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Microscopic Theory of Heat Transfer across a Vacuum
B
AP RF
Abstract: Heat transfer is a fundamental concept in physics, and how to characterize the physical mechanism
of heat transfer is a significant topic. Recently, a new mechanism for heat transfer, phonon heat transfer across a
vacuum through quantum fluctuations, has been experimentally demonstrated in a two-vibrating-membrane sys-
tem. However, the microscopic theory behind this phenomenon remains unexplored. In this talk, we will intro-
duce the microscopic theory of phonon heat transfer across a vacuum confined by two movable end mirrors of a
one-dimensional optomechanical cavity. Under the multimode cavity field framework, we obtain a second-order
effective Hamiltonian describing the phonon-exchange interaction between the two mirrors, which governs the
heat transfer effect. By examining the mode temperatures and heat flux, we confirm the dependence of the heat
transfer on the system parameters. Our work initiates the study of thermodynamics in optomechanical cavity
platform from the microscopic framework, and will have profound implications for both thermal management in

nanoscale devices and cavity optomechanics.
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Photonic Chiral State Transfer near the Liouvillian Exceptional Point
Al RF
Abstract: As branch-point singularities of non-Hermitian matrices, the exceptional points (EPs) exhibit unique
spectral topology and criticality, with intriguing dynamic consequences in non-Hermitian settings. In quantum
open systems, EPs also emerge in the Liouvillian spectrum, but their dynamic impact often pertains to the tran-
sient dynamics and is challenging to demonstrate. Here, using the flexible control afforded by single-photon
interferometry, we study the chiral state transfer when the Liouvillian EP is parametrically encircled. Recon-
structing the density-matrix evolution by experimentally simulating the quantum Langevin equation, we show
that the chirality of the dynamics is only present within an intermediate encircling timescale and dictated by the
landscape of the Liouvillian spectrum near the EP. However, the chirality disappears at long times as the system
always relaxes to the steady state.We then demonstrate the power-law decay of the chirality in regard to the en-
circling time with a parameter-dependent exponent. Our experiment confirms the transient nature of chiral state
transfer near a Liouvillian EP in quantum open systems, while our scheme paves the way for simulating general

open-system dynamics using single photons.
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Abstract: Quantum processes featuring indefinite causal orders have demonstrated the capability to generate
correlations beyond the reach of fixed causal order, thereby enhancing the performance of various quantum in-
formation protocols. Similar to Bell nonlocality in entanglement characterization, extreme causal correlations
offer promising pathways for device-independent certification of indefinite causal orders. However, the quantum
SWITCH—currently the only experimentally realizable indefinite causal order process—fails to violate canon-
ical causal inequalities. To address this limitation, recent theoretical advances combine Bell nonlocality with
causal modeling, proposing a novel class of causal inequalities that admit (maximal) violation through quantum
SWITCH implementations . Here we report the first experimental violation of such causal inequalities using an
entanglement-assisted photonic quantum SWITCH. Our proof-of-principle demonstration overcomes critical
technical challenges including high-speed quantum operations in photonic time-bin encoding, nanosecond syn-
chronization of active optical and electron elements, and active temperature stabilization of a Mach-Zehnder
interferometer. Our experimental date suggests a statistically significant violation of the causal inequality, thus
representing a significant step toward certifying indefinite causal orders without characterizations on the quantum

devices.
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Revisiting optical rotation in helically-coiled fibers (A)

Chun-Fang Li', Zhi-Juan Hu’

'Department of Physics, Shanghai University, “Department of Physics, Shanghai Normal University
Abstract: The interpretation of optical rotation in optically active media as circular birefringence has persisted
for over two centuries, yet the inherent fallacy in this phenomenological theory remains unnoticed. Recently, we
employed logical reasoning to demonstrate that isotropic chiral media, a kind of optically active media, do not
exhibit circular birefringence. This finding implies that the Jones vector is not able to completely describe the
polarization state of a plane light wave. To further explore the reason, here we revisit the phenomenon of optical
rotation in helically-coiled optical fibers.

Firstly, we use similar logical reasoning to prove that helically coiled fibers do not exhibit circular birefringence,
either. Secondly, based on the experimental observations of Papp and Harms, we argue that the Jones vector is
mathematically an entity in the local reference frame associated with the propagation direction. It cannot com-
pletely describe the state of polarization relative to the laboratory reference frame. Meanwhile, we also demon-
strate that the rotation observed by Papp and Harms reflects the rotation of the Tang frame relative to the Ser-

ret-Frenet frame.
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Non-Hermitian theory of valley excitons in two-dimensional semicon-

ductors
TRFE
PaXFDNEEROTHFFR
Abstract: Electron-hole exchange interaction in two-dimensional transition metal dichalcogenides is extremely
strong due to the dimension reduction, which promises valley-superposed excitonic states with linearly polarized
optical emissions. However, strong circular polarization reflecting valley-polarized excitonic states is commonly
observed in helicity-resolved optical experiments. Here we present a non-Hermitian theory of valley excitons by
incorporating optical pumping and intrinsic decay, which unveils an anomalous valley-polarized excitonic state
with elliptically polarized optical emission. This novel state arises from the non-Hermiticity induced parity-time
(PT)-symmetry breaking, which impedes the experimental observation of intervalley excitonic coherence effect.
At large excitonic center-of-mass momenta, the PT-symmetry is restored and the excitonic states recover their
valley coherence. Interestingly, the linear polarization directions in optical emissions from these valley-super-
posed excitonic states are non-orthogonal and even become parallel at exceptional points. Our non-Hermitian
theory also predicts a non-zero Berry curvature for valley excitons, which admits a topological excitonic Hall

