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Tuesday 7 October 2025
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14.45

Arrival, registration
Opening by the chair of the section AMO, Herman Offerhaus

chair:
1 o1

Lyuba Amitonova

Sylvain Gigan (Kastler-Brossel Laboratory CRNS-ENS,
Sorbonne University, France)

“Large-scale optical machine learning exploiting disorder

”

Short lectures: (Lamoraal room)

O o1

O o2

O o3

O o4

Lunch

chair:
lo2

Yu Chih Tseng (Van der Waals-Zeeman Institute,

Institute of Physics, University of Amsterdam)

“Parallel neutral atom rearrangement with an ultra-fast
spatial light modulator”

Roos de Boer (AMOLF, Amsterdam)

“Experimental observation of an optical ghost state”

Luc Assink (Zernike Institute for Advanced Materials,

University of Groningen)

“On the stopping of laser-produced Sn™ ions in H_ buffer gas”
Mio Poortvliet (Leiden Institute for Physics, Leiden University)
“Pulsed to continuous wave coherent microcavity-quantum
dot Rabi dynamics”

Richard Hildner

Shirin Faraji (Theoretical Chemistry Institute, Heinrich Heine
University, Diisseldorf, Germany)

“Watching Chemistry Happen with Light: On-the-fly hybrid
quantum/classical dynamics in complex environment”

Short lectures: (Lamoraal room)

O o5

O o6

Izabella Thompson (Van Swinderen Institute, University of Groningen)
“2D laser cooling a focused beam of BaF molecules”

Erik Baalbergen (Huygens-Kamerlingh Onnes Laboratorium,
Leiden University)

“Machine Learning Photon Number Resolution in SNSPDs”



15.15 Coffee/tea break (attach posters)

15.45 Short lectures: (Lamoraal room)

O o7 Margriet van Riggelen (QuTech and Kavli Institute of Nanoscience,
Delft University of Technology)

“High-fidelity gates in a multi-qubit diamond quantum processor”

O o8  Kian Goeloe (Advanced Research Center for Nano Lithography
Amsterdam)

“Mode-resolved multimode fiber imaging”

O o9 Daniel Ochoa Franco (LaserLaB, Vrije Universiteit Amsterdam)
“High-resolution spectroscopy of the excited states of
molecular hydrogen”

O 10 Ana Caballo (Spectroscopy of Cold Molecules, Radboud University,
Nijmegen)

“Combining experimental techniques to reveal molecular
photofragmentation”

16.45 Poster presentations (odd numbers)
18.00 Dinner (restaurant)
19.15 Poster presentations (even numbers)
chair:  Steven Hoekstra
21.15 103 Ekkehard Peik (Physikalisch-Technische Bundesanstalt,

Braunschweig, Germany)
“Laser Excitation of the Thorium-229 Nucleus - Towards

a Nuclear Clock”
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Wolfgang Loffler

Stefanie Kroker (Institute of Semiconductor Technology,
TU Braunschweig, Germany)

“Integrating Photonics with Atoms and lons for Compact
and Robust Quantum Technologies”

Short lectures: (Lamoraal room)

Oomn Yuri van der Werf (Eindhoven University of Technology)
“Full-stack neutral-atom quantum computing with ®Rb”

012 Etienne Walraven (Theoretical and Computation Chemistry,
Radboud University Nijmegen)

“Loading molecules... [NEE M 80%] Scalable molecular arrays
using repulsive van der Waals interactions”

013 Sarvesh Thakur (LaserLaB, Vrije Universiteit Amsterdam)

“High axial resolution Full-Field Fourier-Domain Optical Coherence
Tomography for in-vivo retinal imaging”

O14 Innes Maxwell (Adaptive Quantum Optics, University of Twente)
“A quantum-inspired algorithm for sampler-encoded graph
isomorphism”

Coffee/tea break

chair: Herman Offerhaus

los David Marpaung (Nonlinear Nanophotonics group,

MESA+ Institute, University of Twente)
“Integrated Photonics for Portable Optical Atomic Clocks”

Short lectures: (Lamoraal room)

O15

Jelena Boskovi¢ (Theoretical and Computation Chemistry,
Radboud University Nijmegen)

“From Quantum Dynamics of Molecules to Protoplanetary Disks:
Calculating Rovibrational Transition Rates of CO, in Collisions
with He”
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Finish

Anubhav Paul (Imaging Physics, Delft University of Technology)
“Near-IR Scatterometry for Deep Subsurface Metrology in Silicon”
Emre Akaturk (Eindhoven University of Technology)

“RySP: Rydberg Simulation Platform A versatile open-source
emulator for Neutral Atom Quantum Computers”

JiaXu (LaserlaB, Vrije Universiteit Amsterdam)

“Generalized Malus’ Law and Spatial Coherence in Polarization Optics”

Herman Offerhaus
Presentation winner poster award

Silvania Pereira

Pierre Sustar (Spectroscopy of Cold Molecules,
Radboud University, Nijmegen)

“Electric field manipulation of cold ND,-H, collisions”
Simona Borrelli (Eindhoven University of Technology)
“Femtosecond pump-probe experiments in an RF-UTEM
at 75 MHz”

Gary Steele (Quantum Nanoscience department,

Kavli Institute of Nanoscience, Delft University of Technology)
“Combining superconducting artificial atoms and mechanical
resonators for testing gravity and quantum mechanics”



) . Kastler-Brossel Laboratory CRNS-ENS,
Sylvaln Glgan Sorbonne University, France

1 o1

Large-scale optical machine learning
exploiting disorder

Photonics is an ideal technology for low-energy and ultrafast information processing,
and photonic computing is currently seeing a surge of interest, with exciting perspectives.
In Machine Learning, optics is naturally well suited to implement a layer of neural
networks, via either integrated or free-space approaches. However, most proof-of-
concepts of optical machine learning to date are limited to modest dimensions, single or

relatively shallow artificial neural layer networks, and to relatively simple ML tasks.

I will show how multiple scattering of light allows performing optically an interesting
operation for machine learning: large scale random matrix multiplication, I will present
their application to various tasks, and discuss how we can extend this concept beyond

single layers operations, and to modern machine learning tasks.
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Parallel neg_:t_r&l atom rearrange-
ment with an ultra-fast spatial
light-modulator

O o1

Y.C. Tseng,! .LH.A. Knottnerus, '3

A. Urech,'? R.J.C. Spreeuw,'?

and F. Schreck!”

tVan der Waals-Zeeman Institute, Institute
of Physics, University of Amsterdam

2 QuSoft, Amsterdam

8 Eindhoven University of Technology

We present full-parallel rearrangement of
single atoms in an optical tweezer array by
updating the phase patterns on an ultra-fast
spatial light modulator (SLM). Linear
interpolation of the positions and optical
phases of the tweezers in the array is used
to sequentially update the phase pattern on
the SLM. By implementing the algorithm
on a graphics processing unit (GPU),

we can on-the-fly calculate and update

the phase patterns every 2.76(2) ms. The
success probability of our method exceeds
99.9% per atom per rearrangement cycle.
We demonstrate various tweezer geom-
etries and multiple rearrangement cycles
on the same atomic sample. This opens

up a new option for large scale quantum
computing and simulation on neutral atom
array. This work is performed within the
Quantum Delta NL KAT-1 Neutral Atom

Quantum Computing collaboration.

",

Experimental observation
of an optical ghost state

R.M. de Boer, and S.R.K. Rodriguez
AMOLF, Amsterdam

A ghost state is a bottleneck in phase space
that apparently behaves as an attractor for
a system’s dynamics despite not being

one. Such states are characterized by an
extremely long lifetime, exceeding any
intrinsic system time scale. Ghost states
have been predicted for various dynamical
systems across physics, yet they have
never been observed in optics. Here we
report the observation of a ghost state in an
optical system, namely a laser-driven optical
cavity with thermo-optical nonlinearity.
The figure below shows the observation of
such a ghost state in an experiment where-
in the laser power in our cavity is suddenly
raised from zero to a constant. The system
evolves to a ghost state with a ~10 ms life-
time, far beyond the optical (~picseconds)
and thermal (~microseconds) relaxation

times.
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On the stopping of laser-pro-
duced Sn™ ions in H, buffer gas

O o3

L. Assink,'? J. Bijma,! T. Nieboer,'
K. Bijlsma,'? L. Poirier,>* E. de Wit,'?
L. Tinge,'?]J. Sheil,>* O.0. Versolato,*?
and R. Hoekstra'?

tUniversity of Groningen

2 Advanced Research Center

for Nanolithography, ARCNL

3VU Amsterdam

We present an extensive joint experimental
and modeling effort to investigate the
stopping of energetic keV Sn'* ions in a
molecular hydrogen gas. This collision
system is of direct relevance to model

Sn mitigation in EUV lithography sources,
but the limited amount of existing data
does not yet present a complete atomistic
picture[1,2]. In this work, we used an Sn
laser-produced plasma source to obtain
stopping data for 0.13 — 1.3 keV Sn ions in
H2 buffer gas. On the modeling side, we
developed a semi-classical collision model
which uses DFT interaction potentials to
calculate stopping cross-sections. Furthermore,
we took the molecular geometry of H, in
account instead of approximating it as a
point-like target. A very good agreement
between our experimental and simulation

results is found.

[1] Abramenko et al., Appl. Phys. Lett. 112, 164102 (2018)
[2] Bartlett et al., Phys. Scr. 99, 065411 (2024)

Pulsed to continuous wave
coherent microcavity-quantum
dot yb'bdynamics

Oo4

M. Poortvliet,and W. Loffler
Leiden University, Leiden

Single-particle Rabi oscillations are a useful
tool in quantum optics, enabling determin-
istic population inversion for on-demand
single-photon generation from epitaxially
grown InGaAs/GaAs quantum dots (QDs).
These QDs can exhibit 100 ps lifetimes,
particularly when Purcell-enhanced in a
microcavity, requiring optical pulses of

tens of ps. We generate such pulses via
electro-optic modulation of a tunable
narrow-linewidth continuous-wave laser [1],
allowing us to investigate the QD response
to laser detuning and varying pulse lengths.
We measure the characteristic Chevron pat-
tern of Rabi oscillations, modified by cavity
field enhancement and slight cavity-QD
hybridization. By simultaneously measuring
the second order correlation function we
observe how the photon statistics oscillate
between anti-bunched and bunched [2].
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[1] Poortvliet et al., Phys. Rev. Appl. 23, 014017 (2025)
[2] Fischer et al., Nature Phys. 13, 649-54 (2017)
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. . .. Theoretical Chemistry Institute, Heinrich Heine
Shirin Fa raji University, Diisseldorf, Germany

l o2

Watching Chemistry Happen with Light: On-the-fly
hybrid quantum/classical dynamics in complex
environment

Light-triggered processes, ubiquitous in nature and technology, are inherently quantum.
Phenomena such as the photovoltaic effect, charge migration, and proton-coupled electron
transfer require a quantum mechanical description. Understanding these processes is
crucial for advancing technologies like optogenetics, photopharmacology, and
photoresponsive materials. However, accurately modeling these processes in
(supra)molecular systems remains challenging due to (i) the need for high-level electronic
structure calculations, (ii) coupled electron-nuclear dynamics, and (iii) the importance

of the environment.

Recent years have seen significant growth in direct dynamics approaches, such as semi-
classical trajectory surface-hopping and on-the-fly quantum dynamics within variational
multi-configuration Gaussian. Particularly troublesome for trajectory-based methods is
the huge amount of electronic structure calculations that need to be performed. Here, we
present an innovative solution that integrates semiclassical and quantum direct dynamics
with a database-driven approach, drastically reducing the number of electronic structure
calculations by employing machine-learning algorithms and methods borrowed from
the realm of artificial intelligence. Additionally, on-the-fly direct dynamics can be
embedded into a quantum mechanics/molecular mechanics framework to explicitly
account for environment effects. The degree of sophistication achievable with this
implementation is demonstrated using test systems.
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2D laser cooling a focused beam
of BaF molecules

O o5

I.E. Thompson," N. Balasubramanian,'*
T.H. Fikkers,"> A.P. Touwen,">

H.L. Bethlem,'? S. Hoekstra,'*

and the NL-eEDM collaboration

LVSI, University of Groningen

2 Nikhef, Amsterdam

% LaserLaB, VU Amsterdam

The NL-eEDM collaboration uses a beam
of BaF molecules to conduct a precision
measurement of the CP-violating electron
electric dipole moment (¢éEDM) [1]. By
combining a cryogenic buffer gas beam
[2], an electrostatic hexapole lens [3] and
2D transverse laser cooling, a beam of
>106 BaF molecules per second can be
produced.

We report on results demonstrating and
analyzing 2D transverse laser cooling of
the BaF beam. Trajectory simulations are
matched to the experiment to understand
and quantify the demonstrated cooling
effect, allowing for projections of the
attainable improvement in eEDM sensitivity
compared to previous iterations of the
NL-eEDM experiment.

