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HE L

Error rate threshold of fault-tolerant quantum computation is a clear sign to indicate the realization of
quantum circuits in a fault-tolerant manner, which is too small to observe in a large scale quantum system.
However, in a small quantum system consisting several qubits, it is possible to determine such a threshold
to demonstrate the quantum fault-tolerant implementation [1]. To observe this threshold, we designed an
optical architecture based on two entangled photons, in which optical spatial modes of each photon were
exploited to encode logical qubits [2]. With importing the error rate accurately, we could observe the
fault-tolerant threshold when the success output probability in encoded circuits is higher than that in

non-encoded circuits. The method based on the high-accuracy optical platform directs the way to study the

more error propagation in quantum fault-tolerant circuits.

rrect output €

probability of co

probability of correct output S

Fig. 1 a, Principle to implement physical qubits with the spatial modes of two entangled photons. And the
experimental pattern on each photon is illustrated in b. Experimental results of the fault-tolerant circuits for
the logical operation of single-qubit Hadamard gate are shown in ¢, and the results for the logical operations
considering a following two-qubit controlled-not gate are shown in d. Fp and f, represents the success output
probabilities for the encoded circuit and non-encoded circuit, respectively. The fault-tolerant manner is
verified with Fp> fp.

A «
fault-tolerant, threshold, entangled photons, spatial mode
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[2] K. Sun, et al., Optical demonstration of quantum fault-tolerant threshold, Light: Science & Applications
11, 203 (2022).
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Fewer-qubit quantum logic gate, serving as a basic unit for constructing universal multiqubit gates,
has been widely applied in quantum computing and quantum information. However, traditional
constructions for fewer-qubit gates often utilize a multipulse protocol, which inevitably suffers from
serious intrinsic errors during the gate execution. In this paper, we report an optimal model about universal
two- and three-qubit CNOT gates mediated by excitation to Rydberg states with easily accessible van der
Waals interactions. This gate depends on a global optimization to implement amplitude- and
phase-modulated pulses via genetic algorithm, which can facilitate the gate operation with fewer optical
pulses. Compared to conventional multipulse piecewise schemes, our gate can be realized by simultaneous
excitation of atoms to the Rydberg states, saving the time for multipulse switching at different spatial
locations. Our numerical simulations show that a single-pulse two- (three-) qubit CNOT gate is possibly
achieved with a fidelity of 99.23% (90.39%) for two qubits separated by 7.10 um when the fluctuation of
Rydberg interactions is excluded. Our work is promising for achieving fast and convenient multiqubit

quantum computing in the study of neutral-atom quantum technology.
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Abstract : Quantum metrology aims at acquiring an ultrahigh-precision estimation of a quantity of interest
by making use of certain quantum resources, which have no classical counterparts. Quantum entanglement,
quantum squeezing as well as quantum criticality are the most common resources employed in the scheme
of quantum metrology. Unfortunately, the superiority of quantum metrology is usually destroyed by
decoherence, which is induced by the inevitable interaction with the surrounding environment. Almost all
the present studies of noisy quantum metrology have restricted their attention to the pure dephasing
mechanism or the rotating-wave approximation. The effect of counter-rotating-wave terms on the
performance of quantum metrology remains indistinct.

In this talk, I shall report our recent work [1]. We find the counter-rotating-wave terms are able to
boost the noisy quantum metrological performance in the intermediate- and strong-coupling regimes,
whether the dissipative environment is composed of bosons or fermions. The results presented in this
paper may pave the way to design a high-precision quantum estimation scenario under practical
decoherence.

Key words: Counter-rotating-wave terms, Quantum metrology, Decoherence
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We propose to realize an optical isolator based on backward Brillouin scattering in a
whispering-gallery-mode (WGM) cavity that supports both traveling optical and acoustic waves. When the
WGM cavity is optically driven in one direction, the time-reversal symmetry is broken due to the
unidirectional photon—phonon coupling, leading to the desired optical nonreciprocity. We show that the
signal light can be either transmitted or absorbed, when it propagates in the same or opposite direction as
the strong pump laser. The perfect photon absorption can be interpreted as a phase transition in a
parity—time—symmetric non-Hermitian Hamiltonian with the balanced gain and loss. The proposed scheme
paves a way for the realization of an on-chip optical isolator with the high degree of isolation, large

bandwidth, and low insertion loss simultaneously.

FH#IA :  Optical nonreciprocity; Optical isolator; Backward Brillouin scattering.
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Abstract :

Cavity optomechanics can be realized at microwave frequencies. High-stress silicon nitride (SiN) has
emerged as the material to realize the highest mechanical quality factors for usage in quantum
optomechanics. This is due to the fact that a high pre-stress shunts the material losses, and the mode profile
can be designed such that anchor losses are mitigated [1]. In our work, a high Q value assists in reaching
mechanical ground-state and conditions where quantum backaction becomes relevant. However, a
relatively low frequency and narrow spectral linewidth create experimental challenges, which we show can
be overcome. We show sideband cooling close to the ground state, reaching n_m = 0.3. We then carry out a
quantum backaction measurement using a large 0.5 mm diameter silicon nitride membrane oscillator with
707 kHz frequency, via a microwave cavity readout. The measurement shows that quantum backaction
noise can be evaded in the quadrature measurement of the motion of a large object. Against the most
reasonable comparison, the backaction is evaded by 9 quanta at cooperativity C = 10. This implies the
oscillator fluctuations amount to only 60% of that with QBA contribution included [2].

