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Q 55.1 Thu 14:30 P 2
Phase-adaptive cooling of fringe-trapped nanoparticles in
hollow-core fiber — Soumya CHAKRABORTY!2, eGorpon K. L.
Wona!, ParpEep Kumar!, Hyunsun Nam!:2, Craupiu Genes®!,
and NicoLas Y. JorLy?! — Max Planck Institute for the Science of
Light, Staudtstrasse 2, D-91058 Erlangen, Germany — 2Department of
Physics, Friedrich-Alexander-University Erlangen-Nuremberg, Staudt-
strasse 7, D-91058 Erlangen, Germany — 3TU Darmstadt, Institute
for Applied Physics, Hochschulstrasse 4A;, D-64289 Darmstadt, Ger-
many

Freezing thermally driven center-of-mass (CoM) motion is essential
for accessing quantum effects in macroscopic systems. Here, we exper-
imentally demonstrate a novel phase-adaptive feedback cooling of opti-
cally levitated silica nanoparticles inside a hollow-core photonic crystal
fiber at room temperature. The particle is tweezed in a standing-wave
potential formed by two co-linearly polarized counterpropagating fiber-
guided modes. Its axial CoM motion is cooled by adjusting the relative
optical phase of the modes as a response to the particle’s momentum,
generating a dissipative force without recoil heating. The method is
applicable to neutral particles. Using this approach, the CoM tem-
perature of a 195 nm silica particle is reduced to 58.6 K at 0.5 mbar,
while for a 400 nm particle the temperature reaches 11 K at the same
pressure. A stochastic analytical model accurately reproduces the ex-
perimental results. This approach enables long-range, coherent control
of mesoscopic particles in fiber-based platforms for future quantum ap-
plications.

Q 55.2 Thu 14:45 P 2
Dissipation dilution in 3D direct laser written mechanical
resonators — eDANIEL STacHANOW!, Lukas TENBRAKE!, FLORIAN
GI1erER!, WoLFGANG Art!, SEBASTIAN HOFFERBERTH!, and HANNES
PrerrFErR? — lnstitute of Applied Physics, University of Bonn, Ger-
many — 2Department of Microtechnology and Nanoscience, Chalmers
University of Technology, Gothenburg, Sweden

Optomechanical platforms with high-quality mechanical and optical
resonators have a wide application potential ranging from sensing
to long-lived storage of quantum information. Recent developments
in polymer-based 3D direct laser written structures allow for new
paradigms in manufacturing micromechanical resonators due to their
flexible geometries, but so far suffer from strong mechanical dissipa-
tion. Here, we present our recent progress in implementing and improv-
ing this platform. The mechanical Q-factor of the resonator in vacuum
is primarily limited by intrinsic losses within the material. However,
these losses can be significantly reduced by introducing strain on the
membrane, leading to so-called dissipation dilution. This is done by
engineering the geometry of the resonator for optimized aspect ra-
tios and adjusting the fabrication process. To quantify the results, a
scannable vacuum-integrated fiber cavity setup for probing mechanical
resonators is used. We demonstrate the impact of shrinkage-induced
strain on the mechanical Q-factor of polymeric bridge-like resonators.
Additionally, we report the status of our current developments using
post-fabrication treatment of applying oxygen-plasma to further opti-
mize the surface properties and aspect ratios of the structures.

Q 55.3 Thu 15:00 P 2
Coherent scattering of an optically levitated nanoparticle to
an ultrahigh-Q microtoroidal cavity — eZuir SHENG!, SEYED
KuALIL Avavil, HaneuL Ler2?, Hansuek Lee?2, and SUNGKUN
Honc! — lInstitute Institute for Functional Matter and Quantum
Technologies and Center for Integrated Quantum Science and Technol-
ogy (IQST), University of Stuttgart, DE — 2Department of Physics,
Korea Advanced Institute of Science and Technology (KAIST), Repub-
lic of Korea — 3Graduate School of Quantum Science and Technology,
KAIST, Republic of Korea

Optically levitated dielectric nanoparticle offers a versatile platform for
studying quantum physics beyond microscopic domain. Coupling its
mechanical motion to the optical cavity enables the investigation of di-
verse optomechanical phenomena, which rely strongly on the strength
of optomechanical coupling. An effective approach to enhancing the
coupling is cavity-enhanced coherent scattering, where the cavity mode
is driven by photon coherently scattered from the nanoparticle. Us-
ing this scheme, quantum ground state cooling has been achieved with

Location: P 2

the conventional Fabry-Pérot mirror cavity in weak coupling regime.
Here we present the coherent scattering of the nanoparticle trapped by
optical tweezer to a silica toroidal optical microcavity, where the signif-
icantly reduced mode volume enhances the optomechanical coupling,
placing our platform in the ultrastrong coupling regime (g > w). We
will report the key findings in this regime, together with the significant
anomalous cooling to be explained.