transport beyond the Hermitian predictions.
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1. The experimental setup. A 405-nm, horizontally polarized laser beam is shaped by two
lenses and an iris. Then, it pumps a BBO crystal to produce collinear type—I SPDC photon
pairs and is filtered out by a long—pass interference filter (IF). Two Fourier lenses (L1
and L2) project the photons from the BBO to the SLM. Then another Fourier lens (L3) proj-
ects the photons to the microlens array. A bandpass IF at 810 nm selects degenerate SPDC
photon pairs. An imaging lens (L4) images the photons from the focal plane of the micro-—
lens array to the EMCCD sensor. The microlens array, L4, and EMCCD can be displaced by a

distance. The inset shows the basic idea of quantum Shack-Hartmann wavefront sensing.
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K| 1. The experimental setup. A 405-nm, horizontally polarized laser beam is shaped by two
lenses and an iris. Then, it pumps a BBO crystal to produce collinear type-I SPDC photon
pairs and is filtered out by a long—pass interference filter (IF). Two Fourier lenses (L1
and L2) project the photons from the BBO to the SLM. Then another Fourier lens (L3) proj-
ects the photons to the microlens array. A bandpass IF at 810 nm selects degenerate SPDC
photon pairs. An imaging lens (L4) images the photons from the focal plane of the micro-—
lens array to the EMCCD sensor. The microlens array, L4, and EMCCD can be displaced by a

distance. The inset shows the basic idea of quantum Shack-Hartmann wavefront sensing
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Quantum Interface for Strong Spin-Spin Coupling

Wei Xiong ( A& %)
Department of Physics, Wenzhou University
Abstract: The long coherence time of a single nitrogen-vacancy (NV) center spin in diamond is a crucial ad-
vantage for quantum information science. However, achieving strong coupling between remote single NV spins
is challenging. Here we propose methods to greatly enhance the interaction between two single NV spins in dia-
mond via diverse interfaces including cavity optomechanics, magnons with Kerr effect, cavity magnon-polariton.
By taking advantage of quantum squeezing or critical effects, strong coupling between two remote spins can be
achieved by adiabatically eliminating the quantum interface. This effective strong coupling can ensure coherent

quantum-information exchange between two spin qubits in weakly coupled hybrid systems.
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Fig. 1 Exceptional points and entanglement dynamics for the two-mode system. The real part (a) and imaginary
part (b) of four eigenvalues of the dynamical matrix and the spectrum is divided into three regions by two EP2s.
(c-d) Three distinct types of the entanglement dynamics, i.e. exponential behavior in region I (blue), oscillatory
behavior in region II (red) and mixed behavior in region III (orange).
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Experimental implementation of quantum-walk-based portfolio opti-

mization
Dengke Qu, Peng Xue

Beijing Computational Science Research Center
Abstract: The application of quantum algorithms has attracted much attention as it holds the promise of solving
practical problems that are intractable to classical algorithms. One such application is the recent development
of a quantum-walk-based optimisation algorithm approach to portfolio optimization under the modern portfolio
theory framework. In this presentation, we demonstrate an experimental realisation of the alternating phase-shift
and continuous-time quantum walk unitaries that underpin this quantum algorithm using optical networks and
single photons. The experimental analysis confirms that the probability of states corresponding to high-quality
solutions is efficiently amplified by increasing the number of phase-shift and quantum walk iterations. This work
provides strong evidence for practical applications of quantum-walk-based algorithms such as financial portfolio

optimization.
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Observation of non-Hermitian topology in non-chiral non-unitary

quantum dynamics of single photons
x|+
5% 8 KF
Abstract: The non-Hermitian topology leads to the emergence of various counter-intuitive phenomena under
the open boundary condition, which can not find a counterpart in Hermitian systems. In the non-Hermitian sys-
tem without chiral symmetry, being ubiquitous in nature, exploring its non-Bloch topology has so far eluded
experimental effort. In this talk, we will theoretically predict and experimentally demonstrate various non-Bloch
topological phenomena of a one-dimensional non-Hermitian system without chiral symmetry in discrete-time
non-unitary quantum walks of single photons. Our work would provide a useful platform to study the interplay

among topology, symmetries and the non-Hermiticity.
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Toward High-Fidelity Rydberg quantum gates with active noise miti-
gation (D)

Jing Qian', Qingling Hou', Rui Li*, Weiping Zhang’
' Department of Physics, School of Physics and Electronic Science, East China Normal University, *School of
Physics and Astronomy, Shanghai Jiao Tong University

Abstract: Errors restrict the fidelity of Rydberg quantum gates in neutral-atom quantum computing and must
be made sufficiently low with versatile error-tolerant techniques. Recent works based on time-optimal control
have demonstrated the remarkable advantages of using single-modulated pulses which can realize high-fidelity
two-qubit gates in neutral-atom arrays. However, in reality the typical time-optimal method only minimizes the
average gate infidelity in the absence of any error, which allows the gate to be passively influenced by all error
sources and to be an exponential increase of the insensitivity when errors become larger.

