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Decoherence and Quantum Discord based on linear entropy in
gubit-qutrit Systems under the Non-Markovian Colored Noise
Dephasing

M. Abdellaoui!, A. Slaoui !> and R. Ahl Laamara'+

'LPHE-Modeling and Simulation, Faculty of Sciences, Mohammed V University in Rabat,
Morocco.
2 Centre of Physics and Mathematics, CPM, Faculty of Sciences, Mohammed V University in
Rabat, Morocco.

Abstract: This work investigates the dynamics of decoherence and quantum discord in qubit-
qutrit systems subjected to non-Markovian colored noise dephasing. Using linear entropy as a
measure of mixedness and quantum correlations, we explore the evolution of quantum discord
and the impact of non-Markovian memory effects on the system's coherence. The colored noise
model introduces a frequency-dependent dephasing mechanism, providing a more realistic
framework for understanding open quantum systems. Our results reveal that non-Markovianity
significantly influences the preservation and revival of quantum correlations, while Markovian
dynamics lead to a monotonic decay of coherence and discord. This contrast highlights the
interplay between system-environment interactions and the robustness of quantum discord,
emphasizing the role of memory effects in non-Markovian regimes. These findings offer
insights into the resilience of qubit-qutrit systems in practical quantum information processing
tasks under realistic noise conditions.

[1] L. Guo, H. Li, and G. L. Long, Decoherent dynamics of quantum correlations in qubit—qutrit
systems, Quantum information processing, 43 (2013), 3421-3435.

2] X Xiao, protecting qubit—qutrit entanglement from amplitude damping decoherence via weak
measurement and reversal, Physica Scripta, 89 (2014), 065102.

3] K. Thapliyal, A. Pathak, and S. Banerjee, Quantum cryptography over non-Markovian channels,
Quantum Information Processing, 16 (2017).
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Chaos-Driven and Disorder-Induced Phase Transitions via Permutation
Symmetry Breaking
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IFaculty of Sciences, LPHE-Modeling and Simulation, Mohammed V University in Rabat, Rabat, Morocco

2Centre of Physics and Mathematics, Faculty of Sciences, CPM, Mohammed V University in Rabat, Rabat, Morocco

The influence of disorder and chaos in quantum many-body systems often exhibits similar
characteristics, yet their combined effects remain largely unexplored. In this work, we uncover
a continuous phase transition triggered by the breaking of permutation symmetry due to
disorder. The nature of this transition is dictated by the degree of chaos present in the clean,
disorder-free system. Specifically, we show that beyond a critical disorder strength, the
system shifts from an area-law entangled phase—where collective variables are well-defined
in the permutation-symmetric subspace—to a volume-law entangled phase that spans the
entire Hilbert space. Remarkably, this critical disorder strength approaches zero when the
original system is fully chaotic. Our analysis primarily relies on studying the scaling behavior
of the collective spin in non-equilibrium states, which transition to exhibit characteristics of
the so-called "deep Hilbert space." These findings have potential implications for
understanding the interplay between chaos, disorder, and quantum entanglement in many-
body systems.
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Counter-intuitive yet Efficient Regimes for Measurement-Based
Quantum Computation in Symmetry Protected Spin Chains

Arnab Adhikary!??, Wang Yang*, Robert Raussendorf?3
!Department of Physics and Astronomy, University of British Columbia, Canada

2Institute for Theoretical Physics, Leibniz University of Hannover, Germany
3 Stewart Blusson Quantum Matter Institute, Vancouver, British Columbia, Canada
4School of Physics, Nankai University, China

Resource states for measurement-based quantum computation (MBQC) are known to be ex-
ponentially rare in Hilbert space. However, symmetry significantly alters this landscape. In the
thermodynamic limit, short-range entangled quantum states organize into what are known as com-
putational phases of quantum matter, driven by symmetry. From a condensed matter perspective,
these phases exhibit symmetry-protected topological (SPT) order. In the context of quantum com-
putation, these phases serve as reservoirs of MBQC resource states, where any state within a given
SPT phase can perform the same quantum computations. Thus, MBQC power is uniform across
all states in an SPT phase.

Quantum states drawn from an SPT phase exhibit two types of entanglement. The first is
symmetry-protected entanglement, which remains constant across the entire phase and defines the
common characteristics of all states within that phase. The second is residual “junk” entanglement,
which varies throughout the phase and accounts for differences between individual ground states.
In the context of MBQC, symmetry-protected entanglement is the primary asset, while residual
entanglement poses a significant challenge. The key difficulty in leveraging SPT ground states as
MBQC resources lies in mitigating the adverse effects of this residual entanglement.

Regarding the measurements that drive MBQC, a curious dichotomy arises: while symmetry
characterizes and classifies computational power, symmetry breaking is required to achieve it. Specif-
ically, MBQC resource states remain invariant under the given symmetry, but measurements can
enact non-trivial logical gates only if they break that symmetry. This work focuses on the question
of how densely algorithmically powerful measurements can be packed into a given resource state.

A priori, there are two regimes: the dilute, uncorrelated regime and the dense, correlated regime.

correlated uncorrelated regime
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Figure 1: Regimes of SPT-MBQC.

e In the former, symmetry-breaking local measurements are spaced far apart. (e.g. 1 and 3 in
Fig. 1)



e In the latter, they are close (e.g. 1 and 2 in Fig. 1), relative to a characteristic length scale
set by the residual entanglement.

Historically and somewhat understandably, the natural inclination has been to avoid the corre-
lated regime. Indeed, all known MBQC methods operate in the uncorrelated regime, minimizing
the effects of residual entanglement.

Until now, it has been unclear whether MBQC is even possible in the correlated regime. In this
work, we answer this question with an emphatic yes. Moreover, under a general condition on the
decay of correlations, we establish that the strongly correlated regime is actually the most
computationally efficient. In summary, we present a counterintuitive measurement strategy

designed to extract the maximum computational potential from a quantum state drawn from an
SPT phase.
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Single-qubit quantum gate at an arbitrary speed
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Quantum information processing comprises physical processes, which obey the quantum speed
limit (QSL): high speed requires strong driving. Single-qubit gates using Rabi oscillation, which
is based on the rotating wave approximation (RWA), satisfy this bound in the form that the gate
time 7' is inversely proportional to the Rabi frequency (2, characterizing the driving strength.
However, if the gate time is comparable or shorter than the qubit period Ty = 27 /wy, the RWA
actually breaks down since the Rabi frequency has to be large compared to the qubit frequency
wo due to the QSL, which is given as T 2 7/Q. We show that it is possible to construct a
universal set of single-qubit gates at this strong-coupling and ultrafast regime, by adjusting the
central frequency w and the Rabi frequency (2 of the driving pulse. We observe a transition in
the scaling behavior of the central frequency from the long-gate time regime (7" > Tj) to the
short-gate time (1" < 1) regime. In the former, the central frequency is nearly resonant to the
qubit, i.e., w =~ wy, whereas in the latter, the central frequency is inversely proportional to the
gate time, i.e., w ~ 7/T. We identify the transition gate time at which the scaling exponent n
of the optimal central frequency w ~ 1™ changes from n = 0 to n = —1. In the frequency
domain, we find that the Fourier component of the driving pulse at the qubit frequency is nearly
constant of 7" and converges to the half of the gate angle in both long- and short-gate time limits.
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Quantum Mpemba effect in dissipative cavity spin systems
Nico Albert', Shovan Dutta?, and Masudul Haque'
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In the Mpemba effect a system prepared at a higher temperature cools down faster to a target
equilibrium state than the same system prepared at a lower temperature. Lately the search
for quantum analogoues of this effect has attracted great attention, especially in the context of
Markovian open quantum systems. We investigate the occurence of such a Markovian quantum
Mpemba effect in spin systems coupled to lossy optical cavities. In this setting the coupling
to photon modes enables high energy states to cool down resonantly to the ground state, while
states lower in energy can remain trapped in local minima of the systems energy landscape,
leading to intriguing anomalous relaxation behaviours.
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Novel probes of universality via shallow critical quenches

Universal behaviour emerges near continuous phase transitions, such as a quantum critical point. Quantum
simulation experiments, such as Rydberg atom arrays and trapped ion chains, have successfully extracted
critical exponents by preparing the critical ground state or by performing a Kibble-Zurek sweep through
the phase transition. Calabrese and Cardy (CC) introduced another possible route for probing criticality
via global quenches to 1+1-dimensional conformal field theories, where critical exponents are encoded in the
relaxation rates of local observables.

We study the CC quench protocol on the lattice, where we examine the non-equilibrium dynamics of local
observables after a shallow global quench. Using a combination of conformal field theory, fermion methods,
and large-scale tensor network simulations, we extend the CC quench protocol to more experimentally feasible
initial finite-temperature ensembles in free, integrable, and non-integrable spin chains.
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Abstract for School on Quantum Dynamics of Matter, Light and
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LCeFEMA-LaPMET, Departamento de Fisica, Instituto Superior Técnico, Universidade de
Lisboa, Av. Rovisco Pais, 1049-001 Lisboa, Portugal
2Beijing Computational Science Research Center, Beijing 100193, China
3Institut fiir Theoretische Physik, Technische Universitiit Dresden, 01062 Dresden, Germany
4TCM Group, Cavendish Laboratory, University of Cambridge, JJ Thomson Avenue,
Cambridge CB3 OHE, UK

The eigenstate thermalization hypothesis (ETH) underpins much of our modern understanding
of the thermalization of closed quantum many-body systems. Here, we investigate the statistical
properties of observables in the eigenbasis of the Lindbladian operator of a Markovian open
quantum system. We demonstrate the validity of a Lindbladian ETH ansatz through extensive
numerical simulations of several physical models. To highlight the robustness of Lindbladian
ETH, we consider what we dub the dilute-click regime of the model, in which one postselects
only quantum trajectories with a finite fraction of quantum jumps. The average dynamics are
generated by a non-trace-preserving Liouvillian, and we show that the Lindbladian ETH ansatz
still holds in this case. On the other hand, the no-click limit is a singular point at which the
Lindbladian reduces to a doubled non-Hermitian Hamiltonian, and Lindbladian ETH breaks
down.
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Electronic and magnetic properties of S-graphene
compound

Rodrigo A. Fontenele', Felipe M. Felix?, José P. de Lima?, Eduardo C. Girao?, Natanael C. Costa’

Mnstituto de Fisica, Universidade Federal do Rio de Janeiro (UFRJ)
*Departamento de Fisica, Universidade Federal do Piaui (UFPI)

Graphene has recently emerged as a key material in condensed matter physics due to its unique electronic
properties. For instance, its two Dirac cones lead to massless charge carriers protected by inversion and time-
reversal symmetries. Initially, it was believed that Dirac cones only appeared in materials like graphene under
strict conditions, including a 2D crystalline structure, hexagonal symmetry, and sp? hybridized carbon atoms.
However, recent studies have shown that some carbon allotropes exhibit Dirac cones even when these conditions
are not met [1]. New 2D carbon allotropes like S-graphene [1] exhibit Dirac cones despite their non-hexagonal
symmetries. However, their properties have primarily been explored using the tight-binding model [2,3]. Although
S-graphene exhibits promising characteristics, its properties remain largely unexplored. In order to fill this
gap, here we investigate the electronic and magnetic properties of the S-graphene by using an effective lattice
Hamiltonian. In particular, we examine the Hubbard model, whose Hamiltonian reads

- >t (%T,aaj,a + a;,aa”iﬁ) +U Y alairal jaiy, (1)
(i,3),0 i

H

in which a;rﬁ and a; , correspond to creation and annihilation operators of electrons with spin o in a given sites
i. The first term on the right-hand side denotes the hopping between nearest neighbors sites, while the second
term describes the on-site repulsive Hubbard interaction between electrons on the same lattice site. By varying
the hopping terms in the tight-binding model (U = 0), we identified features compatible with the presence of ()
Dirac cones, (i4) band insulator, (i73) or even flat bands. For cases where (U # 0), as extensively covered in the
literature, the quartic interaction term in 2D systems cannot be analytically solved with complete accuracy due to
the inherent complexity of interacting many-body problems at the thermodynamic limit. Consequently, this study
adopts two distinct methodologies to address this challenge. The first approach is the Hartree-Fock approximation
applied to the quartic term, which transforms the system into a quadratic Hamiltonian with an effective field that
is determined self-consistently. By varying the hopping parameters respecting the lattice symmetry, the phase
diagram of the model was calculated and presents semi-metal, band insulator and antiferromagnetic insulator.
We simulated stress on the S-graphene lattice and performed first-principles calculations using Density Functional
Theory to confirm the presence of a magnetic phase.

References

[1] Xu, Li-Chun, et al. ?Two dimensional Dirac carbon allotropes from graphene.” Nanoscale 6.2 (2014): 1113-
1118.

[2] Bandyopadhyay, Arka, et al. ”The topology and robustness of two Dirac cones in S-graphene: a tight binding
approach.” textitScientific Reports 10.1 (2020): 2502.

[3] Chegel, Raad. ”External magnetic field effects on the thermoelectric and thermodynamic properties of doped
monolayer S-graphene: A theoretical study.” Physica B: Condensed Matter 667 (2023): 415177.
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Electromagnetically-induced transparency in optomechanical system with
an optical parametric amplifier

M. Amghar’, and M. Amazioug'

'LPTHE, Department of Physics, Faculty of Sciences, Ibnou Zohr University, Agadir,
Morocco

In this paper, we investigate the phenomenon of optomechanically induced transparency
(OMIT) in a cavity that has a moving end mirror and is subjected to an external force.
Furthermore, we place an optical parametric amplifier (OPA) inside the cavity. We show that
the transmission intensity of the probe field and the group delay is enhanced by the
parametric gain and phase of the OPA. We also show that this enhancement is influenced by
external forces. We believe that these findings could be valuable in the area of quantum
information processing.

[1] M. Amghar and M. Amazioug, Int. J. Quantum Inf. 22, 2450043 (2024).

[2] Z. Wu, R. H. Luo, J. Q. Zhang, Y. H. Wang, W. Yang, and M. Feng, Phys. Rev. A 96, 033832
(2017).
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Theory of fractional Quantum Hall liquids coupled to quantum light and
emergent graviton polaritons

Z.Bacciconi '?, H. Xavier!?, I. Carusotto’, T. Chanda* and M. Dalmonte?
I International School of Advanced Studies (SISSA), via Bonomea 265, 34136 Trieste, Italy

2 The Abdus Salam International Centre for Theoretical Physics (ICTP), Strada Costiera 11,
34151 Trieste, Italy

3INO-CNR Pitaevskii BEC Center and Dipartimento di Fisica, Universit™ a di Trento, 38123
Povo, Italy

* Department of Physics, Indian Institute of Technology Madras, Chennai 600036, India

Recent breakthrough experiments have demonstrated how it is now possible to explore the
dynamics of quantum Hall states interacting with quantum electromagnetic cavity fields [1-3].
While the impact of strongly coupled non-local cavity modes on integer quantum Hall physics
has been recently addressed, the effects on fractional quantum Hall (FQH) liquids— and, more
generally, fractionalized states of matter— remain largely unexplored.

In our recent work [4], we develop a theoretical framework for the understanding of FQH states
coupled to quantum light. In particular, combining analytical arguments with tensor network
simulations, we study the dynamics of a v = 1/3 Laughlin state in a single-mode cavity with
finite electric field gradients. We find that the topological signatures of the FQH state remain
robust against the non-local cavity vacuum fluctuations. By exploring the low-energy excited
spectrum inside the FQH phase, we identify a new neutral quasiparticle, the graviton-polariton,
arising from the hybridization between quadrupolar FQH collective excitations (known as
gravitons) and light.

[1] F. Appugliese, J. Enkner, G.L. Paravicini-Bagliani, M. Beck, C. Reichl, W. Wegscheider, G.
Scalari, C. Ciuti, J. Faist; Breakdown of topological protection by cavityvacuum fields in the integer
quantum Hall effect, Science 375 (2022) 1030-1034

[2] J. Enkner, L. Graziotto, D. Bori¢i, F. Appugliese, C. Reichl, G. Scalari, N. Regnault, W.
Wegscheider, C. Ciuti, J. Faist; Enhanced fractional quantum Hall gaps in a two-dimensional electron
gas coupled to a hovering split-ring resonator, arxiv 2405.18362

[3] Z. Bacciconi, H. Xavier, T. Chanda, I.Carusotto and M. Dalmonte; Theory of fractional quantum
Hall liquids coupled to quantum light and emergent graviton-polaritons, arxiv 2405.12292 (accepted
in PRX)



Nonreciprocal electrical transport in linear systems with balanced gain and loss in the bulk
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Rupak Bag and Dibyendu Roy
Raman Research Institute, Bengaluru 560080, India

We investigate electrical transport in a quantum wire of N sites connected to an equal number (N;/2) of
sources and drains of charges in bulk. Each source and drain injects and extracts charges at the same rate,
respectively. We show that the linear-response electrical current is nonreciprocal in such a system when the
arrangement of sources and drains breaks the system’s parity. We prove that inelastic scattering is essential for
nonreciprocity in this system. For this, we invoke a master equation description of classical charge transport in
a similar system. The nonreciprocal current in quantum wire matches that in the classical model for N;/N ~ 1,
generating a finite scattering length much smaller than the length of the wire. The nonreciprocity in the quantum
wire oscillates with wire length when N;/N < 1, and it can vanish at specific lengths.
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The connection between quantum entanglement and quantum refrigerators is an active area in
guantum thermodynamics. Ongoing investigations are exploring how entanglement in the working
medium of a quantum refrigerator can impact its performance. This investigation focuses on a two-
qubit Heisenberg XXZ spin-1/2 system featuring Kaplan-Shekhtman-Entin- WohIman-Aharony
(KSEA) and Dzyaloshinsky-Moriya (DM) spin-orbit exchange interactions as the operational physical
matter medium for a quantum refrigerator. We provide explicit formulations for relevant
thermodynamic quantities of the quantum refrigerator, dependent on the magnetic field (B) and the
strengths parameters of spin-orbit interactions. In addition, the relationship between entanglement
and thermodynamic properties is explored using concurrence as a quantitative metric of thermal
entanglement. The results emphasize the significant impact of fine-tuning the amplitudes of both DM
and KSEA strengths on improving the quantum refrigerator's performance. Finally, the findings
suggest that entanglement between the qubits is superfluous for enhancing the quantum refrigerator's
efficiency.