When the mechanical mode enters the quantum regime, we experimentally study optomechanical
anti-lasing and find the latter occurs at a critical optomechanical coupling. Meanwhile, anti-lasing
mediates a phase transition. Subsequently, the group delay measured with a continuous or pulsed probe
field exhibits a singularity, around which the group advance and delay diverge [3]. The singularity with the
infinite group delay may motivate ways to realize extremely long signal storage times as an alternative to

the schemes based on, e.g., solid nuclear spins, or atomic frequency comb.

Key words: Ground-state cooling, quantum backaction evasion, antilasing singularity,quantum memory
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Abstract:

A guantum resonator in a thermal-equilibrium state with a high temperature has a
large average population and is featured with significant occupation over Fock states
with a high excitation number. The resonator could be cooled down via continuous
measurements on the ground state of a coupled two-level system. Beyond the
conventional strategy, we introduce strong driving between the excited state of the
qgubit and an external level. It can remarkably broaden the cooling range. The driving-
induced fast transition constrains the resonator and the ancillary qubit at their ground
state upon measurement and then simulates the quantum Zeno effect. Our protocol
is applied to cool down a high-temperature magnetic resonator.

References:

J. Yan and J. Jing*, External-level assisted cooling by measurement, Physical Review A 104,
063105 (2021).
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Cold hybrid ion-atom systems are promising for understanding the physics of impurities with possible
studies of charge mobility, ion-atom reaction, sympathetic cooling, and polarons. Studying the dynamics of
impurity ions would benefit greatly from a non-destructive and fast imaging technique.

In this talk, I show how Rydberg atoms can be used for imaging the electric field created by ions
embedded in an atomic gas, allowing for the fast detection of the ions [1]. Rydberg energy levels of atoms
are subject to huge Stark effects in the vicinity of an ion. When the ion-atom mixture is begin driven in
condition of electromagnetically induced transparency (EIT) involving a Rydberg state, the ions within the
atomic cloud induce enhanced scattering of the probe light in their surrounding due to a phenomenon
similar to photon blockade. While simple shadow imaging of the probe light was employed for imaging the
ions in our previous work [1], a recent improvement making use of homodyne detection with a strong
reference beam allows us to realize imaging in a single shot in only one microsecond. The experimental
work being presented is done in the Rydberg atom group at Centre for Quantum Technologies, National
University of Singapore.

KH#IA:  Electromagnetically induced transparency, Rydberg state, ions, imaging
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Non-Markovian Quantum Thermometry

Jun-Hong An
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Abstract: The rapidly developing quantum technologies and thermodynamics have put forward a
requirement to precisely control and measure the temperature of microscopic matter at the quantum level.
Many quantum thermometry schemes have been proposed. However, precisely measuring low temperature
is still challenging because the obtained sensing errors generally tend to diverge with decreasing temperature.
Using a continuous-variable system as a thermometer, we propose a non-Markovian quantum thermometry
to measure the temperature of a quantum reservoir. A mechanism to make the sensing error 6T scale with
the temperature T as the Landau bound 8T = T in the full-temperature regime is discovered. Our analysis
reveals that it is the quantum criticality of the total thermometer-reservoir system that causes this enhanced
sensitivity. Efficiently avoiding the error-divergence problem, our result gives an efficient way to precisely

measure the low temperature of quantum systems.

Keywords: non-Markovian effect, quantum thermometry
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f%: We demonstrate quantum interference between single photons and single magnons using a
generalized beam splitter based on a quantum memory. The cross-over from the bosonic to
fermionic quantum statistics is observed by tuning the beam splitter to non-Hermitian in the Hong-
Ou-Mandel type interference. Moreover, multi-particle interference that simulates the behavior of
three fermions by three input photons has been realized.

1A the magnon-photon HOM interferometer, full quantum interference, non-Hermitian, multi-

particle interference

EEPUN
[1] Keyu Su, Yi Zhong, Shanchao Zhang, Jianfeng Li, Chang-Ling Zou, Yunfei Wang, Hui Yan, and
Shi-Liang Zhu, Quantum interference between non-identical single particles. (L 4%H)
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Quantum-Light Multidimensional Spectroscopy of Molecules
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Quantum states of the light, e.g., single photons, entanglement and squeezing, opens up a new avenue for
spectroscopy by utilizing the parameters of quantum optical fields as novel control knobs and through the
variation of photon statistics. With the advance of cavity quantum electrodynamics and light source
technology, imaging and controlling the electron and vibrational motions of molecules can be achieved,
towards unprecedented resolution and precision, not accessible by the classical light pulses [1]. In this talk,
I will present our recent works on multidimensional spectroscopy using quantum states of light. Several
schemes will be discussed: multidimensional coherent probe, photon-coincidence counting, and Raman
spectra with quantum optical fields [2,3,4]. Microscopic models for molecular polaritons using reduced

density matrix approach will be incorporated for a unified understanding of the signals.