In this talk, I will discuss two ways to realize high-fidelity Rydberg gates with active robustness against type
of errors. In the first work we adopt a modified cost function in numerical optimization for shaping gate pulses
that can minimize the fluctuations of gate infidelities over a wide error range. We present a family of blockade
CZ gates with active robustness towards the impact of various noises related to the two-photon detuning. In the
second work we propose a new error-erasing mechanism that utilizes a pair of off-resonant fields to continuously
dress the protected Rydberg state with an auxiliary state, which can induce an opposite but enhanced sensitivity
to the same source of Doppler dephasing error. Combining with the optimal control of laser pulses, we realize
Rydberg two-qubit CNOT gates in Rb and Cs atoms that are fully immune to the Doppler dephasing error. Our
results benefit from a more relaxed requirement of colder atomic temperatures or more stable laser frequencies
for current experimental technology providing fundamental guidance to practical error-tolerant quantum comput-

ing with neutral atoms.
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Figure 1. Active robustness to the two-photon detuning error
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Figure 2. The Doppler-error erasing scheme
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Unconventional Topological Phases and Non-Hermitian Quantum Dy-

namics in Nonlocal Systems (D)
Kaiye Shi"’, Mingsheng Tian', Fengxiao Sun', Wei Zhang’

'Peking University, ‘Renmin University of China

Abstract: In condensed matter, the physical systems are generally considered local, which only have short-range
interactions since the long-range interactions is suppressed by Coulomb screening. However, artificial simulators,
such as synthetic-dimension systems, mechanical oscillators, and circuits, offer unique advantages in emulating
complex lattice systems through their programmable control of arbitrary-range couplings. In the past decade,
these experimental systems have simulated almost all models with short-range couplings, but rarely simulate
physics beyond short-range models due to a lack of theoretical research. In particular, there is widespread interest
in how long-range coupling affects the topological states. Here, our work finds a new class of topological states
in nonlocal systems and opens up a new research field for these experimental platforms.

The bulk-boundary correspondence (BBC), a principle that establishes a direct relationship between topological
edge modes (EMs) and the bulk topology of Bloch bands, serves as a foundational framework for understand-
ing topological quantum states. But, recent studies have demonstrated that the conventional BBC is violated in
non-Hermitian systems, whose essence is that the hidden assumption of the conventional BBC, i.e., the bulk
characteristics of a Hamiltonian under open boundary condition can be well approximated by a Bloch Hamil-
tonian under periodic boundary condition, no longer holds due to the non-Hermitian skin effect. However, the
breakdown of the assumption does not necessarily require non-Hermiticity. Indeed, since the assumption requires
an almost translational symmetric bulk, it can also break in Hermitian systems with long-range coupling. In such
nonlocal Hermitian systems, it is natural to raise the following questions. Are there any topologically protected
EMs? How can we formulate the topological invariants? To what extent can the BBC about to be revised estab-
lish a connection between the EMs and topological invariants?

We address the above three questions by studying a Hermitian system with nonlocal long-range hopping and
showing a topology different from the traditional Bloch topological phases, referred to as the Hermitian non-
Bloch topological (HNBT) phase. We propose a topological invariant to characterize the HNBT phase based
on the wave function in real space, which can successfully capture the information of EMs [Fig. 1]. Unlike the
conventional Bloch topological theory or the non-Hermitian topological theory, the topological invariant of the
HNBT phase is not solely determined by the bulk, but also signifificantly affected by the boundaries. Further-
more, we find that in addition to the topologically protected edge modes, the HNBT phase also possesses a large
number of localized bulk modes (LBMs) [Fig. 2], which are spatially distributed in specifific locations depending
on the ratio a = (R + 1)/N between the maximum hopping distance R and the system size N. The localized bulk

modes are caused by the long-range nature of hopping and can only be observed under open boundary condition.
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Fig 1. (a) The energy spectrum for systems under open boundary condition with varied t, and fixed size N = 200.
The inset shows a zoom-in near the phase transition with N = 600, showing the EMs (red line) and the LBMs (blue
lines). (b) The real-space winding number (solid dots). With increasing N, the results approach the quantized val-

ues and exhibit a sharp topological transition at t, = 0.5. Other parameters used are t,, = 1 for m > 0, and a = 0.95.
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Fig 2. The spectra for cases of (a) a = 0.95 and (b) o = 0.45. The red dots indicate the EMs and the blue dots
represent the LBMs. (c¢) and (d) Corresponding density profiles (modulus square) in real space of all LBMs. The
left insets (blue) show the spatial distribution of an example LBM, and the right inset (red) present results for the
EMs.
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Enhancement of the coupling to solid-state spins and quantum manip-