[1] Benzahra, M., Ait Chlih, A., & Mansour, M. (2024). Entangled quantum fridge using a two spin-1
2 Heisenberg system with Dzyaloshinskii—-Moriya and Kaplan—Shekhtman—Entin-Wohlman—Aharony
interactions as a working medium. Modern Physics Letters A, 2450162.
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Abstract

We study the non-stabilizerness or quantum magic of the Sachdev-Ye-Kitaev
(SYK) model, a prototype example of maximally chaotic quantum matter. We
show that the Majorana spectrum of its ground state, encoding the spreading of
the state in the Majorana basis, displays a Gaussian distribution as expected for
chaotic quantum many-body systems. We compare our results with the case of
the SYKs model, describing non-chaotic random free fermions, and show that the
Majorana spectrum is qualitatively different in the two cases, featuring an expo-
nential Laplace distribution for the SYKs model rather than a Gaussian. From
the spectrum we extract the Stabilizer Renyi Entropy (SRE) and show that for
both models it displays a linear scaling with system size, with a prefactor that is
larger for the SYK model, which has therefore higher magic. Finally, we discuss
the spreading of quantun magic under unitary dynamics, as described by the evo-
lution of the Majorana spectrum and the Stabilizer Renyi Entropy starting from a
stabilizer state. We show that the SRE for the SYKy model equilibrates rapidly,
but that in the steady-state the interacting chaotic SYK model has more magic
than the simple SYKs. Our results therefore suggest that non-stabilizerness allows
to sharply detect many-body quantum chaos.

[1]. Surajit Bera, and Marco Schiro. Non-Stabilizerness of Sachdev-Ye-Kitaev
Model(arXiv:2502.01582)
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- Materials can exhibit magnonic excitations described by topological Bloch bands (non-zero
Chern number). A direct manifestation of these topological properties is provided by the chiral
edge excitations, which can be probed spectroscopically. In this context, a relevant question
concerns whether one could access a quantized topological response, deep in the bulk of the
system, which would directly reflect the topological nature of the magnonic Bloch bands. Be-
sides, edge magnonic excitations have been shown to be affected by losses/dissipation. It would
therefore be appealing to develop a realistic scheme to access topological responses of magnonic
excitations that would remain immune to losses.

More generally, the identification of local markers of topology has been an important quest
in the realm of topological quantum matter. Prime instances are provided by the so-called
Bianco-Resta marker, and also by the local Streda response, which allow for the local determi-
nation of the (many-body) Chern number deep in the bulk of a Chern-insulating system. Here,
we introduce a local topological marker that can be experimentally accessed in a broad range of
systems, including bosonic settings. In contrast to previous approaches, our construction con-
sists in three steps: (i) the preparation of a local (single-site) excitation, deep in the bulk, which
entirely projects onto a single topological band; (ii) the application of a circular drive, which
acts globally on the system; (ii1) the monitoring of excitation rates (or power absorbed) upon the
action of the circular drive, for the two opposite orientations of the drive. This local circular-
dichroic measurement eventually provides the desired topological marker, as we illustrate for
the concrete case of magnonic excitations in a 2D Heisenberg-type spin system. Importantly,
the preparation step can be achieved through a driven-dissipative approach, which potentially
guarantees the robustness of this approach to inevitable losses.
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The Mpemba effect, where a system initially farther from equilibrium relaxes faster than one
closer to equilibrium, has been extensively studied in classical systems and recently explored in
quantum settings. While previous studies of the quantum Mpemba effect (QME) have largely
focused on isolated systems with global symmetries, we argue that QME is ubiquitous in
generic, non-integrable many-body systems lacking such symmetries, including U(1) charge
conservation, spatial symmetries, and even energy conservation. Using paradigmatic models
such as the quantum Ising model with transverse and longitudinal fields, we show that QME
can be understood through the energy density of initial states and their inverse participation
ratio in the energy eigenbasis. Our findings provide a unified framework for QME, linking it
with classical thermal relaxation and phenomena such as prethermalization and weak ergodicity
breaking.
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Dynamical Heterogeneity in an extended Spin Ice Model
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We study the dynamics of a spin ice model on the pyrochlore lattice with the inclusion of third-
nearest-neighbour interactions. This extension to the conventional nearest-neighbour model
gives rise to a first-order phase transition into a nematically ordered state, while retaining
extensive ground state degeneracy [1]. We focus on the real-time dynamics across this
transition and explore the role of topological defects in driving the system's relaxation. The
nucleation into the ordered phase proceeds via the motion of defects, whose dynamics at low
temperatures is severely constrained by both their low density and limited mobility. As a result,
the system exhibits extremely slow relaxation characteristic of glassy dynamics. We analyze
this slow dynamics in terms of temporal and spatial heterogeneities, identifying patterns similar
to those observed in structural glass formers.

[1] J. N. Hallen, C. Castelnovo, R. Moessner, Phys. Rev. B 109, 014438 (2024).
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The effect of Hubbard and Kondo interactions on the edge states in the half-filled Su-Schrieffer-
Heeger chain of electrons is investigated by studying the behavior of charge quasiparticles using
Kumar representation and the density matrix renormalization group method. For any finite
dimerization of hopping, by increasing the Hubbard interaction, the edge states are found to
transmigrate from the physical charge gap to a high energy gap through an intermediate phase
without the edge states. The extent of this phase with no edge states shrinks smoothly upon
increasing the dimerization. The transmigration of edge states from the charge gap to the high
energy gap is also found to occur with Kondo interaction, but through an intermediate phase which
itself changes from having no edge states for weak dimerization to having the edge states in the
physical as well as the high energy gaps coexisting from moderate to strong dimerization.

[1] Jyoti Bisht, Somenath Jalal and Brijesh Kumar, Physical Review B 110, 245110 (2024).
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Abstract: Unlike interferometry-based quantum detection, where particle interactions are
generally considered detrimental, many-body quantum probes exploit these interactions to
improve measurement sensitivity. Most studies to date have focused on short-range
interactions.

This work explores the influence of long-range interactions on the performance of Stark
quantum probes for different filling factors, in the context of weak gradient field detection.
These probes rely on the Stark localization phase transition in the ground state, which
manifests itself as soon as an infinitesimal gradient field is applied, as the size of the system
increases.

The results show that super-Heisenberg accuracy can be achieved independently of
interaction range, but that Stark probes with long-range interactions exhibit two distinct
regimes. Firstly, as the interaction range increases algebraically, localization is enhanced,
reducing the sensitivity of the probe. Secondly, when the interaction becomes almost uniform
over the whole system (close to a fully connected graph), the localization effect disappears
and sensitivity improves again.

Super-Heisenberg accuracy remains accessible in the extended phase up to the transition
point, and remains valid even when taking into account the state preparation time in the
resource analysis. On the other hand, as the system enters the localized phase, sensitivity
decreases and becomes independent of system size, following a universal law. Finally, the
study reveals that lower filling factors improve accuracy for the detection of weak gradient
fields.

[1] C. D. Marciniak, T. Feldker, I. Pogorelov, R. Kaubruegger, D. V. Vasilyev, R. van
Bijnen, P. Schindler, P. Zoller, R. Blatt et T. Monz, Nature, 603, 604 (2022).

[2] A. Sahoo, U. Mishra et D. Rakshit, arXiv:2305.02315 (2023).

[3] X. He, R. Yousefjani et A. Bayat, Phys. Rev. Lett. 131, 010801 (2023).
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Understanding the interplay between quantum nonlocality and thermodynamic resources
is a central challenge in quantum information science. While distance-based and information-
theoretic measures have been widely used to characterize nonlocality, the relationship be-
tween quantum correlations and ergotropy—the maximum work extractable via unitary
operations—remains nontrivial, as nonlocality does not inherently imply thermodynamic
advantage. We introduce an ergotropy-based measure of Measurement Induced Nonlo-
cality (EMIN), recasting nonlocality through a thermodynamic lens. EMIN is defined as
the difference in ergotropy of states after and before measurement. EMIN offers phys-
ically meaningful insights by quantifying quantum correlations as a resource for energy
extraction. This measure satisfies properties such as vanishing for uncorrelated states
and invariance under local unitaries that preserve the energy structure of the system.
We benchmark EMIN against existing MIN measures for various quantum states: pure
entangled states, Werner states, and Isotropic states under various Hamiltonians. Our re-
sults reveal that EMIN captures similar qualitative trends while providing deeper insights
into how Hamiltonian structure governs extractable work. Additionally, random matrix
analysis shows that measurements can either enhance or diminish ergotropy, suggesting
a novel mechanism for “charging” quantum systems through measurement-induced dy-
namics. Our work establishes a conceptual bridge between quantum thermodynamics and
information theory, highlighting the dual role of measurement as both an informational
and energetic process, opening pathways for future research on using measurement as a
resource in quantum batteries and energy management protocols in quantum technologies.

[1] Luo, Shunlong, and Shuangshuang Fu, Phys. Rev. Lett. 12, 106 (2011).
[2] Muthuganesan R and Sankaranarayanan R, Phys. Lett. A. 36, 381 (2017).
[3] Francica et al., npj Quant. Inf. 1, 3 (2017).
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Waveguide Quantum Electrodynamics (Waveguide QED) is a promising and versatile plat-
form for studying fundamental light-matter interactions and quantum technology implementa-
tions [1]. Notably, interesting effects emerge when two or more quantum emitters are coupled
to the waveguide, including collective phenomena, e.g., superradiance and formation of bound
states in the continuum (BICs) [2, 3].

An effective approach to address the behaviour of such systems is via Tensor Network quantum-
inspired simulation techniques, enabling to efficiently simulate the real-time dynamics of many-
body quantum systems, i.e, a waveguide QED platform.

In particular, I will present a method based on Matrix Product States (MPS) to model a waveg-
uide QED architecture featuring multiple emitter pairs and simulate its dynamics in the non-
Markovian regime. Then, I will discuss the obtained results, focusing on the emergence of
BICs and other collective effects in the long-time limit.

[1] E Ciccarello, P. Lodahl, and D. Schneble, Optics and Photonics News, 35(5), 34-41 (2024).

[2] G. Calajo, Y. L. Fang, H. U. Baranger, and F. Ciccarello, J. Sci. Phys. Rev. Lett. 122, 073601 (2019).

[3] K. Sinha, P. Meystre, E. A. Goldschmidt, F. K. Fatemi, S. L. Rolston, P. Solano, Phys. Rev. Lett.
124, 043603 (2020)
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Collective decay of emitters can be harnessed to realize novel light sources. A notable exam-
ple is the superradiant laser, where incoherently pumped atoms inside a single-mode cavity are
driven to a steady state from which they emit coherent light with an ultranarrow spectrum- a
feature that holds promise for enhancing the precision of atomic clocks. Whether superradiant
lasing emerges in electromagnetic environments with multiple competing modes and light prop-
agation effects, as well as how these factors influence the statistics of the emitted light, remain
open questions. In this poster I present our results on superradiant lasing in one-dimensional
baths, such as ring cavities and waveguides. In these systems, atoms synchronize to collectively
emit to either the left or the right propagating mode. The competition of these two emerging
orders gives rise to a bimodal Wigner distribution and modifies the lasing thresholds. 1 further
discuss how this competition impacts the coherence and spectral properties of the emitted light.
Our findings indicate that cold atoms coupled to ring cavities or single-mode nanofibers are
promising candidates for realizing superradiant lasers.
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The 4D compact U(1) gauge theory has a well-established phase transition between a confining
and a Coulomb phase. In this paper, we revisit this model using state-of-the-art Monte Carlo
simulations on anisotropic lattices. We map out the coupling-temperature phase diagram, and
determine the location of the tricritical point, 7'/ Ky ~ 0.19, below which the first-order transi-
tion is observed. We find the critical exponents of the high-temperature second-order transition
to be compatible with those of the 3-dimensional O(2) model. Our results at higher tempera-
tures can be compared with literature results and are consistent with them. Surprisingly, below
T /Ky ~ 0.05 we find strong indications of a second tricritical point where the first-order tran-
sition becomes continuous. These results suggest an unexpected second-order phase transition
extending down to zero temperature, contrary to the prevailing consensus. If confirmed, these
findings reopen the question of the detailed characterization of the transition including a suitable
field theory description.

[1] R. C. Torres, N. Cardoso, P. Bicudo, P. Ribeiro, P. McClarty, Phys. Rev. D 110, 034518 (2024).
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I. ABSTRACT

In this study, we propose a scheme to improve quantum correlations (QCs) between two magnons in a tripartite magnonical
system. We use Gaussian interferometric power (GIP) to quantify QCs beyond entanglement. Additionally, Gaussian quantum
steering is discussed. We investigate the enhancement of QCs via a squeezing parameter and an optical parametric amplifier
(OPA). The Mancini criterion is considered to confirm the presence of shared entanglement between the two magnons. We
observed a squeezing of about 7 dB for the first magnon. Additionally, the squeezed vacuum field and the OPA improve the
generation of genuine tripartite entanglement. We hope that current experimental technology will allow the proposed scheme to
be implemented.



P25

Entanglement phases, localization and ergodicity of monitored free
fermions in 2D

Karim Chahine', Michael Buchhold!

Ynstitut fiir Theoretische Physik, Universitiit zu Kéln, D-50937 Cologne, Germany

Monitored quantum systems, characterized by the interplay between unitary evolution and mid-
circuit measurements, have recently emerged as a novel expression of quantum dynamics. De-
spite their inherently out-of-equilibrium nature, these systems can host robust quantum phases
and display measurement-induced phase transitions (MIPT) in the entanglement entropy. Re-
markably, they are also unique in providing a link between quantum dynamics in DD dimensions
and quantum statistical mechanics in D41 dimensions. Here, I will present our recent work on a
new arena with a rich phenomenology: continuously monitored, U (1)-symmetric free fermions
in 2D [1]. I will address the emerging MIPT and its similarities and differences with Anderson-
type localization transitions. I will also present a new, powerful approach based on random
matrix theory concepts. This provides a link between monitored dynamics and quantum chaos,
as well as a precise quantitative description of the physical contents of the system.

[1] K. Chahine, M. Buchhold, Phys. Rev. B 110, 054313 (2024).
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We theoretically investigate the stochastic dynamics of two qubits subject
to one-site and two-site correlated continuous weak measurements. When mea-
surements dominate over the local unitary evolution, the system’s dynamics is
constrained and part of the physical Hilbert space becomes inaccessible: a typ-
ical signature of the Quantum Zeno (QZ) effect. In this work, we show how the
competition between these two measurement processes gives rise to two distinct
QZ regimes, which we call standard and correlated, characterised by a different
topology of the allowed region of the physical Hilbert space—being a simply
connected and non-simply connected domain, respectively. We develop a the-
ory based on a stochastic Gutzwiller ansatz for the wavefunction that is able to
capture the structure of the phase diagram. Finally, we show how the two QZ
regimes are intimately connected to the topology of the flow of the underlying
non-Hermitian Hamiltonian governing the no-click evolution.
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We analyse how simple local constraints in two dimensions lead a defect to exhibit robust,
non-transient, and tunable, subdiffusion. We uncover a rich dynamical phenomenology
realised in ice- and dimer-type models [1]. On the microscopic scale the path of a single
defect exhibits anomalously long retractions, amounting to dynamical caging in a continuous-
time random-walk framework, culminating in an effective fractional diffusion equation.
Mapping to a height field yields an effective random walk subject to an emergent (entropic)
logarithmic potential, whose strength is tunable, related to the exponent of algebraic ground-
state correlations. The defect’s path, viewed as non-equilibrium growth process, yields a
frontier of fractal dimension of 5/4, the value for a loop-erased random walk, rather than 4/3
for simple and self-avoiding random walks. Such frustration/constraint-induced subdiffusion
is expected to be relevant to platforms such as artificial spin ice and quantum simulators
aiming to realize discrete link models and emergent gauge theories.

[1] N. Chakraborty, M. Heyl and R. Moessner: arXiv: 2504.00074
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We study the interplay between quantum geometry, interactions, and external fields in com-
plex band systems. When Wannier obstructions preclude a description based solely on atomic-
like orbitals, this complicates the prediction of electromagnetic responses particularly in the
presence of disorder and interactions. In this work, we introduce a generalized Peierls sub-
stitution framework based on Lagrange multipliers to enforce the constraints of the Wannier
obstruction in the band of interest. Thus we obtain effective descriptions of interactions and
disorder in the presence of non-trivial quantum geometry of that band. We apply our approach
to examples including the diamagnetic response in flat-band superconductors and delocalization
effects in flat-band metals caused by interactions and disorder.

[1] Shuai A. Chen, Roderich Moessner, Tai Kai Ng. arXiv: 2503.09709
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In the Heisenberg picture, time evolution leads to the evolution of an initial operator O to the
Heisenberg operator O(t) = UTOU. The spectral properties of O(t) — when expanded in an
appropriate basis such as the Pauli basis. i.e. O(t) = >, cx(t) P, where ¢ (t) = tr(O(t) Py) /2"
and P, € P,, — contains a wealth of information on the dynamics due to U, characterizing the
propagation of quantum information, entanglement, magic, and more [1, 2].

Our approach consists of preparing, evolving, and extracting information from a representa-
tion of O(t) as a quantum state on a quantum computer. It naturally allows the advantages (and
difficulties) of quantum simulation in the usual Schrodinger picture to be carried over to the
Heisenberg picture, in the sense that the resources of magic and entanglement required is inher-
ited. Our framework further enables access to a highly useful subroutine: drawing samples from
the Pauli distribution of a Heisenberg operator — the probability distribution formed by 2. This
subroutine forms the core of our other algorithms, enabling us to compute and study the dynam-
ics of various information-theoretically relevant quantities such as stabilizer and entanglement
entropies, out-of-time-ordered correlators, and other hydrodynamical quantities.

To demonstrate the practical utility of our framework, we describe a proposal to probe the
spreading of quantum information due to a 2D lattice Hamiltonian /, and estimate the resources
required to implement this proposal on a quantum computer featuring a square grid topology,
such as existing ones based on superconducting qubits. We show that Heisenberg dynamics due
H can be implemented efficiently, incurring only a small multiplicative overhead (in both time
and space) compared to conventional Schrodinger-picture simulation.

(a) (b)
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Figure 1: Embedding of qubits onto a square-grid quantum computer that implements a single

Trotter-step of time-evolution in the Heisenberg picture ((a)-(d); black lines indicate entangling
gates to be performed), due to a Hamiltonian with square grid connectivity (bottom graphs).

(c)

Our framework enables quantum computers to be used to study of dynamics in the Heisen-
berg picture, and provides motivation for certain architectural design choices of quantum com-
puters.

[1] Thomas Schuster, Bryce Kobrin, Ping Gao, Iris Cong, Emil T Khabiboulline, Norbert M Linke,
Mikhail D Lukin, Christopher Monroe, Beni Yoshida, and Norman Y Yao. Physical Review X,
12(3):031013, 2022.