[1] A. Boeschoten et al., Physical Review A 110.1 (2024)
[2] M.C. Mooij et al., New J. Phys. 26 053009 (2024)
[3] A. Touwen et al., New J. Phys. 26 073054 (2024)

Machine Learning Photon
Numl‘r R@solution in SNSPDs

F.B. Baalbergen,! I. Kuijf,2 L. Seldenthuis,’
E.P.L. van Nieuwenburg,’

and M.J.A. de Dood

1Huygens-Kamerlingh Onnes
Laboratorium, Leiden University

2|nstituut Lorentz, Leiden University

Superconducting Nanowire Single Photon
Detectors (SNSPDs) are the most promising
and versatile detector technology for quantum
optics, photonic quantum computation, quan-
tum key distribution and other applications.
Commercial detectors combine high detection
efficiencies with low timing jitter and reset
time [1]. The main disadvantage of SNSPDs is
the inherent lack of photon number resolution
(PNR) in standard readout schemes.

We combine machine-learning techniques
with a new readout technique to explore PNR
in commercial SNSPDs with low timing jitter.
Careful analysis of a principal component
analysis shows that an optimized strategy

that gives the best PNR involves only the
derivative of the detector pulse. This optimum
PNR can be achieved with moderate hardware
requirements in terms of both sample rate (5
GSample/sec) and analog bandwidth (3 GHz)
and could be implemented in an FPGA, giving

a highly scalable solution for photon counting.
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High-fidelity'gates in
a muIt[;qubit diamond
quaptum processor

O o7

M. van Riggelen, J. Yun,

H.B. van Ommen and T.H. Taminiau
QuTech and Kavli Institute of Nanoscience,
Delft University of Technology, Delft

Spins associated to solid-state color centers
might enable a range of quantum technolo-
gies. Examples using the nitrogen-vacancy
center in diamond include the fault-tolerant
operation of a logical qubit and the creation
of entanglement on a metropolitan scale.

It remains a key challenge to obtain
high-fidelity gates on the defect center’s
electron spin and its surrounding nuclear

spins.

We demonstrate two-qubit gate fidelities
over 99% on multiple pairs of qubits using
a self-consistent and calibration-free char-
acterization method, gate set tomography.
We use the gates to implement a varia-
tional quantum eigensolver to estimate the
ground state energy of H, and LiH. These
results show the possibilities and limita-
tions of multi-qubit quantum processors
based on color centers in diamond and

other materials.
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Mode-resolved multimode
fiber imaging

K. Goeloe,"? and L.V. Amitonova,'?
! Advanced Research Center

for Nanolithography, ARCNL

2VU Amsterdam

The small and flexible dimensions of
optical fibers drive the interest of utilizing
fibers for imaging targets which are other-
wise considered unreachable. Multimode
fibers (MMFs) are of particular interest
due to the generation of spatially resolved
speckle patterns on a certain target. How-
ever, these methods operate by measuring
the full transformation matrix of the fiber.
Here we realize an intensity-only mode-re-
solved fiber imaging method, extending the
fiber imaging capabilities in the absence of
measuring the full transformation matrix.
The spatial output intensity pattern origi-
nating from an MMF is decomposed into
the modes’ amplitudes and phases. This
allows for reconstructing the spatial output
pattern, but also supports calculating the
spatial pattern at any distance within the
fiber, up to the input facet. Hence, access
to the modes amplitude and phase distri-
butions introduces a novel perspective on
extracting information from a target, which
can be applied in both the biomedical and
industrial field.
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High-résolution spectroscopy
of the excited states of
molecular hydrogen

O o9

A.D. Ochoa Franco,' D. Knap,
and M. Beyer
VU Amsterdam

The excited electronic states of molec-
ular hydrogen are studied between the
H(1s)+H(n=2) and H(1s)+H(n=3) thresh-
old using velocity-map imaging. Using a
resonant two-photon excitation scheme
employing tunable extreme-ultraviolet
and UV lasers, the photo-ionization and
dissociation processes of the gerade mani-
fold are observed. Nonadiabatic processes
between the excited states and the various
continua can also lead to autoionization
and predissociation resonances. Resonance
positions and widths, as well as the energy
and angular distribution of the excited
hydrogen atoms are measured and analyzed.
This data is then used to benchmark cou-
pled-channel scattering calculations based
on ab initio potential energy curves and
nonadiabatic couplings.

Understanding the spectra of dynamics

of (super)excited states of molecular
hydrogen is relevant for finding efficient
pathways for the production of the first
antimatter molecules for testing CPT

symmetry.

[1] D.H. Parker and T.J.B. Eppink, J. Chem. Phys. 107,
2357 (1997)
[2] M. Beyer and F. Merkt, Phys. Rev. X 8, 031085 (2018)

Combining experimental
techn.ue.to reveal molecular
photofragmentation

A. Caballo, D.A. Horke and J. Onvlee
Radboud University, Nijmegen

The fragmentation of molecules after
photon absorption plays a crucial role

in processes from DNA damage to
atmospheric chemistry. Despite significant
progress, key mechanistic details remain
under investigation. Our goal is to study

the photofragmentation of big molecular
systems (>100 Da) in great detail. We show
how electron-ion coincidence detection
provides a complete picture of photofrag-
mentation in small gas-phase molecules like
0. For larger, solid-phase molecules, we
demonstrate the use of Laser Based Thermal
Desorption as a molecular beam source for
time-resolved photofragmentation studies.
Additionally, we propose the implemen-
tation of 3D velocity map imaging, which
yields more information about the photodis-
sociation products compared to traditional
2D approaches. The future combination of
these methods would enable detailed inves-
tigations of complex molecular systems.

Photodissociation
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. Physikalisch-Technische Bundesanstalt,
Ekkehard Peik Braunschweig, Germany

o3
Laser Excitation of the Thorium-229 Nucleus

- Towards a Nuclear Clock

Three experiments have recently achieved resonant laser excitation of a low-energy
nuclear transition in the isotope Thorium-229, using table-top laser systems at 148 nm
in the vacuum-ultraviolet. The thorium nuclei have been prepared as dopant ions in

VU V-transparent crystals. This opens a new field for experiments that connect nuclear
physics with atomic physics and quantum optics.

Among several possible applications, the development of an optical nuclear clock seems
particularly attractive. This clock would offer high accuracy, especially with laser cooled
trapped Th-229 ions. It also offers high stability, because of the high number of nuclei
that can be interrogated in a kind of laser Mdssbauer spectroscopy in Th-229-doped
solids. Finally, it promises very high sensitivity in clock-based tests of fundamental
principles and searches for new physics, involving the strong interaction in addition

to electromagnetism.



Stefanie Kroker Institute of Semiconductor Technology,

Laboratory for Emerging Nanometrology
LENA, TU Braunschweig

log

Integrating Photonics with Atoms and
lons for Compact and Robust Quantum
Technologies

Integrated photonics plays a key role in enabling compact systems for light routing
and conditioning with increasingly complex functions. By offering scalability in both
ensemble size and system complexity, it enables robust quantum technologies based on
trapped atoms and ions. In addition to photonic systems for trapping, cooling, and ad-
dressing atoms and ions, ultra-stable lasers (USLs) are essential for providing the stable
frequencies needed to interrogate narrow atomic transitions with high precision. USLs
are also at the heart of precision measurements, such as gravitational wave detection
and fundamental physics tests. Current USLs achieve a relative instability of 4x10"7,
currently limited by resonator thermal noise. However, their bulky designs, which
require heavy thermal shielding, result in large and complex optical setups.

In this talk, I will present an overview of integrated photonic devices for quantum
sensing and computing with trapped atoms and ions. I will discuss the physical
requirements and key material considerations for these applications and introduce

a novel resonator concept based on multifunctional mirrors designed to meet stringent

requirements on size, weight, and noise in next-generation quantum systems.

16
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Full-stack neutral-atom
quantum computing with *Rb

y

Oon

Y. van der Werf, D. Janse van Rensburg,
R. Venderbosch, J. del Pozo Mellado,

R. Lous, E. Vredenbregt

and S. Kokkelmans

Eindhoven University of Technology

The Neutral Atom KAT-1 Collaboration

is working on the realisation of a full-
stack quantum computing solution, with a
quantum processing unit (QPU) based on
neutral atoms with Rydberg interactions,
trapped in optical tweezer arrays. Out of a
total of three QPU setups: a first generation
8Sr system in Amsterdam and the 2nd gen-
eration *Sr setup in Eindhoven, this work
concerns the **Rb demonstrator system at
Eindhoven University.

The #Rb qubit is based on the
|F=2,mF=0>—|F=3,mF=0> clock transi-
tion, which is driven with 3 GHz micro-
waves, offering a robust single-qubit gate
with long coherence times and a 0.1 MHz
Rabi frequency. We drive the qubits with

a Quantum Machines Operator-X module,
implementing complex pulse shapes on a
fast timescale with excellent phase control.
As a first demonstration we have imple-
mented proof-of-principle experiments on
theoretical qubit-drive noise models, which
show excellent agreement with analytical
results and simulations. The qubit control
toolbox will be completed with a laser for
single qubit addressing and two-photon

Rydberg excitation to the 60S level.

Loading molecules...

[WENNE[ 80%] Scalable
molecular arrays using repulsive
van der Waals interactions

E.F. Walraven,! M.R. Tarbutt,” T. Karman'!
!Institute for Molecules and Materials,
Radboud University, Nijmegen

2Centre for Cold Matter, Imperial

College London

We describe novel interactions between
ultracold polar molecules, such as CaF,
with an application to deterministic loading
of optical tweezer arrays [1]. We show that
rotational [2] and hyperfine [3] van der
Waals interactions emerge between polar
molecules in different internal rotational
and spin states. Remarkably, these inter-
actions can be repulsive, in contrast to the
typically attractive ground-state electronic
van der Waals interactions. Such repulsion
can strongly suppress collisional loss rates
by orders of magnitude, overcoming a key
limitation in the stability of quantum gases.
These repulsive interactions therefore
enable non-destructive collisions that are
necessary in creating platforms for quan-
tum technologies. With these repulsive van
der Waals interactions in the spotlight, we
propose a novel scheme to increase the
efficiency of loading molecules in optical
tweezer arrays, advancing the scalability of
molecular quantum computers.

[1] E.F. Walraven, M.R. Tarbutt, and T. Karman, Phys.
Rev. Lett. 132, 183401 (2024)

[2] E.F. Walraven and T. Karman, Phys. Rev. A 109,
043310 (2024)

[3] E.F. Walraven and T. Karman (manuscript in

preparation)



High axial resolution Full-Field
Fourier-Domain Optical Cohe-
rence Tomography for in-vivo

retinal imaging

013

S.A. Thakur,N.P. Klooster,

and D. Hillmann

VU Amsterdam

Over the past couple of decades, optical
coherence tomography (OCT) has become

a common imaging modality to perform
morphological studies and diagnoses of the
human eye. Full-Field Fourier-Domain OCT
(FF-FD-OCT) further advances that by being
able to perform functional imaging. For this
it detects nanometer-size changes of the op-
tical path length between the different layers
in the retina as a response to light stimuli [1].
We present a method to computationally
combine two swept-source lasers to increase
the bandwidth and therefore the axial reso-
lution of FF-FD-OCT systems. We increase
the effective bandwidth from 75 nm to 145
nm which results in a resolution improve-
ment from 5.6 pm to 3.2 um (1.7 times). We
demonstrate the algorithms and the setup for

in-vivo retinal imaging of humans.

Human retina
Single Laser

Dual Laser (High axial resolution]

[1] Pfiffle et al., Front. Med. 9 (2022)

A quantum-inspired algorithm
for samplér-encoded graph
isomorphism

I.L. Maxwell, S.N. van den Hoven,
and J.J. Renema

Adaptive Quantum Optics,
University of Twente

Recent development of NISQ sampling
systems offers potential near-term real-
ization of quantum advantage, spurring
research into quantum algorithms suited
for these platforms that tackle a variety of
tasks, including the NP-intermediate graph
isomorphism problem. In this contribution
we propose a classical algorithm for a
graph isomorphism, inspired by a quantum
algorithm implemented on a Gaussian
boson sampler [1]. Our algorithm makes
use of efficiently calculable properties of
a quantum sampler system to show a pair
of graphs fail to meet our newly proposed
necessary condition and thus cannot be
isomorphic. Our classical algorithm is of
comparable complexity to the inspiring
sampler-based quantum algorithm of
Bradler et al. [1], as well as the classical
color refinement algorithm [2]. Our result
asserts that a quantum algorithm run on a
NISQ sampler does not offer computation-
al advantage in solving graph isomorphism

compared to classical methods.