Q554 Thu 15:15 P2
Amplification of optical forces via interference in levitated op-
tomechanics — oeYousser Ezzo, SEYED KHALIL Aravi, AsHIK Pu-
LIKKATHARA, and SUNGKUN HoNg — Institute for Functional Matter
and Quantum Technologies and Center for Integrated Quantum Sci-
ence and Technology (IQST), University of Stuttgart, 70569 Stuttgart,
Germany

Precise tailoring of optical forces is fundamental to the control of levi-
tated mesoscopic particles. While direct radiation pressure is typically
the dominant mechanism, interference effects offer a powerful route
to engineer light-matter interactions. In this work, we demonstrate
the significant amplification of optical forces exerted by weak light
fields through their interference with a strong trapping beam. By
co-propagating a weak signal field with the optical tweezer, we exploit
the interference term to generate an enhanced force that scales linearly
with the signal field amplitude, rather than its intensity. We exper-
imentally characterize this force enhancement using a silica nanopar-
ticle, resolving the mechanical motion driven by weak fields with a
sensitivity of 37.2 pW/Hz. We further discuss how this interference-
based force scaling can be extended to counter-propagating geometries
to maximize interaction strengths, enabling zeptowatt-level force con-
trol and efficient 3D all-optical cooling.

Q555 Thu15:30 P2
Release and recapture of millikelvin cooled levitated nanopar-
ticles in microgravity conditions — eGOVINDARAJAN PRAKASH?,
SveN HErRrMANN!, RALF B. BEreMANNZ, and CHRISTIAN VoGT?
— 1Zentrum fiir Angewandte Raumfahrttechnologie und Mikrograv-
itation (ZARM), Universitdt Bremen, Bremen, Germany — 2BIAS -
Bremer Institut fiir Angewandte Strahltechnik GmbH, Klagenfurter

Str. 5, 28359 Bremen, Germany

Optomechanical levitation of nanoparticles provides a promising plat-
form to perform tests with macroscopic particles on the interface be-
tween quantum and classical regimes. Many proposed schemes involve
free evolution of such a particle after preparation in a known quantum
state. Increasing mass requires increased free evolution times for which
even space-based experiments have been proposed. As a first step in
this direction, we have performed experiments with a millikelvin cooled
levitated silica nanoparticle at the Gravitower Bremen Pro. We use
the microgravity conditions of the facility to try and extend the free-
fall duration of the nanoparticle to greater than what is possible on
ground[1]. So far, we have achieved up to 300 microseconds of free-fall
duration with a single beam trap. In this talk, we will present the
analysis of the first results, limitations, and possible improvements to
our current setup.

[1]. Prakash, G., Herrmann, S., Bergmann, R. B. & Vogt, C. Release
and recapture of silica nanoparticles from an optical trap in weight-
lessness. arXiv:2509.08666 |physics.optics| (2025)

Q55.6 Thu 1545 P2
Probing Quantum Mechanics with Nanorotors — STEPHAN
TrovER!, eFLORIAN FecHTEL!, HENNING RupOLPHZ, BENJAMIN
StickLER3, Uros DEeLI¢?, and Markus ARNDT! — University of
Vienna, VDS, VCQ, Faculty of Physics, Boltzmanngasse 5, A-1090
Vienna, Austria — 2University of Duisburg-Essen, Faculty of Physics,
Lotharstrafe 1, 47057 Duisburg, Germany — 3Ulm University, Albert-
Einstein-Allee 11, 89069 Ulm, Germany — *TU Wien, Stadionallee 2,
1020 Vienna, Austria