[2] Curt W von Keyserlingk, Tibor Rakovszky, Frank Pollmann, and Shivaji Lal Sondhi. Physical Re-
view X, 8(2):021013, 2018.
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We present a Quantum Monte Carlo-based approach to detect dominant and relevant connected
correlations in any interacting spin system amenable to SSE. The approach facilitates the iden-
tification of the unknown or exotic order parameters in unexplored phases. It allows for probing
connected correlations post-simulation in an unbiased manner through reduced density matrix-
based tools. We utilize recent developments in SSE methods [1] and correlation density matrix-
based methods [2] to formulate this novel approach.

[1] B.-B. Mao, Y.-M. Ding, Z. Wang, S. Hu, and Z. Yan, Nat Commun 16, 2880 (2025).
[2] S.-A. Cheong and C. L. Henley, Phys. Rev. B 79, 212402 (2009).
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Organic molecules such as Perylene-Bisimide dimers present promising platforms for quantum
technologies due to their strong dipole—dipole interactions. This study investigates the influence
of thermal noise on quantum resources within dimeric perylene-based arrays. We assess Bures
entanglement, Hellinger coherence, EPR steering, and Bell inequality violation across a range
of temperatures and molecular parameters. Our findings indicate that Hellinger coherence ex-
hibits greater resilience to thermal noise compared to entanglement, and that EPR steering sur-
passes Bell nonlocality at elevated temperatures. By modulating dipole interaction strength and
molecular transition frequencies, it is possible to control the persistence of quantum features.
These insights enhance the understanding of quantum effects in noisy organic systems, with
significant implications for light-harvesting and quantum information applications.

[1] Chouiba Aicha, Elghaayda Samira, Ait Chlih Anas and Mansour Mostafa, Journal of Physics A:
Mathematical and Theoretical, 58(12), 125302 (2025).
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Time crystals, a new non-equilibrium phase of matter, show spontaneous time-translation
symmetry breaking. This innovative proposal came from Wilczek [1], though early discus-
sion of time crystals concluded with no-go theorems forbidding the existence of such phase
in equilibrium [2, 3]. Consequently, periodically driven models were proposed as a test bed
for new generation of time crystals, namely Discrete Time Crystal (DTC) [4, 5, 6, 7, 8],
and properly defined [9]. In the literature, there are two types of DTC phases, depending
on the convergence of Magnus expansion [10] or initial state dependence of lifetime [11],
namely Floquet DTC and prethermal DTC, both having Hamiltonian descriptions. In
this work, we are pointing out a novel DTC phase where a carefully chosen environment
stabilizes the DTC, notably this phase does not have Hamitonian description all the time,
rather has a Liouvillian. The lifetime of this DTC phase is also independent of the initial
conditions. We experimentally validate the existence of such a phase.

[1] Wilczek, Phys. Rev. Lett. 109, 160401 (2012).

[2] Bruno, Phys. Rev. Lett. 111, 070402 (2013).

[3] Watanabe, Oshikawa, Phys. Rev. Lett. 114, 251603 (2015).

[4] A. Chandran and S. L. Sondhi, Phys. Rev. B 93, 174305 (2016).

[5] V. Khemani, A. Lazarides, R. Moessner, and S. L. Sondhi, Phys. Rev. Lett. 116, 250401
(2016).

[6] D. V. Else, B. Bauer, and C. Nayak, Phys. Rev. Lett. 117, 090402 (2016).

[7] C. W. von Keyserlingk, V. Khemani, and S. L. Sondhi, Phys. Rev. B 94, 085112 (2016).

[8] N. Yao, A. C. Potter, I. D. Potirniche, and A. Vishwanath, Phys. Rev. Lett. 118, 030401
(2017).

9] B. Huang, Y. H. Wu, and W. V. Liu, Phys. Rev. Lett. 120, 110603 (2018).

[10] D. V. Else, C. Monroe, C. Nayak, and N. Y. Yao, Annu. Rev. Condens. Matter Phys. 11,
467-99 (2020).
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In this work, we present the modelling and dispersion engineering of a topological photonic
crystal waveguide inspired by the Su—Schrieffer—Heeger (SSH) model. The structure consists of
a one-dimensional periodic dielectric system designed to support topologically protected edge
states. The transfer matrix method is employed to compute the dispersion relations and identify
edge modes, while the topological nature of the system is further characterised through indepen-
dent calculations of the Chern numbers. Our study takes into account both TE and TM polari-
sations, which lead to distinct dispersion characteristics. From the dispersion curves, the group
velocity and the real dispersion parameter are extracted, providing a comprehensive description
of the waveguide’s dispersive properties. By varying design parameters, we demonstrate the
ability to shift the zero-dispersion wavelength, thereby controlling the transition between nor-
mal and anomalous dispersion regimes. This tunability is particularly relevant for applications
in ultrashort pulse propagation. Our findings highlight the potential of SSH-inspired topological
photonic crystal waveguides as versatile platforms for dispersion control and the exploration of
topologically enhanced photonic functionalities.
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We optimize Matrix-Product State (MPS)-based algorithms for simulating quantum circuits
with finite fidelity, specifically the Time-Evolving Block Decimation (TEBD) [1] and the Density-
Matrix Renormalization Group (DMRG) [2] algorithms, by exploiting the irregular arrangement
of entangling operations in circuits. We introduce a variation of the standard TEBD algorithm,
we termed “cluster-TEBD”, which dynamically arranges qubits into entanglement clusters, en-
abling the exact contraction of multiple circuit layers in a single time step. Moreover, we
enhance the DMRG algorithm by introducing an adaptive protocol which analyzes the entan-
glement distribution within each circuit section to be contracted, dynamically adjusting the
qubit grouping at each iteration. We analyze the performances of these enhanced algorithms in
simulating both stabilizer and non-stabilizer random-structured quantum circuits [3], with up to
1000 qubits and 100 layers of Clifford and non-Clifford gates, and in simulating Shor’s quan-
tum algorithm [4] with up to hundreds of thousands of layers. Our findings show that, even with
reasonable computational resources per task, cluster-based approaches can significantly speed
up simulations of large-sized quantum circuits and improve the fidelity of the final states.

[1] Yiqing Zhou, E. Miles Stoudenmire, and Xavier Waintal. What Limits the Simulation of Quantum
Computers? Phys. Rev. X,, 10:041038, Nov 2020.

[2] Thomas Ayral, Thibaud Louvet, Yiqing Zhou, Cyprien Lambert, E. Miles Stoudenmire, and Xavier
Waintal. Density-Matrix Renormalization Group Algorithm for Simulating Quantum Circuits with
a Finite Fidelity. PRX Quantum, 4:020304, Apr 2023.

[3] Daniel Gottesman. The heisenberg representation of quantum computers, 1998.

[4] Peter W. Shor. Polynomial-Time Algorithms for Prime Factorization and Discrete Logarithms on a
Quantum Computer. SIAM Review, 41(2):303-332, 1999.
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Applying Coherent Two-Dimensional Spectroscopy to a Pulsed Magnetophononic
System

Coherent two-dimensional spectroscopy is a powerful tool to distinguish non-linear contributions to
the non-equilibrium physics of quantum systems. The technique has no frequency-range limitation
and thus has recently been used in the terahertz regime to observe the high-order response of
magnon excitations [1]. In linear magnetophononics, the modulation of magnetic interactions by
laser-driven phonons, the coupled phononic and magnetic excitations both have frequencies similar
to that of the driving pulse. In this work we use the new frequency axis offered by coherent two-
dimensional spectroscopy to isolate the non-linear response of such a system by applying the
methodology to a straightforward model of a gapped quantum spin chain with strong
magnetophononic coupling [2]. Pulsed driving in this model reveals non-linear contributions of
hybrid phononic and magnetic nature, including the sum and difference frequencies of composite
phonon-bitriplon excitations [3]. We demonstrate that coherent two-dimensional spectroscopy
offers both qualitative and quantitative separation of the different non-linear contributions
emerging at strong coupling in pulsed magnetophononics.

[1] J. Lu, X. Li, H. Y. Hwang, B. K. Ofori-Okai, T. Kurihara, T. Suemoto, and K. A. Nelson, Coherent Two-
Dimensional Terahertz Magnetic Resonance Spectroscopy of Collective Spin Waves, Phys. Rev. Lett.
118, 207204 (2017)

[2] M. Yarmohammadi, M. Krebs, G. S. Uhrig and B. Normand, Strong-coupling magnetophononics:
Self-blocking, phonon-bitriplons, and spin-band engineering, Phys. Rev. B 107, 174415 (2023)

[3] B. Demazure, M. Krebs, G.S. Uhrig and B. Normand, Pulsed magnetophononics in a gapped
qguantum spin chain, unpublished (2024)
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Gauging away the ground-state photon content of the quantum
Rabi model

Arka Dutta', Daniel Braak!, and Marcus Kollar!
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The quantum Rabi model (QRM) features the simplest type of coupling between a single
cavity light mode and an atomic electron. It is integrable if the electronic degree of
freedom is truncated to just two states [1]. The derivation of the effective Hamiltonian
leads to different forms depending on the chosen gauge [2]. In the dipole gauge, the ground
state of the QRM exhibits non-zero photon number in contrast to its weak coupling
approximation, the Jaynes-Cummings model. We compute the exact photon content
for all eigenstates in an arbitrary gauge and obtain a gauge for which the ground state
contains no photons. Thus only this gauge fits the intuitive understanding that the cavity
should be empty in the lowest energy state even for strong light-matter interaction.

[1] D. Braak, Phys. Rev. Lett. 107, 100401 (2011).
[2] O. Di Stefano et al., Nat. Phys. 15, 803 (2019).
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The control of artificial quantum systems plays a central role in exploring non-equilibrium
quantum dynamics and has promising applications in quantum information technologies. In
particular, discrete time crystals (DTCs), observed as novel non-equilibrium steady states in
periodically driven quantum many-body systems using individually controllable quantum
simulators, have attracted attention for spontaneously breaking discrete time-translation
symmetry [1]. So far, DTCs are typically implemented using global operations within the time-
evolution sequence, but a major challenge is how we can realize and control different DTC
phases by incorporating only a single-site operation, which leads to an extension of the
conventional framework of DTCs.

In this study, we focus on the single nitrogen-vacancy (NV) center in diamond. This system
can be regarded as a quantum spin register consisting of a single electron spin at the center and
surrounding nuclear spins. By applying microwave and radiofrequency driving to this system,
we can manipulate individual spins, functioning as a quantum simulator. Recently, diamond
quantum simulators constructed under a bias magnetic field have experimentally demonstrated
the observation of many-body localized discrete time crystals induced by periodic external
fields [2]. However, conventional methods face the challenge of restricted electron spin
manipulation due to the electron spin level structure influenced by the applied magnetic field.
In contrast, under zero-field conditions, we can eliminate constraints on electron spin
manipulation [3], which creates variety in DTCs by exploiting the single electron spin control.

From this perspective, we theoretically propose the realization of discrete time crystals
through the design of single electron-spin control in a diamond quantum simulator operating
without a bias magnetic field [4] (Fig. 1). Our findings show that these single-site operations
enable the emergence of DTCs with distinct periodicities and significantly extended lifetimes.
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Figure 1: Stroboscopic spin dynamics under three different periodic-driving protocols.
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[1] D. V. Else et al., Phys. Rev. Lett. 117, 090402 (2016).

[2]J. Randall et al., Science 374, 1474 (2021).
[3] Y. Sekiguchi ef al., Nat Commun 7, 11668 (2016).
[4] N. Egawa et al., arXiv:2412.07400 (2024).
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Quadratic unconstrained binary optimization (QUBO) is a paradigmatic class of optimiza-
tion problems ubiquitous across all fields, ranging from fundamental sciences to industrial
productions, finance, and health services. Despite their popularity, most of these prob-
lems belong to the NP-Hard complexity class, meaning they become computationally
intractable to solve exactly as their size grows [1]. This inherent difficulty makes the
development of efficient algorithms to find approximate solutions not just a theoretical
pursuit, but a practical necessity with far-reaching implications. Among these, heuristics
inspired by classical physics like simulated annealing (SA) [2] have long played a central
role due to their effectiveness and low computational cost.

Quantum technologies offer promising alternatives to classical optimization heuristics,
with potential gains in runtime and resource efficiency. Quantum annealing, in par-
ticular, has garnered considerable attention by reformulating optimization problems as
ground-state preparation of a quantum Hamiltonian via adiabatic evolution. Numerous
studies have been conducted to understand the underlying physical process of quantum
annealing, usually relying either on Path Integral Monte Carlo (PIMC), or on Variational
Monte Carlo (VMC) dynamics. Despite their value for understanding the mechanisms
of quantum annealing, these methods are not viable as efficient optimization heuristics
due to their high computational cost and unfavorable scaling with problem size. Addi-
tionally, many of these methods rely on Monte Carlo sampling, which further increases
computational overhead.

In this work, we propose a quantum-inspired heuristic for solving QUBO problems [3].
Inspired by quantum annealing, we design an efficient variational procedure that emulates
its dynamics analytically. The variational Ansatz we employ is based on Generalized
Group-Theoretic Coherent States (GCS) [4], which enable efficient evaluation of both the
energy and its gradient. At the same time, it captures some of the entanglement structures
that emerges during the quantum annealing process, thus leveraging the advantage it
provides. Without the need for Monte Carlo sampling, our algorithm is highly scalable
and allows for the efficient optimization of problems with thousands of variables.

We benchmark our algorithm on random instances of the three-dimensional Edwards-
Anderson model [1], comparing its performance to that of standard heuristics such as SA,
Local Quantum Annealing (LQA) [5], and Parallel Tempering with Iso-energetic Cluster
Moves (PT-ICM) [6]. We identify parameter regimes in which our algorithm achieves
performance comparable to the best methods tested, and present evidence suggesting its
potential advantages in the large-system-size limit.

[1] F. Barahona, Journal of Physics A: Mathematical and General 15, 3241 (1982).
[2] S. Kirkpatrick, et Al., Science 220, 671 (1983).

[3] L. Fioroni, and V. Savona, arXiv:2501.09078 (2025).

[4] P. M. Schindler, et Al., Physical Review Letters 129, 220401 (2022).

[5] J. Bowles, et Al., Physical Review Applied 18, 034016 (2022).

[6] H. M. Bauza and D. A. Lidar, arXiv:2401.07184 (2024).
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Understanding how entanglement can be reduced through simple operations is crucial for both
classical and quantum algorithms. We investigate the entanglement properties of lattice models
hosting conformal field theories cooled via local Clifford operations, a procedure we refer to
as stabilizer disentangling. We uncover two distinct regimes: a constant gain regime, where
disentangling is volume-independent, and a log-gain regime, where disentanglement increases
with volume, characterized by a reduced effective central charge. In both cases, disentangling
efficiency correlates with the target state magic, with larger magic leading to more effective
cooling. The dichotomy between the two cases stems from mutual stabilizer Renyi entropy,
which influences the entanglement cooling process. We provide an analytical understanding
of such effect in the context of cluster Ising models, that feature disentangling global Clifford
operations. Our findings indicate that matrix product states possess subclasses based on the
relationship between entanglement and magic, and clarifying the potential of new classes of
variational states embedding Clifford dynamics within matrix product states.
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Abstract

We analyze the coherent dynamics of a two-qubit XYZ-Heisenberg
system under the influence of Dzyaloshinsky—Moriya (DM) and (KSEA)
interactions, external magnetic fields, and thermal effects. Using entan-
glement negativity, local quantum uncertainty (LQU), and local quantum
Fisher information (LQFI), we characterize the behavior of thermal entan-
glement and its response to external perturbations. Our investigation re-
veals that increasing the DM interaction parameter D, enhances thermal
entanglement in the antiferromagnetic regime, while the ferromagnetic
case exhibits a contrasting behavior.

To study the impact of decoherence, we employ the Kraus operator
formalism to simulate dephasing channels. Our results show that LQFI
remains more robust under dephasing effects compared to negativity and
LQU, even demonstrating a frozen behavior under specific conditions.
This comprehensive analysis provides insights into the interplay between
coherent dynamics, external interactions, and thermal noise in many-body
quantum systems.
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Title: Transport in open quantum systems in presence of lossy channels

Abstract: Transport in low-dimensional open quantum systems with boundary drives has been
an active area of research both theoretically [1] and experimentally [2, 3]. Such quantum sys-
tems can potentially have additional dissipative effects which arise due to inevitable imperfec-
tions in experimental platforms.

In this work [4], we have studied the nonequilibrium steady-state transport in a boundary-driven
one-dimensional fermionic lattice setup subjected to particle loss dissipative channels. By an-
alyzing the system size scaling of conductance at zero temperature for different values of the
chemical potential of the boundary reservoirs, we show that these dissipative channels are not
necessarily always detrimental. We consider a variety of loss channel configurations: (i) sin-
gle loss at the middle site of the lattice, (ii) multiple but nonextensive lossy channels, and (iii)
extensive lossy channels. For the cases (i) and (ii), the conductance scaling with system size
remains robust (i.e., same as the case with no loss) for chemical potential within and outside the
lattice band, while at the band edge rich anomalous conductance scaling emerges including the
enhancement of conductance. For case (ii1), we find the conductance scaling becomes ballistic
in the thermodynamic limit for any value of chemical potential. We explain the emergence of
these different system size scalings of conductance by analyzing the spectral properties of the
associated non-Hermitian transfer matrices of the underlying lattice. We demonstrate that the
emergence of anomalous scaling is deeply connected to the existence of exceptional points of
transfer matrices. Our study unravels that by carefully optimizing the loss mechanism config-
urations, one can in principle realize systems with rich transport properties in low-dimensional
open quantum systems.

[1] G.T.Landi, D. Poletti, and G. Schaller, Nonequilibrium boundary-driven quantum systems: Models,
methods, and properties Rev. Mod. Phys. 94, 045006 (2022).

[2] P. N. Jepsen, J. Amato-Grill, I. Dimitrova, W. W. Ho, E. Demler, and W. Ketterle, Spin transport in
a tunable heisen- berg model realized with ultracold atoms, Nature (London) 588, 403 (2020).

[3] M. Atala, M. Aidelsburger, M. Lohse, J. T. Barreiro, B. Paredes, and 1. Bloch, Observation of chiral
currents with ultracold atoms in bosonic ladders, Nat. Phys. 10, 588 (2014)

[4] K. Ganguly, M. Kulkarni and B. K. Agarwalla. Phys. Rev. B. 110, 235425 (2024).
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Hilbert space fragmentation has long been proposed as a route to evade thermalization in iso-
lated quantum systems by restricting its dynamics through the imposition of constraints. How-
ever, in equilibrium, such constraints are usually inserted a priori in the Hamiltonian of the
system. In one of our earlier works [1, 2], we had considered one such system and showed that
such constraints can be realized through periodic driving. In this work, we generalize this idea
and propose a general framework to generate such emergent constraints for a given system. We
show that special drive frequencies exist where destructive interference suppresses processes
which violate the constraints and thereby reinforces these constraints as emergent phenomena.
Led by this insight, we suggest what kind of drive protocol might be suitable to generate a par-
ticular constraint for a given system. This result, in fact, goes beyond the purview of Hilbert
space fragmentation and applies to the more general context of emergent symmetries in driven
systems. As an application, we use this protocol to spatially localize quantum information in a
spin-1/2 chain through Hilbert space fragmentation [3].