Key words: Entanglement, Cavity, Polariton, Molecule, Spectroscopy

Figure: (a) Schematic of entangled photons as ultrafast probe for molecules, where a parametric down
conversion (PDC) through nonlinear crystals and photon-coincidence counting are presented; (b) Raman
interaction between molecules and entangled photons generated from PDC process.
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fE1E:  Open quantum systems typically lose their quantum properties when subjected to
environmental noise. In this Letter we demonstrate how noise can actually purify an open quantum system.
That is, we effectively reverse the direction of decoherence. In particular, we consider two qubits under
dephasing noise. We implement our purification protocol in an all-optical experiment and apply it in noisy
quantum teleportation. Remarkably, we achieve high teleportation fidelities without the initial resource
qubits ever violating the Bell-CHSH inequalities. Our results can be explained by hybrid entanglement and
hidden nonlocality.

KH#1A:  Open quantum systems, decoherence, quantum teleportation, entanglement.
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Abstract :

High-precision sensing of vectorial forces has broad impact on both fundamental research and
technological applications such as the examination of vacuum fluctuations and the detection of
remote seismic activity and surface roughness of nanostructures. Recent years have witnessed
much progress on sensing alternating electromagnetic forces for the rapidly advancing quantum
technology---orders-of-magnitude improvement has been accomplished on the detection
sensitivity with atomic sensors, whereas precision measurement of static forces lags far behind
with the corresponding long-term stability rarely demonstrated. Here, based on quantum atomic
matter waves confined by a laser potential, we perform precision measurement of static forces by
imaging coherent wave mechanics in the reciprocal space. We achieve a state-of-the-art
measurement sensitivity of 2.30(8)x 1072° N/+/Hz. Long-term stabilities on the order of
10728 N are observed in the two spatial components of a force, which allows probing atomic
Van der Waals forces at a millimeter distance. The weak electromagnetic force is well controlled
and the alternating force could be measured in our experiment. Further developments of our
method hold promise for delivering unprecedented atom-based quantum force sensing
technologies.
Key words:

Quantum precision measurement, ultra-cold atom, vectorial force
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FEEIESC: EAH R & 1) &1 RS0 L AT S R D & ml DABR X LE R 3l 2 5F 2 1M 2., i m (s B
WFRR R, REX—FRMI G CAWRINZ A, (BAE LI ik B R AN & AR 2 — DR A
PO ENAT % . fEIXE, FRATN T 5T 8147 4068 P A AH (R ) % () B A7 e P A DN 1)
— . RADEFRETATE, BRATESR Bl 7 — MR EARN R, EFHFEER. (AN,
BATRIL T @R R TS B M a7 E R N (1) ERTRFEF, 13
XA R GG B AR ESBAT R MR %, SR RSN T, RS REETES
PAHFAE B XM G NI E [ AEH (measurement backaction). A 1 /I i al/E A,
Perarnau-Llobet53 AF& H 7 — ik TN E 1 5 % (2], @ AN &R 5EHE Z WG A TE
Bo BAVESER R THEFATERI T ZHE, BEREMER T HAER D ERER I ER
25 [3). T UL EREANETT SR, BATEMUESIN TIHES, Eigd-— Bl 7' FNE R
M AEF, F HIRAITESESS SOl T %6, s 7R R AE > 2 i/ NP EeRF 2 g &2 (4],
DRI, FRATT ) S5 ke BRI 1 76 &MU TR OR IR A& /) A SR B ) T AT 1%

K. RE, BTAYE, BT

S 3CHR

[1] M. Perarnau-Llobet, E. Baumer, K. V. Hovhannisyan, M. Huber, and A. Acin, No-Go Theorem for the
Characterization of Work Fluctuations in Coherent Quantum Systems, Phys. Rev. Lett. 118, 070601

(2017).

[2] ]1Z. Hou, J.-F. Tang, J. Shang, H. Zhu, J. Li, Y. Yuan, K.-D. Wu, G.-Y. Xiang, C.-F. Li, and G.-C. Guo,
Deterministic realization of collective measurements via photonic quantum walks, Nat. Commun. 9,

1414 (2018).

102



[3] K.-D. Wu, Y. Yuan, G.-Y. Xiang, C.-F. Li, G.-C. Guo, and M. Perarnau-Llobet, Experimentally reducing

the quantum measurement back action in work distributions by a collective measurement, Sci. Adv. 5,

2375 (2019).

[4] K.-D. Wu, E. B"aumer, J.-F. Tang, K. V. Hovhannisyan, M. Perarnau-Llobet, G.-Y. Xiang, C.-F. Li, and

G.-C. Guo, Minimizing backaction through entangled measurements, Phys. Rev. Lett. 125, 210401

(2020).