ulations
Zhou Yuan

Hubei University of Automotive Technology
Abstract: We here report three investigations on quantum manipulation of solid-state spins utilizing the acous-
tics based hybrid quantum system. First, “Enhancing spin-phonon and spin-spin interactions using linear resourc-
es in a hybrid quantum system”, namely, through modulating the spring constant of the mechanical cantilever
with a time-dependent pump, we can acquire a tunable and nonlinear (two-phonon) drive to the mechanical
mode, thus amplifying the mechanical zero-point fluctuations and directly enhancing the spin-phonon coupling.
Second, “Synergistic enhancement of spin-phonon interaction in a hybrid system”, we explore a joint scheme to
further enhance spin-phonon coherent coupling with two methods working together in a hybrid optomechanical
system. Both methods are mechanics-induced mode field coupling (MFC) that lead to the modification of the
spatial distribution of the optical field and the mechanical parametric amplification (MPA) realized by modulat-
ing the mechanical spring constant in time. With the joint assistance of MFC and MPA, the coherent coupling
between the spin and one supermode of the mechanical resonators (MRs) can be further significantly enhanced
with the rate . Finally, “Realization of chiral two-mode Lipkin-Meshkov-Glick (LMG) models via acoustics”,
in which,the chirality-controlled two-mode LMG models are mimicked in a potential hybrid quantum system,
involving two ensembles of solid-state spins coupled to a pair of interconnected surface-acoustic-wave cavities.
With the assistance of dichromatic classical optical drives featuring chiral designs, it can simulate two-mode

LMG-type long-range spin-spin interactions with left-right asymmetry.
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Quantum Programming of Topological Phases of Matter
Feng Mei

State Key Laboratory of Quantum Optics Technologies and Devices, Institute of Laser Spectroscopy, Shanxi
University, Collaborative Innovation Center of Extreme Optics, Shanxi University
Abstract: Implementing topological phases of matter in synthetic quantum systems has attracted great interests
in quantum simulation. The universality of digital quantum simulators also hold promise for digitally simulating
topological phases. In this talk, we will introduce our recent efforts towards realizing both analogue and digital
quantum simulation of topological phases of matter with currently available noisy-immediate programmable
quantum processors, including how to design topologically protected quantum circuits and probe their featured
topological features, either in and out of equilibrium. Search topological phases of matter using quantum com-
puters could opens new opportunities for both understanding fundamental physics and exploring quantum advan-

tages.
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The applications of spin valves into silicon quantum chips

Ranran Cai

University of Science and Technology of China (USTC)
Abstract: Electron spin qubits in silicon have achieved significant success in gate operation, scaling-up, and
readout, particularly in two-qubit gates (CZ and CROT) that exceed the error correction threshold and virtual
photon-mediated remote iSWAP operation. Micromagnet (mM) induced synthetic spin-orbit coupling (sSOC)
plays a key role in these advancements. However, this persistent sSOC also poses challenges for silicon spin qu-
bits, such as introducing dephasing noise and restricting coherent quantum information exchange. Spin valves,
consisting of two magnetic layers separated by a tunneling barrier, are widely used in commercial MRAM appli-
cations by electrically switching their magnetization configuration on a nanosecond scale. Therefore, they hold
promise for implementing on-demand switching ON/OFF sSOC for silicon spin qubits to maintain outstanding
functionalities and avoid harmful effects. In this talk, we first clarify the construction of switchable sSOC via
spin valves. Following that, three examples will be displayed to demonstrate the superiority of such a switchable
sSOC architecture:
(D) High-fidelity (>99%) SWAP operation between neighboring spin qubits can be easily realized by considering
realistic parameters.
(IT) Spin-photon couplers are proposed, which are successfully used for high-fidelity resonant quantum state
transfer (QST) between remote spin qubits.
(IIT) Considering the symmetry of the stray field, the ultrafast switching between transversal and longitudinal
coupling is naturally realized. Finally, a spin valves controlled multi-functionality modular silicon quantum chip

(Figure 1) will be discuss.

Module-1 Module-2

- ¢l o —= 4

ON « OFF ﬁ OFF e
i ¢4 i ¢ ¢ ==
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Figure 1. Schematic of modular silicon spin quantum chip controlled by spin valves.
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Two remote counting events induced by a single photon
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Exponentially faster relaxation through strong Mpemba effect
Yan-Li Zhou

College of Science, National University of Defense Technology

Abstract: How to speed up relaxation processes, naturally existing in physical and biological systems, is an im-
portant challenge for fundamental sciences and practical technologies. A very counter-intuitive phenomenon, i.e.,
water can cool faster when initially heated up, has been noticed even in ancient times, which was then termed as
the Mpemba effect (ME). This effect implies the critical role of the initial conditions in relaxation processes, as
confirmed recently in a classical colloid system. The novel possibility of achieving and utilizing such an effect
also in various purely quantum systems now become a highly interesting target, in view of its potential applica-
tions in efficient engineering of dissipative quantum devices.

Here, we report the first experiment, as far as we know, about the strong Mpemba effect in a single trapped ion
system in which an exponentially expedited relaxation in time is observed by preparing an optimal initial state
with no excitation of the slowest decaying mode. Also, we find that the condition of realizing such effect coin-
cides with the Liouvillian exceptional point, featuring the coalescence of both the eigenvalues and the eigen-
modes of the system. Our work provides an efficient strategy to exponentially accelerate relaxations of quantum
system to their stationary states, and suggests a link unexplored yet between the Mpemba effect and the non-Her-
mitian physics. It could open up the door to engineer a wide range of dissipative quantum systems by utilizing
the anomalous Mpemba effect, for applications in quantum simulation and quantum information processing.