[1] S. Ghosh, I. Paul, K. Sengupta, Phys. Rev. Lett. 130, 120401 (2023).
[2] S. Ghosh, I. Paul, K. Sengupta, Phys. Rev. B 109, 214304 (2024).
[3] Manuscript under preparation
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The study of symmetry restoration has recently emerged as a fruitful means to extract high-
level information on the relaxation of quantum many-body systems. For instance, this
revealed the surprising ‘quantum Mpemba effect' that occurs when a symmetry is restored
more rapidly when the initial configuration is less symmetric [1,2]. However, while the
restoration of internal symmetries has been investigated intensively, the restoration of spatial
symmetries has only been considered recently in the context of random unitary circuits [3].
Here we present a complementary study of translation symmetry restoration in integrable
systems. Specifically, we consider non-interacting spinless fermions on the lattice prepared in
non-equilibrium states invariant only under v >1 lattice shifts and follow the restoration of
one-site shift invariance. We do so by measuring the Frobenius distance between the state on
a subsystem, and its symmetrised counterpart. We compute the latter exactly, using standard
Gaussian methods, and conjecture a quasiparticle picture describing analytically its
asymptotic behaviour. Since the initial states that we study are invariant only under v lattice
shifts, they produce multiplets of v correlated quasiparticles. We show that in this setting the
relaxation is slower for the initial states that receive larger contributions from multiplets
where two quasiparticles have approximately the same velocity. We use this to argue that the
quantum Mpemba effect goes beyond the hydrodynamic regime. Our results can directly be
extended in higher dimensions.

[1] F. Ares, S. Murciano, and P. Calabrese, Nat. Commun. 14, 2036 (2023).
[2] F. Ares, P. Calabrese, and S. Murciano, arXiv:2502.08087 (2025)
[3] K. Klobas, C. Rylands, and B. Bertini, Phys.Rev. B 111, L140304 (2025).
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Superconducting quantum computing stands as a leading platform in the race toward
scalable quantum technologies [1]. At its heart lies the transmon qubit — a weakly an-
harmonic oscillator resilient to charge noise while maintaining compatibility with fast
microwave control [2]. One of the major sources of error in this architecture is the read-
out: how to quickly and accurately measure the qubit state without inducing unwanted
decoherence or backaction. Add to this the need to model dissipation via the Lindblad
master equation and the large number of modes required by the circuit components, and
a high-fidelity simulation of the readout quickly becomes intractable.

In this work, we attempt to remedy these ills by employing a low-rank approxima-
tion [3]. This admits a very simple idea: since many quantum systems of interest —
in particular, those initialized in near-pure states and evolved under local drives and
dissipation — remain close to low-entropy states, the density matrix p(¢) can be well-
approximated as a low-rank object of fixed rank M which is chosen to be much smaller
than the Hilbert space size. Doing so greatly reduces the computational complexity all
without sacrificing essential dynamics. Crucially, this approximation is controlled: in-
creasing the rank systematically improves the accuracy, in contrast to the uncontrolled
and widely used Rotating Wave Approximation (RWA), which is dichotomic and often
fails in fast, strongly-driven regimes such as those relevant for readout.

We apply this method to simulate the transmon readout process with a Purcell filter
at realistic circuit QED parameters without invoking the RWA. Despite the inherent high-
dimensionality of the system, we achieve high-fidelity results using only modest compu-
tational resources, avoiding the need for specialized hardware like tensor processing units
(TPUs) [4]. We further analyze how the fidelity scales with the rank and show that our
method captures key features missed by RWA-based approaches.

This low-rank framework opens several exciting directions for future work, such as op-
timizing readout parameters for speed and fidelity, incorporating adaptive-rank evolution
to capture entropic bursts during measurement [5], or integrating Floquet-inspired tech-
niques to address strongly driven regimes, all of which move towards an efficient modeling
of quantum hardware beyond standard approximations.

A. Blais et Al., Reviews of Modern Physics 93, 025005 (2021).

J. Koch et Al., Physical Review A 76, 042319 (2007).

L. Joubert-Doriol et Al., Journal of Chemical Physics 141, 234112 (2014).
R. Shillito et Al., Physical Review Applied 18, 034031 (2022).
L.

[1]
2]
3]
[4]
[5] L. Gravina and V. Savona., Physical Review Research 6, 023072 (2024).
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We investigate quantum many-body scars in Abelian lattice gauge theories [1] and identify a
class of scarred eigenstates-specifically singlet scars associated with gauge-invariant zero
modes—that are exact stabilizer states. We also demonstrate that certain high-energy
eigenstates exhibit a stabilizer structure. These states possess vanishing stabilizer Renyi
entropy [2], indicating limited entanglement and enabling efficient classical simulation.
Building on this structure, we construct an explicit quantum circuit that prepares the stabilizer
scar states in a two-dimensional lattice gauge theory. Our findings reveal a previously
unexplored link between quantum many-body scars and stabilizer states, with implications for
quantum information, classical simulability, and nonthermal dynamics in constrained quantum
systems.

[1] L. Sau, P. Stornati, D. Banerjee, and A. Sen, Phys. Rev.D 109, 034519 (2024).
[2] L. Leone, S.F.E. Oliviero, A. Hamma, Phys. Rev. Lett. 128, 050402
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Konstantinov-Perel's Contour and Open Quantum System

The Generation of Complex Noise

Non-adiabatic effects play the fundamental role in many areas of condensed matter physics, such as
the quantum engineering, lattice dynamics in the correlated electronic systems and motions of ions
in the cold atom experiments. Although a quality of theoretical tools have been developed over the
years, rigorous quantum dynamics for finite and extended atomic systems remains a long-standing
challenge under nonequilibrium electronic environments.
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To conquer this, the real-time evolution is naturally coupled to the thermalization of an atomistic sys-
tem. The Liouville equation for ionic reduced density matrix is derived by constructing partial path
integrals over nuclei and representing electrons explicitly via an effective functional,[3, 5]

Driven Single-Mode Holstein Model at the Finite Temperature

The Holstein model is widely applied to describing the electron-phonon interaction process in the
condensed phase. Without the loss of generality, the nonequilibrium non-adiabatic dynamics approach
is applied to this model in order to elucidate motions of quantum dot.[1]
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Here, the motions of quantum dot are restrained in the harmonic oscillator potential, which is driven
by the leads at the finite temperature.

The Equations of Motions in the Phase Space

The thermalization of moments, 24y ™ (7), is realized at the finite temperature,
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where the Canonical varlab\es, # and p, are arranged to the Weyl order and {x(7)} are the effective
environmental fluctuations.

The Matsubara Green's Function and Complex Colour Noise

The equations of motion are driven by the complex colour noise, (), i.e. environmental fluctuations
around are determined by the time correlation function,

l:I(T + AT, 7) = (u(T + A7) u(T)) = —id(T — T’)Y<(T, ‘r’) —0(r — T/)Y< >(, ‘r') -

The fluctuation of electronic environment contributes Yo(r, 7+) and Y®(r, /),
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G%(r, 7') are the different components of the Matsubara Green's function, i.e. greater and less ones,
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The retard and advanced components are computed,
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%ﬂ} are the Matsubara’s frequencies.
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where {wy, =

9(7” —7) Y> <(, ‘r').

The pu(1) = R pu(r) + i p(r) is composed of the real and imaginary parts, which is considered as an
two-components real noise, p(r) = [Rji(r), S fi(7) |7 = [ fio(r), fin(7)]T. They satisfy the correlation
function,

_ 1 _ _
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Hoi(r, ') = (uo(r) (7)) = *{ [Thy(r, 7')] = S[TIa(r, 7)]}

(7, 7') = {u1(r) po(r')) = { [TLy(r, )] + S H(r, 7')]}.

[ﬁg(r), ﬁl(r)}T is realized according to the circu\ant embedding matrix,
Aqo + FFT(ITy); Apy « FFT(IT])); Ay « FFT(ILG)).
The noise is generated after the Fourier transformation,
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Figure 2. Open Quantum Systems

Conclusions and Exceptations

Our theory enables one to construct equation of motion for the observable atomic positions with full
account of the non-adiabatic interaction with the electrons and at a finite temperature and general
non-equilibrium conditions (e.g., a time-dependent bias)
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Typically, 1D systems depict Anderson Localization upon the addition of disorder, where the
transport is exponentially suppressed with system size. However, there are certain systems
which depict “anomalous localization”, in which the transport is suppressed with system size,
however the suppression is much weaker. One such example is the 1D chain with hopping dis-
order, tuned to its critical point. The anomalous localization properties of this system [1] are
connected to a singularity in the density of states [2] near zero energy. In general, in the vicinity
of its critical point, the 1D chain with hopping disorder develops a power-law singularity in the
density of states at zero energy, with a non-universal exponent [3]. At the critical point, the ex-
ponent takes a universal value of 1 with logarithmic corrections to obtain a specific form called
the “Dyson Singularity” [3]. Zig-Zag graphene nanoribbons, which are essentially generaliza-
tions of the 1D chain, can be shown to host a multi-critical point [4]. We add hopping disorder
to graphene-nanoribbons in the vicinity of this multi-critical point, and study if the disordered
multi-critical point depicts the same behaviour as the usual disordered critical point.

[1] G. Theodorou and M. H. Cohen, Phys. Rev. B 13, 4597 (1976).

[2] E. J. Dyson, Phys. Rev. 92, 1331 (1953).

[3] L. Balents and M. P. A. Fisher, Phys. Rev. B 56, 12970 (1997).

[4] S. Kasturirangan, A. Kamenev, and F. J. Burnell, Phys. Rev. B 106, 184206 (2022).



P51
Exploring the effects of higher Josephson harmonics

on superconducting circuits.

Abbas H. Hirkani'?, Giampiero Marchegiani', Luigi Amico'34, Gianluigi
Catelani'®

1Quantum Research Center, Technology Innovation Institute, Abu Dhabi 9639, UAE
2International School for Advanced Studies (SISSA), Via Bonomea 265, 1-34136 Trieste,
Italy
3Dipartimento di Fisica e Astronomia, Via S. Sofia 64, 95123 Catania, Italy
*INFN-Sezione di Catania, Via S. Sofia 64, 95127 Catania, Italy
JARA Institute for Quantum Information (PGI-11), Forschungszentrum Jiilich, 52425 Jilich,
Germany

Limitations of the sing current phase relation in explaining the observed higher-level
spectroscopy of transmon artificial atoms has led to the proposal of a more accurate
description of the Josephson element, with non-negligible higher-harmonic corrections to the
sinusoidal current phase relation [1]. We investigate the Fraunhofer effect in thin film Al-
AlOx-Al junctions as a tool to discriminate stray-inductances effects from intrinsic higher
harmonics of the junctions. The presence of a strong in-plane magnetic field directly affects
the Josephson coupling at the junction by laterally penetrating the JJ’s oxide barrier, which
causes Fraunhofer-like pattern [2, 3]. The magnetic field affects each harmonic contribution
of the junction with a different characteristic field, resulting in a magnetic field dependence
strikingly different from the one due to stray-inductance effects alone. We also examine how
the presence of a few percent higher-harmonics affects the various qubit designs like the 0-Pi
qubit, cos2phi, and fluxonium[4,5,6] qubit and comment on how it changes the useful qubit
parameter regimes which are crucial for accurately targeting the implementation of desired
Hamiltonians on superconducting hardware.
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We uncover emergent universality arising in the equilibration dynamics of multimode
continuous-variable systems. Specifically, we study the ensemble of pure states supported
on a small subsystem of a few modes, generated by Gaussian measurements on the re-
maining modes of a globally pure bosonic Gaussian state. We find that beginning from
highly entangled, complex global states, such as random Gaussian states and product
squeezed states coupled via a deep array of linear optical elements, the induced ensemble
attains a universal form, independent of the choice of measurement basis: it is composed
of unsqueezed coherent states whose displacements are distributed normally and isotrop-
ically, with variance depending on only the particle-number density of the system. We
further show that the emergence of such a universal form is consistent with a general-
ized maximum entropy principle, which endows the limiting ensemble, which we call the
“Gaussian Scrooge distribution”, with a special quantum information-theoretic property
of having minimal accessible information. Our results represent a conceptual general-
ization of the recently introduced notion of “deep thermalization” in discrete-variable
quantum many-body systems—a novel form of equilibration going beyond thermalization
of local observables—to the realm of continuous-variable quantum systems. Moreover,
it demonstrates how quantum information-theoretic perspectives can unveil new physical
phenomena and principles in quantum dynamics and statistical mechanics. [1]
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Topological orders (TOs) are long-ranged entangled topological phases that are
characterized by ground state degeneracy and anyon excitations. [1-8] They have been
exploited to encode and manipulate quantum information thanks to their robustness against
local noise. [9] For Abelian TOs, such as the toric code, the error correction problem has been
well studied. [10] In contrast, the error correction problem of non-Abelian TOs is more difficult
due to non-Abelian braiding statistics and non-deterministic fusion of anyon excitations. [11]
In this work, we explore the challenges and opportunities when applying the toric code
decoders to the non-Abelian D4 TO, which has been experimentally realized using
measurement-based protocols. [12-14] Specifically, we demonstrate that non-Abelian anyon
strings have intrinsic heralding without the requirement of additional flag qubits or feedback.
[15] Such intrinsic heralding could be harnessed to drastically enhance the error correction
threshold of the decoder, as confirmed by numerical simulations. Furthermore, we generalize
this intrinsically heralded decoding approach to effectively correct general Pauli errors,
especially in the presence of noise bias.
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Here we study the dissipative dynamics of an array of transmons. Transmons are a type of su-
perconductive qubit that facilitates a system suitable for storing quantum information. Specifi-
cally, we study two pairs of transmons coupled to a common waveguide. The pairs, consisting
of two capacitively coupled transmons, are separated by a distance corresponding to half of the
wavelength. In this work, we model transmon arrays with parameters that can be realised in ex-
periments. The device offers an intriguing structure of eigenstates, particularly so-called dark
states (c) which are protected from decay. We provide a detailed analysis of the eigenspectra
examining the symmetry and decay of the states, as well as driving the system from the ground
state to the states of interest.
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The defining feature of quantum many-body systems is an exponential scaling of the Hilbert
space with the number of degrees of freedom. This exponential complexity naively renders the
complete characterization of state, for instance via the complete set of bipartite Renyi entropies,
a challenging task. Recently, the compact way of storing subregions’ purities by encoding them
as amplitudes of a fictitious quantum wave function, known as the entanglement feature (EF),
was proposed. Matrix product state (MPS) encoding of such EF was obtained for Haar random
states, however, the general applicability and practical usage of such encoding remained unclear.
In this work, we demonstrate that EF can be efficiently learned using only polynomial amount
of samples in the number of degrees of freedom through an active (machine) learning algorithm,
called tensor cross interpolation, assuming EF is expressible as a finite bond dimension MPS.
We benchmark this learning process on Haar and random MPS states, utilizing analytic insights.
Additionally, we devise novel applications for the learned EF, such as quantifying the distance
between different entanglement patterns and finding the optimal one-dimensional ordering of
physical indices in a given state, highlighting the potential utility of proposed learning method
in characterizing quantum many-body systems.

[1] D. Kolisnyk, R. A. Medina, R. Vasseur and M. Serbyn, Tensor Cross Interpolation of Purities in
Quantum Many-Body Systems, arXiv:2503.17230.
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Floquet quantum circuits are able to realise a wide range of non-equilibrium quantum states,
exhibiting quantum chaos, topological order and localisation. The circuit based perspective has
led to new regimes of many-body quantum dynamics with potential applications to quantum
technologies. In this work, we investigate the stability of operator localisation and the emer-
gence of chaos in random Floquet-Clifford circuits subjected to unitary perturbations which
drive them away from the Clifford limit. We construct a nearest-neighbour Clifford circuit with
a brickwork pattern and study the effect of including disordered non-Clifford gates. The pertur-
bations are uniformly sampled from single-qubit unitaries with probability p on each qubit. We
show that the interacting model exhibits strong localisation of operators for 0 < p < 1 that is
characterised by the fragmentation of operator space into disjoint sectors due to the appearance
of wall configurations. Such walls give rise to emergent local integrals of motion for the circuit
that we construct exactly. We analytically establish the stability of localisation against generic
perturbations and calculate the average length of operator spreading tunable by p. Although
our circuit is not separable across any bi-partition, we further show that the operator locali-
sation leads to an entanglement bottleneck, where initially unentangled states remain weakly
entangled across typical fragment boundaries. Finally, we study the spectral form factor (SFF)
to characterise the chaotic properties of the operator fragments and spectral fluctuations as a
probe of non-ergodicity. In the p = 1 model, the emergence of a fragmentation time scale is
found before random matrix theory sets in after which the SFF can be approximated by that of
the circular unitary ensemble. Our work provides an explicit description of quantum phases in
operator dynamics and circuit ergodicity which can be realised on current NISQ devices.
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Frustrated Heisenberg models are known to host numerous competing phases, making pre-
cise numerical identification of their ground states particularly challenging. Exactly solvable
models play a crucial role in this context, providing reference points for exploring complex
phase diagrams. Prominent examples include the Majumdar-Ghosh [1] and Affleck-Kennedy-
Lieb-Tasaki (AKLT) [2] Hamiltonians, which can be expressed as sums of noncommuting pro-
jectors whose eigenstates naturally yield the ground state wavefunctions. Recently, a macro-
scopically degenerate XXZ model was identified for the spin-1/2 kagome quantum antiferro-
magnet, featuring a three-coloring product state as its exact ground state [3].

