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QUANTUM SIMULATION  

Invited speakers 

Philipp PREISS (MPQ Max-Planck-Institut für Quantenoptik) 

Quantum Gas Microscopy of Ground-State Phases in the 
Fermi–Hubbard Model 

The Hubbard model is one of the iconic models of strongly 
correlated electron systems. Although it represents a major 
simplification of the physics of real-world materials, it is 
believed to capture the essential physics of strong-correlation 
phenomena such as d-wave superconductivity and the 
pseudogap. Even the most advanced numerical methods cannot 
fully solve the model, but state-of-the-art calculations indicate 

that its ground-state phase diagram is governed by a close competition between phases with different 
types of order. The balance between these phases can be strongly affected by small terms beyond the 
standard Hubbard description. 

In this talk, I will report on our recent progress in realizing tunable optical-lattice systems for extended 
Hubbard models that incorporate such terms. Our quantum gas microscope for ultracold lithium 
provides fully spin- and charge-resolved readout, tunable lattice geometries, and entropy 
redistribution. At low temperatures, we observe saturated antiferromagnetic correlations at half 
filling, which disappear upon doping and give way to signatures of spin-stripe order. By adding a 
tunable diagonal tunnel coupling to the square lattice, we break particle-hole symmetry and observe 
doping-dependent magnetism as well as polaron and dopant-pair correlations. At the entropy 
densities explored here, these signatures can be viewed as precursors of stripe formation and 
superconductivity. 

 

Clément Sayrin (LKB and Collège de France, Paris) 

Hybrid Rydberg platform for the observation of long-lived spin-
exchange interactions 

Circular Rydberg atoms, i.e., Rydberg atoms with maximum 
angular momentum, ideally combine long coherence times and 
strong interactions. Their lifetimes, hundred times longer than 
their low-momentum counterparts, make them ideal for quantum 
simulation of the dynamics of interacting quantum systems. 
However, local manipulation and detection of individual atoms in 
an array through direct optical excitation is possible with low-

momentum Rydberg levels only. In this talk, I will present our hybrid platform that couples an array of 
data qubits, encoded in circular Rydberg states, to an auxiliary array of ancilla atoms. We excite the 
latter to a laser-accessible Rydberg level, that resonantly interacts with a circular Rydberg level, 
enabling quantum non-demolition detection and optical control of the circular Rydberg atoms. 
Recently, we have used this platform to record resonant spin-exchange interactions between two 



circular Rydberg atoms over unprecedented timescales, with the observation of spin oscillations over 
more than 60µs and 40 oscillations periods. This in particular allowed us to observe the coupling 
between spin and motional degrees of freedom for the laser-trapped Rydberg atoms through a 
collapse and revival of the spin oscillations. 

 

Contributed talks 

Ke Xie (Institut d’Optique Graduate School, Paris) 

Direct observation of 3D Anderson transition with ultracold atoms 

Anderson localization of particles — the complete halt of wave transport through multiple scattering 
and phase coherence — is a paradigmatic manifestation of quantum interference in disordered media. 
In three dimensions, the scaling theory predicts a quantum phase transition at a critical energy, the 
mobility edge, separating localized from diffusive states and underpinning metal-insulator transitions 
in electronic systems. Despite decades of experimental efforts, a direct observation of this emblematic 
transition for matter waves has remained elusive. Previous attempts with ultracold atoms were 
hindered by strong and uncontrolled energy broadening, resulting in indirect, sometimes inaccurate, 
and model-dependent estimates of the mobility edge. 

In our work, we implement a novel energy-resolved scheme to prepare atomic matter waves with a 
narrow energy distribution and track their expansion dynamics over long timescales. This allows for a 
direct observation of the three-dimensional Anderson transition in a laser-speckle disordered 
potential, and for a precise measurement of the mobility edge that is independent of any underlying 
theoretical modeling. Our measurements show excellent agreement with state-of-the-art numerical 
predictions over a wide range of disorder strengths, resolving long-standing discrepancies between 
prior experiments and theory. Beyond the three-dimensional Anderson transition, our approach opens 
new avenues for quantitative investigations of quantum critical phenomena in spatially disordered 
systems, including the roles of dimensionality, symmetry class, and interactions. 