103



AFELMETH ULt SNER ZNX AR

_=¢% 17 5&{\"%&_'1’ %17 XS‘CFE'I’ §B$E19 Ej;%‘%‘" 2+’ é/J\;Hé g
' REAFRENEELET TEFIR, LREAEHAHXFTHEALRE, K#F 300072
2 Department of Physics, City University of Hong Kong, 83 Tat Chee Avenue, Kowloon, Hong
Kong

Email: * xiaoyingli@tju.edu.cn; " jeffou@cityu.edu.hk

RLNETIACE P E T T HA R R R S B ORAACE B - 8 28T R ek 73
WREREI ARG G RIEE . BB BRI RATIIT, AT O HERTHI & REUZRINLEA
TEIRZI R BRAE, T H ORI T ARG AT AR s A SR W A L T T R MURF I (1] X e
RIAHARBOR T AATRR A0 R &7 B BGEAT IR TE 6080

FESCHURE & & 50 AR RN, AR F A — BT AT B —E KRR,
M SR ORI . BRI, ERGLZ RS T 72 I 18] 80 IR S5 45 B AT IX 7018, AT
BUE 2005t m ELPR B R, TSR SUH K . ARG R Bk B HL B R A S AR 2 08
A5, G B 0 I B BRI A AT X TR R T T LR . AR E &7 T BRI A H
TUEE G EEET T X R E & 7 Tk R]. FIHE T T RIRIEE AR, K
PP 22 AR I AR, 45 & LB AR MR 25 1 s i) 7 R i, U AT e i i A & ik
SETHPBRl. ZMREE T RHNER TR AP G R T NS
AL EEE L

K AREMETHAL BT, PEERHHEN, e

S5 3HR

[11Z.Y.Ouand X. Y. Li, Quantum SU(1,1) interferometers: Basic principles and applications, APL Photon. 5,
080902 (2020).

[2] A. G. Zajonc, L. J. Wang, X. Y. Zou, and L. Mandel, Quantum eraser, Nature 353, 507 (1991).

[3]1N. Huo, L. Cui, Y. X. Zhang, W. Zhao, X. S. Guo, Z. Y. Ou, and X. Y. Li, Measurement-dependent erasure
of distinguishability for the observation of interference in an unbalanced SU(1,1) interferometer, PRX Quantum
3,020313 (2022).

104



PRI B ELE 5 8 T 448 R F AR5

KR A
FHAFMERE LR AER, 315211

HE4E: chengjie.zhang@gmail.com

fHELIES: Experimentally quantifying entanglement and coherence are extremely important for quantum
resource theory. However, because the quantum state tomography requires exponentially growing
measurements with the number of qubits, it is hard to quantify entanglement and coherence based on the
full information of the experimentally realized multipartite states. Fortunately, other methods have been
found to directly measure the fidelity of experimental states without quantum state tomography. Here we
present a fidelity-based method to derive experimentally accessible lower bounds for measures of genuine
multipartite entanglement and coherence. On the one hand, the method works for genuine multipartite
entanglement measures including the convex-roof extended negativity, the concurrence, the G-concurrence,
and the geometric measure for genuine multipartite entanglement. On the other hand, the method also
delivers observable lower bounds for the convex roof of the 11-norm of coherence, the geometric measure
of coherence, and the coherence of formation. Furthermore, all the lower bounds are based on the fidelity
between the chosen pure state and the target state, and we obtain the lower bounds of several real

experimental states as examples of our results.
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FEIEC: Bell AN M Son T EF S MR LR 2 AR 2P . Jes I BEMHR A N
KT XTET RN, ERE TR BT ST IROVES K HEERA . Squbittilt, &4tE TR
U R IR IR IR 7 T B A BB AR 3 TEXRRE O B JE TR S a6 v, 5 P DU 4 i 24 AR Y 2L
IBell NS5 U AR E61.8% KT I A% . TESRIG R, FRATT & YCIE B T VU 4 24 48 5 1% 76 ¢ PR R
TR FEERET 7 Bellh S 1P 4EL PR PR IR 2N T71.7%, RS PR LE50.995£0.001
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FHEIESC: fEET I MNEZE T o 2R A 5| J1 2 AR B 2 1 — Rk . Bals, — il &7
S 1M ETE RIS AR, WERIASK R T2 5] 151 R A & HAEE ) (')
PR EIESE[1,2]. BIHBIOAIE, B4R T MY RS, a0 Stern-Gerlach T &L, 24
TG S 1FRET A SR, 51 13 E TR EAER /N, BRI &1 5] 713 3L
W E PR AR -