In this work, we introduce a chiral, SU(2)-symmetric spin-1 Hamiltonian defined on the
pyrochlore lattice, expanding the class of known exactly solvable models. Its ground states
form a product state over tetrahedra, with each tetrahedron hosting four spin-coherent states

V) = H ®n;) ® [ny) ® [nz) ® |ny), (D

tetrahedra

where |n;), ¢ = 1,2, 3, 4, are the spin coherent state pointing in four directions n on the Bloch-
sphere and obey the four color rule on each tetrahedron (termed tetrahedratic states). A repre-
sentative configuration, defined up to a global O(3) rotation, is given by:

n; = (111), n, = (iil), ng = (111), ng, = (ili), (2)

Twelve distinct configurations arise from even permutations of Eq. (2) [4], and these config-
urations with the global O(3) rotation span exactly 65 linearly independent states within the
81-dimensional Hilbert space (3*) of each tetrahedron. We construct the Hamiltonian H,, on
each tetrahedron explicitly:

Ho = V3ID Si(S; x Sk) — ID_SiS; + 7 Y (SiS;)(SkS)), 3)

ijk i<j (i) (kL)

where in the first sum ijk = 123, 142, 134, 243 and the last sum is over (i7)(kl) = (12)(34), (13)(24),
and (14)(23). Summing H,, over all tetrahedra gives the full Hamiltonian # = )", #,, whose
ground-state manifold is precisely spanned by these four-color product states, Eq. (1).
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We characterize the multipartite entanglement structure of monitored random quantum circuits
using the quantum Fisher information [1]. We show that, despite the known phase transition
in bipartite correlations, the multipartiteness is bounded. On the other hand, we generate a
phase with extensive multipartite entanglement under symmetry preserving random operations
by introducing two-qubit measurements. We focus on the limit where no unitary operations
are applied, but there is a competition between two noncommuting projective measurements.
We exploit a map to bond percolation to precisely calculate the universal scaling of multipartite
entanglement.

[1] Arnau Lira-Solanilla, Xhek Turkeshi, Silvia Pappalardi, (2024), arXiv:2412.16062.
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Paired Parton Trial States for the Superfluid-Fractional Chern Insulator
Transition

Tevz Lotri¢' and Steven H. Simon'

YRudolf Peierls Centre for Theoretical Physics, Parks Road, Oxford, OX1 3PU, UK

We consider a model of hard-core bosons on a lattice, half-filling a Chern band such that the
system has a continuous transition between a fractional Chern insulator (FCI) and a superfluid
state (SF) depending on the bandwidth to bandspacing ratio. We construct a parton-inspired
trial wavefunction ansatz for the ground states that has remarkably high overlap with exact
diagonalization in both phases and throughout the phase transition. Our ansatz is stable to
adding some bosonic interactions beyond the on-site hard core constraint. We confirm that
the transition is well described by a projective translation symmetry-protected multiple parton
band gap closure, as has been previously predicted. However, unlike prior work, we find that our
wavefunctions require anomalous (BCS-like) parton correlations to describe the phase transition
and SF phase accurately.

[1] T. Lotri¢ and S.H. Simon, arXiv:2504.20139 (2025).
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Work Statistics and Quantum Trajectories: No-Click Limit and Non-
Hermitian Hamiltonians

Abstract

We present a generalized framework for quantum work statistics in continuously monitored
quantum systems that extends the conventional two-point measurement scheme to include the
effects of multiple generalized measurements and post-selection of no-click trajectories. By
deriving a modified generating function for work, our approach naturally incorporates non-
Hermitian dynamics arising from quantum jump processes and reveals deviations from the standard
Jarzynski equality due to measurement-induced asymmetries. We illustrate our theoretical
framework by analyzing a one-dimensional transverse-field Ising model under local spin
monitoring. In this model, increased measurement strength projects the system onto the no-click
state, leading to a suppression of energy fluctuations and measurement-induced energy saturation,
reminiscent of the quantum Zeno effect.
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Partial projected ensemble and spatio-temporal structure of information
scrambling in quantum dynamics

Saptarshi Mandal', Pieter W. Clayes?, and Sthitadhi Roy'

U International Center for Theoretical Sciences, Tata Institute of Fundamental Research,
Bangalore, India
2 Max Planck Institute for the Physics of Complex Systems, Dresden, Germany

Understanding how quantum information spreads in many-body systems is crucial for charac-
terizing different dynamical phases of matter like ergodic phase or many body localised(MBL)
phase. In this work, we introduce the partial projected ensemble(PPE), a generalization of the
projected ensemble introduced in the context of deep thermalisation in quantum many body
systems [1, 2]. In this partial projected ensemble(PPE) we perform projective measurements
on only one part of the bath and look at distribution of states in the subsystem of our interest
and the fluctuations in it. We show how the fluctuations of the PPE captures the spatiotemporal
profile of information spreading. We explicitly establish the results in a floquet circuit model
both in the ergodic regime and many body localised regime, highlighting different scrambling
profile in different dynamical phases. Moreover, we relate the PPE fluctuations to experimen-
tally realisable quantities like local bit-string probabilities [3]. We also establish the late time
fate of such PPE fluctuations exactly.

[1] Jordan S. Cotler, Daniel K. Mark et al., PRX QUANTUM 4, 010311 (2023)
[2] Daniel K. Mark, Soonwon Choi et al., Phys. Rev. X 14, 041051 (2024)
[3] Joonhee Choi, Adam L. Shaw et al., Nature 613, 468—473 (2023)
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Full distribution and large deviations of local observables in an exactly
solvable current carrying steady state of a strongly driven XXZ chain

Sandipan Manna and G J Sreejith

Indian Institute of Science Education and Research, Pune 411008, India

Current carrying steady states of interacting spin chains exhibit rich structures generated
through an interplay of constraints from the Hamiltonian dynamics and those induced by
the current. The XXZ spin chain when coupled to maximally polarizing Lindblad terms
(with opposite signs on either ends) admits an exact solution for the steady state in a
matrix product state (MPS) form. We use this exact solution to study the correlations and
distributions of local spin observables in the non-equilibrium steady state (NESS). We
present exact expressions for spin correlators, entropy per site and scaled cumulant
generating functions(SCGF) for distributions of local observables in the XX limit (Ising
anisotropy A = 0). Further, we use the exact MPS solution in A > 0 regime, to calculate
numerically exact entropy, correlations, as well as full distributions of spin observables in
large systems. In systems where A is a cosine of rational multiple of 1t, we can numerically
exactly estimate the large system limit of the SCGF and the large deviation/rate functions
of local-z magnetization. For these, we show that the deviations of the SCGF, calculated
in finite systems, from the asymptotic large system size limit decay exponentially with
system size, however the decay rate is a discontinuous function of A. The x magnetization
density shows a double peak structure at A < 1 suggesting short-range ferromagnetic
ordering in the x-direction similar to what was reported for the ground state of XXZ chain.

[1] Sandipan Manna and G. J. Sreejith. "Full distribution of local observables in an exactly
solvable current carrying steady state of a driven XXZ chain." arXiv preprint arXiv:2409.10458
(2024). (To appear in PRE)
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SU(3) Fermi-Hubbard gas with three-body losses: symmetries and dark
states

Alice Marché!, Alberto Nardin', Hosho Katsura>**, and Leonardo Mazza '*

" Université Paris-Saclay, CNRS, LPTMS, 91405, Orsay, France
? Department of Physics, Graduate School of Science,
The University of Tokyo, 7-3-1 Hongo, Tokyo 113-0033, Japan
I Institute for Physics of Intelligence, The University of Tokyo, 7-3-1 Hongo, Tokyo 113-0033,
Japan
*Trans-scale Quantum Science Institute, The University of Tokyo, 7-3-1, Hongo, Tokyo 113-
0033, Japan

3 Institut Universitaire de France, 75005, Paris, France

Two and three-body losses are one of the most investigated mechanisms that can induce a
many-body correlated open quantum dynamics in a fermionic degenerate gas. Particular
attention in experimental and theoretical analyses has been devoted to the steady properties of
the setup. In the case of two-body losses, the dissipative dynamics is known to generate
many-body entangled steady-states due to total spin conservation [1, 2].

In this work, we focus on a SU(3) invariant fermionic gas trapped in a lattice and subject to
one-site three-body losses. We show that steady-state properties, such as the total number of
fermions remaining on the lattice, are ruled by the conservation of the two independent
Casimir operators of SU(3). A basis of the Hilbert space which takes care of the symmetries
of the system can be written in terms of semi-standard Young tableaux [3, 4]. We
demonstrate what is the effect of a loss process on a state belonging to this relevant basis,
unveiling the presence of a rich zoology of stationary states. We also derive a mean-field
equation for the dynamics of the density of fermions, using the formalism of time-dependent
generalized Gibbs ensemble [5, 6].

[1] M. Foss-Feig, A. J. Daley, J. K. Thompson, and A. M. Rey, Phys. Rev. Lett. 109, 230501 (2012).
[2] K. Honda, S. Taie, Y. Takasu, N. Nishizawa, M. Nakagawa, and Y. Takahashi, Phys. Rev. Lett.
130, 063001 (2023).

[3] J. Paldus, The Unitary Group for the Evaluation of Electronic Energy Matrix Elements, edited by
J. Hinze (Springer Berlin Heidelberg, Berlin, Heidelberg, 1981) pp. 1-50.

[4] T. Botzung and P. Nataf, Phys. Rev. Lett. 132, 153001 (2024).

[5] L. Bouchoule, B. Doyon, and J. Dubail, SciPost Phys. 9, 44 (2020).

[6] F. Riggio, L. Rosso, D. Karevski, and J. Dubail, Phys. Rev. A 109, 023311 (2024).
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Entanglement dynamics and geometric phase in a dissipative two-atom
non-linear Jaynes-Cummings model

Ali Martin ', Fernando Lombardo ? , and Paula Villar '

!Instituto de Fisica de Buenos Aires (IFIBA), CONICET

? Departamento de Fisica Juan José Giambiagi, FCEyN UBA
The Jaynes-Cummings model is a paradigmatic model for the study of interaction between
light and matter. Its usefulness stems from its simplicity, and it has experimental applications.
Recently, this model has seen renewed interest in quantum technologies because of the
introduction of transmons as the leading architecture for quantum computing. Given the fact
that the dynamics of both systems, transmons in superconducting circuits and a trapped atom
described by the Jaynes-Cummings model, are essentially the same. This makes the study of
such optical semiconducting cavities have interest and direct applications in quantum
computing.
The main advantage of superconducting circuits over the other proposed architectures are
their scalability and the range of coupling that can be reached. The second point is the main
reason why these systems can mitigate some of the destructive effects induced by the
environment. This last point is the focus of this work.
It is interesting to find an object or a quantity that is not sensible to the effects of the
environment; a “quantum sensor” that given information on the system. A possible candidate
is the geometric phase, related to the path made by the system in state space.
In this work we extend the Jaynes-Cummings model to two interacting qubits in a non-linear
cavity. We study dynamics, entanglement between qubits and geometric phase in the
presence of a zero-temperature environment.
We conclude that there are certain relations between the parameters of the problem that
predict interesting behavior, where the geometric phase seems to be less affected by the
environment. This is very useful for implementations on quantum circuits and information.

[1] L. Fuentes Guridi, A. Carollo, S. Bose, and V. Vedral, Phys. Rev. Lett. 89 220404 (2002).

[2] E. Martin-Martinez, I. Fuentes, and R.B. Mann, Phys. Rev. Lett. 107 131301 (2011).

[3] S. Pancharatnam, Proc. Indian Acad. Sci. A 44, 247 (1956).

[4] M. V. Berry, Proc. R. Soc. London, Ser. A 392, 45 (1984).

[5] Sun Yin and D. M. Tong, Phys. Rev. A 79, 044303 (2009).

[6] D.M. Tong, E. Sjoqvist, L.C. Kwek and C.H. Oh, Phys. Rev. Lett. 93, 080405 (2004)

[7] F.C. Lombardo and P.I. Villar, Phys. Rev. A 74, 042311 (2006).

[8] F.C. Lombardo and P.I. Villar, Int. J. Quantum Inf. 6, 707713 (2008).

[9] Paula L. Villar, Phys. Lett. A 373, 206 (2009).

[10] F.M. Cucchietti, J.F. Zhang, F.C. Lombardo, P.I. Villar and R. Laflamme, Phys. Rev. Lett. 105,
240406 (2010).

[11] F.C. Lombardo and P.I. Villar, Phys. Rev. A 81, 022115 (2010)/Phys. Rev. A 83, 052121 (2011).
[12] Ludmila Viotti, Fernando C. Lombardo, and Paula I. Villar Phys. Rev. A 105, 022218 (2022).
[13] Alexandre Blais, Arne L. Grimsmo, S. M. Girvin, and Andreas Wallraff, Rev. Mod. Phys. 93,
025005 (2021).

[14] Ludmila Viotti, Fernando C. Lombardo, Paula 1. Villar, Entropy 26 (1), 89 (2024).

[15] A. Carollo, I. Fuentes-Guridi, M.F. Santos, and V. Vedral, Phys. Rev. Lett. 90, 160402 (2003).
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Abstract of poster: Quantum-geometric bounds in non-Hermitian systems

M. P. Matraszek'?, W. Jankoswki'?, and J. Behrends'

Y(Presenting author underlined) Theory of Condensed Matter Group,
Cavendish Laboratory, University of Cambridge, Cambridge CB3 0US
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Quantum geometry is closely linked to the topology of condensed matter systems. It was first
introduced by Provost and Vallee[4], and helps relating different phenomena, such as polariza-
tion fluctuations and susceptibility fluctuations(!) in extended systems [6, 2]. The geometric
properties lead to appearance of bounds in Hermitian systems [3, 2], in particular on the energy
gap.

While our current understanding of the quantum geometry is mostly limited to closed quan-
tum systems, recent works have extended the geometry to open systems effectively described
by a non-Hermitian Hamiltonian [5]. In this work, motivated by geometry-induced bounds in
Hermitian systems, we study bounds in various non-Hermitian generalizations of the quantum
geometric tensor. We applied our findings to establish relationship of right-right, left-left and
mixed quantum geometric tensors (QGTSs) as well as to the response functions of wave-packets
in non-Hermitian systems [1] and response functions of open quantum systems described by
quadratic Lindbladians [7].

[1] J. Behrends, R. Ilan, and M. Goldstein. . arXiv 2503.13604, 3 2025.

[2] Y. Onishi and L. Fu. Phys. Rev. X, 14:011052, Mar 2024.

[3] T. Ozawa and B. Mera. Phys. Rev. B, 104:045103, Jul 2021.

[4] J. P. Provost and G. Vallee. Communications in Mathematical Physics, 76(3):289-301, 1980.
[5] N. Silberstein, J. Behrends, M. Goldstein, and R. Ilan. Phys. Rev. B, 102:245147, Dec 2020.
[6] I Souza, T. Wilkens, and R. M. Martin. Phys. Rev. B, 62:1666—1683, Jul 2000.

[7] S. Talkington and M. Claassen. npj Quantum Materials, 9(1):104, 2024.
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Topological SU(N) Physics and Geometric Quantum Noise
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Wess-Zumino (WZ) terms are topological contributions to the Lagrangian of quantum systems,
arising from the geometry of the phase space and encoding important topological features in
systems with non-trivial internal symmetries, such as SU(N). Geometric quantum noise, on the
other hand, refers to the stochastic noise terms that appear in the equations of motion due to
the quantum fluctuations in dissipative environments, which are influenced by the presence of
geometric phases in the form of WZ terms. In particular, the geometric contribution to stochas-
tic processes can modify the behavior of quantum systems at low temperatures, such as the
diffusion of magnetization on the Bloch sphere in the case of SU(2). This way, in a first part,
we’d like to present a detailed formalization of the topological features of WZ-terms in the
light of the topological index, expressed as either the Chern number or winding number, as well
as a complete derivation of Geometric Quantum Noise through an introduction to the Keldysh
model and the field theory of out-of-equilibrium systems.

In the second part of this work, and within the context of SU(N) physics, we first consider the
role of higher SU(N) groups in magnetism, particularly in the large-N limit of antiferromagnetic
models, which exhibit unique phase transitions and topological effects, including spin-Peierls
and valence-bond-solid orders. As we will see, these models offer insights into alkaline earth
metals and the study of Mott insulators with enhanced SU(N) symmetry, where topological or-
der and chiral spin liquids emerge. Finally, we investigate entanglemons—quantum bits derived
from entangling internal degrees of freedom in SU(4) systems—and briefly touch on the exper-
imental realization of artificial SU(3) non-Abelian gauge fields via coupling resonant lasers to
ultracold atoms.

[1] A. Altland and B.D. Simons. Condensed Matter Field Theory. Cambridge University Press, (2010).

[2] A. Shnirman, Y. Gefen, A. Saha, I. S. Burmistrov, M. N. Kiselev, and A. Altland, Phys. Rev. Lett.
114, 176806 (2015).

[3] J. Brad Marston, lan Affleck, Phys. Rev. B 39, 11538-11558 (1989).

[4] N. Read and Subir Sachdev, Phys. Rev. Lett. 62, 1694-1697 (1989).

[5] A. V. Gorshkov, M. Hermele, V. Gurarie, C. Xu, P. S. Julienne, J. Ye, P. Zoller, E. Demler, M. D.
Lukin, and A. M. Rey, Nature Physics 6, 289-295 (2010).

[6] M. Hermele, V, Gurarie, and A. M. Rey, Phys. Rev. Lett. 103, 135301 (2009).

[7] N. Chakraborty, R. Moessner, and B. Doucot, arXiv:2409.13019, (2024).

[8] C.S. Madasu, C. Mitra, L. Gabardos, K. D. Rathod, T. Zanon-Willette, C. Miniatura, F. Chevy, C.
Kwong, and D. Wilkowski, arXiv:2502.04714 (2025).



P/1

Universal Counterdiabatic Driving

Stewart Morawetz', Anatoli Polkovnikov!
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Local counterdiabatic (CD) driving provides a systematic way of constructing a control
protocol to approximately suppress the excitations resulting from changing some param-
eter(s) of a quantum system at a finite rate. However, designing CD protocols typically
requires knowledge of the original Hamiltonian a priori. In this work, we design local CD
driving protocols in Krylov space using only the characteristic local time scales of the
system set by e.g. phonon frequencies in materials or Rabi frequencies in superconduct-
ing qubit arrays. Surprisingly, we find that convergence of these universal protocols is
controlled by the asymptotic high frequency tails of the response functions. This finding
hints at a deep connection between the long-time, low frequency response of the sys-
tem controlling non-adiabatic effects, and the high-frequency response determined by the
short-time operator growth and the Krylov complexity. [1]

[1] S. Morawetz, A. Polkovnikov, arXiv:2503.01952 (2025).
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Electroluminescence Driven by Electron Transport in Molecular Junctions

Oscar A. Moreno Segura !, and Riku Tuovinen !
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In this work, we investigate the electroluminescence effect in a molecular junction driven by a
tunneling current as in a scanning tunneling microscope setup. Recent studies [1,2] have shown
promising results in this line. Here, we model a molecular junction using a time-linear
nonequilibrium Green’s function (NEGF) formalism [3] to study the electroluminescence on
the benzenedithiol molecule connected to two copper electrodes and coupled to a cavity. Our
current approach treats electron-electron interactions within the molecule at the Hartree-Fock
level, while electron-photon coupling is explored via the Ehrenfest approximation. We focus
on the photonic and electric responses in order to describe the electroluminescence in the
system under weak and intermediate effective couplings. Our calculations are performed with
CHEERS code [4], which implements quantum transport simulations based on NEGF. By
clarifying the conditions under which electroluminescence can be detected, we aim to provide
a fundamental understanding of electron dynamics in out-of-equilibrium molecular junctions.