 

Monalisa Singh Roy  

Entanglement diagnostics of stochastic-resetting steady states: theory and measurement on 
superconducting qubits 

Stochastic resetting provides a controllable route to nonequilibrium stationary states, but their 
entanglement depends on both the evolution between resets and what is known about the reset 
history. We study this interplay in the transverse-field Ising chain, deriving closed-form results for two 
qubits and evaluating chains of up to 12 qubits exactly. In the two-qubit system, phase matching 
between energy eigenstates produces resonances whose visibility is set by the symmetry of the reset 
state. Measurements on an IBM superconducting processor show that the entropy of the averaged 
state and the trajectory-averaged entropy closely follow noiseless predictions, while concurrence is 
suppressed; a depolarizing model captures the latter with one fitted parameter. For longer chains, the 
difference between the two entropies is the Holevo information that a subsystem retains about the 
time since the last reset. With a Bell-state reset, this information grows across a half-chain cut 
throughout the sizes studied. Since reset times are sampled and recorded classically, this connection 
between stationary entanglement and trajectory information can be probed without postselection on 
measurement outcomes. 



QUANTUM SENSING 

Invited speakers 

Sophie Djordjevic (LNE, Trappes) 

A primary quantum current standard based on the Josephson and 
the quantum Hall effects 

Since the last revision of the International System of Units (SI) in 
2019, the new definition of the ampere based on the elementary 
charge and the frequency accounts for the quantum microscopic 
nature of the electrical current. Nevertheless, controlling a flow 
rate of electrons in a circuit with a relative uncertainty of 10^{-8}, 
relevant since the revision, is very challenging. Here, we present a 
realization of the ampere based on a quantum current generator, 

which combines two quantum electrical standards, a quantum Hall resistance standard (QHRS) and a 
programmable Josephson voltage standard (PJVS), and a highly accurate superconducting dc 
transformer used in metrology, the cryogenic current comparator (CCC). After presenting the state of 
the art of these quantum standards, we will focus on the circuit implementation which allows the 
generation of a current theoretically equal to n_J ef_J, with n_J and f_J the number of Josephson 
junctions and the operating frequency of the PJVS respectively. We will show that this primary 
quantum standard of electrical current is able to generate currents over a wide range of levels, from 
the mA down to nA with uncertainties as low as few parts in 10^9 at the µA level. Finally, our work 
opens the way to a single and versatile experiment for the realization of the electrical units (A, \Omega, 
V). 

 

Hans Huebl (WMI, Munich) 

Squeezing Spins for Sensing: How Hybrid Quantum Systems 
Enable Nonclassical State Generation 

Quantum sensing exploits the sensitivity of quantum states to 
their environment to detect fields, spins, and noise with a 
precision ultimately bounded by quantum fluctuations. Solid-state 
spin ensembles are attractive sensors in this context: they couple 
natively to magnetic fields, can be engineered in density and 
coherence, and can be integrated into electronic and circuit 
environments. Coupling such ensembles to superconducting 

microwave resonators forms a hybrid quantum system in which the resonator provides both an 
efficient readout channel and a collective, cavity-mediated interaction between the spins.  

In this presentation, I will discuss how the engineered coupling between superconducting resonators 
and paramagnetic spin ensembles embedded in a quantum-circuit environment can serve as a 
resource for squeezing spin ensembles. Starting from a conceptual description of spin–resonator 
coupling, I will discuss the sensitivity of pulsed electron spin resonance at millikelvin temperatures, 
which gives access to experiments at the level of a few microwave excitations. Combining the spin 
ensemble with a Josephson parametric amplifier, control over these excitation amplitudes allows 
measurements beyond the standard quantum limit: the squeezing of microwave excitations and, in 



turn, the squeezing of the excitations of the ensemble itself. I will conclude with an outlook on how 
these capabilities open the route toward refocusing techniques and dynamical-decoupling sequences 
on squeezed ensembles, and toward their application in quantum-enhanced sensing. 