- Classical SME \

;

§1 |r||t|al state a1
%) strong ME |SME}) — \1 D1 strong ME
= =
3 o .
[= 8 @
8 SOM s
20 = - tati tat 8% 5 72
o Te Ts Tu Temperature sa |onary . f:_ 2] T =sMEj: 7
g 1
b ME strong ME No ME ©
o s Ts Th =
Q 5
. NS :
i Tc :
g R X 10 »
i 0.10 1 10 100 0 5 10 15 20 25
L time 7 0 0t

Fig. 1: (a) The Mpembea effect (ME) can be understood in an intuitive way: the amplitude of the overlap of the
initial state with the slowest decaying mode (SDM) depends on the initial temperature in a nonmonotonic way.
The strong ME (sME) appears when the overlap with the SDM vanishes. (b) ME: If an initial high temperature
state has a smaller SDM amplitude than that of the lower temperature state, it can reach the thermal equilibrium
faster. SME: the system reaches equilibrium at an exponentially faster rate. No ME: the initial high temperature
state has a larger overlap with the SDM and thus reaches the equilibrium slower. (¢) By applying a unitary op-
eration, one can realize an initial SME state and approaches the stationary state with a faster rate. (d) The energy
levels for observing the sME. (e) The overlap of a rotated initial random state with the SDM as a function of the
rotation angle. (f) The initial SME state starts with a longer distance but reaches stationary state faster. (g) The

logarithmic scale of the distance evolves with time for different initial states.
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Quantum battery based on cavity and two-level system

I3, XAHE, AR, #E, 2 8L
Institute of Modern Physics, Northwest University
Abstract: In recent years, we have conducted a series of innovative research in the field of cavity quantum bat-
teries. We study the performance of a series of two-mode quantum batteries in different initial states. And we
provide for the first time a quantitative relationship between ergotropy and entanglement in incoherent QB, and
determine the average and instantaneous resource utilization rate. Investigations under the anisotropic Dicke
model revealed that in weak coupling, rotating-wave terms dominate, while counter-rotating wave terms (CRW)
reduce maximum stored energy. However, in ultrastrong/deep strong coupling regimes, CRW enables the anti
Tavis-Cummings (ATC) model to store and release more energy, with average charging power increasing with
CRW contribution. In deep strong coupling regime, the ATC model can achieve the optimal energy storage,
which can be seen as parallel charging of N Jaynes-Cummings models. Additionally, the cavity-optomechanical

QB is realized, demonstrating that mechanical oscillators enhance energy storage and extraction.
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Deterministic steady-state subradiance within a single-excitation basis

(B)
Meng-Jia Chu"?, Jun Ren"*>?, Z. D. Wang™”

'College of Physics and Hebei Key Laboratory of Photophysics Research and Application, Hebei Normal Uni-
versity, "Hong Kong Branch for Quantum Science Center of Guangdong-Hong Kong-Macau Great Bay Area,
*Department of Physics and HK Institute of Quantum Science & Technology, The University of Hong Kong
Abstract: Subradiance shows promising applications in quantum information, yet its realization remainsmore
challenging than superradiance due to the need to suppress various decay channels. Thisstudy introduces a state
space within a single-excitation basis with perfect subradiance and genuinemultipartite quantum entanglement
resources for the all-to-all case. Utilizing the quantum jumpoperator method, we also provide an analytical der-
ivation of the system’s steady final state for anysingle-excitation initial state. Additionally, we determine the
approximate final state in the quasi-all-to-all coupling scenario. As an illustrative example, we evaluate the cou-
pling and dynamicalproperties of emitters in a photonic crystal slab possessing an ultra-high quality bound state
inthe continuum, thereby validating the efficacy of our theoretical approach. This theoretical frame-work facili-
tates the analytical prediction of dynamics for long-lived multipartite entanglement whileelucidating a pathway

toward realizing autonomous subradiance in atomic systems.
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K 1. Comparison between numerical results and theoretical results of negativity evolution
with time for different initial states. [ 2. Verification of the validity of theoretical
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FIG. 1. Theoretical model. (a) Sketch for the qubit-resonator coupling. The test qubit is coupled to the resonator
at the second sideband of a sine longitudinal modulation with modulating amplitude &: and frequency vi. A sec-
ond sine modulation with amplitude €2 and frequency v: is used to control the effective frequency of the qubit.
These two modulations, together with a transverse drive K, effectively realize an effective Rabi Hamiltonian.
Bloch representations in (b) the laboratory frame and (c) the precessing frame. By analogy with the motion of
a spin-1/2, the transverse drive can be regarded as a static magnetic field of strength Bo oc K along the x axis,
which forces the Bloch vector of the qubit to precess with angular frequency Bo. The second longitudinal modu-
lation corresponds to applying two magnetic fields on the yz plane with the same amplitude |B:*| = €2/4, rotating
at the same angular frequency v. = Bo, but in opposite directions. The light field stored in the resonator acts as an
effective magnetic field with components B>* and B>¥. In the precessing frame associated with Bo, the components