[1] Tuovinen, R., & Pavlyukh, Y. (2024). Electroluminescence rectification and high harmonic
generation in molecular junctions. Nano Letters, 24(29), 9096-9103.

[2] Miwa, K., Imada, H., Imai-Imada, M., Kimura, K., Galperin, M., & Kim, Y. (2019). Many-body
state description of single-molecule electroluminescence driven by a scanning tunneling microscope.
Nano letters, 19(5), 2803-2811.

[3] Tuovinen, R., Pavlyukh, Y., Perfetto, E., & Stefanucci, G. (2023). Time-linear quantum transport
simulations with correlated nonequilibrium green’s functions. Physical Review Letters, 130(24),
246301.

[4] Pavlyukh, Y., Tuovinen, R., Perfetto, E., & Stefanucci, G. (2024). Cheers: A Linear-Scaling
KBE+ GKBA Code. physica status solidi (b), 261(9), 2300504.
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Exceptional stationary state in a dephasing many-body open quantum
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The eigenstate thermalization hypothesis (ETH) [1] is a cornerstone of condensed matter physics,
offering a simple and physical framework to explain the emergence of thermal features in the

late-time dynamics of closed quantum systems. Nevertheless, the presence of rare eigenstates,

known as quantum many-body scar states, that escape thermalization and violate ETH have

been recently pointed out in relevant physical systems. While for closed systems these excep-

tional eigenstates have been thoroughly studied, their counterparts in open dynamics have been

less explored.

In this work [2], we study a dephasing many-body open quantum system that hosts, together
with the infinite-temperature state, another additional stationary state, that is associated with
a non-extensive strong symmetry. This state, that is a pure dark state, is exceptional in that
it retains memory of the initial condition, whereas any orthogonal state evolves towards the
infinite-temperature state erasing any information on the initial state.

We discuss the approach to stationarity of the model focusing in particular on the fate of in-
terfaces between the two states. A simple model based on a membrane picture helps developing
an effective large-scale theory, which is different from the usual hydrodynamics since no exten-
sive conserved quantities are present. The fact that the model reaches stationary properties on
timescales that diverge with the system size, while the Lindbladian gap is finite, is duly high-
lighted. We point out the reasons for considering these exceptional stationary states as quantum
many-body scars in the open system framework.

[1] M. Srednicki, Journal of Physics A: Mathematical and General, 32, 1163 (1999).
[2] A. Marché, G. Morettini, L. Mazza, L. Gotta, and L. Capizzi, arXiv.2412.13820.
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Introduction

= SymTFT is a framework to capture universal features of quantum many-body
systems by viewing them as a boundary of topological order in one higher
dimension.
= We use SymTFT to study systems out-of-equilibrium, focusing on one-dimensional
(1D) periodically driven i.e. Floquet systems and their 2D SymTFTs.
= Floquet systems are characterized by the Floquet unitary, which is the time
evolution operator over a period:
T
Up = exp(fzﬁ/ dtH(t)), H(t+T)=H(t) (1)
@

)

Abelian anyon model

Anyons

flux-charge composite anyons (g, a) with flux ¢ € G and charge o € Rep G [the
set of irreducible representations x,, : G — U(1) of G]

Fusion

Fusing a = (g, ) with b = (¢', &) yields ab = (g¢’, aa’) where xao' = XaXo-
The antianyon of a is thus a = (g7, a7 }),

Braiding & exchange phases

Encircling a with b yields braiding phase ™% = y,(¢')xa(9), while exchanging two
a gives elu = y,(g).

Framework

+* Our 1D system is embedded on the top gapped boundary By, of a 2D

topological order on a cyliner.

= The anyon strings Wi“'“) serve as local order parameters in 1D. The

non-contractible loops winding around the cylinder 1)) are
global symmetry operators.

1«
“Wi( )W..(gal)‘

D(U)X' J

ref

<.

1D algebra & phases

* The operators for the 1D system consist of string operators Wi with both
endpoints i, j at Byyn.
- For every Bgyyn, there exists a subset of anyons A, such that every a € A

condenses there and b ¢ A creates an excitation. Choices of A then correspond
to phases in the 1D system.

- Example G = Z, : the symmetric algebra is generated by W7, , = Z;Z;,, and
W, , = X;. The order paramter is W¢ = Z; and global symmetry, W = I1,X,.

Twisted boundary conditions

= Inserting a string W}("”” into Bgyn g-twists the boundary conditions.
For G = Z,, this can be seen via: Wj”"“IL’;TLJ&’;’"” = (=)W, ; thus 1/1/’}("”)
takes Z;.Zp = —ZpZyps fork = j.

1D Floquet drives

= 1D Floquet unitaries can be expressed as:

( — (A)
YA — O ith g=iH", @)

H[(,A) is a local G-symmetric Hamiltonian with mutually commuting terms, built
from anyons « in a Lagrangian subgroup A of the topological order. A sets the
eigenstate order. H, adds local G-symmetric perturbations.

Need for disorder

The perturbations in H; along with disorder in H[(,A) leads to many-body localization
(MBL) which is a prerequisite for the existence of non-trivial phase structure and
helps them avoid the fate of generic Floquet systems, i.e. heating up to infinite
temperature.

Time Crsytal (TC) SymTFT
Consider G = Z, and the fixed-point time crystal unitary (/’,'_;""<{;>" — Wime—i}’
Spatiotemporal order

Using the evolution of the local order parameter for ¢ € Z cycles :

I’Vz({')(t) _ [Uém.((z,)]-t]fwfz(q[Uém_@)]]t _ ﬁ,gﬁ(),ml/vz(r;) @)
one can show that the correlator C;; = (n| W,‘;) |n) evolves under time as:
Cif(t) = {nl W (W n) = (=1)'C;5(0). @

and hence shows period-doubled long range a.k.a. spatiotemporal order.

Spectral multiplets

For an eigenstate |n) with quasienergy ¢,, there is another eigenstate W,,(“) In) at
quaisenergy m — £, (mod 27). This arises due to
U D |py = 7= |n) )
U,[_—"m'“)]I/VU’) [n) = b g=ien () [n) (6)
where the braiding phase %% = ¢/. Hence we see T—spectral pairing.

Dual TC order

= Consider the 07PM phase with unitary U,f!"<"’>) — W #" | Since this is the
electric-magnetic dual of the TC, one can study the correlator

) = (| W W™ n), %
which can be evaluated via:
Vl/’;["o(t)W}m') _ [[Jév_<m,>)T]fVL/vI(]m)[Uyé(.(m))l]f, ®

where [Ué"'@””'] has boundary conditions twisted (APBC) w.r.t U,L“'O”)).
= Therefore, the PM eigenstates show period doubled long range order in
t i 7(m)
Cii(t) = (—1)’0{11 with C; = (n] Wi n) 9)
when considering the PBC and APBC evolution simultaneously.

= Below we see the dual TC correlations for different points in the phase diagram.
P(w) is the power spectrum of (C};(t)) showing a sub-harmonic peak
corresponding to the period doubling.

1

1 007 /2
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7| SG XSG
—~ 06 - PM
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- f
o4 =01 _ _
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0 t
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w/m

Absolute stability of 7— spectral pairing

= As a consequence of the electric-magnetic duality the dual TC also inherits the
m—pairing seen in the TC but now between different boundary conditions (PBC
& APBC), instead of symmetry sectors.

= This pairing is absolutely stable i.e. robust against both Z, and Z, symmetry
breaking perturbations. See further discussion in Ref.[5].

Conclusions

= We demonstrate how to study 1D Floquet systems via SymTFT.

= We interpret the period-doubling in the Z,-time-crystal as arising from the
braiding phase of e and m anyons of the toric code.

= By considering the full (PBC + APBC) Hilbert space of the boundary, we show
that the 07PM phase shows dual time-crystalline order.
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Shortcuts to adiabaticity (STA) are powerful tools that can be used to control quantum systems
with high fidelity. They work particularly well for single particle and noninteracting systems
which can be described exactly and which possess invariant or self-similar dynamics. However,
finding an exact STA for strongly correlated many-body systems can be difficult,as their
complex dynamics may not be easily described, especially for larger systems that do not
possess self-similar solutions. Here, we design STAs for one-dimensional bosonic gas in the
Tonks-Girardeau limit by using a mean-field approach that succinctly captures the strong
interaction effects through a quintic nonlinear term in the Schrodinger equation. We show that
for the case of the harmonic oscillator with a time-dependent trap frequency, the mean-field
approach works exactly and recovers the well-known STA from literature. To highlight the
robustness of our approach, we also show that it works effectively for anharmonic potentials,
achieving higher fidelities than other typical control techniques

[1]. Muhammad S. Hasan, T. Fogarty, J. Li, A. Ruschhaupt, and Th. Busch, Phys. Rev. Research 6, 023114 (2024)
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Neutral atoms individually trapped in arrays of optical tweezers and featuring strong,
controllable Rydberg interactions have emerged as a leading platform for quantum information
processing and the exploration of synthetic quantum matter. More recently, there have been
efforts to integrate optical tweezer arrays with high-finesse optical cavities (see Figure 1). The
long- or even infinite-range flip-flop interactions between atoms mediated naturally by cavity
photons are quite distinct from the short-range Ising interactions mediated by direct Rydberg
interactions. From a quantum information processing perspective, the addition of cavities to
the tweezer array toolbox brings new opportunities in terms of increased connectivity or the
potential to connect distant quantum processors over long distances. However, the question of
what novel paradigms might emerge for synthetic quantum matter (and/or light) has hardly
been explored.

In Reference [1], we propose that tweezer-cavity systems

can serve as a novel paradigm to prepare and investigate

- Wl topological quantum spin liquids (QSLs). Notably, the
©c 0o d o o o cavity-mediated interactions are chosen to be

\ \ . . .

~BAVR antiferromagnetic and therefore, the ground state is a global

singlet with no magnetic ordering. Topological QSLs, which
for example are predicted to emerge as the ground states of
certain frustrated spin models, have a host of interesting
properties. For example, two QSLs might be in distinct
phases but still not break any symmetry (rotational, spatial)
of the system, and thus require a new concept (topological order) beyond Landau’s concept of
symmetries to characterize phases and phase transitions. Furthermore, QSLs contain
excitations that carry fractional spin and non-trivial statistics, and at low energies are
characterized by an emergent lattice gauge theory.

All of these low-energy properties of QSLs hold true for short-range interacting models, as
typically encountered in condensed matter physics. However, in our proposed setup spatial
locality is not guaranteed as the cavity can mediate the exchange atomic excitations regardless
of the distance. Despite the all-to-all coupling, in the strong cavity regime locality (in the low-
energy sector emerges) as the full model is projected into a short-range Heisenberg model.
Because of this correspondence, the tweezer-cavity platform hosts a QSL provided that the
Heisenberg model does. Crucially, although the ground state is a QSL described by a short-
range Hamiltonian, its spin-1 excitations remain elusive due to the complexity of the full long-
range frustrated model.

Beyond the realization of a QSL as the ground state of our cavity system, we also discuss
several other intriguing aspects of our model. These include a novel transition out of the “QSL”
phase into the “squeezed Néel” phase and the apparent presence of “partial” Lieb-Robinson
bounds due to the emergent locality within individual decoupled global spin sectors.

Figure 1 — lllustration of Rydberg
atoms in an optical tweezer array
inside of a cavity.

[1] C.-R. Mann, et al., ,,Quantum Spin Liquids in Tweezer-Cavity Platforms”, in preparation
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In this work, we investigate a phase transition between scar subspaces in a particular Z,
symmetric Hamiltonian, analogous to the transition between the ordered/disordered phases of
the transverse-field Ising model (TFIM). This transition is dictated by self-duality, enforced
by the Kramers-Wannier (KW) duality operator. We focus on a class of models that admit
a stochastic matrix form decomposition, where scar states correspond to so-called square root
states, providing useful analytical tools for their study; in particular, we employed computations
using Matrix Product States (MPS) representations. Moreover, the presence of sequential quan-
tum circuits (SQCs) connecting these states indicates a non-invertible symmetry at a self-dual
point, which signal the presence of the quantum critical point.



P78

Recoil-free control of optical qubit beyond the Lamb-Dicke regime

Kichan Park !, Seongjin Ahn 2, Andrey S. Moskalenko 2

!Department of Mathematical Sciences, KAIST, Daejeon 34141, Republic of Korea
2 Department of Physics, KAIST, Daejeon 34141, Republic of Korea

When we drive an atom by laser, the atom can absorb or emit a photon, which imparts
momentum to a motional mode of the atom. The corresponding phenomenon is called photon
recoil and can be described by the Hamiltonian below under the rotating wave approximation
(RWA):

Hrwa (t)

h
Here, a, a’ are annihilation/creation operators of the motional mode and o_, o, play the same
role for an internal two-level system. In a neutral-atom qubit with microwave clock states, the

= wala + Q) [elrO+in@+aDg 4 H ¢ ].

wavenumber k; of the driving is much smaller than the inverse of the zero-point fluctuation
amplitude of the motional state (x, = /h/2mw) so that we can assume the Lamb-Dicke
parameter 11 = k;x, to be negligibly small. Then, the internal degree of freedom and the
motional mode of the atom are decoupled, hence the problem reduces to controlling the two-
level system. However, for atomic qubits with transition frequencies in the optical range, the
problem becomes much more complex since the wavenumber corresponding to the transition
frequency is not sufficiently small compared to 1/x,. Then, the photon recoil plays an important
role in the dynamics. This is attributed to the decoherence of the qubit state [1].

The elementary method to mitigate this problem is by using an effective motional
sideband cooling so that the atom barely moves in the trap. However, in practice, one cannot
perfectly suppress the motional sideband by cooling. Alternatively, we may mitigate this error

by pulse shaping. In the Lamb-Dicke regime, where e@+¢") ~ 1 + in(a + a™), such a pulse
shaping method has been proposed recently [1]. However, when the motion of the atom is not
small enough or the trap depth is too shallow to use the Lamb-Dicke approximation, new
methods are required.

We propose a new pulse protocol to implement an arbitrary R, (6), R, (6) gate beyond

the Lamb-Dicke regime. The gate time is T, = 2m/w. This protocol only changes the internal
state while preserving the motional state of the atom. We can perfectly suppress the
decoherence due to the photon recoil under the model Hamiltonian. Our method was motivated
by the spin-motion entangling operation [2] and the two-qubit gate protocol for the ion-trap
qubit platform [3]. Potentially, our gate protocol can be also applied to the optical transition in
quantum state shelving for mid-circuit measurement operations [4]. As a future direction, we
envisage exploring pulse shaping beyond the RWA to enable gate times even shorter than T,,.

1
2

[1] Z. Zhang et al., arxiv 2408.04622
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J.Mizrahi et al., Phys. Rev. Lett. 110, 203001 (2013)
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Low dimensional quantum fluids, where one can probe the effects of enhanced thermal and
quantum fluctuations on macroscopic quantum wavefunctions, can be experimentally realized
through transverse confinement of superfluid helium.[1, 2] However to observe truly 1D be-
haviour numerical simulations [4] indicate the need for confinement to be engineered on scales
smaller than the coherence length. Reaching this scale is difficult, requiring physical confine-
ment in single or multiple pores with nanometer radii. Porous silicates such as MCM-41[3]
have a pore radius larger than the coherence length of 4 He, and in this work we systematically
explore the possibility of pre-plating pores with other elements to reduce the pore size without
localizing the confined superfluid. Through direct solution of the few-body Schrodinger equa-
tion combined with quantum Monte Carlo, we explore a wide range of preplating elements,
including rare gases and alkali metals. Our intuition is guided by previous studies of helium
wetting on two dimensional solid surfaces and the experimental result that helium fails to wet
the surface of cesium, instead forming a phase separated state of discrete “He droplets at the
boundary.[5][6] For rare gases, we find that the density of a helium core inside the pore is nearly
constant, but a Cs coating prevents localization near the walls and presents a platform to realize
a tunable one-dimensional quantum liquid.

This work was supported by the U.S. Department of Energy, Office of Science, Office of
Basic Energy Sciences, under Award Number DE-SC0024333

[1] Toda, R., Hieda, M., Matsushita, T., Wada, N., Taniguchi, J., Ikegami., H., Inagaki, S., and
Fukushima, Y., Superfluidity of “He in One and Three Dimensions Realized in Nanopores, Phys.
Rev. Lett. 99, 255301 (2007)

[2] Del Maestro, A., Nichols, N.S., Prisk, T.R., Warren, G. and Sokol, P.E., Experimental realization of
one dimensional helium. Nat Commun 13, 3168 (2022)

[3] Kresge, C., Leonowicz, M., Roth, W. et al., Ordered mesoporous molecular sieves synthesized by a
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[4] A. Del Maestro, M. Boninsegni, and I. Affleck, 4 He Luttinger Liquid in Nanopores, Phys. Rev.
Lett. 106, 105303 (2011)

[5] E. Cheng, M.W. Cole, W.F. Saam, and J. Treiner, Phys. Rev. Lett. 67, 1007 (1991)
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We propose a spin-motion state for high-precision quantum metrology with super-Heisenberg
scaling of the parameter estimation uncertainty using a trapped ion system. Such a highly
entangled state can be created using the Tavis-Cummings Hamiltonian which describes the
interaction between a collective spin system and a single vibrational mode. Our method relies
on an adiabatic evolution in which the initial motional squeezing is adiabatically transferred
into collective spin squeezing. In the weak squeezing regime, we show that the adiabatic
evolution creates a spin-squeezed state, which reduces the quantum projective noise to a sub
shot noise limit. For strong bosonic squeezing we find that the quantum Fisher information
follows a super-Heisenberg scaling law &« N”5/2 in terms of the number of ions N.
Furthermore, we discuss the spin squeezing parameter which quantifies the phase sensitivity
enhancement in Ramsey spectroscopic measurements and show that it also exhibits a super-
Heisenberg scaling with N. Our work enables the development of high-precision quantum
metrology based on entangled spin-boson states that lead to faster scaling of the parameter
estimation uncertainty with the number of spins.
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Motivated by experimental developments in non-Kramers spin ice materials and the unclear
role of disorder therein, we study the impact of random transverse fields on the dynamics of
correlated magnetic systems. We model the effect of dilute, randomly placed transverse fields
on quantities such as magnetic noise/susceptibility and the diffusivity of topological
excitations. We consider a random ferromagnetic Ising chain (RTFIC) as well as three-
dimensional spin ice. At low temperatures, both exhibit (sub-)diffusive defect dynamics, i.e., of
domain walls and magnetic monopoles, respectively. Introducing sparse transverse fields leads
to the emergence of an additional timescale on the order of the single-spin flip time. We develop
a Lindbladian framework that combines Monte Carlo simulations and exact diagonalization
which allows us to characterize the dynamics and develop an analytical understanding of the
phenomenon. This framework can be benchmarked in detail for the RTFIC. Our findings
provide insights into the magnetization dynamics of disordered non-Kramers oxides, such as
oxygen-diluted Ho2Ti207, and offer a framework for interpreting experimental observations in
these systems.
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We calculate the spin correlations that result from the motion of a single dopant in the hard-
core Fermi-Hubbard model, as the geometry evolves from a square to a triangular lattice. In
particular, we consider the square lattice with an additional hopping along one diagonal, whose
strength is continuously varied. We use a high-temperature expansion which expresses the
partition function as a sum over closed paths taken by the dopant. We sample thousands of
diagrams in the space of closed paths using the quantum Monte Carlo approach of Raghavan
and Elser [1], which is free of finite-size effects and allows us to simulate temperatures as low
as T ~ 0.3|t| even in cases where there is a sign problem. For the case of a hole dopant, we
find a crossover from kinetic ferromagnetism to kinetic antiferromagnetism as the geometry is
tuned from square to triangular, which can be observed in current quantum gas microscopes.
We propose other correlation functions that can elucidate the nature of this kinetic magnetism
and are also readily observable.