[1] K. Bradler et al., Spec. Matrices 9, 166-196 (2021)
[2] B. Weisfeiler and A. Leman, Nauchno-Technich-

eskaya Informatsia, Vol. 2. (1968)
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. Nonlinear Nanophotonics group, MESA+ Institute,
David Marpaung University of Twente, Enschede,

the Netherlands
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Integrated Photonics for Portable Optical
Atomic Clocks

Precision timing is the pulse for today’s economy, enabling smartphone navigation, stock
markets, internet synchronization, and autonomous vehicles. At the heart, atomic clocks
provide unmatched accuracy via GPS. Tomorrow’s technology requires timing precision
beyond GPS that can be achieved using optical atomic clocks. But current optical clocks
are large and not portable. We aim to investigate the path of miniaturized and portable
optical clocks featuring our chip-scale ultra stable Brillouin lasers and optical comb
sources for use in different applications including quantum positioning navigation and
timekeeping (PNT) and high purity RF generation. Technology that we develop in our lab,
stimulated Brillouin laser and Brillouin-Kerr combs in a scalable platform like thin film
lithium niobate (TFLN), can reduce foot print and increase the efficiency of ultra stable
sources. Stimulated Brillouin lasers (SBLs) can generate ultranarrow-linewidth lasers with
exceptional stability, reaching the sub-Hz level [1]. Miniaturizing these lasers significant-
ly reduces the footprint of prototype devices requiring an ultrastable laser source. Addi-
tionally, Brillouin lasers can be engineered to lase at any selected frequency and support
multi-mode operation by leveraging acoustic and optical cavity design.

We have recently developed integrated Brillouin lasers using TeO,.covered silicon nitride
[2] and thin-film lithium niobate (TFLN) [3]. Additionally, we demonstrated simultaneous
dual-mode lasing with a 2.2 GHz separation between the two modes [2]. From Fig. 2
(c-d), it is evident that SBL has superior noise characteristics compared to the pump laser.

.

[1] Gundavarapu, Sarat, et al., "Sub-hertz funda-

% 8.1 GHr
'E o E mental linewidth photonic integrated Brillouin
=0
» i laser." Nature Photonics 13.1 (2019): 60-67)
0
* [2] Klaver, Yvan, et al., "Surface acoustic
0

waves Brillouin photonics on a silicon nitride

chip." arXiv:2410.16263 (2024)
[3] Ye, Kaixuan, et al., "Integrated Brillouin

photonics in thin-film lithium niobate."

Science Advances 11 (2025)
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From Qilantum Dynamics of
Molecules to Protoplanetary Disks:
Calculating Rovibrational Transition

Rates of CQ, in Collisions with He

O15

J. Boskovi¢,'? F. van der Tak,'

and G.C. Groenenboom?

! Kapteyn Astronomical Institute, Groningen
2Theoretical Chemistry, Institute for
Molecules and Materials, Nijmegen

3SRON Netherlands Institute for Space
Research, Groningen

We present results from quantum scattering
calculations of rovibrational transition cross
sections for CO; in collisions with He, using

a high-level ab initio potential energy surface.
Specifically, we calculate rovibrational
transition cross sections from initial rotational
states of CO, including (v4v,v3rj): (10°01j),
(10°02j), (02201j), and (01*01j), to lower
rovibrational states (v1-symmetrical stretch,
v2-bend, 12-vibrational angular momen-

tum, v3-asymmetrical stretch, r-resonance,
J-rotational state). We compare results
obtained using the coupled-channel method,
coupled-states and extrapolation approxima-
tions, evaluating their accuracy for broader
applications to other molecules and collisional
partners. This work provides data necessary
for improving the interpretation of JWST-MI-
RI spectra and inferring physical and chemical
conditions in star- and planet-forming regions.
We find high critical densities for CO,
rovibrational transitions, confirming CO, lines
are mostly non-LTE in the surface layers of
inner protoplanetary disks, where JWST is
most sensitive.

Near-IR Scatterometry for
Deep Subskirface Metrology
in Silicon

A. Paul, M. Boonstra, and S.F. Pereira
Imaging Physics Dept., Faculty of Applied
Sciences, Delft University of Technology

Advanced 2.5D/3D integration in semicon-
ductor packaging demands non-destructive
inspection of deeply buried nanostructures.
We demonstrate coherent Fourier scatterome-
try (CFS) at 1055 nm for resolving subwave-
length features through up to 500 um thick
silicon (Si). Si’s transparency in this spectral
range enables deep imaging, while challeng-
es due to strong Fresnel reflections of the top
layer are overcome by using (i) split detec-
tion for defect inspection, and (ii) low-co-
herence illumination with spatial filtering for
grating analysis. We detect 400 nm polysty-
rene spheres, >100 nm Si nanopillars, and
>225 nm nano-pits buried under 500 um Si
wafer, with signal-to-noise ratios exceeding
10 dB in many cases. Additionally, grating
diffraction patterns with minimal distortion
are retrieved through thick Si. Aberrations
induced by the Si layer, primarily spherical
(Zernike Zy), scale linearly with thickness
and degrade focal spot quality at large depths.
These aberrations can be corrected by imple-
menting beam shaping.

In conclusion, our results highlight CFS as

a high-throughput, label-free technique for
subsurface defect and structure inspection,
applicable in failure analysis, metrology, and

quality control for electronics and photonics.
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RySP: Rydberg Simulation
PlatformA versatile open-source

emujdtor for Neutral Atom
Quantum Computers,

O17

E. Akaturk, R.F. dos Santos,

R.J.PT. de Keijzer, R.S. Lous,

E.J. Vredenbregt and S.J.J.M.F. Kokkelmans
Eindhoven University of Technology

Solving problems for real-world applications
is at the core of useful quantum computation.
Ultracold atoms in an atomic tweezer array
are an emerging and promising quantum
computation platform that uses so-called
neutral atoms and it holds impressive ca-
pabilities, such as reconfigurable geometry
and long coherence times. These NISQ-era
devices must be designed and optimized
repeatedly to assure favorable performance
of the quantum program relative to the ideal
implementation. In this talk, we showcase

a fast and versatile digital-twin designed
towards the accurate simulation of neutral
atom quantum computers, built up from the
pulse level and towards the implementa-
tion of dynamical quantum circuits. It can
interpret QASM files and translate them into
a pulse-level implementation using state-
of-the-art compilation architectures. The
Rydberg Simulation Platform we showcase
here is a crucial component for developing a
full-stack quantum computer, and it forms the
basis of a cloud-based neutral atom digital
twin that is accessible via

Wwww.quantum-inspire.com.

[1] On behalf of the Neutral Atom KAT-1 Collaboration

(www.tue.nl/rydbergQC)

Generalized Malus’ Law
and Spatial Coherence
in Polarization Optics

018

J. Xu' G. Gbur,? and T.D. Visser,'?
!LaserLaB, VU Amsterdam

2UNC Charlotte, US

3University of Rochester, US

We present a generalized theoretical frame-
work for understanding how partially
polarized, spatially partially coherent
beams interact with both uniform linear po-
larizers and non-uniform polarization
elements. Our results show that trans-
mission depends not only on the polar-

izer orientation but also on the degree of
polarization and cross-spectral density of
the incident field. Furthermore, we demon-
strate that non-uniform polarizers, such as
those producing vector beams, can induce
complex modifications of the spatial coher-
ence, including the generation of coherence
singularities [1].

& - N s )

Transmission efficiency T of a linear polarizer
as a function of its orientation angle o

and the complex correlation coefficient R(Byy ).

[1]Xu et al., Opt. Lett. 47, 5739 (2022)
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Electric field manipulation of cold
ND3-H2 collisions

O19

P. Sustar, C. Sparling,
and B. van de Meerakker
Radboud University, Nijmegen

The study of molecular collisions at low
energies has emerged as an exciting new
research frontier. At low energies, the
wave-character of matter leads to exotic
phenomena, such as scattering resonances,
that reveal the fundamental mechanisms
behind molecular collisions. The scatter-
ing dynamics at these low energies are

also highly susceptible to the influence of
external fields; with theory predicting that
collision integral cross-sections (ICSs) may
be modified by orders of magnitude!

To investigate these effects directly, inelas-
tic collisions between ND; and para-H, are
studied using a Stark decelerator, providing
full velocity and quantum state control of
the ND; molecular beam. The large electric
dipole moment of ND; makes it a perfect
candidate for electric field-controlled
collisions. The presence of an electric field
also allows for isolation of the different
MJK-components of ND; and reveals their
individual role in the collision process.

ICS measurements are presented, where
scattering resonance is found to shift and
be enhanced or suppressed depending on
the electric field conditions and M-state of
NDs.

Femtosecond pump-probe
experiments in an RF-UTEM
at 75 MHz

S. Borrelli,' J. Fransenn,' T. de Raadt,'
E. Kieft,> and P. Mutsaers,*

T. van Leeuwen,! and J. Luiten*
LEindhoven University of Technology

2Thermo Fisher Scientific

We report the first pump—probe experiment
at a 75SMHz in an RF-cavity-based ultrafast
transmission electron microscope. The
system utilizes a miniaturized 3GHz TM110
dual-mode cavity to chop the continuous
beam from a TEM-gun into ultrashort
pulses while maintaining high brightness,
low emittance, and narrow energy spread.
A fully integrated fs-laser system enables
synchronized pump—probe operation with
~100fs timing and reduced jitter, supporting
stroboscopic measurements with higher
average currents than typical microscopes.
We conducted a photon-induced near-field
electron microscopy (PINEM) experiment,
probing the coherent interaction between
free electrons and the evanescent optical
field from a platinum aperture. The resulting
electron energy loss spectra exhibit spectral
broadening with clear PINEM sidebands.
Measurements at laser pulse durations

from 100 fs to ~1ps and powers from 100
to 900mW are in excellent agreement with
simulations. The delay-dependent evolution
of the PINEM spectra provides a robust
characterization of the interaction envelope,
demonstrating a temporal resolution in

pump—probe experiments of at least 334fs.
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Quantum Nanoscience department,
Gary Steele Kavli Institute of Nanoscience

Delft University of Technology

106
Combining superconducting artificial atoms

and mechanical resonators for testing gravity
and quantum mechanics

Understanding how quantum mechanics can be combined with gravitational interactions
and general relativity is an outstanding challenge in fundamental physics. Performing
experiments to explore quantum mechanics and gravity are exceptionally challenging due
to the weak nature of gravitational forces, the tiny zero points fluctuations of mechanical
objects, and the challenges in creating quaantum superpositions of systems with large
mass. In this talk, I will introduce a potential aspect of quantum mechanics and gravity
that we believe we can test using quantum superpositions of nano/micro-mechanical
devices. I will introduce the nano/micro-mechanical systems we make in the cleanroom,
the superconducting qubits we will use to give these a quantum “kick” to create “mechanical”
Schroedinger cat states, and the challenges we are working on solving to combine these

two technologies and create quantum superpositions of massive mechanical objects.
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Electric Tuning of InGaAs
Quantum Dots via External /

Gates

P1

R. Aarts, M. Poortvliet and W.Loffler
Leiden Institute of Physics

I1I-V quantum dots (QDs) in optical micro-
cavities are a promising candidate to produce
high-quality single photons at GHz rates [1].
Tuning of the QD emission energy is crucial,
and is achieved via the quantum confined
stark effect. We investigate a QD device in
which the electric field is applied via external
gates, allowing simple post-fabrication
tuning of the transition energy. We observe

a blueshift in the resonance fluorescence of
the QD, which is consistent with literature
given the limited tuning range and built-in
dipole moment of the QD [2]. Combined with
excitation-and-gate schemes enabled by
picosecond pulses from cascaded electro-op-
tic modulators [3], this tuning approach can
enhance single-photon purity and indis-
tinguishability for use in an open optical

microcavity.

[1] Snijders, H. J. et al., Phys. Rev. A 101, 053811 (2020)
[2] Barker, J. A., and E. P. O’Reilly. Phys. Rev. B 61,
13840-51 (2000)

[3] Poortvliet, M. et al., Phys. Rev. Appl. 23, 014017 (2025)

Quantum gates with trapped ions
and optical tweezers

P2

Z.E.D.Ackerman,' .L.P.H. Gallagher,
M. Mazzanti,> R.X. Schiissler,?

N. Diepeveen,' C. Robalo Pereira,*
A. Safavi-Naini,** R.J.C. Sprecuw?
and R. Gerritsma!

1Van der Waals Zeeman Institute, University
of Amsterdam

2]QE, ETH Zdurich, Switzerland

8 GSI Helmholtzzentrum fir
Schwerionenforschung, Germany
4QuSoft, Amsterdam

SITFA, Amsterdam

An ion can experience an off axis, spin-de-
pendent dipole force caused by strong polar-
ization gradients of tightly focused optical
tweezers [1]. We present a novel two-qubit
quantum gate as an implementation of this
effect [2]. This tweezer-driven quantum
gate requires only a single beam per ion and
promises a fidelity of F > 0.999989 without
needing ground-state cooling of the ions.