 

Contributed talks 

Purmendu Das (TUM, Munich) 

Altermagnetic Hubbard Model in the Strongly Correlated Regime 

Altermagnetism represents a type of collinear magnetism that is characterized by rotational 
symmetries between opposite spin sublattices. As a result, altermagnets have spin-split bands leading 
to unique experimental signatures in contrast to conventional antiferromagnets and ferromagnets. In 
this talk, I will present an altermagnetic Hubbard model with anisotropic next-nearest neighbor 
hopping showing a d-wave altermagnetism and discuss its realization with ultracold atoms in optical 
lattices. One of the defining characteristics of altermagnetism, the anisotropic spin transport, can be 
probed with trap-expansion experiments. Later, I will discuss the parton theory for the Angle Resolved 
Photoemission Spectroscopy (ARPES) response in the Mott insulating limit of the model. The spectrum 
has a quasi-particle branch at low energies that can be interpreted as an altemagnetic polarons which 
is a spinon-holon bound state . The renormalized bands from the parton theory is confirmed by the 
tensor network simulations. The key experimental signature is the spin-split spectrum as well as the 
spin-dependent spectral weight of the magnetic polaron. Briefly, I will discuss the emergent quantum 
phases in this altermagnetic Hubbard model at the strong coupling limit, focusing on quantum spin-
liquid and valence-bond solid ordering driven by magnetic frustration.  

 

Pierre Eberschweiler 

 AQuRA, a prototype industrial transportable optical clock 

As laboratory optical clocks now reach accuracies on the order of 10^−18 , the development of 
transportable optical clocks will allow for applications such as clock comparisons without fiber or 
satellite links, chronometric geodesy, network synchronization, and tests of fundamental physics. The 
AQuRA consortium gathers industries, universities and national metrology institutes. It’s goal is to 
develop a European prototype of industrial transportable optical lattice clock, aiming for fractional 
instability and uncertainty of 5×10^-18. We report on the design, assembly and integration of the clock 
modules, including the under vacuum strontium source, each of the laser sources and the optical 
distribution board, the stabilization system and the clock sequence control electronics. At the time of 
the writing, the first stage cooling of strontium was achieved. 
 

 

 



 

QUANTUM NETWORKS 

Invited speakers 

 Yoann Piètri (LIP6, Paris) 

Towards integrated and field-ready continuous-variable quantum 
key distribution systems 

Quantum key distribution (QKD) which allows the exchange of a 
cryptographic key between two trusted parties, has shown to be a 
more and more mature technology over the past years. Several 
challenges remain however in terms of integration and deployment 
in real life scenarios. In this talk, we present the recent results for 
these questions on continuous-variable quantum key distribution 

(CV-QKD). After a broad introduction to the field and to the CV-QKD protocols, recent results on 
photonic integration, fiber and free-space deployment, multiplexing with DV-QKD, side-channel 
attacks and certification, will be presented, before opening on other QKD and beyond QKD-protocols 
using continuous-variable techniques. 

 

Harald Weinfurter (LMU, Munich) 

A Quantum Link 

A key challenge in the field of quantum information science is 
distributing entanglement between quantum nodes over large 
distances. Here we describe, starting from experiments on 
loophole-free Bell-tests, the development of quantum links up to 
a recent demonstration of heralded delivery and storage of 
entanglement between two single-atom nodes separated by 14 
km line-of-sight and connected by a 24 km long deployed telecom 
fibre. Entanglement was distributed and stored for several 

hundred microseconds with a fidelity high enough to violate a Bell inequality. 

Co-authors: Pooja Malik, Tobias Frank, Florian Fertig, Tim van Leent, Matthias Bock, Wei Zhang, Yiru 
Zhou, Wenjamin Rosenfeld, Maya Büki, Gianvito Chiarella, Gerhard Rempe, and Pau Farrera 
 

 

 

 

 

 



 

 

Contributed talks 

Thomas Pousset (Telecom, Paris) 

Digital signal processing in both coherent and direct detection 

Drawing on techniques from classical optical communications, digital signal processing (DSP) 
techniques allow for improved efficiency of quantum optical measurements. This talk explores how 
DSP shapes optical measurements in the quantum regime. We first discuss how finite electronic 
bandwidth and sampling rate at the coherent detection stage affect signal reconstruction in the 
quantum regime. In particular, we derive the losses introduced by mode mismatching and compute 
the resulting signal-to-noise ratio as a function of both parameters. We then present Kramers–Kronig 
detection, a direct detection protocol based on DSP developed for classical optical communications. 
Although only the optical intensity is measured, spectral engineering, in particular the single-sideband 
and minimum-phase conditions, enables reconstruction of the signal’s phase and thus the recovery of 
its full complex amplitude. These results highlight the potential and limitations of classical receiver 
techniques for continuous-variable (CV) quantum information applications, such as CV quantum-state 
tomography and CV quantum key distribution. 