N R EROCEEPRR, EARRIRE S, AR — AN ET S5 UGS BT G bR, bR dE
ARASR S T 51 SR I 2 i S BN AE 5 REUE [3]. Bk, IATEGEH T S5 EBCR 5 [4]
A1 Einstein-Podolsky-Rosen (EPR) F5| [5,6]. 5 VI/REEGEAL, FATH RS 7 W2 AT LURHATLIZE 3% (1))
A, Hor @R IEEMINER (FI &5, 15— AR TIMEROR . FRATERH, MR
BN, @Mk (g 713 TRIESELE S E R E T WL, MR 7 e s 7
B S5ULHT BB B, FRATI 7T LU R L (B 1) 5] IBIAME S IO E M B I+ (%
Rl B T 55 4E KN ) o R Ut FRATIH AT DAk BRAT TS 2 LT eiE M2 R AU (5 5 . 3R
B TAEAE 5] 75 T 21 48 (A DU B8 20 S 56 S . FRATTID &5 AR TEA A BT R AR 51 J1idEE
P TERE 7 AT RN, T H 9 Bk ) 55 2 ZE AR R T I R .
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f§EIESC: The vacuum of is the gauge field state with the lowest energy and thus zero field strength. It is
crucial to our understanding of some amazing features of particle structures and quantum fields. A familiar
vacuum is the zero point fluctuation of the electromagnetic field, which leads to physical effects such as the
Lamb shift and Casmir force. In the electroweak theory, the investigation of vacuum leads to our deep
understanding of the world such as the origin of mass and Higgs model. Notably, the vacua of Abelian
gauge field have been widely studied in various platforms and attracted a lot of interest. In sharp contrast,
the vacua of non-Abelian Yang-Mills fields has not been synthetized with any systems and is hard to be
explored since it is a nonperturbative solution of a nonlinear quantum field equation. Topological vacua are
a family of degenerate ground states of the non-Abelian Yang-Mills field with zero field strength but
non-trivial topological structures. They were firstly predicted in year 1975 and afterwards play fundamental
roles in modern particle physics and quantum field theory. However, it has not yet been experimentally
observed. In this talk, we would like to discuss the first theoretical proposal and experimental realization of
a synthetic topological vacua with a cloud of atomic Bose-Einstein condensates. The vacuum of topological
number n =1 and are realized, the different topology can be easily oberved from their distinctive spin
textures and Hopf links.

KA iA: synthetic gauge field, non-abelian vacuum, ultracold atoms, Bose-Einstein condensate
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As an energy storing and converting device near atomic size, a quantum battery (QB) promises
enhanced charging power and extractable work using quantum resources. However, the ubiquitous
decoherence causes its cyclic charging-storing-discharging process to become deactivated, which is
called aging of the QB. Here, we propose a mechanism to overcome the aging of a QB. It is found
that the decoherence of the QB is suppressed when two Floquet bound states (FBSs) are formed in
the quasienergy spectrum of the total system consisting of the QB-charger setup and their respective
environments. As long as either the quasienergies of the two FBSs are degenerate or the QB-
charger coupling is large in the presence of two FBSs, the QB exposed to the dissipative
environments returns to its near-ideal cyclic stage. Our result supplies an insightful guideline to
realize the QB in practice using Floquet engineering.

Reference:
Si-Yuan Bai and Jun-Hong An; Floquet engineering to reactivate a dissipative quantum battery; Phys. Rev. A.

102.060201 (2020)
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i #1EC: Quantum measurements with abstention allow for better performance in quantum information
processing tasks such as unambiguous state discrimination'!! and quantum metrology!?. However, their
experimental realization is quite challenging, since sophisticated quantum measurements are required. Here,
we focus on the fundamental task of direction estimation!*!. We consider the problem in which a party,
Alice, is given a two spin-1/2 state rotated in some direction, and performs a measurement to guess this
direction. In the standard estimating protocols without abstention, the optimal direction guessing can only
be achieved with some specific input states!>.. Here we consider the case in which the input state is
suboptimal, experimentally demonstrating that Alice can, under some conditions, still reach the optimal
guessing score (in terms of the fidelity and maximum likelihood scores) using abstention. We develop a
general method to implement arbitrary two-qubit POVMs, and realize the optimal five-output two-qubit
collective measurements with fidelities above 0.9850 using nine-step photonic quantum walks!). Thanks to
abstention, we obtain more than a 10-fold improvement of the direction guessing scores (in terms of
deviation to the optimal guessing scores) [see FIG.1]. Furthermore, our experimental method promises
scalability, which makes it possible to implement generalized measurements in higher dimensions. Our
work demonstrates the versatility of photonic quantum walks for implementing many-qubit sophisticated

measurements.
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FIG. 1. Experimental results of the optimal direction guessing. For (a) likelihood score and (c) fidelity
score, it is experimentally proved that the suboptimal states can also achieve the maximal score with

abstention. The corresponding acceptance rate in each case is shown in (b) and (d) respectively.