In this poster, I will elaborate on our current
experimental setup and our progress in
developing a programmable UV hol-
low-tweezer array, aimed at minimizing
photon scattering and AC Stark shift. Our
proposed setup integrates an acousto-optical
deflector and a spatial light modulator to fa-
cilitate precise control over the beam shape
while enabling rapid switching between ion
pairs for implementing the quantum gates.
[1] R. Spreeuw, Phys. Rev. Lett. 125, 233201 (2020)

[2] M. Mazzanti et al., Phys. Rev. Research. 5, 033036 (2023)
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Determining Branching
Fractions dnd Optical Cycling
in BaOH via DLIF

P3

N. Balasubramanian,'? T.H. Fikkers,!*
A. Borschevsky,'? and S. Hoekstra,'
1Van Swinderen Institute, University

of Groningen

2Nikhef

Heavy polar polyatomic molecules, such as
barium monohydroxide (BaOH), have re-
cently garnered attention for being platforms
for precision tests of fundamental physics,
such as the search for the permanent electric
dipole moment of the electron [1]. Their
straightforward internal structure makes them
amenable to laser cooling, improving statis-
tical sensitivity. Moreover, BaOH features
internal co-magnetometer states — specifi-
cally in its “bending” mode — that can help
suppress systematic uncertainties. However,
this added complexity compared to diatomics
also poses challenges in identifying efficient
laser-cooling transitions. Here, we present an
experiment using Dispersed Laser Induced
Fluorescence (DLIF) to measure the decay
rates and branching fractions of excited
electronic states. These measurements are
essential for identifying nearly closed optical
cycling transitions, that help with realizing

efficient laser cooling of BaOH.

[1] Bause et al., Phys. Rev. A 111, 062815 (2025)

Commissioning a high repetition
rate electron injector for a
burst-mode inverse Compton

scattering X-ray light source
in the Smart*Light setup

R.G.W van den Berg, P.H.A. Mutsaers
and O.J. Luiten
Eindhoven University of Technology

In the Smart*Light project at Eindhoven
University, a tabletop inverse Compton
scattering (ICS) source is being built. The
new injection will operate in a burst mode
increasing the current yield of x-ray.

In burst mode operation a 1.5 GHz repeti-
tion rate thermionic injector is used a as an
electron injector. The thermionic electron
injection first creates a continuous beam
with a high current and low emittance. Next,
the beam is chopped by a dual-mode ellip-
tical deflection RF cavity and a knife edge
to achieve a pulsed beam. After, a second
RF cavity compresses the pulse for injection
into the x-band accelerator.

Furthermore, the optical system is enhanced
by a Fabry-Perot cavity. The combination
will create X-rays in a 200-nanosecond
burst at a repetition rate of >400 kHz. This
configuration increases the X-ray yield and
the brilliance by more than two orders of
magnitude. This poster focusses mainly on
the commissioning and testing of the new

compression cavity.
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Enhanced CW light-electron |
interaction using tapered

/

optical fibers
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!Eindhoven University of Technology

2Thermo Fisher Scientific

Integrated photonic have enabled new
methods for coherent control of free-electron
beams in ultrafast transmission electron
microscopes. The challenge of weak
electron—photon coupling can be addressed
by enhancing optical near-fields through
photonic systems. These increase the
interaction strength, enabling processes like
photon-induced near-field electron microsco-
py (PINEM) even with CW illumination.

We propose a fiber-based approach for co-
herent electron—light interaction. By tapering
a standard single-mode optical fiber down to
a lum, the guided mode extends beyond the
cladding, coupling with a CW-electron beam
in an aloof geometry and producing PINEM
modulation at CW-optical powers around
IW. Further enhancement is achieved by
creating a microknot optical resonator, which
enables detecting clear PINEM sidebands at
powers as low as a few-100-mW. This low-
cost fiber-integrated technique offers a prom-
ising platform for CW-driven electron—light
interaction experiments, with applications in
beam shaping and quantum-enhanced me-
trology using standard optical components.

Inférmation processing capacity

K. Bui, and F. Koenderink
AMOLF, Amsterdam

Metasurface-based optical neural networks
offer high-speed, energy-efficient, and
parallelized computing. However, their
vast design space and complex wave in-
teractions make it difficult to predict their
computing potential and choose an optimal
network architecture.

We propose two task-agnostic metrics
quantifying the information processing ca-
pacity (IPC) of different architectures. The
first measures the diversity of realizable
transformations of a linear network. The
second captures variability in the output
fields, relaxing the linearity assumption
and allowing for physical effects such

as illumination power and noise to be
considered.

We aim to investigate how IPC scales with
interaction complexity supported by the
metasurfaces. We apply the framework to
multiplexed and programmable systems

to gain insight into the computing limits.
These metrics serve as practical tools for
optimizing metasurface architectures to en-
hance the functional diversity, parallelism,
and tunability in analog optical computing.

LB

Matasurfaces.
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Collision induced absorption
spectra fogr’ gaseous molecules

|

P7

N.A. Chandran, and T. Karman,
Theoretical and Computational Chemistry,
Radboud University, Nijmegen

When gas molecules interact through the
Van derWaals force, minute rearrange-
ments of their normal charge

distribution occur, resulting in interac-
tion-induced dipole moment. This dipole
moment allows the complex to

absorb electromagnetic radiation, par-
ticularly in the microwave and infrared
frequencies, producing Collision

Induced Absorption (CIA) spectra [1, 2].
For various astrophysical applications, it is
desirable to calculate the

CIA for various systems [3] at high tem-
peratures. This study shows the line shape
calculations of CIA spectra

using first order perturbation theory and

are compared with existing measurements.

PHYMOL: A Marie Sklodowska — Curie
Actions Doctoral Network (MSCA DN)
on Intermolecular

Interactions (Project number 101073474)

[1] Frommhold L., Collision-Induced Absorption in
Gases, 2nd ed. (Cambridge University Press, Cambridge,
England, 2006)

[2] Kiss Z. J. and Welsh H. L., Phys. Rev. Lett. 2 166 (1959)
[3] Karman T., etal., Icarus 328 160-175 (2019)

Parity changes of ammonia in
molecular dipolar collisions

Y. Chang, E. Walraven, S. Kuijpers,
A. van Roij, T. Karman,

and S.Y.T. van de Meerakker
Spectroscopy of Cold Molecules,
Radboud University, Nijmegen

The long-range dipole-dipole interaction
plays an important role in the low-energy
inelastic collisions between two dipo-

lar molecules. Theoretical predictions
suggest that both of two colliding dipolar
molecules could undergo parity flipping
due to dipole-dipole interactions and the
ICSs should exhibit a local maximum.
However, in previous studies on NO-ND3
collisions [1], these predictions could not
be experimentally verified because VMI
lacks the resolution to distinguish the
small inversion splitting energy of ND3
and the local maximum locates at a too
low energy. To overcome these challenges,
alternative dipole-dipole systems need to
be investigated. Merged electrostatic guide
was designed to simultaneously guide
both molecular beams and bring them into
effective collision [2]. Here, we report
experimental results for ND3/NO colliding
with NHs, which show excellent agreement
with theoretical predictions.

[1] G. Tang et al., Science 379, 1031-1036 (2023)
[2] S. E. J. Kuijpers et al., Rev. Sci. Instrum. 95, 093201
(2024)
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Resolving hidden nano-structures
with ultrafast photoacoustijcs
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K. Chaudhary,! M. Illienko,*
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! Advanced Research Center

for Nanolithography, ARCNL

2Imaging Physics Department, TU Delft

Optical metrology faces challenges when
feature sizes shrink below the optical
wavelength or when probing through
opaque materials. Ultrafast photoacoustic
spectroscopy offers a solution by
generating high-frequency acoustic
wavepackets—containing sub-100 nm
wavelength components—using
femtosecond laser pulses. These waves
can penetrate opaque layers and diffract
from nanoscale structures, modulating the
refractive index and thus the reflectivity.
Time-resolved reflectivity measurements
capture structural information with nanom-
eter-scale precision. We applied this tech-
nique to characterize periodic structures
buried beneath opaque films,

revealing grating linewidth, pitch, and
shape with 10-100 nm sensitivity. Simula-
tions validate the results, demonstrating the
potential for non-invasive, high-resolution

metrology.

[1] M. Tllienko, K. Chaudhary, M. C. Velsink, and S.
Witte, Characterization of Sub-Optical-Wavelength Struc-
tures through Optically Opaque Films Using Picosecond
Ultrasonics, Nano Letters 2025 25 (22), 8909-8914

Towakds Ramsey-Comb
pscopy of the 15-2S

A.E. Diaz, A.M. de Velasco,
E.L. Griindeman, V. Barbé,

L.S Dreissen and K.S.E. Eikema
LaserLaB, VU Amsterdam

Singly ionized helium (He"), a hydrogen-like
system, enables precision tests of quantum
electrodynamics (QED) and measurements
of the alpha particle charge radius [1]. We
recently reported the first laser excitation
of the 1S-2S transition in He+ in an atomic
beam, with an amplified pulse at 790 nm
from a frequency comb laser and its 25th
harmonic at 32 nm, generated via high-har-
monic generation in an argon jet [2].
Building on this result, we aim to measure
the 1S-2S transition in a single trapped
He* ion with <50 kHz accuracy using
Ramsey-comb spectroscopy (RCS).

This technique requires controlling the
ion’s motion to maintain coherence during
interaction with two delayed, amplified,
and up-converted pulses from a frequency
comb. The He" ion will be co-trapped with
a beryllium ion (Be*), which serves as

a sympathetic cooling agent and as a

readout ion.

[1]7J. Krauth et al., PoS (FFK2019) 49 (2019)
[2] E.L. Griindeman et al., Commun. Phys. 7, 414 (2024)
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Optical tweezers for trapped
ion quantqm simulations
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Quantum simulation provides insight into
the dynamics of complicated systems
using more controllable ones. We plan to
combine 2-dimensional Yb+ ion crystals in
a Paul trap with optical tweezers to create
a novel platform for quantum simulations.
The hyperfine splitting of the ground state
of the ions is used as a qubit, and the inter-
actions between the qubits are mediated by
the phonon modes in the ion crystal. Opti-
cal tweezers provide an additional trapping
potential which changes the phonon mode
spectrum of the crystal, expanding the
range of accessible Hamiltonians. We
present experimental work demonstrat-

ing an optimization routine for resonant
tweezers using a spatial light modulator
(SLM). We find this offers a fast and robust
method for alignment on the ions. Lastly,
we present our on-going efforts in aligning
and optimizing a

high power, off-resonant tweezer. This will
be used to create a deep trapping potential
while minimizing photon scattering for

quantum simulation.

Designing the C_kPhase gate
family for the Rydberg atom
architecture through

the Magnus expansion

R. dos Santos, and S.J.J.M.F Kokkelmans
Eindhoven University of Technology

Quantum gate design has tremendously
improved over the past few years from

the discovery of new numerical methods,
which has led to faster and more robust
gates, effectively decreasing the depth of
near-term quantum circuits. These advances
are especially important for the Rydberg
atom quantum computing architecture, since
the efficacy of their operation is entirely de-
pendent on the number of entangling gates,
which can be reduced using specialized
multi-qubit gates. In this work, we propose
a novel approach to design multi-qubit

gates and demonstrate its application on

the C_kPhase gate family for the Rydberg
atom quantum computing architecture. The
method relies on the Magnus expansion

to obtain the Lie-algebraic structure of the
tunable physical Hamiltonian, yielding an
analytical way to tune the effective Hamilto-
nian generated from continous segement of
a time-varying pulse. We show that by using
the right lattice geometry and blockade
range, we show that the Lie algebra of the
problem is substantially decreased, reducing
the complexity of the quantum gate design
problem. Finally, we obtain conditions

for time optimality of the C_kPhase gate
designed this way, and compare it with the
state-of-the-art.
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SiN-Based Quantum Light
Sources with Ring Resonators/
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D.L.N. Duplat, and J.J. Renema

Adaptive Quantum Optics, University of Twente
Quantum computing platforms still rely on pho-
ton sources—to generate single photons or en-
tangled pairs—that suffer from poor scalability,
low spectral purity, or limited indistinguishabil-
ity. Bulk-crystal and quantum-dot sources lack
integration capability, while waveguide-based
sources require strong filtering to achieve useful
spectral purity to reduce spectral correlations.
These limitations constrain interference visibil-
ity, entanglement distribution, and gate fidelity,
all critical for quantum protocols.This work
addresses the question: how can we design
guantum light sources that combine spectral
purity, indistinguishability, compactness, and
fabrication compatibility? We explore integrat-
ed solutions using silicon nitride, a material with
broad transparency, low propagation loss, and
no two-photon absorption at telecom wave-
lengths—ideal for photon-pair generation via
spontaneous four-wave mixing. To overcome the
spectral limitations, we use microring resona-
tors, which enhance nonlinear interactions and
enable joint spectral amplitude shaping at the
source. We present a fabrication-ready SiN PIC
designed using a fabless approach, integrating
multiple ring-based architectures—add-drop
rings, Vernier filters, and Mach—Zehnder
interferometers. The design merges analytical
modelling, numerical simulation, and found-
ry-compatible layout into a scalable quantum

photonics platform.