B:1* and B»* are aligned with the z and x axes, respectively. The remaining components have negligible effects in
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the rotating-wave approximation (not shown).
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FIG. 2 Experimental realization of SSB in a multiqubit system. (a) Device schematic. The device comprises 10
Josephson junction-based qubits and a bus resonator. The first 6 qubits, denoted as Qj (j=1 to 6), are approx-
imately homogeneously coupled to the resonator with the on-resonance photonic swapping rate § = 2 x20
MHz. The other four qubits are unused in the experiment. (b) Synthesis of the LMG model. When these qubits
are detuned from the resonator by the same amount |A| > &, any pair of qubits, Qj and Qk, are coupled through
virtual photon exchange mediated by the resonator, with the effective coupling strength A = £2/|A|. Each of these
qubits is driven by a continuous microwave with the Rabi frequency Q. The system ground state depends upon
the competition between resonator-induced qubit-qubit couplings and transverse drivings. (c) Pulse sequence.
The experiment starts by tuning the qubits to the corresponding idle frequencies, where they are prepared in the
state ® 6j=1 |+j) with a continuous microwave pulse. By tuning all the qubits to the same operation frequency
and applying continuous drivings, the system dynamics is described by the LMG Hamiltonian. Following a pre-

set quasi-adiabatic process, the qubits are biased back to their idle frequencies for the state readout.
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Intra-band entanglement-assisted cavity electro-optic quantum trans-

ducer (C)

BAEW, RAEY , KRR, FEH, KA
52 28 KF

Abstract: Quantum transduction refers to the conversion of quantum information between different physical
platforms, typically between microwave and optical photons. The two systems differ widely in the energy scale
and involve fundamentally different interaction mechanisms. The microwave quantum bits, based on supercon-
ducting circuits and other quantum processors, offer excellent coherence and scalability but lack intrinsic optical
transitions, while the optical photon is ideal information carriers for long distance quantum communication.
Quantum transduction bridges this gap by enabling coherent coupling between superconducting qubits and opti-
cal photons, which are essential for constructing large-scale quantum networks and distributed quantum architec-
tures. Theoretically, all quantum transduction systems can be regarded as a quantum channel. To reliably transmit
encoded quantum information, a quantum channel must have a positive quantum capacity. This requirement
indicates that a quantum transduction channel, generally modeled as a bosonic loss channel, must have both high
channel transmissivity and low added noise. Significant progress has been made in quantum transduction in the
past decades, however, the traditional direct quantum transducer, which linearly converts photons between differ-
ent frequencies, faces significant challenges in reaching the positive quantum capacity threshold due to techno-
logical constraints, such as limited interaction strength and excessive thermal noises.

Recently, a new scheme of an entanglement-assisted transducer based on a cavity electro-optic (EO) system has
been proposed. By introducing an assist mode and two squeezers, it is shown that this transduction process de-
fines a new thermal loss channel whose quantum transduction capacity can be greatly enhanced. In this work, we
show the process actually induce more general transduction channels, namely random displacement, generalized
thermal loss and thermal amplification channels. We quantify the quantum capacities of different transduction
channels over a broad parameter space—demonstrating that a sizeable region admits positive quantum capaci-
ty—and thereby greatly lowering the threshold for the positive quantum capacity compared to the bare EO sys-
tem. Our analysis of these three channel types significantly expands the potential scope of quantum transduction
applications, clarifying the conditions needed to fully optimize the transducer’s performance. Furthermore, under
non-resonant conditions, the entanglement-assisted transducer exhibits a significantly enhanced bandwidth over
which high quantum capacity is attainable. This advancement is crucial for constructing high-bandwidth direct
quantum transducers, while ensuring high-fidelity signal transduction. Our study provides a full theoretical
framework for analyzing intra-band entanglement-assisted quantum transduction scheme, which unlocks more

potentials of its application in future quantum technologies.
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Topological Edge States and Hofstadter Spectra in One-Dimensional

Cavity Magnonics Lattices

L. Xiang, A. B. Xia, Yi-Ping Wang, Ai-Xi Chen

College of Science, Northwest A & F University
Abstract: We propose a one-dimensional cavity magnonics lattice composed of a microwave cavity and yttrium
iron garnet (YIG) spheres, enabling tunable coupling between cavity photons and magnetic oscillators. By vary-
ing system parameters, we demonstrate the emergence of topologically protected edge states and their robustness
against defects and disorder. The topological nature is characterized by the winding number of the reflection
coefficient phase and the average photon number. Furthermore, through magnetic flux synthesis, we observe
controllable flipping of the Hofstadter butterfly spectrum and edge state distributions, achieving multi-channel
topological transmission. Our results reveal a rich interplay among nontrivial band topology, spectral fractals,
and defect tolerance. This work provides a feasible platform for realizing topological photonic states in hybrid
magnetic oscillator systems, with potential applications in quantum information routing and reconfigurable pho-

tonic devices.

/_’é‘/:_i';
7y
Ji
%
E5|

2
>

e W o o 2 RE dr o 32 W

81



,é/:f';
]
)i
%

v
>

N

dr 4 32

W R

82

%[ﬂ@ 2025 4E7 H 4-7 H RE - PR

ZEDGRTFRE SHAEA LN

Landau-Zener-Stuckelberg interference in edge state pumping

Y. Liu ( XIJi#7% )", Xiaoshui Lin**, Ming Gong™**

'Department of Physics, School of Physics, Hubei University, “Department of Optics & Optical Engineering,
School of Physical Sciences, University of Science and Technology, *CAS Key Laboratory of Quantum Infor-
mation, University of Science and Technology, *‘Synergetic Innovation Center of Quantum Information and
Quantum Physics, University of Science and Technology, *Hefei National Laboratory, University of Science and
Technology
Abstract: The adiabatic edge state pumping (ESP) in one dimensional model, which has important applications
in topological phase transition and the associated implementation of edge states in quantum simulation, has been
widely performed in both theory and experiment. This phenomenon has been verified in small physical models,

and yet some fundamental issues about this process have not been clarified.