RHHIA:  direction guessing, abstention, collective measurement, quantum walk
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fHEIESC: The quantum Rabi describes a two-level atom coupled to an optical cavity strongly, which
undergoes a super-radiant phase transition in the limit where the atomic transition frequency in the unit of
the cavity frequency tends to infinity[1-3]. The interplay of interactions, symmetries, and gauge fields
usually leads to intriguing quantum many body phases. To explore the nature of emerging phases, we
study a quantum Rabi triangle system as an elementary building block for synthesizing an artificial
magnetic field. We develop an analytical approach to study the rich phase diagram and the associated
quantum criticality[4]. Of particular interest is the emergence of a chiral-coherent phase, which breaks both
the Z2 and the chiral symmetry. In this chiral phase, photons flow unidirectionally and the chirality can be
tuned by the artificial gauge field, exhibiting a signature of broken time-reversal symmetry. The
finite-frequency scaling analysis further confirms the associated phase transition to be in the universality
class of the Dicke model. This model can simulate a broad range of physical phenomena of light-matter
coupling systems, and may have an application in future developments of various quantum information

technologies.

FEiA:  Quantum Rabi model, artificial magnetic field, chiral photon current

N

3R :

1]M.-J. Hwang, R. Puebla, and M. B. Plenio, Phys. Rev. Lett . 115, 180404 (2015).

2IM. X. Liu, S. Chesi, Z.J. Ying, X.S. Chen, H.G.Luo, and H.Q. Lin, Phys. Rev. Lett . 119, 220601 (2017).
31X.Y. Chen, Y.Y. Zhang, L.B. Fu, and H. Zheng, Phys. Rev. A 101, 033827 (2020).

[
[
[
[41Y.Y. Zhang, Z. X. Hu, L.B.Fu, H.G.Luo, H.Pu, X.F.Zhang, Phys. Rev. Lett . 127, 063602 (2021).

]
]
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FHE L

A multiphoton collective phase is a multiphoton-scattering feature that cannot be reduced to a sequence of
two-photon scattering events, and the three-photon “triad phase” is the smallest nontrivial example.
Observing a higher-order collective phase is experimentally challenging, and only triad and four-photon
tetrad collective phases have been observed. We introduce a scheme to make higher-order multiphoton
collective-phase observations feasible by designing a sparse interferometer, which significantly reduces
complexity compared with the current best scheme for observing a multiphoton collective phase.
Specifically, our scheme reduces the optical depth from logarithmic to constant and reduces the number of
beam splitters from O(nlogn) to linear scaling with respect to the collective-phase order n. As constant
depth reduces loss and dispersion to a fixed rate regardless of collective-phase order, a major obstacle to

observing large-scale collective phases is removed.
AR «

multiphoton interference, multiphoton collective phase, sparse interferometry, constant optical depth,

high-order correlation
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[1]J. Ahn, Z. Xu, J. Bang, Y. Deng, T. M. Hoang, Q. Han, R. Ma, and T. Li, Phys. Rev. Lett. 121, 033603
(2018).
[2] R. Rene, M. Doderer, E. Hebestreit, R. Diehl, M. Frimmer, D. Windey, F. Tebbenjohanns, and L.
Novotny, Phys. Rev. Lett. 121, 033602 (2018).
[3] U. Deli’ ¢, M. Reisenbauer, K. Dare, D. Grass, V. Vuleti” ¢, N. Kiesel, and M. Aspelmeyer, Science 367,
892 (2020).
[4] L. Magrini, P. Rosenzweig, C. Bach, A. Deutschmann-Olek, S. G. Hofer, S. Hong, N. Kiesel, A. Kugi,
and M. Aspelmeyer, Nature 595(7867), 373 - 377 (2021).
5] F. Tebbenjohanns, M. L. Mattana, M. Rossi, M. Frimmer, and L. Novotny, Nature 595, 378 (2021).
6] Antonio Pontin, Hayden Fu, Marko Toro$, Tania S. Monteiro, Peter F. Barker, arXiv:2205.10193v1.
71 Y. Jin, J. Yan, S. J. Rahman, X. Yu, and J. Zhang, Appl. Phys. Lett., 119, 021106 (2021).
8] Y. Jin, J. Yan, S. J. Rahman, X. Yu, and J. Zhang, Opt. Express, 30, 20026 (2022).
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[1] Xiao, T., Fan, J. & Zeng, G. Parameter estimation in quantum sensing based on deep reinforcement
learning. npj Quantum Inf 8, 2 (2022). https://doi.org/10.1038/s41534-021-00513-z.
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[1] Yang Y. et al., Multiparameter simultaneous optimal estimation with an SU(2) coding unitary evolution,
Phys. Rev. A 105, 022406 (2022).

[2] Yang Y. et al., Untwining two parameters at the exclusive zero-coincidence points, arXiv:2206.05999
(2022).

[3] Hou Z. et al., Zero—trade-off multiparameter quantum estimation via simultaneously saturating multiple
Heisenberg uncertainty relations, Sci. Adv. 7, eabd2986 (2021).

[4] Yuan H., Sequential Feedback Scheme Outperforms the Parallel Scheme for Hamiltonian Parameter
Estimation, Phys. Rev. Lett. 117, 160801 (2016).