Medical diagnostics with the
Smart®Light tunable x-ray source

P14

1.J.M. van Elk, C.W. Sweers,
M.Turenhout, L.Blom, P.H.A. Mutsaers
and O.J. Luiten

Eindhoven University of Technology

At Eindhoven University of Technology a
lab-based tabletop x-ray source based on
inverse Compton scattering (ICS) has been
commissioned. Here, relativistic elec-
trons collide with a laser pulse producing
monochromatic x-rays. This compact and
tunable source will bridge the gap between
conventional lab sources and synchrotrons,
making high quality x-rays better accessi-
ble for a wide range of applications.

A key application that takes advantage of
the tunability and narrow bandwidth of
ICS sources is K-edge subtraction (KES)
imaging. Here, two images are taken above
and below the K absorption edge of a
specific element. After subtraction of the
two images, the contrast of this element is
significantly increased. We investigate the
application of KES imaging for mammog-
raphy where lodine (K-edge at 33.2 keV)
can be used as a contrast agent. We present
initial experimental results of KES imaging
and plans to perform KES imaging at the at
the loding K-edge.
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Ultra-fas':zmodulation of
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for solid-state microscopy
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2 VU Amsterdam

Various recent studies have shown optical
modulation of high-harmonic generation
(HHG) in solids [1]. These works illus-
trate how HHG can effectively be used to
study the microscopic electron dynamics
in solids on the femtosecond timescale.
However, the exact underlying phenomena
are still poorly understood. Moreover, there
is an exciting prospect in combining HHG
with microscopy to study these ultra-fast
dynamics in actual solid-state devices [2].
Here we explore how the tight focusing
conditions required for high-resolution
microscopy impact HHG modulation.

In particular, the new phase matching
condition induced by this measurement
geometry gives rise to surprisingly varying
dynamics underlining its importance for

HHG microscopy.
time __d‘om
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[1] PJ. van Essen, et al., ACS Photonics 11, 1832 (2024)
[2] K. Murzyn, et al., Science Advances 10, eadp3035
(2024)

A cryogenic beam of BaOH
radicals

T.H. Fikkers,'?> N. Balasubramanian, '
H.L. Bethlem,** A. Borschevsky,'*
and S. Hoekstra,'

1Van Swinderen Institute,

University of Groningen

2Nikhef

3Vrije Universiteit Amsterdam

Polyatomic molecules like BaOH are
promising candidates for precision tests of
fundamental symmetries, particularly in
the search for the electron’s electric dipole
moment. Polyatomic molecules offer the
possibility of combining laser cooling

and powerful systematic error rejection,
something that is not possible in diatomic
species. We have recently finished building
a cryogenic source of BaOH molecules,
achieving a beam intensity comparable to
that of our BaF source. By electronically
exciting barium we have enhanced BaOH
production by a factor of 11. Additional-
ly, we have improved the stability of our
source by using a water-vapor neon gas
mixture, which mitigates large fluctuations
in molecule production. We can now turn
our attention to developing a viable laser
cooling scheme.
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A continuously operating
compound optical clock
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A.K. Gacsbaranyi, S. Sarkar, P. Bouyer,
and F. Schreck,

Van der Waals-Zeeman Institute,
University of Amsterdam

The stability of standard passive optical lattice
clocks is limited by their pulsed operation.
During atomic sample preparation, Ramsey
spectroscopy halts, preventing phase tracking
of the local oscillator and resulting in an Allan
deviation scaling of 1/\t, where  is the meas-
urement time [1]. Interleaving two clocks

- one active during the other’s dead time - can
yield a near Fourier limited scaling (1/t) [2].
We present designs for a continuously operat-
ing optical clock using strontium atoms from
a red magneto-optical trap that is continuously
replenished. Atoms are delivered via optical
lattice conveyors to one of four interrogation
chambers, each capable of running individual
Ramsey sequences or a two-clock zero-dead-
time scheme. Utilizing longer interrogation
times, this architecture could enable a preci-
sion of 10 in 100 s — 100 times faster than
conventional atomic clocks. The increased
bandwidth could advance applications such as
dark matter or gravitational wave detection,

and navigation.

TEC ATASESTE (10,
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Ptychegraphic ellipsometry with
extreme ultraviolet

M. Gouder,! F. Zhang,! T.Ciftci,*
and S. Witte,'?

! Advanced Research Center for
Nanolithography, ARCNL

2TU Delft

The complex refractive index of a speci-
men provides insights into its chemical and
structural properties, typically measured
using ellipsometry. In ellipsometry, the
complex refractive index is retrieved by
analyzing absolute reflectivity changes
based on varying polarization or angles

of incidence of the illumination. While
effective for bulk and thin-film specimens,
retrieving complex refractive indices of
specimens with varying refractive indices
is difficult. Scanning ellipsometry employs
a tightly focused beam and requires
precise knowledge of beam properties and
complex analysis, which limits spatial
resolution due to signal averaging. Other
methods, such as imaging ellipsometry,
require high-NA optics, leading to meas-
urement errors from aberrations, particu-
larly problematic at extreme ultraviolet
(EUV) wavelengths aimed at enhancing
spatial resolution. Here, we present how

to utilize ptychography, a lensless imaging
technique, to retrieve a map of complex
refractive indices of a multi-layer specimen
using EUV light. We define a physical
model that describes the reflection in the
sample plane, and use automatic differenti-

ation to solve for the refractive indices.
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Femtosecor}d timescale insula-
tor-to-mepﬁl transition in NbO,
probed by polarization resolved

third harmonic s}ectroscopy
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T. Ham,! Z. Nie,' Y.A. Birkholzer,?
and PM. Kraus*

! Advanced Research Center for
Nanolithography, ARCNL

2Cornell University, USA

Niobium dioxide (NbO,) exhibits an insula-
tor to metal transition (IMT) that occurs at
much higher temperatures than the IMT in
the more commonly studied vanadium diox-
ide. The higher phase transition temperature
makes NbO, especially interesting for ultra-
fast switching using laser pulses. Here, we
use polarization-dependent third harmonic
spectroscopy to measure the timescales of
the transition. This nonlinear optical probe
is more sensitive to electronic changes

than linear reflectivity. We observe that the
angular dependence of the third harmonic
emission changes shortly after photoexcita-
tion, which we interpret as a signature of

an electronic phase transition. These results
give insight into the timescales of the IMT
and can help in understanding the respective
roles of the electronic and lattice contribu-
tions to the phase transition.
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Qubit Loading and Operations
on a Tweezer Array Based
Quantum Computer of Bosonic
Strontium

R. van Herk, M. Venderbosch, Z. Guo,
M. Festenstein, J.del Pozo Mellado,

R. Lous, E. Vredenbregt,

and S.J.J.M.F. Kokkelmans.

Eindhoven University of Technology

Within the Neutral Atom Kat-1 Collabora-
tion at the Eindhoven University of Tech-
nology, we are developing a neutral-atom
hybrid quantum utilising Strontium atoms
in a reconfigurable magic-wavelength opti-
cal tweezer array as our qubit register. Our
array is generated by a phase SLM, with
shuttling between sites performed using
an AOD. By inducing two-body collisions
between atoms held in each tweezer, we
can stochastically load single atoms into
the SLM traps, and rearrange to a regular
array using the AOD steering beam. The
ground and clock states of the Sr atoms
act as the qubit states in our system, with
entangling gates mediated by long-range
Rydberg interactions and single qubit
rotations performed via direct coherent ad-
dressing of the clock transition. This work
details current progress in the preparation
of the single atom tweezer array, in-trap
cooling of our register, and the performed
and future characterisation of both the
single qubit and multi-qubit operations in

our system.



The Dynamics of the
Transverse Optical Flux

in Random Media
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Y. Ke, N. Bhattacharya, and F. Maucher
Optics for Technology, Delft University
of Technology

We discuss the dynamics of an initial plane
optical wave propagating in random media
at the paraxial-nonparaxial interface

(cf. Fig. 1) using the gradient norm

(or kinetic energy) transverse to the mean
Poynting flux as well as the number of
nucleating vortices. We find estimates for
the initial paraxial phase and universal
features of the vortex nucleation upon
propagation, including a driven steady-
state through balancing random driving
and evanescent waves. Borrowing methods
from quantum turbulence, we study the
dynamics of the incompressible (spectral)
kinetic energy, provide analytical models
for its interpretation and an understanding

of'its scales and evolution [1].

Figure: Propagation in random media leads
to transverse optical fluxes and,
subsequently, vortex nucleation.
[17Y. Ke, N. Bhattacharya, F. Maucher arXiv:2507.13195
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Quantum relative entropy

R.J.P.T. de Keijzer, M.R. Ortigueira,
L.Y. Visser, O.T.C. Tse,

and S.J.J.M.F. Kokkelmans
Eindhoven University of Technology

This poster explores connections between

the quantum relative entropy of two full-
rank density matrices p, ) and its relation to
Kullback-Leibler divergences of classical
measures L, v on the space of pure states,
realizing p and m respectively. The motivation
for this is to establish a notion of quantum
relative entropy in the space of pure state
distributions, which are the resulting objects
of the stochastic Schrodinger equation. We
find that the measures realizing the minimal
KL-divergence are those realizing a common
basis between p, 1. Using the classical
data-inequality, our notion of quantum
relative entropy is shown to be equivalent to
the Belavkin-Staszewski entropy on density

matrices.
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Full-field Fourier-domain optical coher-
ence tomography (FF-FD-OCT) is an
emerging OCT variant characterized by its
high acquisition speed and phase stability.
Like all OCT techniques, it suffers from
speckle noise and aberrations and shows
lower lateral resolution compared to
confocal OCT. Here, we demonstrate an
oblique illumination FF-FD-OCT that
overcomes these limitations. The effective
resolution is increased and the oblique il-
lumination helps to reduce speckle noise.
Compared to standard adaptive optics
OCT, it uniquely allows for an objective
determination of aberrations that can be
corrected computationally. We demon-
strate the enhanced image quality of the
technique and show its potential for future
in vivo applications.

Low resolution, aberated image

State-Selective Preparation and
Trapping of H2+

D. Knapp, D. Ochoa Franco and M. Beyer
LaserLaB, VU Amsterdam

Rigorous tests of QED and precise measure-
ments of the proton-to-electron mass ratio
are compelling applications for high preci-
sion spectroscopy of the dihydrogen cation.
We propose to carry out millimeter-wave
spectroscopy in the Lamb-Dicke regime

on H," in a novel radiofrequency wire trap.
State-selected ions originate in a mass-ana-
lyzed threshold ionization using an excita-
tion to a Rydberg series converging to the
desired ro-vibrational ionization threshold at
a high repetition rate. This technique doesn’t
rely on fluorescence and can be broadly
applied to provide molecular ions with al-
most arbitrary excitation of the rovibrational
degrees-of-freedom. The Rydberg excitation
can proceed from the ground state using
vacuum-ultraviolet light, or alternatively,
take place from a metastable state prepared
using a discharge. lons are extracted out of
a supersonic beam and axially injected into
the trap. Electronic transitions are detected
in a destructive fashion by monitoring the
mass spectrum obtained from selectively

photodissociated fragments.
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Simulating the Rydberg Ising |
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We present quantum simulations of the
Ising model using Rydberg atoms in a
strontium tweezer array. Our apparatus
uses a novel rearrangement method with a
spatial light modulator to achieve arbitrary
defect-free geometries of single atoms.
Using a homebuilt UV laser system, atoms
are excited to Rydberg states. By con-
trolling their internuclear separation, the
interaction strength between two Rydberg
atoms can be tuned. We calibrate the inter-
action strength and present observations
of coherent oscillations and the Rydberg
blockade. Furthermore, we perform qua-
si-adiabatic preparation of the ground state
of the Ising model with long-range
interactions using up to 16 atoms. This
work is performed inside the Neutral Atom

Kat-1 Collaboration of Quantum Delta NL.

ingly interacting
ermi mixtures

J. van de Kraats,
and S.J.J.M.F. Kokkelmans
Eindhoven University of Technology,

We introduce a novel theory for the
dynamics of ultracold Bose-Bose mixtures
near a p-wave Feshbach resonance,

which allows us to study the formation of
p-wave molecules following an interac-
tion quench. Whereas s-wave molecules
can be efficiently produced using interac-
tion ramps across resonance, production
of p-wave molecules in degenerate gases
is generally suppressed due to the low
kinetic energy of the reaction constituents.
We overcome this problem by introduc-
ing a coherent total momentum in both
species of the mixture, which matches the
kinetic scattering energy with the energy
of the resonant two-body state behind

the angular momentum barrier. With this
scheme, we predict efficient production of
p-wave molecules, and present a full anal-
ysis of the effects of system parameters
such as the resonance width and incoming

kinetic energy.
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Crossed-beam scattering experiments let us
test our ability to compute and understand
molecular dynamics. A sensitive way to
probe these dynamics is to measure both
integral and differential cross sections over a
large range of collision energies [1]. But so
far, this has been achieved with the highest
resolution for the molecules NO and NDs,
using a combination of Stark deceleration
and velocity map imaging.