In this oral talk, we revisit this problem of ESP and pinpoint a pair of non-adiabatic points in the band levels, at
which the adiabatic condition breaks down. We determine the two points using the criteria of non-adiabaticity.
As a result, the oscillation of ESP as evolution time varies can be resolved in terms of Landau-Zener-Stuckel-
berg (LZS) interference. Furthermore, in presence of disorder, we show that the ESP may break down for the
anti-crossing between the edge and the bulk levels, where the non-adiabaticity diverges. Thus in a relatively long
chain with weak disorder, we demonstrate the failure of the ESP. This new type of ESP unveiled in this work is

readily accessible in experiment, and shall therefore lead to a down-to-earth platform for the intriguing LZS dy-

namics.
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Quantum metrology with higher-order exceptional points in atom-cav-
ity magnonics
Minwei Shi, Guzhi Bao, Jinxian Guo, and Weiping Zhang
Tsung Dao Lee Institute and School of Physics and Astronomy, Shanghai Jiao Tong University
Abstract: Exceptional points (EPs), which arose early from non-Hermitian physics, significantly amplify the
system’s response to minor perturbations, and they act as a useful concept to enhance measurement in metrology.
In particular, such a metrological enhancement grows dramatically with the EP’s order. However, the Langevin
noises intrinsically existing in the non-Hermitian systems diminish this enhancement. In this study, we propose
a protocol for quantum metrology with the construction of higher-order EPs (HOEPs) in an atom-cavity system
through Hermitian magnon-photon interaction. The construction of HOEPs utilizes the atom-cavity non-Hermi-
tian-like dynamical behavior but avoids the external Langevin noises via the Hermitian interaction. A general
analysis is exhibited for the construction of arbitrary nth-order EP (EPn). As a demonstration of the superiority
of these HOEPs in quantum metrology, we work out an EP3/4-based atomic sensor with sensitivity being orders
of magnitude higher than that achievable in an EP2-based atomic sensor. We further unveil the mechanism be-
hind the sensitivity enhancement from HOEPs. The experimental establishment for this proposal is suggested
with potential candidates. This EP-based atomic sensor, taking advantage of the atom-light interface, offers new

insight into quantum metrology with HOEPs.

@ o

____________

12 -

______________________

(a) Atom-cavity system to realize EPn. n—1 atomic ensembles are placed inside a cavity, where m
(1=m=<n-—1) ensembles interact with the cavity mode through SU(1,1)-type Raman interactions (b), and
the remaining n—m—1 ensembles interact with the cavity mode through SU(2)-type Raman interactions
(c). Parts (b) and (c) depict the atomic energy levels and mechanisms of the SU(1,1)- and SU(2)-type

atom-light interactions, respectively.



2025 4E7 H 4-7 H hE . PR Sk
#0495

ZEDRET R T HA ARSI

Coherent Photoelectric Spin Resonance Readout and Spin control of

Boron Vacancy Defects in Hexagonal Boron Nitride

Shihao Ru"??, Liheng An', Xiaodan Lyu', Feifei Zhou®, Jesus Zufiiga-Perez"’, Fedor Jelezko®, Weibo Gao">*>*
'Division of Physics and Applied Physics, School of Physical and Mathematical Sciences, Nanyang Technolog-
ical University, Singapore, *Centre for Quantum Technologies, National University of Singapore, Singapore,
*National Centre for Advanced Integrated Photonics, Nanyang Technological University, Singapore, *College of
Metrology Measurement and Instrument, China Jiliang University, *Institute for Quantum Optics, Ulm Univer-
sity, Germany, °School of Electrical and Electronic Engineering, Nanyang Technological University, Singapore,
7Majulab, International Research Laboratory IRL 3654, CNRS, Université Cote d’ Azur, Sorbonne Université,
National University of Singapore, Nanyang Technological University, Singapore
Abstract: The negatively charged boron vacancy () in hexagonal boron nitride (hBN) is a leading candidate
for room-temperature quantum spin applications in two-dimensional materials. We present a robust method for
nuclear spin polarization using ground-state level anticrossing (GSLAC), which requires significantly lower laser
power than approaches based on excited-state level anticrossing. Additionally, we demonstrate the first photo-
electric detection of magnetic resonance and Rabi oscillations in a 2D material, applied to ensembles in hBN.
The photocurrent signals arise from spin-dependent ionization dynamics linked to non-radiative transitions to a
metastable state. We further show that this technique enables electrical readout of advanced dynamical decou-
pling sequences such as CPMG and XY8, highlighting a promising path toward scalable quantum technologies

based on 2D materials.
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Abstract: Optical super-resolution

s -
0 A ? -
S F LT m? ST

19 frequency (Hz)

has been widely employed to beat spatial diffraction limit, which is often stated by Abbe-Rayleigh criterion.
Analogously, we propose a frequency super-resolution method, which beats conventional spectral resolution
limit often approximated by full width half maximum of the spectral peak, I". This method utilizes recently devel-
oped quantum environment engineering technique. With numerical simulations and experiments, we demonstrate
the frequency super-resolution method in a three-nuclear-spin system (Trifluoroiodoethylene), by successfully
decomposing a thermal state spectrum of the spin F; into four peaks of engineered pseudo-pure states of the
quantum environment. The ultimate frequency resolution reaches ~ 0.005 I'. This method is potentially useful in
spectral decomposition of weakly coupled nuclear spin systems and might be improved further to acquire finer