[1] R. Raghavan and V. Elser, Phys. Rev. Lett. 75, 4083 (1995).
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1 Abstract

We investigate the emergence of the topological dipole at the interface between
distinct fractional quantum Hall (FQH) phases within the composite fermion
framework. Employing the Chern-Simons Hartree-Bogoliubov approximation,
we construct composite fermion wavefunctions and analytically demonstrate the
presence of a topological dipole at the interface of equal filling-factor states in
a class of multilayer Jain sequence states. This result holds in the absence of
spectral transfer — that is, when each momentum mode is occupied by the
same number of composite fermions, though band occupancy is not fixed. We
argue that spectral transfer is expected under realistic conditions, and thus
disrupts the formation of the topological dipole. Extending our analysis, we
consider boundaries between (p + ip)'* and (p + ip)’2 paired composite fermion
states at filling v = %, and find that the composite fermion picture predicts
the breakdown of the topological dipole at the interface between Pfaffian and
anti-Pfaffian states. Furthermore, we show that the edge confining potential
modifies the edge current and thereby alters the dipole moment. To support
our analytical findings, we propose a numerical study using the density matrix
renormalization group (DMRG) method.
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Recently, there is interest in coincident ‘observable-sharpening’ and ‘learnability’ transitions in
monitored quantum systems. In the latter, an outside observer’s ability to infer properties of a quan-
tum system from measurements undergoes a phase transition. Such transitions appear to be related to
the decodability transition in quantum error correction, but the precise connection is not clear. In this
work, we study these problems under one framework we call the general quantum inference prob-
lem. In cases such as above where the system has a Markov structure, we say that the inference is on
a quantum hidden Markov model. We show a formal connection to classical hidden Markov models
and that the two coincide for certain setups. For example, we prove this for those involving Haar-
random unitaries and measurements. We introduce the notion of Bayes non-optimality, where param-
eters used for inference differs from true ones. This allows us to expand the phase diagrams of the
above models. At Bayes optimality, we obtain an explicit relation between ‘observable-sharpening’
and ‘learnability” order parameters, explicitly showing that the two transitions coincide. Next, we
study concrete examples. We review quantum error correction on the toric and repetition code and
their mapping to 2D random-bond Ising model (RBIM) through our framework. We study the Haar-
random U(1)-symmetric monitored quantum circuit and tree, mapping each to inference models that
we call the planted SSEP and planted XOR, respectively, and expanding the phase diagram to Bayes
non-optimality. For the circuit, we deduce the phase boundary numerically and analytically argue
that it is of a single universality class. For the tree, we present an exact solution of the entire phase
boundary, which displays re-entrance as does the 2D RBIM. We discuss these phase diagrams, with
their interpretations for quantum inference problems and rigorous arguments on their shapes.

* swk34@cantab.ac.uk
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Random matrix theory yields valuable insights into the universal features of quantum many-
body chaotic systems. Although all-to-all interactions are traditionally studied, many interest-
ing dynamical questions, such as transport of a conserved density, require a notion of spatially
local interactions. We study the transport of the energy, the most basic conserved density, in
few-body and 1D chains of nearest-neighbor random matrix terms that square to one, which we
dub the “Haar-Ising” local random matrix model. In the few-body but large local Hilbert space
dimension case, we develop a mapping for the energy dynamics to a single-particle hopping
picture. This allows for the computation of the energy density autocorrelators and an out-of-
time-ordered correlator of the energy density. In the 1D chain, we numerically study the energy
transport for a small local Hilbert space dimension. Throughout, we discuss the density of states
and touch upon the relation to free probability theory. We identify a succinct conjecture that
will play a crucial role in generalizing analytical results to the full 1D Haar-Ising chain in future
work.
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Two-dimensional coherent spectroscopy (2DCS) promises to provide clear signatures of
fractionalised continua, otherwise obfuscated in linear response, a vital tool in the hunt
for quantum spin liquids (QSLs). We investigate how this technique may be applied
to promising material candidates for quantum spin liquid ground states: the dipolar-
octupolar rear earth pyrochlore magnets.

We demonstrate how control of probe field polarisation can be used to explore the prop-
erties of fractionalised spinons and conventional magnon excitations within dimension-
reduced chain phases of these magnets when they are placed in an external magnetic
fields.

We also investigate how the emergent gauge fields of quantum spin ice can be probed
through their influence on spinon dynamics through non-linear spectroscopy. Spinon
behaviour is found to be markedly different between a low temperature regime where the
gauge field behaves coherently, and an intermediate regime where it behaves as a static
classical background. We demonstrate that 2DCS can distinguish this classical from the
quantum behaviour, and also distinguish different QSL phases at low temperature.

[1] M. Potts, R. Moessner, and O. Benton, Phys. Rev. B 109, 104435 (2024).
[2] M. Potts, R. Moessner, and O. Benton, Phys. Rev. Lett. 133, 226701 (2024).
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A fundamental feature of quantum mechanics is that there are observable pairs that cannot
be measured jointly, such as observables corresponding to position and momentum or spin
direction measurements [1]. However, unsharp versions of non-jointly measurable observables
may become jointly measurable [2]. In this work, we investigate the joint measurability of time-
continuous observables emerging from indirect time-continuous measurements. In particular,
we study a paradigmatic situation where a qubit is interacting with a mode of light in a cavity
and the light escaping the cavity is continuously monitored. We find that the properties of the
observables can be tuned by changing the type of the monitoring scheme or by tuning the initial
state of the cavity. In partic- ular, we demonstrate that heterodyne measurements is a joint
measurement of a noisy homodyne measurement of pair of canonical quadratures. Moreover,
we investigate the purity of the induced qubit observables as a function of the noise.

[1] M. Born and P. Jordan, Z. Physik 34, 858—888 (1925).
[2] S. Yu, N. L. Liu, L. Li, and C. H. Oh, Phys. Rev. A 81, 062116 (2010).
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Abstract: Robustness of superradiance to decoherence
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When an ensemble of N identical emitters is confined in a volume smaller than A3, where A is the
wavelength of the emitted light, the light cannot distinguish the emitters, and therefore leads to
a collective coupling with the light mode. The emitters synchronize their dipoles, developing
large correlations, and begin to coherently emit their excitation in the light mode. This leads to
N times faster emission and an equivalent increase in emission intensity, known as
superradiance, i.e. coherent spontaneous emission [1].

Solid-state emitters collectively coupled to light — such as nano-spheres or nano platelets —
are inevitably immersed in a finite-temperature environment introducing dephasing. This
destroys correlations between the dipoles of the emitters, and therefore it is detrimental for
collective emission phenomena such as superradiance. This raises the question whether
superradiance can survive the presence of individual dephasing.

By exploiting the existence of an efficient numerical solution for systems with permutational
invariance [2], in this work we study the collective emission property of large ensembles of
emitters, both in the case of an excitation pulse, as well as under continuous incoherent
pumping. In both situations, we observe that superradiance survives up to a sizeable critical
dephasing rate, comparable with the collective emission rate. The critical dephasing marks a
sharp dynamical transition in the pulsed case; and a steady-state dissipative phase transition
under continuous pumping. In both cases the critical point is characterized by a well defined
scaling of the emission intensity, respectively I~N** and I~N*? intermediate between the
normal one I~N and the superradiant one I~N?,

[1] Dicke, R.H. ‘Coherence in Spontaneous Radiation Processes’, Physical Review, 93 (1954)
[2] Shammah, N. et al. ‘Open quantum systems with local and collective incoherent processes: Efficient
numerical simulations using permutational invariance’, PRA, 98 (2018)
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We study the dynamics of entanglement in a one-dimensional X X Z spin-1/2 chain, with and
without integrability breaking interactions, connected to a bath. We start from a state where the
system and bath are completely unentangled, and the bath is empty. We consider two different
initial states for the system - (i) a filled state, and (ii) an infinite temperature state. In the spin
representation, the filled state corresponds to the polarized spin-up state, whereas, an empty
state corresponds to a polarized spin-down state. Starting from these inhomogeneous quenched
states, in all the above-mentioned cases we obtain the Page curve-like behavior in the entan-
glement. We report different power-law behavior in the growth of entanglement for different
initial states and different kinds of baths (interacting and non-interacting). In an attempt to ex-
plore plausible deep connections between entanglement and Boltzmann entropy, we investigate
the latter in both the filled and the infinite temperature case, for the system and the bath. For
the filled case, the Boltzmann entropy of the system interestingly has the form of a Page curve
but quantitatively deviates from the entanglement. On the other hand, the entropy of the bath
keeps on increasing. Remarkably, for the infinite temperature case, we find that the system and
bath Boltzmann entropies agree with the entanglement entropy, after and before the Page time
respectively. Our findings are expected to hold for generic interacting quantum systems and
could be of relevance to black hole physics.
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Superconductivity in two-dimensional heterostructures with spin-orbit
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A magnetic field parallel to the plane of a 2DEG with Rashba Spin-orbit-coupling in proximity
to a superconductor may lead to a topological phase with antichiral edge-states of
copropagating Majorana fermions localized at the edges perpendicular to the magnetic field.
We study the Josephson phase-current relation in junctions made of such topological
superconductors, in order to look for signatures of this topological phase.

[1] Ruiz, G et. al. (2022). Josephson junctions of two-dimensional time reversal invariant
superconductors: Signatures of the topological phase. Physical Review B,106(19), 195415.

[2] Ruiz, G. F. R., Rampp, M. A., Aligia, A. A., Schmalian, J., & Arrachea, L. (2022). Josephson
junctions of two-dimensional time-reversal invariant superconductors: Signatures of the topological
phase. Physical Review B, 106(19), 195415.
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Materials with strong electronic interaction, such as copper oxides, exhibit phenomena that
emerge from this interaction, such as superconductivity. In addition to the superconducting
phase, there are other phases of these systems that are not well understood, such as the pseudo-
gap, where there is a suppression of spectral weight in certain directions in momentum space.
A model that describes correlated systems is the Hubbard model, which does not have an exact
solution in two dimensions. In previous work by the group, the Hubbard model was numeri-
cally solved using Dynamical Mean Field Theory, and two distinct metallic phases were found:
the conventional phase and the pseudogap phase, by varying the system’s doping. The current
project investigates whether the two mentioned metallic phases give rise to distinct supercon-
ducting phases. For this purpose, we performed a fit of the numerical data using an analytical
expression of a phenomenological model and analyzed how the model parameters differ be-
tween one superconducting solution and another.

[1] SAKALI, Shiro; CIVELLI, Marcello; IMADA, Masatoshi. Hidden-fermion representation of self-
energy in pseudogap and superconducting states of the two-dimensional Hubbard model. Physical
Review B, v. 94, n. 11, p. 115130, 2016.

[2] BRAGANCA, Helena et al. Correlation-driven Lifshitz transition at the emergence of the pseudogap
phase in the two-dimensional Hubbard model. Physical review letters, v. 120, n. 6, p. 067002, 2018.
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and application to UTe2
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The magnetic anisotropy of a typical crystalline compound is often attributed to the
combined effect of crystal electric fields and spin-orbit coupling [1]. We show that this
simple picture is transformed in heavy-fermion compounds by the development of
coherent electron scattering from local spin degrees of freedom. As the latter

fractionalise and delocalise, they frustrate the magnetic anisotropy of the crystal by
generating competing anisotropies in the effective moments and Curie-Weiss constants

[1]. Collective and local forces oppose each other in determining the direction of

dominant magnetic fluctuations. This frustration manifests itself through the

reorientation of the crystal’s magnetic easy axis as it transitions from the high-

temperature paramagnetic regime to the low-temperature magnetically correlated

regime. In agreement with our theory (an extension of Read-Newns theory to the
underscreened Kondo lattice), we confirm that the temperature at which the

reorientation takes place tracks the coherence energy scale across a wide range of

actinide and lanthanide compounds [3,4]. In some compounds the frustration can be the
beginning of a cascade of decreasing energy scales. Once the easy-axis changes,

further growth of magnetic correlations with cooling can lead to a rapid quenching of

the hard-axis susceptibility, which we capture theoretically. At even lower

temperatures, the high-temperature easy axis is revealed via a metamagnetic jump

when a high magnetic field is applied along it, and in some cases the jump leads to the
destruction of superconductivity. This theory is applied to UTe> using a self-consistent
classical Monte Carlo simulation with magnetic couplings determined by the large-N theory.
Using this method, we are able to capture the metamagnetic jump in the magnetisation when
a large magnetic field is applied along the hard axis and accurately reproduce the functional
form of the magnetic susceptibilities, including the maximum in the low-temperature hard
axis [5].

[1] D. Hafner, B. K. Rai, J. Banda, K. Kliemt, C. Krellner, J. Sichelschmidt, E.

Morosan, C. Geibel, and M. Brando, Phys. Rev. B 99, 201109 (2019)

[2] E. Scott. & M. Kwasigroch , Arxiv:2407.01218 (2024)

[3] D. Li, A. Nakamura, F. Honda, Y. Sato, Y. Homma, Y. Shimizu, J. Ishizuka, Y.

Yanase, G. Knebel, J. Flouquet, and D. Aoki, Journal of the Physical Society of

Japan 90 (2021)

[4] D. Hovancik, A. Koriki, A. c. v. Bendova, P. Dolezal, P. Proschek, M. Misek, M. Reiffers, J.
Prokleska, J. c. v. Pospisil, and V. Sechovsky, Phys. Rev. B 105, 014436

(2022)

[5] S. K. Lewin, C. E. Frank, S. Ran, J. Paglione, and N. P. Butch, Reports on Progress in Physics 86,
114501 (2023)
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The quantum triangular plaquette model in a longitudinal field

Konstantinos Sfairopoulos, Juan P. Garrahan

University of Nottingham

We study the quantum Newman-Moore model, or quantum triangular plaquette model (qTPM),
in the presence of a longitudinal field (qTPMz). We present evidence that indicates that the
ground state phase diagram of the qTPMz includes various frustrated phases breaking transla-
tional symmetries, dependent on the specific sequence of system sizes used to take the large-size
limit. This phase diagram includes the known first-order phase transition of the qTPM, but also
additional first-order transitions due to the frustrated phases. Using the average longitudinal
magnetization as an order parameter, we analyze the magnetization plateaus that characterize
the ground state phases, describe their degeneracies, and obtain the qTPMz phase diagram using
classical transfer matrix and quantum matrix product state techniques. We identify a region of
parameter space which can be effectively described by a Rydberg blockade model on the trian-
gular lattice and also find indications of topological order connecting the quantum paramagnetic
and classical frustrated phases.
This poster is based on the following articles [1, 2].

[1] K. Sfairopoulos, L. Causer, J. F. Mair, and J. P. Garrahan, Boundary conditions dependence of the
phase transition in the quantum Newman-Moore model, Phys. Rev. B 108, 174107 (2023).
[2] K. Sfairopoulos and J. P. Garrahan, arXiv:2409.09235 (2024).
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Study of Quantum Dimer Model using Group Convolutional Neural
Network
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Quantum Dimer Models (QDM) were proposed in studies of high-temperature
superconductors, specifically in the study of SU(2) singlet dominated phases in various spin
models. QDM, originally introduced by Rokhsar and Kivelson, are among the simplest systems
which exhibit ground-states with topological order and fractionalization. We study the QDM
on square lattices of sizes upto 48 X 48 sites, with periodic boundary conditions, using state-
of-the-art Neural Quantum States, particularly Group Convolutional Neural Network (GCNN),
as the variational wavefunction. We first benchmark the GCNN results against Exact
Diagonalisation calculations for small system sizes to validate its accuracy in computing the
ground state properties. We then investigate various properties of the square-lattice QDM, viz.
Ground state energy density, nematic order parameter, columnar order parameter, flip operator,
dimer-dimer correlations. We also study the properties of the QDM ground state for various
topological sectors, characterized by their winding numbers.

[1] O. Syljuasen, Z. Yan, et al, Phys. Rev. B 103, 094421 (2021).
[2] Chae-Yeun Park, Michael J. Kastoryano, Phys. Rev. Research 2, 023232 (2020).
[3] Olav F. Syljuasen, Phys. Rev. B 73, 245105 (2006).
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by a side-coupled Majorana zero mode
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Numerical evaluation of the real-time photon-instanton cross-section in a
superconducting circuit
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and Moshe Goldstein!

LRaymond and Beverly Sackler School of Physics and Astronomy, Tel Aviv University, Tel Aviv
6997801, Israel
2Department of Physics, University of Wisconsin-Madison, Madison, WI 53706, USA
3Department of Physics, University of Maryland, College Park, MD 20742, USA
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Instantons, semi-classical trajectories of quantum tunneling in imaginary time, have long
been used to study thermodynamic and transport properties in a myriad of condensed matter
and high energy systems. A recent experiment in superconducting circuits [1] provided first
evidence for direct dynamical signatures of instantons (phase slips), manifested by order-unity
inelastic decay probabilities for photons with which they interact, motivating the development
of a scattering theory of instantons [2]. While this framework successfully predicted the mea-
sured inelastic decay rates of the photons for several experimental devices, it is valid only if the
tunneling time of the instantons is much shorter than the relaxation time of the environment in
which they are embedded, and requires a closed analytical expression for the instanton trajec-
tory. In this work which will be presented [3], we amended these issues by incorporating nu-
merical methods that lifted some of the previously applied approximations. Our results agreed
with the experimental measurements, also for devices with shorter relaxation times, without

fitting parameters. This framework should be useful in many other quantum field theoretical
contexts.