Another remarkable candidate is metasta-
ble CO(a). It was the first molecule to be
Stark-decelerated [2], yet little is known
about the rich scattering dynamics allowed
by its Iy, » energy level structure.

Here we present a series of scattering images
for high energy (500 cm™) collisions between
CO(a) and Ar, comparing theory and ex-
periment. CO(a) was prepared and detected
state-selectively. These results establish
CO(a) as an interesting collision partner,
setting the stage for further research at low

collision energies.

[1] Tang et al., Science 379, 1031 (2023)
[2] Bethlem et al., Phys. Rev. Lett. 83, 1558 (1999)

Photonic Bell state distillation:
reducing partial distinguishability

G.B. Lamers, S.N. van den Hoven,

and J.J. Renema

Adaptive Quantum Optics,

University of Twente

Quantum interference between photons

is key for photonic quantum computing.
When photons are partially distinguisha-
ble the degree of interference is reduced,
deteriorating computations. Protocols exist
which reduce partial distinguishability
error for single photons [1][2][3]. How-
ever, in a leading photonic architecture
called Fusion-based quantum computing
(FBQC), highly entangled multiphoton
resource states are used instead of single
photons. A natural question is whether the
distinguishability error of these entangled
states can also be reduced. In this work

we examine if this can be achieved with a
simple entangled state, the Bell state. We
investigate methods for photonic Bell state
distillation, including (type-II) fusion. Cen-
tral to FBQC, fusions (Bell measurements)
operate on parts of the resource states. Like
photon distillation, fusions are probabilistic
heralding schemes and highly interference
dependent. However, we find that for a
specific input type, fusions fail to enable

photonic Bell state distillation.

[1] C. Sparrow, PhD thesis. (2018)

[2] J. Marshall, Phys. Rev. Lett. 129, 213601 (2022)
[3] E.H.B. Somhorst et al., Phys. Rev. Appl. 23, 044003
(2025)



45

Optical Design and Survival
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Resonator Networks for Quantum
Information Processing
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K. Li, and J.J. Renema
Adaptive Quantum Optics, University of Twente

We design and analyze time and spatially
multiplexed ring resonator networks for
quantum information processing. Our com-
prehensive simulation framework analyzes
quantum interference patterns and coher-
ence properties in multiplexed systems.
Using Markov chain survival analysis,

we quantify photon retention rates and
coherence times across various network
configurations, highlighting fundamental
trade-offs between network complexity and
quantum state preservation. Our simulation
results demonstrate how strategic cou-
pling region design optimizes the balance
between dispersion effects and propagation
losses, critical for quantum coherence in
tensor network states. [1] By leveraging
both temporal and spatial degrees of free-
dom, our approach addresses scalability
challenges of traditional path-encoded ar-
chitectures, which scale quadratically with
mode count [O(N?)].This work develops
large-scale time and spatially multiplexed
integrated interferometers using low-loss
silicon nitride photonics, enabling near-
term quantum advantage and generation of
resource states for universal quantum com-
putation. The combined spatial-temporal
approach enables enhanced qubit densities
with favorable scaling properties while
maintaining quantum coherence.

[1] Lubasch et al., Phys. Rev. A 97, 062304 (2018)

A. Lohde,J. Helgert, and L.S. Dreissen
LaserLaB, VU Amsterdam

Quantum metrology with entangled quan-
tum states has great potential in advancing
fundamental physics tests, frequency
metrology and quantum sensing. We create
such states in cold trapped Ba* ions and
design them to be immune to correlated
noise, e.g. from magnetic field fluctua-
tions, thus mitigating rapid decoherence
processes. Therefore, coherence times on
the order of the radiative lifetime can be
reached, i.e. about 30 s/80 s (5°Ds), /5%Ds)
for the first two excited states of Ba*. This
translates to sub-10 mHz resolution and
makes the Ba* sensor more sensitive than
comparable sensors, e.g. based on Ca*/Sr*.
We aim to apply this technique to clock
spectroscopy, isotope shift measurements
in search for a hypothetical fifth force and
local magnetic-field gradient sensing with
high spatial resolution. Here, we present
our recent progress in developing this
trapped Ba* quantum sensor.
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The V2-silicon vacancy center in
4H-silicon carbide (4H-SiC) is a promising
solid-state spin defect for scalable quantum
networks, thanks to its optical addressabil-
ity and compatibility with nanophotonic
integration. A key challenge is enhancing
the photon detection rate of the zero-phon-
on line (ZPL) for high-speed entanglement
generation between distant quantum nodes.
Utilizing 1-dimensional photonic crystal
cavities (PCCs) fabricated on 4H-sili-
con-carbide-on-insulator (4H-SiCOI), we
enhance the ZPL emission of the V2 defect
via the Purcell effect. We then simulate and
optimize the quality factor of the funda-
mental TM-like PCC modes. To efficiently
collect the PCC-enhanced emission, we
design a PCC-to-waveguide interface,
which we experimentally characterize

by coupling with a tapered optical fiber.
High-quality PCCs on 4H-SiCOI will be a
leap towards realizing chip-scale quantum
network nodes for scalable quantum infor-

mation processing.

On the Beyond Mean-field
Physics of Dipolar
Bose-Einstein Condensates

F. Maucher,! L. He.? J. Sanchez-Baena,’
Y. Zhang,’>and T. Poh*

Delft University of Technology,

2 Xi’an Jiaotong University, Xi’an,
People’s Republic of China

% Universitat Politécnica de Catalunya, Spain
4 Vienna University of Technology, Austria

Dipolar Bose-Einstein condensates
continue to intrigue as they can provide
access to exotic states such as supersolids
as well as as a platform to explore beyond
mean-field physics due to its susceptibility
to quantum [1] and thermal fluctuations

[3] and qualitatively new physics such as
melting into solids [4,3]. We study both the
theoretical description of such fluctuations,
their impact on quantum phase-diagrams
and compare to recent experiments [2,4-6].

[1]F. Bottcher et al., Phys. Rev. Research 1,033088 (2019)
[2] LJ. He et al.,. Phys. Rev. A 110, 053316 (2024)

[3] M. Sohmen et al., Phys. Rev. Lett. 126, 233401 (2021)
[4]7. Sanchez-Baena et al., Nat. Commun. 14, 1868 (2023)
[5]7J. Sanchez-Baena et al., Phys. Rev. Research 6,
023183 (2024)

[6] LI. He et al., Phys. Rev. Research 7, 023019 (2025)
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Penagoz, N.Q. Cabrera, S.Gerceker,
and C.H. van der Wal

Zernike Institute for Advanced Materials,
University of Groningen

Vanadium defects in SiC have gained inter-
est for emerging quantum technologies due
to appealing properties, such as emission
near the telecom O-band and compatibility
with photonic circuits [1]. The possibility
of driving its spin transitions with oscillat-
ing electric fields along the crystal c-axis
can enable efficient device architectures
[2]. To study this effect, we developed a
parallel-plate capacitor with semi-transpar-
ent gold films on a SiC layer. These gold
films influence optical readout through
absorption and formation of a Fabry-Pérot
cavity. Thicker gold films reduce transmis-
sion but enhance finesse and optical inter-
action with the defects, and this defines
that the optimal gold thickness is about

30 nm. We simulated the system using the
transfer-matrix method with a complex re-
fractive index for each layer, and compared
the results to experiments on glass layers
with gold films of various thicknesses.

[1] P. Cilibrizzi, et al., Nat Commun 14, 8448 (2023).

[2] C.M. Gilardoni, et al., New J Phys 23, 083010 (2021).
preprint arXiv:2403.06617, 2024

All-optical nonlinear Real and
space shaping with an
ielectric Fano resonant

M. Ogienko,'? F. Bijloo,?

A. J. den Boef,'**P. Kraus, '
and A.F. Koenderink> "
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Extensive effort is being dedicated to devel-
oping dynamically tunable metasurfaces for
ultrafast control of beam profiles and direc-
tionality [1]. Here, we demonstrate all-op-
tical control of nonlinear beam profile and
angular distribution using a Fano-resonant
dielectric metasurface. Using a pump-probe
setup and digital mirror device, we spatially
structure the visible pump pulse and control
its temporal overlap with the infrared probe
pulse. The probe, tuned to the metasurface
resonance, generates strong third harmonics
while the pump locally deactivates emission
by exciting carriers that broaden and blueshift
the resonance [2]. Spatially periodic pump
patterns modulate the nonlinear response
and produce satellite orders in the third-har-
monic diffraction pattern, indicating coherent
emission and directionality control, and thus
a pathway towards ultrafast ultraviolet beam
shaping.

[1] Abdelraouf et al., ACS Nano 16, 13339 (2022)

[2] Bijloo et al., Nano Lett. 24, 12942 (2024)



48

Jacobian exgeptional point
sensing  /

P35

N. Oumessoud,! K.G. Cognée,’

and S.R.K. Rodriguez,*

! Center for Nanophotonics, AMOLF,
Amsterdam

2Center for Discovery and Innovation,
New York, United States

Exceptional points (EPs), singularities in
the spectrum of a non-Hermitian linear
Hamiltonian, were predicted and claimed
to enhance sensing. However, several
theoretical works demonstrated that EPs
do not, in general, enhance sensing when
the effects of noise are taken into account.
Here we introduce a sensing strategy

that, like EP sensing, exploits a spectral
singularity. The singularity we exploit is in
the spectrum of fluctuations around a fixed
point, which is described by the Jacobian.
Our approach, which we call Jacobian
exceptional point (JEP) sensing, has prac-
tical and performance advantages over EP
sensors. A single nonlinear mode driven
by a monochromatic laser, instead of a
multi-mode system under broadband illu-
mination, is sufficient for JEP sensing. In
further contrast to EP sensing, fluctuations
are essential to JEP sensing. The precision
of'a JEP sensor is, in fact, enhanced by a
finite amount of noise. Our work sets the
theoretical foundation for implementing
JEP sensing in photonics, where many of
the applications targeted by EP sensing can
be addressed.

Modelling collisional loss of
ultracold polar molecules in
optical lattices

K. Pérez,! and T. Karman,*
Theoretical and Computational Chemistry,
Radboud University, Nijmegen

Ultracold polar molecules trapped in
optical traps represent a powerful platform
to simulate the behavior of many-body
quantum systems and to process quan-
tum information. These molecules offer
rich internal structure, long-lived states,
and strong, tunable interactions. A major
challenge, however, is loss induced by
collisional complex formation. Accurately
modeling this process requires resolving
molecular interactions at both short and
long range, where the latter is comparable
to the confinement scale of the trapping
potential. In this work, we developed a
method to compute molecular interactions
in optical lattices under both isotropic and
anisotropic confinement. Our approach
incorporates collisional loss through a
short-range boundary condition and char-
acterization of quasibound complex states.
This framework enables a more precise
understanding and control of loss mech-
anisms in ultracold molecular systems,
enhancing their viability for applications in

quantum simulation.
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Quantum error correction is a vital ingre-
dient for fault-tolerant quantum computers
in the future. Various aspects have already
been experimentally demonstrated, such
as the consistent removal of entropy,
logical Bell state generation and entan-
glement, and the fault-tolerant application
of non-Clifford gates. Still, coherently
linking all these components into a single
fault-tolerant quantum computer is a major
technological challenge that will shape the
coming years of error correction research.
Here, we review various options for this
modularity using neutral atom architecture.
Using their mobility and native long-range
interactions, we discuss how neutral atom
qubits offer a promising road towards
fault-tolerance. We show how they offer

a serious advantage with respect to other
architectures, for most aspects of error
correction. Additionally we put forward a
series of various novel contributions, such
as the possibilities of constant-overhead
magic state distillation, simple transpila-
tion schemes for bivariate bicycle codes
with high encoding rates and machine

learning-assisted decoding.

Eigenstate Thermalization
Hypothesis in 2D Photon Gas

M. Puplauskis, V. Sharoglazova,
and J. Klaers

MESA+ Institute for Nanotechnology,
Adaptive Quantum Optics (AQO),
University of Twente

The eigenstate thermalization hypothesis
states that as the size of the system in-
creases, fluctuations of observables should
decay exponentially to canonical averages.
The hypothesis provides an interpretation
of why isolated quantum system can equili-
brate or obey thermodynamic laws. In our
work, we aim to test this hypothesis by
employing a two-dimensional photon gas
trapped in a gravitational wedge potential.
Gas takes form of an intensity pattern
comprised eigenstates and captured by a
camera. Photons are created via excitation
of a dye inside a Fabry-Perot mirror reso-
nator by a green (532 nm) nanosecond
(26 ns) laser. By changing gain (laser
pumping) position different system states
are probed. Statistical and spatial proper-
ties of latter are analyzed and processed

to test the hypothesis. This work demon-
strates a novel photonic platform to exper-
imentally probe thermalization in isolated

quantum systems.
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Understanding the EUV generating processes
at the atomic level is of key importance to be
able to successfully develop the next genera-
tion of plasma light sources. Previously, our
group discovered that EUV light originates
from transitions between complex multiply
excited electronic states [1]. We face the
challenge of understanding and predicting the
position of such complex transitions to the
accuracy required for spectroscopic inves-
tigations. We aim to explain the tin plasma
spectrum by calculating the electronic struc-
ture of a range of highly charged tin ions.
Using the ab initio relativistic CI+MBPT
method [2], we analyzed how different
electron correlation and relativistic effects in-
fluence the level structure, transition energies
and transition rates. While relativistic effects
are important for these highly charged ions,

a well-converged correlation space with a
rigorous treatment of core correlation is

crucial for making accurate predictions.