 

Kilian Sandholzer (TUM, Munich) 

Erbium-doped silicon nanophotonics as a platform for integrated quantum network devices 

The coupling of solid-state spins with optical interfaces offers a powerful route toward scalable 
quantum network nodes for long-distance communication and modular quantum computation. 
Embedding coherent spin–photon interfaces in silicon nanophotonic systems working at 
telecommunication wavelengths provides strong advantages in practical scalability, robustness, and 
device integration. In this contribution I will highlight recent advances in erbium-doped silicon 
nanostructures, combining the long coherence times of rare-earth ions with mature silicon 
nanofabrication. We use photonic crystal waveguides to engineer the photonic local density of states, 
enabling emission of erbium dopants to be funneled into selected transitions and modes to improve 
photon collection efficiency. In such systems, spectral resolution of tens of single erbium dopants 
becomes possible, demonstrating multiplexing capabilities for single-dopant devices. Furthermore, we 
use commercially fabricated silicon waveguides doped with erbium to realize a quantum memory 
protocol at telecommunication wavelengths based on the atomic frequency comb protocol. These 
results demonstrate a promising path toward scalable, multiplexed quantum photonic devices 
compatible with industrial silicon platforms. 

 

 

 

 

 



QUANTUM MATTER 

Invited speakers 

Annabelle Bohrdt (LMU, Munich)  
 
Neural quantum states simulations of more realistic models for 
cuprate materials 
 
Numerically simulating two-dimensional strongly correlated 
electronic systems is in general a daunting task. In recent years, 
neural quantum states have been emerged as a promising new 
tool: here, the expressivity of a neural network is used to represent 
the quantum many-body state of interest. In this talk, I will give a 

brief general introduction to neural quantum states and their capabilities. I will then show our recent 
results on using this method to find low energy states of models describing cuprate materials, moving 
from the canonical t-J and Hubbard model to more realistic models, entailing more local degrees of 
freedom, such as multi-orbital models and electron-phonon coupling.  
 

 

 

Karyn Le Hur (CPhT, Paris) 

Insight on topological phases 

Topological phases of matter refer e.g. to insulators, such as in the 
quantum Hall effect, with additional transport flow at the edge, 
through the bulk-edge correspondence. Topological 
superconductors then present Majorana fermions at the edge. I 
review the progress in the field, through our own progress, 
addressing the geometrical foundations and topological invariants 
with new insight on the quantum matter, leading also to new 
protocols through the light-matter interaction. We are also 
questioning where interaction effects lead us, in the sense of new 
phases of matter. I will go through applications in quantum 

materials, cold atoms and quantum circuit 

 

 

 

 

 

 

 

 



 

Contributed talks 

Alicia Negre (CERMICS, Paris) 

An extended approach of quantum embedding methods in Density Matrix Embedding Theory 

Density Matrix Embedding Theory (DMET) is a quantum embedding method designed to study large 
and strongly correlated quantum systems through a domain-decomposition strategy. In DMET, the 
central object is the one-particle reduced density matrix (1-RDM) of the global quantum system. The 
method proceeds by first fragmenting the system into smaller subsystems. These subproblems are 
then solved iteratively by embedding each subsystem in a bath (the "high-level" stage), while the 
results are integrated through a self-consistent procedure (the "low-level" stage). In the conventional 
DMET formulation, the global 1-RDM is constrained to be a projector. This constraint severely restricts 
the class of admissible solutions and thus reduces accuracy, particularly in strongly correlated regimes. 
The present work investigates how to overcome this limitation by extending the set of admissible 1-
RDMs to include mixed states across all key stages of the method, highlighting the subproblems arising 
with this extension. In particular, it proposes an alternative approach for constructing the bath spaces 
using a Riemannian optimization framework, enabling a more expressive high-level solution. The goal 
is to enhance the accuracy and flexibility of DMET within a broader framework while remaining 
consistent with its underlying philosophy. 