Levitated nanoparticles are promising candidates for observing quan-
tum effects and even matter-wave interference at unprecedented mass
scales. In this regime, the rotational dynamics are particularly in-
triguing, as the nonlinear motion on a compact, closed configuration
space provides a rich platform for phenomena such as interference or
quantum tunnelling. To access these effects, quantum control over
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the rotational motion is essential. For instance, rotational revival ne-
cessitates a tightly aligned nanorotor, motivating cooling of at least
two librational modes. Coherent scattering cooling provides a versa-
tile method capable of coupling simultaneously to multiple motional
degrees of freedom. In our implementation, a cavity supporting two
orthogonal optical modes couples each mode to one librational mode.
When the frequency splitting between the librational modes is compa-
rable to the cavity linewidth, efficient two-mode cooling becomes ex-
perimentally feasible. Aligning a nanorotor with a well-characterized
geometry that supports millisecond-scale revival times will open the
door to future experiments on rotational interference.

Q 55.7 Thu 16:00 P 2
Tunable light induced dipole-dipole interactions — eLivia

Ecvyep!, ManuaL REisENBAUER!, HeNNING RuporLpu3, MURAD
3 5

ABuzARLI?, KLAus HORNBERGER®, ANTON ZASEDATELEV®, BEN-
JamIiN StickLER?, and Uros Deric! — !Atominstitut, Technische
Universitit Wien, A-1020 Vienna, Austria — 2Vienna Center for
Quantum Science and Technology (VCQ), Faculty of Physics, Univer-
sity of Vienna, A-1090 Vienna, Austria — 3Faculty of Physics, Uni-
versity of Duisburg-Essen, 47048 Duisburg, Germany — *Institute for
Complex Quantum Systems, Ulm University, D-89069 Ulm, Germany
— 5Department of Applied Physics, Aalto University School of Sci-
ence, FI-00076 Espoo, Finland

Tweezer arrays can be used to trap, arrange, and control atoms or di-
electric nanoparticles, while ensuring strong environmental isolation.
Our platform of programmable arrays of levitated nanoparticles with
highly tunable optical interactions provide access to a wide range of
system parameters, enabling us to adjust the coupling between the
particles from fully reciprocal to uni-directional and up until fully anti-
reciprocal by modifying their trapping fields. In case of anti-reciprocal
coupling, we observe PT-symmetry breaking, and for strong coupling

rates the system transitions into a mechanical lasing phase. Further-
more, dynamically modulating the trapping potential of particles with
non-degenerate mechanical frequencies allows us to engineer an arbi-
trary combination of beamsplitter and two-mode squeezing type inter-
actions between them.

Q 55.8 Thu 16:15 P 2
Entanglement of nanoparticles via Coulomb force under op-
timal control — eNancy Guptal?, Avus Kunopare'?, KLe-
MENS WINKLER!, KASPAR SCHMERLING3, ANDREAS DEUTSCHMANN-
OLek3, Nikorar KigseL!, ANTON ZaSEDATELEV®, UrRos DELIG?,
and MaARkUs AspELMEYERY? — lUniversity of Vienna, Faculty of
Physics, Vienna Center for Quantum Science and Technology (VCQ),
Boltzmanngasse 5, A-1090 Vienna, Austria — 2Institute for Quan-
tum Optics and Quantum Information, Austrian Academy of Sci-
ences, A-1090 Vienna, Austria. — 3 Automation and Control Institute
(ACIN), TU Wien, 1040 Vienna, Austria — *Atominstitut, TU Wien

— 5Department of Applied Physics, Aalto University

Optomechanics with levitated particles offers a powerful route to ex-
plore quantum behavior at macroscopic scales, including ground-state
cooling. A central goal is to entangle the motion of two levitated
nanoparticles to study decoherence, but weak interactions have lim-
ited the experimental progress. We address this challenge using elec-
trostatic Coulomb forces between two optically trapped silica parti-
cles. By employing active and passive charging, we achieve strong
coupling with an interaction strength of 17 percent of the mechani-
cal frequency and realise cooling and readout of the coupled modes.
Because steady-state entanglement demands stronger coupling, we in-
troduce an optimal-control protocol that exploits time-dependent in-
teractions in a continuously measured system. This approach relaxes
coupling requirements and enables unconditional entanglement while
addressing stabilization, feedback, and noise near the ground state.