121



B i
T A
WL A 4

dwwang@zju.edu.cn

TR R A R T SR A BOR S H R S B A (] i, FT DLIE I 2 8O0 & r i
SIEYIR GG TR LS P AT AT DU IR0 7 28 58S A0 I S APT U RE R  f  F) E H 2 A
AESRE . AR TR T B G A B, AR ST A% AN 52 ST Ao sh IR, 7T LR SR 730 il 46
Hiok, My FEASRAE 7 — AR N ISAT T & o AR SR GRS A% B A R 1]
BECHAFR M WA [2] s FAJR 7 AR S A% (0 AL G 1 SRy Ak [ Zak AL (A I £ 3) 55 e
B R Wi

(Vp-eg)/2Q21
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Black: DOS

B
o
Lo
'
‘mkpﬂk] n—=1n +2>
. ————— . e e

IR R TS

K. HERS, ZaktHAL, PR, PACAGR, I

EEPU S

[1] Phys. Rev. Lett. 114, 043602 (2015); Optica 2, 712 (2015).

[2] Phys. Rev. Lett. 120, 193601 (2018); npj Quantum Information 6, 18 (2020); Phys. Rev. A 104, 043326 (2021).
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[1] Rui Qu, Yunlong Wang, Min An, Feiran Wang, Quan Quan, Hongrong Li, Hong Gao, Fuli Li, and Pei
Zhang, "Retrieving High-Dimensional Quantum Steering from a Noisy Environment with N
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[1] Li, Xiaoying et. al., Fiber-based source of photon pairs at telecom band with high temporal coherence
and brightness for quantum information processing, Opt. Lett. 33, 593-595 (2008)

[2] Huo, Nan et. al., Direct Temporal Mode Measurement for the Characterization of Temporally
Multiplexed High Dimensional Quantum Entanglement in Continuous Variables, Phys Rev Lett. 124,
213603 (2020)

[3] LiuY. et al., Long-distance distribution of the telecom band intensity difference squeezing generated
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Omnipresent coexistence of rogue waves in a nonlinear two-
wave interference system and its explanation by modulation
instability
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Nuclear Engineering, Magurele-Bucharest, RO-077125, Romania
3Laboratoire ICB, U.M.R. 6303 C.N.R.S., Université Bourgogne Franche-Comté¢, 9
avenue A. Savary, F-21078 Dijon, France
4INO CNR and Dipartimento di Ingegneria dell’ Informazione, Universita di Brescia,
Via Branze 38, 25123 Brescia, Italy, fabio.baronio@unibs.it

Email: ccpanzw@163.com

Abstract: We investigate the coexisting rogue wave dynamics associated with two fundamental-
frequency optical waves interacting in a quadratic nonlinear medium. Using the vector Chen—Lee—
Liu nonlinear Schrodinger equation model, we obtain exact rogue wave solutions at first and higher
orders on the more general periodic backgrounds. We unveil that the inherent self-steepening effect
may allow an omnipresent rogue wave coexistence over a broad range of parameters in both the
normal and anomalous dispersion regimes, in addition to allowing ultrastrong peak amplitudes. We
also demonstrate that such universality of coexistence can be anticipated by the appearance of two
peaks in the modulation instability spectrum. We numerically confirm the robustness of the
coexisting Peregrine solitons against initial noise as well as their excitation from a turbulent wave
field caused by modulation instability. We expect that these findings will shed light on the generation

of extreme wave events resulting from the interference of multiple continuous-wave fields.

Keywords: rogue wave, Peregrine soliton, vector Chen—Lee—Liu equation
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FIG. Numerical excitation of coexisting Peregrine solitons from a turbulent periodic-wave field.
The ellipses and boxes in the insets of (a) and (b) have singled out such coexisting Peregrine

soliton states in a sea of waves.
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f§EIESC: This talk will present several results on pattern-formation in long-range interacting ultracold
atomic systems. The first part will focus on cold atomic gas with inherent long-range interactions, i.e.,
dipolar Bose-Einstein condensates, for which the possibility of obtaining quantum states with
self-organized long-range ordering can be facilitated by quantum fluctuations which suppress collapse and
pave the way for supersolids. We find that quantum fluctuations can alter the order of the phase transition
from first- to second order. Furthermore, apart from the usual triangular lattice of density droplets, quantum
fluctuations can give rise to a novel quantum state whose density distribution displays a honeycomb
structure. The second part will present photon-mediated effective atom-atom interactions via
retro-reflecting mirrors. These lead to a rich variety of patterns of self-bound droplet clusters of ultracold

matter waves.