 

Fabian Pichler (TUM, Munich) 

Chiral superconductivity, topological crystals, and fractional Chern insulators in interacting Chern 
bands 

Strong interactions in partially filled Chern bands can stabilize fractional Chern insulators, 
superconductors, and topological crystals. In experiments, these phases can be observed in close 
proximity, yet the microscopic relation between them remains poorly understood. A natural 
explanation is that mobile anyons give rise to superconductivity. However, realizing this requires an 
unusual energy hierarchy that binds minimally charged anyons, a scenario that requires an additional 
mechanism in a repulsive system. Here, we show that such an energy hierarchy arises naturally in 
fractional Chern insulators (FCIs) at fillings ν = 2/3 when they are driven toward a quantum phase 
transition into a ‘‘semion crystal’’—a charge density wave (CDW) with semion topological order. Near 
the transition, Cooper-pair correlations are enhanced, so that a superconductor appears with doping. 
In a related setting, we show that starting from a metallic parent state with repulsive interactions, 
further-range attraction is generated by higher-order many-body processes, a phenomenon termed 
attraction from repulsion. At generic fillings, this attraction favors a chiral p-wave superconductor, 
whereas at half filling, lattice commensurability instead stabilizes a generalized Hall crystal. Moreover, 
at several fractional fillings, reducing the bandwidth drives transitions from the superconductor into 
fractional Chern insulators. Our results identify attraction from repulsion as a common microscopic 
origin of chiral superconductivity and Hall crystallization, and establish their competition with 
fractional Chern insulators in strongly interacting Chern bands. 

 

 

 



EMERGENT DIRECTIONS 

Invited speakers 

Julien Basset (LPS, Paris) 

Photoelectric detection of single microwave photons in a 
granular aluminum high-impedance quantum circuit 

I will present a novel type of single microwave photon detector 
based on photoassisted quasiparticle tunneling events that poison 
a superconducting island. The method relies on continuously 
monitoring the island’s charge parity using microwave readout of 
the parity. We achieve 10% detection efficiency with sub 50 ns time 
resolution and short dead time (∼ 1 μs), for microwave photons at 
10 GHz. The detector consists of three junctions connected to a 
superconducting island, which together carry out photoelectric 

conversion and charge readout. The enhanced light–matter coupling, crucial to photoelectric 
conversion, is provided by a granular aluminum-based high-impedance microwave cavity. The time 
resolved detection of itinerant microwave photon opens up perspectives in quantum sensing, 
microwave quantum optics, readout of superconducting qubits and mesoscopic physics. 

 

 

Mari Carmen Banuls (MPQ, Munich) 

Tensor Networks and spectral properties of quantum many-body 
systems 

Tensor networks are well known as efficient numerical tools for 
ground states of quantum many-body systems in low spatial 
dimensions. The ansatz is however not suitable to describe highly 
excited eigenstates, or out-of-equilibrium dynamics. Nevertheless, 
recently proposed TNS algorithms allow us to access spectral 
properties of the Hamiltonian over extensive energy ranges. They 

allow us to access spectral densities of many-body operators (e.g. densities of states) but also to probe 
the structure of physical operators in the energy eigenbasis, in particular the predictions of the 
eigenstate thermalization hypothesis, which particularizes the random matrix behaviour for the 
physical many-body setting.  

