-order
perturbation theory in the photon number, where we see that mainly
one-photon transitions occur in the quantum regime.
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Optimally focusing wave packets of a free particle —
eCHrisToPH TEMPEL, KARL VoGEL, LEV PLiMAK, and WOLFGANG
P. ScHLEICH — Institute of Quantum Physics, Ulm University

Appropriately prepared real-valued one-dimensional wave packets can
focus [1,2] during a short period of time before they spread — even in
the absence of any force. We consider a family of measures of width to
describe this effect quantitatively and determine the optimally focusing
wave packet for each member of this family numerically. Furthermore,
we examine the properties and time evolution of these wave packets.

[1] I. Bialynicki-Birula et. al., Phys. Rev. Lett. 89 060404, 2002.
[2] K. Vogel et. al., Chem. Phys. 375 133, 2010.
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Ersatz fiir Ar™ Laser basierend auf einem Yb-Faserverstirker
— oToB1as BEck und THomAs WALTHER — TU Darmstadt, Institut
fiir Angewandte Physik, Laser und Quantenoptik, Schlossgartenstrafie
7, 64289 Darmstadt

Vorgestellt wird eine Laserquelle, die zur Kiihlung relativistischer To-
nen am experimentellen Speicherring der GSI eingesetzt werden soll.
Die Ausgangsleistung des Faserverstirkers betragt bis zu 12 W bei
1029 nm. Die so erzeugte Strahlung kann spektral bis zu 26 GHz in 5 ms
modensprungfrei abgestimmt werden. Bei einer Scanrate von 1 kHz
kann stabil bis zu 4 GHz weit gescannt werden. Die Linienbreite be-
tragt etwa 100 kHz. Anschliefend wird durch Frequenzverdopplung in
einem Uberhshungsresonator mit einem LBO-Kristall die Zielwellen-
lange von 514 nm erreicht. Die Konversionseffizienz betragt bei einer
IR-Leistung von 2,5 W iiber 30 %. Das System wird mit Hilfe eines
Offset-Locks auf eine externe Referenz absolut in seiner Frequenz sta-
bilisiert.
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Ein Brillouin-LIDAR zur Messung von Temperaturprofilen
des Ozeans: Entwicklungsstand des gepulsten Faserverstir-
kers — eROBERT ScHULZ, ANDREAS RupoLF und THOMAS WALT-
HER — Institut fiir Angewandte Physik, AG Laser und Quantenoptik,
Technische Universitdt Darmstadt, Schlossgartenstr. 7, 64289 Darm-
stadt

Im Rahmen des Brillouin-LIDAR-Projekts wird aktuell ein portables
Fernerkundungssystem zur beriihungslosen Messung von Profilen der
Wassertemperatur des Ozeans entwickelt. Als Indikator wird spontane
Brillouin-Streuung genutzt, die zu einer temperaturabhéngigen Fre-
quenzverschiebung des riickgestreuten Lichts fiihrt.

Fiir die aktive Erzeugung des Streulichts bauen wir ein robustes, rein
festkorperbasiertes Lasersystem auf. Konkret handelt es sich um einen
gepulsten, Ytterbium-dotierten Faserverstédrker. Die Seed-Strahlung
wird von einem ECDL bei einer Wellenldnge von 1086,6 nm bereitge-
stellt. Mittels elektro-optischer Modulatoren werden fourier-limitierte
Pulse mit einer Lénge von 10ns erzeugt. Die Wiederholrate betrégt
bis zu 5kHz. Nach dreistufiger Verstarkung ins mJ-Regime erfolgt ef-
fiziente Frequenzverdopplung in den griinen Spektralbereich.

Limitiert ist die Pulsenergie durch das Auftreten von stimulierter
Brillouin-Streuung (SBS) in den Verstirkerfasern. Geeignete Mafnah-
men zur Erhéhung der SBS-Schwelle wurden getroffen. Im Vortrag
wird die Charakterisierung der gesamten Strahlquelle vorgestellt.