frequency super-resolution by employing more advanced quantum techniques.
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Low-temperature Quantum Metrology Enhanced by Strong Coupling
Z B,
2 KEF
Abstract: Equilibrium probes have been widely used in various noisy quantum metrology schemes. However,
such an equilibrium-probe-based metrology scenario severely suffers from the low-temperature-error-divergence
problem in the weak-coupling regime. To circumvent this limit, we propose a strategy to eliminate the error-di-
vergence problem by utilizing the strong coupling effect, which can be captured by the reaction-coordinate map-
ping. The strong couplings induce a non-canonical equilibrium state and greatly enhance the metrology perfor-
mance. It is found that our metrology precision behaves as a polynomial-type scaling relation, which suggests the
reduction of temperature can be used as a resource to improve the metrology performance. Our result is sharply
contrary to that of the weak coupling case, in which the metrology precision exponentially decays as the tem-
perature decreases. Paving a way to realize a high-precision noisy quantum metrology at low temperatures, our

result reveals the importance of the non-Markovianity in quantum technologies.
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Self-induced manipulation of biphoton entanglement in topologically

distinct modes (F)

P LN
'BRRRBR (JAR) EFAFEFS, THSAHEKSE, THATLXS
Abstract: Biphoton states have been promising applications in quantum information processing, including quan-
tum communications, quantum metrology, and quantum imaging. The generation and manipulation of biphoton
entanglement in topologically distinct modes paves the way in this direction. Here we present a comprehensive
method for regulating the topological properties of the system by combining the nonlinearity in waveguides, i.e.
nonlinearity in the waveguide coupling materials, and the waveguide lattice structure. Our method enables the
generation of topological biphoton states with the injected pump activation on the topologically trivial modes.
This is realized with the self-induced manipulations on pump-dependent nonlinear couplings on the defects,
which is unable to be realized while there are no such nonlinear couplings. Specifically, by including the non-
linear gain/loss mechanism in the coupling between the nearest neighbor waveguides and the third-order Kerr
nonlinearity effect along the waveguides, the injected pump power will be the controllable parameter for the
manipulation of the topology in the defect states and the generation of biphoton entanglement states. Our method
can be used in other waveguides with various defect configurations. Our method enables the reusability of silicon
waveguide chips and their application for fault-tolerant quantum information processing, promoting the industri-

alization process of quantum technology.

| Linear material
. # Nonlinear material
| Nonlinear waveguides

K 1. The waveguide design. The pump light is injected at the left side of the center of
the waveguides, with the propagation direction indicated by the yellow arrow (indexed as).

The generated biphoton is indicated by the green and red arrows.
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Quantum metrology timing limits of biphoton frequency comb (E)
Fua', Fha', kL', o4°
'BREARKRF WEEEEHFEFER, T HEFLRE HEA
Abstract: Biphoton frequency comb (BFC), which encompasses multiple discrete frequency modes and rep-
resents high-dimensional frequency entanglement, is crucial in quantum information processing due to its high
information capacity and error resilience. It also holds significant potential for enhancing timing precision in
quantum metrology. Here, we examine quantum metrology timing limits using the BFC as a probe state and de-
rive a quantum Cramér-Rao bound that depends on the mode number, mode spacing, frequency detuning, and
single-mode bandwidth. Our results coincide with previous findings that considered only the latter two factors.
Under ideal conditions (zero loss and perfect visibility), this bound can be saturated by both spectrally non-re-
solved Hong-Ou-Mandel (HOM) interferometry at zero delay and spectrally resolved HOM interferometry at ar-
bitrary delays. In practical scenarios, increasing the mode number and mode spacing could rapidly increase Fish-
er information up to its maximum, providing an optimal strategy for improving the timing precision in practice.
Furthermore, compared to spectrally non-resolved measurement, spectrally resolved measurement is a superior
strategy due to its higher Fisher information, shorter measurement times, and ambiguity-free dynamic range. This
work offers a theoretical timing limit that can be achieved using the BFC as a probe state and an optimal strategy

for improving the timing precision of HOM-based quantum metrology in practical scenarios.
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Fig 1. (a) Fisher information, in units of ¢°, as a function of mode number m at t—>0 in the case of zero loss and
perfect visibility (y=0,/=1). The vertical axis of this plot is logarithmic. Fisher information increases significant-
ly as the mode number increases and becomes higher for large mode spacing, indicating that increasing the mode
number and mode spacing is an effective strategy for improving the timing precision. Different detuning A, in
units of &, only determines the baseline (initial value) of the precision. The inset shows that Fisher information
scales quadratically with m, and the parabolic curvatures are determined solely by the mode spacing p. (b) The
ratio Fy/F\ ;4. as a function of m for group 1 (¥=0.99,y=0.01), group 2 (y=0.1,=0.99), and group 3 (y=0.4,=0.9)
at dimensionless delays 61=0.1 (dashed), 0.5 (dotted), and 0.85 (solid), respectively. The ratios rapidly increase
to their maximums (0.94, 0.67, 0.18) with the increase of m, especially for the time delays close to zero, indicat-

ing that increasing the mode number is also optimal for improving the timing precision in practical scenarios.
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