 

 

 

 



Contributed talks 

Vitaly Wirthl (TUM, Munich)  

Probing the Standard Model with atomic hydrogen: current status and advances from THz 
spectroscopy of circular Rydberg states 

The universe is dominated by dark matter and dark energy: 95% of its mass-energy content remains 
unexplained. Precision spectroscopy of atomic hydrogen offers a powerful new physics probe, where 
tiny deviations from the Standard Model could signal weakly interacting bosons modifying the 
Coulomb potential. In our recent work, the 2S–6P transition measurement achieves one of the most 
stringent Standard Model tests to date, thereby constraining bosons with masses near 1 keV. Yet, the 
1–100 eV mass range remains unexplored. The circular Rydberg terahertz (THz) transitions in atomic 
hydrogen exhibit exceptional sensitivity to weakly coupled bosons in this regime. By using novel laser-
based comb-locked THz sources, a new experimental platform is proposed to advance new physics 
tests at the frontier of THz frequency-domain spectroscopy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



QUANTUM INFORMATION 

Invited speakers 

Barbara Kraus (TUM, Munich) 

Quantum Cooling Algorithms for Many-Body State Preparation 

Preparing low-energy states of quantum many-body systems is a 
key challenge for quantum simulation. In this talk, I will discuss two 
recent works on quantum cooling algorithms based on repeated 
interactions with auxiliary systems. I will explain the cooling 
mechanism, its analytical description, and different strategies to 
improve its performance. I will then address the effect of noise and 
compare quantum cooling with coherent state-preparation 

methods, in particular adiabatic evolution and QAOA. This comparison reveals regimes in which 
quantum cooling provides a particularly robust approach to preparing low-energy many-body states. 

References: 
D. Molpeceres, S. Lu, J. I. Cirac, and B. Kraus, Quantum algorithms for cooling: a simple case study, 
Phys. Rev. Research 7, 033162 (2025). 
D. Molpeceres, S. Lu, J. I. Cirac, and B. Kraus, Benchmark of quantum algorithms for ground state 
preparation in the presence of noise, arXiv:2606.20551 (2026). 

 

 

 

Valentina Parigi (LKB, Paris) 

Continuous Variable entangled networks for quantum information 
protocols 

TBD 

 

 

 

 

 

 

 

 

 



Contributed talks 

Kyrylo Gerashchenko (INRIA, Paris) 

Experimental realization of a cos(2φ) transmon qubit 

Superconducting circuits with embedded symmetries are good candidates to protect quantum 
information from dominant noise sources. The cos(2φ) qubit, consisting of an island shunted to ground 
through a tunneling element that selectively transmits pairs of Cooper pairs, leverages charge-parity 
symmetry to protect against decay from charge-coupled noise, such as dielectric loss. In this talk, I will 
present an experiment in which we observe a doublet of states of opposite Cooper-pair parity split by 
13.6 MHz. Operating in a soft-transmon regime, this splitting is two orders of magnitude smaller than 
in previous implementations, pushing charge-induced decoherence well beyond the measured 
coherence times. Despite the low transition frequency, we demonstrate coherent qubit control, single-
shot readout, and resolve quantum jumps. I will show how charge protection of the qubit is evidenced 
by a 100-fold suppression of the island charge matrix element compared to the unprotected plasmon 
transition, bounding dielectric loss above 10 ms. The measured T1 = 70 μs and T2echo = 2.5 μs are 
instead limited by 1/f flux noise in the tunneling element's loop, and I will outline a path where flux-
noise-limited coherence is pushed to the millisecond range without jeopardizing dielectric loss 
protection. Finally, I will discuss how, beyond its prospects as a qubit, symmetry-based protection from 
dielectric loss – a dominant noise source in most qubits – constitutes a quantitative testbed for 
isolating yet-unidentified loss mechanisms in superconducting circuits. 

 

 

 Adrien Bouscal (LMU, Munich) 

A cavity-coupled Rydberg array for error-corrected quantum computing 

Scalable quantum computers and quantum networks require the combination of quantum processing 
nodes with efficient light-matter interfaces to distribute quantum information within local or long-
distance quantum networks. Neutral atoms in optical tweezer arrays have become a leading platform 
for these applications. We leverage recent developments to realize a novel experiment that strongly 
couples a rubidium atom array to a high-finesse optical resonator. I will present our compact and 
versatile setup, our ability to trap, detect, and manipulate individual rubidium atoms in optical 
tweezers and couple them strongly to the optical mode of a high-finesse optical cavity. I will also report 
on our first two-qubit gates mediated by Rydberg interaction. This platform enables fast, high-fidelity 
control and readout, and opens routes toward cyclic error correction with real-time feedback, remote 
entanglement generation within and between atom arrays, and the quantum simulation of open-
system dynamics. 
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