[1] R. Kuzmin, N. Grabon, N. Mehta, A. Burshtein, M. Goldstein, M. Houzet, L. Glazman, and V.
Manucharyan, Phys. Rev. Lett. 126, 197701 (2021).

[2] A. Burshtein, R. Kuzmin, V. E. Manucharyan, and M. Goldstein, Phys. Rev. Lett. 126, 137701
(2021).

[3] A. Burshtein, D. Shuliutsky, R. Kuzmin, V. E. Manucharyan, and M. Goldstein, arXiv:2410.23062
[quant-ph] (2024).
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Gapless Edge Gravitons and Quasiparticles in Fractional Quantum Hall
Systems with Non-Local Confinement

Daniel Spasic-Mlacak !, Nigel R. Cooper !

'T.C.M Group, Cavendish Laboratory, University of Cambridge, J.J. Thompson Avenue,
Cambridge CB3 0US, United Kingdom

One of the central tenets of the theory of fractional quantum Hall systems is that the bulk
quantized Hall response requires the existence of a gapless chiral edge mode. The field
theoretical arguments for this rely on locality. While locality is typically met in standard
experimental settings, it need not always apply. Motivated by experimental capabilities of
photonic platforms[1], we study confining potentials that are step-like in angular momentum,
and thus non-local in position. We show that this non-local potential does not host conventional
chiral edge modes. These are replaced by gapless spin-2 edge states, which we show are
connected to the collective ‘graviton’ excitations that are gapped in the bulk [2]. Furthermore,
we show that FQH states host gapless (charged) quasiparticles on their edges, even in the
absence of conventional edge modes.

[1] Logan W. Clark, et al. "Observation of Laughlin states made of light." Nature 582.7810 (2020):
41-45.

[2] Bo Yang, et al. "Model Wave Functions for the Collective Modes and the Magnetoroton Theory of
the Fractional Quantum Hall Effect." Physical review letters 108.25 (2012): 256807.
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U(2) Goldstone modes far from equilibrium
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We study the behaviour of Goldstone modes out of equilibrium, which arise due to the spon-
taneous symmetry breaking of U(2) polarization symmetry of exciton-polariton condensates
[1]. Using the semi-classical limit of Keldysh field theory (the Martin-Siggia-Rose-Janssen-
DeDominicis functional integral), we derive the minimal action for the Goldstone modes which
parameterise the 3-sphere. We compare our results in the limit of thermal equilibrium to the
known results for the U(2) non-linear sigma model.

Out of equilibrium, we observe that one of the Goldstone modes displays universal Kardar-
Parisi-Zhang behaviour, unique to non-equilibrium physics. Using renormalization group meth-
ods we are able to find the equilibrium and non-equilibrium fixed points and derive associated
scaling exponents. Additionally, we also investigate the emergence of vortices and other topo-
logical defects [2].

[1] R. Daviet, C. P. Zelle, A. Asadollahi, S. Diehl, arXiv:2412.09677v1 (2024).
[2] R. Daviet, C. P. Zelle, A. Rosch, S. Diehl, Phys. Rev. Lett. 132, 167102 (2024).
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Real-Time Electron Dynamics for Electroluminescence:
Bias-Driven Emission in Molecular Wires
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Modeling electrically driven luminescent devices at the atomic scale remains a fundamen-
tal challenge, as conventional electronic structure methods fail to describe electrolumi-
nescence—the radiative emission induced by bias and current flow. While semiclassical
approaches (e.g., Maxwell-Bloch equations) cannot fully capture spontaneous emission
[1] and rate equations rely on empirical transition probabilities 2], quantum electrody-
namics (QED) methods, though rigorous, remain computationally intractable for realistic
systems [3].

In this work, we apply a real-time electron dynamics framework that combines the Redfield
formalism for a quantum photon bath with the driven Liouville-von Neumann scheme for
biased open quantum systems, recently developed in our group [4]. We investigate the in-
ternal quantum yield of electroluminescence in poly(p-phenylene vinylene) (PPV) molec-
ular wires—a cornerstone material for organic light-emitting diodes (OLEDs). Despite
their technological ubiquity, the fundamental relationships governing electroluminescence
efficiency in these systems—including the roles of applied bias, current density, molecular
length, and lead coupling—have remained elusive.

Our mean-field tight-binding simulations reproduce key experimental observations such as
band bending, while revealing new mechanistic insights: quantum efficiency is primarily
governed by the circulating current, with longer wires outperforming shorter ones due to
their increased density of emitting states at a given current. Notably, bias-induced charge
redistribution and lead hybridization can create localized states with large transition
dipole moments, demonstrating that the electroluminescence quantum yield is a complex,
multi-factorial property. This work provides atomic-scale insights into the tunability of

electroluminescence in molecular wires and establishes a foundation for designing efficient
OLED materials.

[1] A. Fratalocchi, C. Conti, and G. Ruocco, Phys. Rev. A 78, 013806 (2008).

[2] M. Furno, R. Meerheim, S. Hofmann, B. Liissem, and K. Leo, Phys. Rev. B 85, 115205
(2012).

[3] J. Flick, M. Ruggenthaler, H. Appel, and A. Rubio, Proc. Natl. Acad. Sci. U.S.A. 114, 3026
(2017).

[4] C. M. Bustamante, T. Todorov, E. D. Gadea, F. Tarasi, L. Stella, A. Horsfield, and D. A.
Scherlis, J. Chem. Phys. 160, 214102 (2024).
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Simulating Free Conformal Scalar on the Fuzzy Sphere via Tricriticality
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The quantum Hall ferromagnetic phase transition on the sphere, the so-called fuzzy sphere reg-
ularization, provides a powerful tool to tackle the (2+1)-dimensional conformal field theory. In
this work, we consider the setup of a bilayer system and examine the tricritical point. On the one
hand, our result provides a non-perturbative proof on the Gaussianity of the (2+1)-dimensional
tricritical point. On the other hand, it provides a proof-of-principle that the fuzzy sphere reg-
ularization, being able to realize the free scalar, can be applied to simulate all renormalizable
quantum field theories.
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Paraconductivity in Ultra-Thin NbN Films

Ultra-thin niobium nitride (NbN) films are key to superconducting technologies due to high
kinetic inductance. This study examines how film thickness affects paraconductivity and
superconducting properties.

NDbN films (5 nm, 12 nm, 90 nm) were deposited via DC magnetron sputtering. Resistance
versus temperature measurements characterized transition temperature (Tc), normal-state
resistance (R,,), and dimensionality, assessed by comparing film thickness (d) to coherence
length (§ = 7.6 nm). Excess conductance was analyzed using Aslamazov-Larkin (AL) theory.
The 90 nm film showed the highest T, (16.50 K), lowest R,, (24.40 Q), and three-dimensional
(3D) behavior (d > &) with sharp transitions. The 12 nm film indicated a transitional regime
(T.=143 K, R,= 171 Q, o = 0.86). The 5 nm film exhibited two-dimensional (2D) behavior
(d < &), lowest Tc (5.60 K), highest R,, (436 Q), and broadened transitions due to strong 2D
fluctuations.

T vs R of NbN Film 5nm T vs R of NbN Film 12nm T vs R of NbN Film 90nm
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Figure 1 Normalized resistance (R/RO0) vs. temperature (T/Tc) for NbN films (5 nm, 12 nm, 90 nm) with AL theory
fits

These results align with paraconductivity theory. Ultra-thin films (5 nm) show strong 2D
fluctuations, potentially increasing SNSPD noise, while thicker films (90 nm) exhibit stable
3D behavior. The 12 nm film suggests a crossover regime. Understanding paraconductivity
aids in optimizing NbN-based devices for quantum technologies.

[1] R. E. Glover Ill, Prog. Low Temp. Phys. 6, 291 (1970).
[2] M. Sidorova, et al., Phys. Rev. B 102, 054501 (2020).
[3] A. Engel, et al., Phys. Status Solidi C 2, 1668 (2005).
[4] H. Liu, et al., Phys. Rev. B 110, 174502 (2024).
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The measurement-only toric code with fermions
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The non-unitary dynamics generated by stochastically measuring operators drawn from a set
of local observables which do not all commute can give rise to interesting dynamical phases
of matter, including topologically ordered, critical, and volume-law entangled phases. Here,
we study such measurement-only dynamics of the toric code with short fermion strings. The
stochastic dynamics can be described entirely in terms of the frustration graph, which captures
the failure of operators to commute [1]. The frustration graph reveals a connection between
the steady-state properties of this problem and that of the measurement-only Kitaev honeycomb
model, which can be understood in terms of a Majorana parton description [2]. In the toric
code, this description has an interpretation in terms of fermionic correlation strings. As the
Kitaev model, the toric code model has a topologically ordered phase and a critical phase. In
the critical phase, numerical evidence suggests fermionic correlations become long-ranged. We
suggest an understanding of these correlations in terms of quasi-1D chains of fermion correla-
tion strings, which wind around the torus.

[1] M. Ippoliti , M. J. Gullans, S. Gopalakrishnan, D. A. Huse, and V. Khemani, Phys. Rev. X 11,
011030 (2021).
[2] A.Lavasani, Z.-X. Luo, and S. Vijay, Phys. Rev. B 108, 115135 (2023).
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Robustness of Magic (RoM) characterizes the usefulness of a given quantum state for
non-Clifford operations. RoM quantifies the classical simulation overhead and serves as
a well-defined measure of nonstabilizernass (magic) for generic quantum states. It is
computed by convex optimization over the set of all pure stabilizer states. In this con-
tribution, we will present the application of RoM in many-body systems, focusing on the
one-dimensional Ising model.

We will examine a tri-partitioned system of different sizes, where some degree of freedom
will be traced out via quantum Monte Carlo (QMC), leaving two disconnected subre-
gions. The density matrix of the full as well as reduced system is calculated by exact
diagonalization and QMC method. Results on RoM and mutual-RoM as functions of the
transverse field strength for the ground state and their finite-temperature behavior will
be presented. Additionally, we will investigate the critical behavior through finite-size
scaling governed by the power-law decay of the RoM.
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The advent of periodically driven systems has revolutionized modern
condensed matter physics by offering two transformative opportunities. First, they
allow the realization of nonequilibrium analogs of well-established equilibrium
phases under highly tunable conditions. Second, they facilitate the emergence of
novel phases with no equilibrium counterparts. In this work, we focus on the
former, leveraging the tunable parameters of periodically driven systems to
enhance the quantum metric in flat-band systems. The quantum metric, a
fundamental geometric property of the band structure, plays a critical role in the
formation of superconductivity in flat-band systems with attaractive density
interactions. Here, we present preliminary results demonstrating how the
interplay between periodic driving and electron correlations can amplify the
guantum metric, leading to enhanced physical properties compared to the
equilibrium case. These findings pave the way for designing quantum states and
exploring the interplay of nonequilibrium dynamics and strong correlations in flat-
band systems.
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Driven quantum systems are a rich playground for interesting non-equilibrium quantum sta- tis-
tical phenomena. Electric field-driven systems are a particular subclass that exhibit a wide range
of novel features from the perspective of Floquet engineering [1]. In this poster, I will present
our investigation on the electric-field driven power-law random banded matrix(PLRBM) model
where a variation in the power-law exponent « yields a delocalization-to-localization phase
transition [2]. We examine the periodically driven PLRBM model with the help of the Flo-
quet operator. The level spacing ratio and the generalized participation ratio of the Floquet
Hamiltonian reveal a drive-induced weak multifractal (fractal) phase accompanied by diffu-
sive (subdiffusive) transport on the delocalized side of the undriven PLRBM model. On the
localized side, the time-periodic model remains localized - the average level-spacing ratio cor-
responds to Poisson statistics and logarithmic transport is observed in the dynamics. Extending
our analysis to the aperiodic Thue-Morse (TM) driven system, we find that the aperiodically
driven clean long-range hopping model (clean counterpart of the PLRBM model) exhibits the
phenomenon of exact dynamical localization (EDL) on tuning the drive-parameters at special
points. The disordered time-aperiodic system shows diffusive transport followed by relaxation
to the infinite-temperature state on the delocalized side, and a prethermal plateau with subd-
iffusion on the localized side. Additionally, we compare this with a quasi-periodically driven
AAH model that also undergoes a localization-delocalization transition. Unlike the disordered
long-range model, it features a prolonged prethermal plateau followed by subdiffusion to the
infinite temperature state, even on the delocalized side.

[1] V. Tiwari, D. S. Bhakuni, and Auditya Sharma, Phys. Rev. B 109, L161104 (2024).
[2] V. Tiwari, D. S. Bhakuni, and Auditya Sharma, arxiv:2412.19736v2.
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We study an open quantum system model for a levitating nanoparticle trapped in an optical
cavity by external optical tweezers. The model consists of two interacting quantum harmonic
oscillators, one representing the particle’s center of mass mode and the other the optical field
inside the cavity, which interact with each other and an external environment. By studying the
quantum properties of a relatively large particle in a highly controlled environment we aim to
bridge the gap between quantum and classical physics.

We solve the dynamics of this system in a new way that works even for non-Gaussian
states. Starting with the Gorini-Kossakowski-Sudarshan-Lindblad (GKSL) master equation for
the density matrix of this system [1], we unravel it into the corresponding quantum state diffu-
sion (QSD) equation for pure states. Using an ansatz for the pure states, we reduce the compli-
cated QSD equation to a system of six partial differential equations for the state parameters.

Using this method we are able to solve many properties of interest for the system, including
the expectation values of the system operators as functions of the state parameters, the steady
state values for the squeezing parameters of the state, and the entanglement between the optical
field and the mechanical mode of the nanoparticle.

[1] A.C.Pflanzer, O. Romero-Isart, J. I. Cirac, Phys. Rev. A. 86, 013802 (2012).
[2] I. Tuomisto, A. Norrman, K. Luoma, in preparation.
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Signatures of chaos in the Yukawa-SYK model
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The Sachdev-Ye-Kitaev (SYK) model describes a strongly-correlated quantum many-body
system consisting of N Majorana fermions with random all-to-all g-body interactions,
exhibiting several intriguing properties. Notably, the SYK model displays maximal scrambling
of mutual information and maximal quantum chaos. Additionally, the model is of significant
interest in the context of the AdS/CFT correspondence, being holographically dual to Jackiw-
Teitelboim gravity and sharing much of its interesting features with two-dimensional black
holes.

Recently, a proposal has been put forward for the analog quantum simulation of the SYK model
in a cavity QED experiment consisting of a cloud of fermionic atoms interacting with the
eigenmodes of an optical cavity [1]. The cavity realizes long-range all-to-all fermion-fermion
interactions, mediated by the exchange of virtual cavity photons. Furthermore, the interactions
are randomized using an optical speckle pattern, approaching the SYK physics. This shows
that the SYK model is within the reach of cQED-based experiments and a significant step
forward in the search of holographic quantum matter. With this experimental proposal in mind,
we investigate a generalization of the SYK model called the Yukawa-SYK (YSYK) model [2],
incorporating a boson represented by the cavity photons in the experimental setup.

We analyze the chaotic nature of the model by numerically computing both static spectral
properties, like the spectral form factor, and dynamic time evolution as given by the out-of-
time-ordered correlations. We show through detailed numerics that as the role of the
interactions is enhanced by increasing the mass of the bosonic modes, the YSYK model
smoothly crosses over between single-particle chaos given by SYK, to many-body chaos of
SYKGs.

[1] Philipp Uhrich et al. A cavity quantum electrodynamics implementation of the Sachdev—

Ye—Kitaev model. 2023. arXiv: 2303.11343.

[2] L. Esterlis and J. Schmalian, “Cooper pairing of incoherent electrons: An electron-phonon
version of the Sachdev-Ye-Kitaev model,” Physical Review B 100, 1-26 (2019)
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Topological qubits composed of unpaired Majorana zero modes are under intense experimental and
theoretical scrutiny in efforts to realize practical quantum computation schemes. In this work, we
show that the minimum four unpaired Majorana zero modes required for a topological qubit
according to braiding schemes and control of entanglement for gate operations are inherent to
multiplicative topological phases, which realize symmetry-protected tensor products—and maximally
entangled Bell states—of unpaired Majorana zero modes. We construct and characterize both one-
dimensional and two-dimensional multiplicative topological phases with two parent Kitaev chain
Hamiltonians. We furthermore characterize topology in the bulk and on the boundary with established
methods while also introducing techniques to overcome challenges in characterizing multiplicative
topology. In the process, we explore the potential of these multiplicative topological phases for an
alternative to braiding-based topological quantum computation schemes, in which gate operations are
performed through topological phase transitions.

[1] A. Pal, J. H. Winter, A. M. Cook, Physical Review B 109, 014516 (2024)
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We study the spreading of magic, or nonstabilizerness, by evolving a stabilizer state with
locally injected magic under Clifford circuits. We characterize the spatial extent of magic in
classes of Clifford circuits where the growth behavior of entanglement entropy and operator
strings are known. The dynamics of magic spreading in such circuits are numerically computed
using both the Clifford-Augmented-MPS (CAMPS) method and stabilizer-based simulation,
where various measures including the stabilizer Renyi entropy (SRE) and linear code distance
are employed to quantify the amount of magic. We observe ballistic spreading of magic and
compare the velocity of magic spreading to other velocity scales in the system, such as the
entanglement velocity and the butterfly velocity. We also provide analytical explanation to the
numerically observed dynamics.
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Symmetry and spontaneous symmetry breaking (SSB) are foundational concepts in many-body
physics, particularly in the Landau paradigm of equilibrium phase transitions. Recent work has
extended these ideas to non-equilibrium quantum systems, where the interplay between sym-
metry and thermalization gives rise to novel phenomena such as the quantum Mpemba effect
(QME)—the counterintuitive observation that more symmetry-broken initial states can exhibit
faster symmetry restoration under unitary dynamics [1]. While the QME has been studied
primarily in systems with unbroken continuous symmetries, its behavior in systems exhibiting
SSB remains largely unexplored. In this work, we investigate the QME in the long-range spin—%
XXZ chain, a one-dimensional model known to undergo a U(1) SSB transition as the interac-
tion range increases [2]. By comparing the timescales of symmetry restoration across different
interaction regimes, we characterize the robustness of the QME in proximity to the SSB tran-
sition, thereby elucidating the connection between non-equilibrium relaxation dynamics and
equilibrium symmetry-breaking phases. Our results highlight the potential of long-range in-
teracting systems—both as theoretical tools to circumvent the Mermin-Wagner theorem and as
experimentally relevant platforms—for exploring rich non-equilibrium quantum behavior.
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