[1] Torretti F et al., Nat. Commun. 11 2334 (2020)
[2] Kahl E. V., Berengut J. C., Comput. Phys. Commun.,
238,232 (2019)

Characterization of a
laser-cooled Li beam for
crossed-beam scattering

T.A. van Rijswijk,! S.E.J. Kuijpers,*
and S.Y.T. van de Meerakker*
Spectroscopy of Cold Molecules,
Radboud University, Nijmegen

The combination of Stark decelerators and
velocity map imaging has proven a power-
ful approach to study inelastic collisions in
crossed molecular beams. By reducing the
crossing angle between the beams, collision
energies down to 0.14 K have been achieved
[1]. For fully merged beams, this temperature
becomes solely limited by the velocity spread
within the beams.

To get even colder, the translational tempera-
ture of the beams needs to be reduced. Since
a Stark decelerator uses conservative forces,
it can only produce colder packets at the
expense of number density. So, a new set of
tools based on laser cooling is required.

Here we present the ongoing progress on

the transverse cooling of a pulsed beam of
lithium atoms produced via laser ablation.
We present measurements of the laser-cooled
beam’s velocity distribution using both
absorption spectroscopy and velocity map
imaging. We discuss strategies to implement
longitudinal cooling and discuss potential

first collision candidates.

[1] Tang et al., Science 379, 1031 (2023)
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We propose a scheme to transfer molecules
directly from a slow beam into an optical
trap using a single photon absorption

and emission cycle, by making use of the
state-dependent energy landscape inside an
electric field. Using realistic experimental
parameters, we numerically investigate the
efficiency of such a scheme in the context
of BaF. Similar techniques were previously
developed for both atoms [1] and mole-
cules [2]. Cold trapped molecules offer a
wide range of applications and research
opportunities in cold molecular chemistry
[3], quantum information processing [4],
and fundamental interactions [5].

1] Price et al., Laser Phys. 17, 965-968 (2007)
2] Narevicius et al., New J. Phys. 11, 055046 (2009)

4] Cornish et al., Nat. Phys. 20, 730-740 (2024)

(1]
(2]
[3] Zhao et al., Chem. Soc. Rev. 51, 1685-1701 (2022)
(4]
[5] Roussy et al., Science 381, 46-50 (2023)

hining the exoergicity of

the S | D, reaction

J.J.A. Schrijer, A. Tsoukala, N. Janssen,
D. Yan, S.Y.T. van de Meerakker,

and J. Onvlee

Spectroscopy of Cold Molecules,
Radboud University, Nijmegen

Understanding and controlling chemical
reaction dynamics is a central goal in
physical chemistry. We explore the
fundamental dynamics of chemical
reactions by letting individual atoms and
molecules collide and react in a crossed
molecular beam experiment.

The unique combination of a Zeeman
decelerator with resonance enhanced
multiphoton ionization and velocity map
imaging enables high-resolution quan-
tum-state-resolved collision experiments.
The reaction between excited sulphur
atoms (S) and deuterium molecules (D,) is
an exemplary system to study an exother-
mic insertion mechanism. The aim is to
experimentally determine the reaction’s
exoergicity to resolve existing discrepan-
cies in literature. This can help validate and
refine theoretical calculations, contributing
to a deeper understanding of the fundamen-

tal dynamics of chemical reactions.
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We propose a maximum-likelihood
estimation (MLE) framework tailored to
event-driven detectors, such as Timepix3, to
perform computational image reconstruction
from event trigger data. Unlike frame-based
acquisitions, which aggregate intensities
over an exposure period, event-driven
cameras asynchronously record time-of-ar-
rival data whenever a pixel exceeds a pho-
ton-count threshold. Our approach models
the Poissonian probability of photon arrivals
and incorporates both triggered (event)

and untriggered (non-event) pixels into a
unified log-likelihood function that remains
well-defined across low-dose and saturation
regimes. This naturally addresses challenges
such as imaging under scarce photon co
ditions and pixel saturation in a consistent
manner. Using gradient-based optimization,
this MLE framework can be applied to
several computational imaging techniques
such as ptychography or coherent diffrac-

tion imaging.

Measurement-induced
quantum-to-classical
transition in a chaotic
gravitational wedge

V. Sharoglazova, M. Puplauskis,

L. Hof and J. Klaers

MESA+ Institute for Nanotechnology,
Adaptive Quantum Optics (AQQO),
University of Twente

Quantum mechanics is the most fundamental
theory describing nature, and according to the
correspondence principle, classical mechanics
should emerge from it. However, in areas

like chaotic motion, the connection between
classical and quantum descriptions is not
straightforward. A key challenge is understand-
ing how classical chaotic behaviour, especially
sensitivity to initial conditions, arises from
quantum mechanics. Measurement processes
are expected to drive such transitions, yet

they raise many unresolved questions, known
collectively as the measurement problem—in-
cluding whether wavefunction collapse is a
real physical process. Here, we experimentally
study the quantum-to-classical transition in a
two-dimensional billiard system. Position-de-
pendent gain in this system acts similarly to

a measurement, reducing quantum super-
positions to eigenstates. By varying the gain
position, we observe sensitivity to initial con-
ditions via mode jumps. Our experiment offers
a concrete example of how measurement-like
processes can yield classical chaotic behaviour
in a quantum system. Unlike idealized axio-
matic measurements, our process is a tangible
physical phenomenon, offering new insight

into the nature of quantum measurements.



53

Towards continuous spectroscopy Polarization-complete

and superradiance

P45

A. Sitaram,! B. Heizenreder,! F. Fama,!
C. Beli Silva,t

S. Boughdachi,” A. Brodschelm,?

S.A. Schiffer,’> and F. Schreck,*

1Van der Waals-Zeeman Institute, Institute
of Physics, University of Amsterdam
2Toptica Photonics AG, Lochhamer Schlag
Germany

®Niels Bohr Institute, University

of Copenhagen, Denmark

Superradiance, a collective phenomenon that
enables lasing from narrow clock transi-
tions, holds great promise for active optical
clocks. We first demonstrate collective strong
coupling on the semi-forbidden 'S, — *P;
transition of *Sr using a collimated atomic
beam and an optical single-mode cavityl,
with up to 600% optical amplification for an
inverted atomic sample, suggesting proximity
to continuous superradiant lasing. A second
setup focuses on continuous superradiance
on the 'Sy — P, clock transition. Here, we
propose an advanced loading scheme for
quasi-continuous, long-distance transport,
based on a two-stage MOT combined with a
Bloch accelerator technique. We also explore
MOT position-dependent spectroscopy and
use a new generation of frequency comb to
create a long-term stable 80 MHz source.

[1]F. Fama et al., Phys. Rev. A 110, 063721 (2024)
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icosahedral colloidal supraparticles
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Icosahedral supraparticles are particularly
interesting due to their unusual rotational
symmetry. Here, we probe the polariza-
tion-complete transmission behavior of
single silica microparticles and suprapar-
ticles consisting of many sub-wavelength
colloidal particles. Both types of particles
have approximately the same diameter of 8
pum and a similar refractive index (~1.45).
The icosahedral supraparticles were made
by self-assembling colloidal silica spheres
(diameter 300 nm, polydispersity 0.89%),
which is an equilibrium based self-assem-
bly process. To achieve the comparison,

a tomographic microscopy approach is
developed. The sample is illuminated

by laser beams under multiple incident
angles with both orthogonal polarization
states. The scattered light is then recorded
using off-axis holography. Synthesis of
3D phase maps allows us to find the angle
dependence of the scattered light in both
polarization channels. The results reveal
that icosahedral supraparticles exhibit
angle-dependent scattering behavior and

inner structures.
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Precise measurements on molecules repre-
sent a highly sensitive approach to detect
physics beyond the Standard Model. In the
NL-eEDM collaboration, barium monoflu-
oride (BaF), and similar molecules are used
to probe the electron electric dipole moment
(eEDM) with high precision. To improve
statistical sensitivity, the molecules must

be measured for as long as possible. This is
accomplished by utilizing a traveling-wave
Stark decelerator that reduces the longitudi-
nal velocity of a molecular beam. Here we
present the development of the high-voltage
electronics and control software required
for the operation of the decelerator. The
high-voltage waveforms are generated using
homemade transformers, which must deliver
sufficient power to overcome the decelera-
tor’s capacitive load and reach the required
voltage amplitude. Furthermore, a large
enough bandwidth is required for operation
within the desired molecular velocity range.
Precise control of the high-voltage wave-
forms is crucial for effective deceleration
and the minimization of molecular losses.
However, the complex equivalent circuitry
of the decelerator makes this a challenging
endeavor.

Optical tweezers beyond
the paraxial approximation

P48

R.J.C. Spreeuw,'?

LVan der Waals-Zeeman Institute, Institute
of Physics, University of Amsterdam
2QuSoft, Amsterdam

Tightly focused laser beams, such as used
in optical tweezers, are not Gaussian.
They display features that are not captured
by the common paraxial approximation,
including longitudinal field components,
strong polarization gradients near the
focus, reminiscent of the Magnus effect [1].
We use an angular spectrum representa-
tion to correctly describe such beams [2]
and discuss interesting consequences.
These include

- State-dependent forces on atoms/ions in
tweezers, which is directly applicable in
two-qubit quantum gates [3].

- Novel geometries for optical tweezer
traps, such as small ring-shaped traps.
Figure: example of spin-dependent trapping potentials

in a Laguerre-Gaussian optical tweezer.

[1]1R. Spreeuw, Phys. Rev. Lett. 123, 321123 (2021)
[2] Mathematica code available via https://github.com/
rspreeuw/beyond-paraxial

[3] M. Mazzanti et al., Phys. Rev. Res. 5, 033036 (2023)



55

Anisotropic GHz Surface and
Bulk Acoustic Waves in  /

Gallium Arsenide

P 49

T.A. Steenbergen, M.M. Wohlfarth,
P.E. Veefkind, M. Fisicaro, and W. Loffler
Leiden Institute of Physics, Leiden University

In quantum science and technology,
gigahertz phonons are promising carriers
of quantum information, as they couple to
a variety of other quantum systems - we
aim to interface surface acoustic waves
(SAWs) with semiconductor quantum

dots using curved acoustic cavities. To

this end, precise knowledge of angular
dispersion of acoustic modes is essential,
which we investigate here experimentally
and theoretically. SAWs are generated by
an interdigital transducer and diffracted

by randomly positioned scattering centers.
Using a scanning optical interferometer, we
image spatially resolved the amplitude and
phase of the acoustic field. By computing
the 2D Fourier transform, we reveal the
expected SAW and pseudo-SAW modes, as
well as two bulk acoustic wave modes. The
angle-dependent velocities agree well with
theoretical calculations.

\

BAW2

BAW1

Probifg nuclear charge radii
QED with ultracold helium

K. Steinebach, J.C.J. Koelemeij,
H.L. Bethlem, and K.S.E. Eikema
LaserLaB VU Amsterdam

Precision measurements on calculable
systems are widely used for tests of QED
and probes for physics beyond the standard
model. In our experiment we perform high
precision spectroscopy on the 2°S; — 21S,
transition at 1557 nm in ultracold *He

and *He. On this transition we recently
performed the most accurate frequency
measurement (49 Hz) in helium, using a
Bose-Einstein condensate of “He trapped in
a magic wavelength optical dipole trap. To
achieve the accuracy, we developed meth-
ods to observe and subsequently suppress
systematic Doppler shifts from the BEC
oscillating in the optical trap, and we ref-
erenced the experiment via a White Rabbit
link to a remote hydrogen maser at VSL.
Combined with our previous measurement
in *He [1], and theory, we can determine
the squared charge radius difference
between the alpha and helion particle with
unprecedented accuracy. Our result is
consistent with recent other determinations
and confirms that the QED theory discrep-
ancy seen in excited states of helium is not

apparent in the isotope shift.

[1]: Science 388, 850-853(2025)
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Mircobunched electron beams may
improve inverse Compton scattering (ICS)
sources by orders of magnitude via
superradiance. However creating the
required microbunching using an electron
beam, with energies in the 10s of MeVs,

is a feat that has yet to be accomplished.

A new method, termed ponderomotive
bunching, has recently been studied [1].
Here the electron interacts with two laser
pulses, of different wavelength, simulta-
neously. Via the ponderomotive force, an
energy modulation is imposed onto the
electron beam, which transforms into a
density modulation.

We present progress on a proof of principle
experiment to demonstrate ponderomo-
tive bunching. A 20 MeV electron beam
interacts with infrared and ultraviolet laser
pulses under shallow copropagating angles.
After a 20 cm drift microbunching is
formed, which is measured via the coherent

amplification of transition radiation.

[1] B.H. Schaap et al.,
Phys.Rev.AB 26,074401
(2023)

Simulations of EUV induced
hydrogen plasma energy and
mass reconstruction using ToF
with a modified RFA design
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Extreme ultraviolet (EUV) induced
hydrogen plasmas are of particular interest
because of their presence in EUV
nanolithography machines. Experimental
data on energy and composition of the
plasma is required to model the inter-
action with materials in the machine.
Accurate measurements of the plasma
composition (H*, H," and H3*) are difficult
to perform due to the hostile measurement
environment, in particular due to plasma
electrons and secondary electrons created
by the EUV interacting with the ion
detectors. In this work, a modified
retarding field analyser (RFA) to perform
dual energy and time of flight (ToF)
measurements is proposed to measure

the plasma composition. By measuring
ToF spectra at various RFA settings,

we demonstrate that energy and mass
separation can be achieved.

The validity and analysis of this approach
is supported by simulations reconstructing
the plasma composition from the input
data.
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Small angle x-ray scattering (SAXS) is a
well-established, non-destructive technique
to determine structural dimensions. It

can also be used to determine the critical
dimensions (CD) of 3D structures used

in semiconductors. There are two main
conditions for CD-SAXS. The first is a
trade-off between diffraction efficiency and
the transmission through the wafer. The
second condition is the need for a source
with enough brightness at the right energy
to keep the measurement time short. An
inverse Compton scattering (ICS) source
offers a potential tabletop solution for both
these conditions. The continuous tunability
of an ICS source allows for operation at the
optimal x-ray energy, while also prom-
ising a significant increase in brightness
compared to other tabletop solutions. To
investigate this potential, we have access
to a fully functioning SAXS system and

a prototype ICS source that is currently
being finalized at the TU/e. The goal of
this project is to replace the current source
of the SAXS system with the ICS source to
do CD-SAXS measurements.

stic ion-surface interactions:
Scattering and implantation
of slow heavy ions
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We present recent progress in our investi-
gations of inelastic ion-surface collisions
involving slow heavy particles such as

Sn and Xe. In particular, we studied

their scattering off and implantation in a
transition metal surface. We measured the
energy spectra of backscattered doubly and
triply charged ions, which we hypothesize
to originate from binary collisions with the
topmost atomic layer of the surface and
may therefore be better suited than the
singly charged ions for comparison to
model calculations. For slow heavy
projectiles, an intriguing case is the one

of near-normal impact. When the projec-
tile-to-target mass ratio is significantly
larger than one, there is a maximum scatter
angle smaller than 90°, implying that all the
projectiles must end up in the surface of
the target. To study heavy ion implantation,
the setup is upgraded with the addition of
a second ion beam source, enabling Ar-ion
probing of the composition of the surface
while it is simultaneously exposed to slow

heavy ion impact.
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Laser-induced ultrafast photoacoustics
enable all-optical microscopy through
opaque layers by exciting a sound wave
with a pump laser pulse and detecting the
acoustic echo with a time-delayed probe
laser pulse. The acoustic pulse can
penetrate the layer over several microns

in depth, revealing any hidden structures
by contrast in echo amplitude or timing.
Possible applications include thin-film
characterization and semiconductor metrology.
Typical measurements have poor signal-
to-noise ratio however, and despite
previous optimizations of both signal and
noise, spot-scanning based images still
require minutes of acquisition time.

Here, we show how a special camera with
per-pixel lock-in amplification can be used
to probe the acoustic echoes in a wide-field
fashion. This parallelized measurement
scheme drastically speeds up image acqui-
sition. We believe that many other pump-
probe microscopy setups that are based on
detecting small changes in either reflected
or transmitted intensity can benefit from

adapting our approach.

Quantum control of Neutral
Atom Arrays: Navigating Noise
on the Way to Fidelity
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! Eindhoven University of Technology;
EHCI; QTle,

2 www.tue.nl/rydbergQC

Within the Neutral Atom KAT-1 Collab-
oration (www.tue.nl/rydbergQC) we are
working on the realization of a full-stack
hybrid quantum computer. Our quan-

tum processing unit (QPU) is based on
neutral atoms with Rydberg interactions,
trapped in optical tweezer arrays. Here,
we report on the ¥Rb demonstrator system
at Eindhoven University, by highlighting
the recent experiments on randomized
benchmarking for single-qubit gates and
experimental noise fidelity relations on
the clock transition using noise injection,
which show excellent agreement with
analytical results and simulations.
Two-photon excitation to the Rydberg state
has been successfully implemented, and
we analyze the fidelity in terms on

experimental noise mechanisms.
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The helium dimer in its metastable triplet
state is a promising candidate to become
the first homonuclear molecule ever
laser-cooled. Nearly diagonal Franck-Con-
don factors are obtained, because the
electron employed for optical cycling
occupies a Rydberg orbital that does not
take part in the chemical bond.

Laser cooling and trapping of the helium
dimer would result in a controllable,
simple 4-electron system at record low
temperature, allowing quantum sensing and
precision measurements to test quantum
electrodynamics and the quantum nature
of collisions with unprecedented accuracy
- while being accessible to highly accurate
ab initio computational methods.

The rovibronic level structure and transi-
tion moments are analyzed to identify the
optimal optical cycling strategy.
Additionally, a multichannel quantum
defect theory (MQDT) calculation for the
different Rydberg series is performed,
extracting quantum defects that model

the spin-rotational structure.
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In optical metrology, Fisher information is
a central metric that quantifies the precision
that can be achieved in a measurement.
For coherent light, it has been shown that
the Fisher information can be written as

a Hermitian operator using the scattering
matrix of the system. The maximum eigen-
states of this operator are the incident light
fields that maximize Fisher information and
give the most precise measurements. Here,
we extend the operator to multiple param-
eters, representing Fisher information as

a matrix. The measurement precision is
related to the inverse of this matrix by the
Cramér-Rao bound, however optimizing
the inverse matrix is not trivial. We con-
sider several scalar functions of this matrix
in order to optimize for all parameters
simultaneously, and then corroborate our
findings using a scattering system

comprised of coupled dipoles in 2D.
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Figure L. Maximum information state of the determinant of
Fisher information matrix. It provides aptimal infonmation on
l'.:x\'uud row of scaiteres for in x or 2 and rotations aro

the center.
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Fano resonances arises from the inter-
ference of broad and narrow spectra of
radiation and becomes an important tool
for many applications in the physical,
chemical, and biological sciences [1].
Research has shown that these resonances
can be found within dielectric structures by
interference between the broad Fabry-Perot
resonance and the narrow guided mode
resonance (GMR) [2]. Further research has
shown that dimerization of gratings opens
up a quasi-Bound state in the continuum
(gqBIC) and increases the wavelength at
which the Fano resonances show up [3].
Within this study we will extend these
previous works and show that using the
concept of band folding we can obtain
Fano resonances at larger relative wave-
lengths by tuning the asymmetry within
deep subwavelength gratings.

[1] Limonov, M., Rybin, M., Poddubny, A. et al., Nature
Photonics 11, 543-554 (2017)

[2] C. Chang-Hasnain, 2010 23rd Annual Meeting of the
IEEE Photonics Society, Denver, CO, USA, 2010, 467-468
[3] Overvig, Adam C., Shrestha, Sajan and Yu, Nanfang.
Nanophotonics, vol. 7, no. 6,2018, 1157-1168

Remarkable non-Franck-Condon
transitions in double electron
capture from Hy by slow Sn3*
ions

E. de Wit,'2 T.F. Tjebbes,* M. Salverda,'?
K. Bijlsma,'? L. Oltra® I. Rabadan,?

L. Méndez,? and R. Hoekstra'?

L Zernike Institute for Advanced Materials,
University of Groningen

2 Advanced Research Center for
Nanolithography, ARCNL

3SUAM, Madrid

We present our joint experimental and the-
oretical study [1] of low-energy collisions
between Sn3* and H,, a collisional system
of interest for the (potential) applications
of Sn plasmas in fusion reactors and as the
light source powering EUV lithography
machines [2]. Our crossed-beam experi-
ment shows a large double electron capture
cross-section (~10"° cm2) at energies
below 50 eV/u, despite the strong (~6 eV)
endothermicity of the reaction. To explain
this unexpectedly high cross-section, we
propose a novel two-step non-Franck-Con-
don double capture mechanism, enabled by
the interplay between the slow ion motion
and molecular vibration. We support this
using momentum spectroscopy of the
protons emitted in the Coulomb explosion
following the capture process. On the the-
oretical side, propagating wave packet cal-
culations give insight into this mechanism

and agree well with our measurements.

[1] L. Oltra et al., Phys. Rev. Lett. 134 (2025)
[2] G. O’Sullivan et al., J. Phys. B. 48 (2015)
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What exactly happens during a chemical
reaction? We experimentally investigate
fundamental chemical reactions and their
underlying dynamics at the full quantum
level by letting individual atoms and
molecules collide and react in a crossed
molecular beam machine.

Using a Zeeman decelerator, we can
precisely control the velocity and quantum
state of a paramagnetic reactant before the
collision. After the reaction, we accurate-
ly probe the scattered products and their
velocities using laser-based techniques and
velocity map imaging. This powerful com-
bination of techniques enables high-resolu-
tion collision experiments.

We focus on the prototypical insertion
reaction between excited sulfur atoms (S)
and deuterium molecules (D2) and use our
approach to study this system in high detail
and in unexplored energy regimes. Our aim
is to provide a sensitive test for potential
energy surfaces and scattering calculations
used to describe the molecular reaction dy-
namics in this system. This will enable us
to deepen our understanding of the intricate

dynamics underlying a chemical reaction.

Radiative deflection and laser
cooling of helium dimer (He,’)

P62

B. Zeng, L. Verdegay, and M.Beyer
Department of Physics and Astronomy,
VU Amsterdam

The helium dimer in its metastable

triplet state is a promising candidate to
become the first homonuclear molecule
ever laser-cooled [1]. Nearly diagonal
Franck-Condon factors are obtained,
because the electron employed for optical
cycling occupies a Rydberg orbital that
does not take part in the chemical bond.
By calculating the optical Bloch equation
for the multilevel system, we estimated the
optimized experimental parameters of dark
state remixing via a magnetic field. Using
a rate-equation model, we simulated the
radiative deflection of a cryogenic super-
sonic helium dimer beam, exciting either

a - cora - e transition. To detect the beam
deflection using an imaging microchannel
plate detector, the effect of the transverse
velocity distribution was studied. Further-
more, we modelled the performance of a
dc magneto-optical trap of helium dimers
using rate equations and estimated the opti-
mized capture velocity, providing valuable
guidance for the design of our upcoming

laser slowing experiments.

[1] Verdegay, Zeng, Knapp, Roth and Beyer, submitted

for publication
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A major drawback of high harmonic generation
(HHG) is the low conversion efficiency (CE) of

the driving laser into the generated radiation. Fully
optimized HHG based XUV sources from gases
can reach CE of 10-5 for harmonics up to 60 eV [1].
HHG CE benefits from higher intensities and shorter
wavelengths of the driver. However, maintaining
ideal phase matching between subsequent half
cycles limits the maximum intensity. Alternatively,
shorter driving wavelengths reduces the maximum
generated photon energy. Altering the driving laser
waveform by coherently combining multiple fre-
quencies has been shown to increase harmonic yield
while preserving phase matching and the cut off
frequency by enhancing the electric field strength at
ionization times of the short trajectories [2].

This research aims to realize a highly stable tunable
three color waveform synthesizer of the fundamen-
tal (800 nm), second and third harmonic of a Ti:Sap-
phire laser. Initial two-color experiments show
stable relative phase control, within 50 as, between
the fundamental and second and third harmonic.
Harmonic modulation up to 60% was observed as
function of phase delay and photon energy. With the
combination of all three wavelengths, the tunability
of this ultraviolet to near-infrared waveform syn-
thesized driver can be pushed beyond what, to our
knowledge, has been experimentally realized before.
[1] Falcao-Filho, et al., Applied Physics Letters (2010)

[2] Jin, Cheng, et al., Nature Communications (2014)

Depth-resolved dynamics
in turbid media via
frequency-modulated
scattering holography

B. Zhang, S. Iskander-Rizk,

and N. Bhattacharya

Department of Precision and Microsystems
Engineering, TU Delft

Interferometric diffuse optics (iDO)
enables non-invasive measurement of deep
tissue blood flow without requiring
photon-counting detectors. Due to
hardware constraints, achieving both
optical properties and depth-dependent
dynamics within a single modality remains
a challenge for iDO. We present a simple
method based on frequency-modulated
light scattering that overcomes this

limitation.
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