K4#iA:  dipolar BECs; quantum fluctuations; supersolids; long-range interactions

S 3R
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$i# 2 1E 3C: Waveguide QED as a hybrid system of excitation and photon, serves as an important platform to
explore light-matter interaction. In this talk, I will introduce the localization and scattering of a single
photon in a waveguide coupled to qubit arrays with quasiperiodic spacings. In stark contrast to the fully
disordered waveguide QED where all states are localized, only a fraction of excitation states are localized.
We analytically find that the fraction of localized states is up to (3-v'5)/2 when the modulation frequency is
(1+V/5)/2. To uncover the relation between localization and and transmission, we develop two equivalent
methods to calculate the reflection and transmission, one is transfer-matrix method in real space and the
other is Green' s function method in momentum space. When the quasiperiodic strength is weak, an
extended subradiant state can support the transmission of photon. However, as the quasiperiodic strength
increases, localized subradiant states can completely block the transmission of a single photon in resonance
with the subradiant states, and enhance the overall reflection. Our work may find potential applications in

tunable atomic mirror, quantum storage and quantum information process.

AT BRI s S 2 B A Fo S £ 50 P 5 D NSRRI 324k, JF i Bl €00 R e O A SR S IO AAE

RHHIA : Fractional Localization, enhanced reflflection, fifine Mirrors, Quasiperiodic qubit arrays
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Realization of Bose-Einstein condensates of !74Yb Atoms
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5 E1ESC: We report the !7*Yb Bose-Einstein condensates achieved by evaporative cooling in cross optical
dipole trap. Compared with the traditional method of constructing the green magneto-optical trap, we use a
axicon to generate a hollow beam, which is nested in a conventional green MOT. Through the
implementation of blue hollow beam nested green Gaussian beam, the fast loading speed of 'So-'P;
transition line can be utilized, and the atomic loss during the transfer from blue MOT to green MOT can be
avoided, which effectively improves the atomic loading speed and the number of loaded atoms. Based on
this technique, we achieved the loading of 4%10% MOT atoms, and obtained the BEC by evaporative
cooling with an atomic number of 2%10° and a temperature of 70nK.

KA : Bose-Einstein condensates; axicon; optical dipole trap
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Nonreciprocity with structured light using optical pumping in
hot atoms
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University, Hefei 230601, China
*Key Laboratory of Quantum Information, University of Science and Technology of
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Abstract: Nonreciprocal transmission of structured light has possible applications in
the high capacity optical communication and high-dimensional signal processing.
Here, we demonstrate the magnet-free and cavity-free optical nonreciprocity of orbital
angular momentum (OAM) beam using optical pumping technologywith the
assistance of the Doppler effect in hot atoms. By using optical pumping to induce a
direction-dependent population transferring of the ground-state atoms, we realize the
optical nonreciprocity for the signal laser carrying OAM. Interestingly, the isolation
ratio is close to 30 dB and the maximum transmission is over 0.86 without using any
optical cavity can be achieved simultaneously. Due to the unique amplitude and
helical phase profile of the structured light, our proposal may open a new door for
exploring the singularity characteristics of the optical nonreciprocity using structured

light.
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Fig. 1. Experimental setup of the optical nonreciprocity
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Composite picosecond control of atomic state through
a nanofiber interface

5 5

& H K% 200438

ydmal8@fudan.edu.cn

Accurate control of single emitters at nanophotonic interfaces may greatly expand the
accessible quantum states of coupled optical spins in the confined geometry and to unveil exotic
nonlinear quantum optical effects. However, the optical control is challenged by spatially varying
light-atom coupling strength generic to nanophotonics. We demonstrate numerically that despite
the near-field inhomogenuity, nearly perfect atomic state control can be achieved by exploiting
geometric robustness of optical transitions with composite picosecond excitations. Our proposal is
followed by a proof-of-principle demonstration where an N=3 composite sequence is applied to
robustly invert the D1 population of free-flying ®*Rb atoms trespassing a nanofiber interface. The
precise control is confirmed by comparing the D2 fiber transmission with full-level simulation of
scheme to large N for precise phase patterning and arbitrary optical dipole control at the
nanophotonic interface.

key words: quantum optics, quantum control, nanofiber

grating(s)
lay  Pijz system

Z

" 500 500 -500 500 -500 500 -500 500
x [nm] x [nm] x [nm]| x [nm]

140


mailto:ydma18@fudan.edu.cn

Delay-line based adiabatic spin-dependent kicks on a
hyperfine manifold
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lyqiul6é@fudan.edu.cn, jyhu20@fudan.edu.cn, saijunwu@fudan.edu.cn

Significant aspects of advanced quantum technology today rely on rapid Raman control of
atomic hyperfine matterwaves. Unfortunately, efficient Raman excitations are usually
accompanied by uncompensated dynamic phases and coherent spin-leakages, preventing accurate
and repetitive transfer of recoil momentum to large samples. We provide systematic study to
demonstrate that the limitations can be substantially overcame by dynamically programming an
adiabatic pulse sequence. Experimentally, counter-propagating frequency-chirped pulses are

programmed on an optical delay line to parallelly drive five Am=0 hyperfine Raman transitions
of ®Rb atoms for spin-dependent kick (SDK) within t=40ns, with an fspx~97.6% inferred fidelity.
Aided by numerical modeling, we demonstrate that by alternating the chirps of successive pulses
in a balanced fashion, accumulation of non-adiabatic errors including the spin-leakages can be
managed, while the dynamic phases can be robustly cancelled. Operating on a phase-stable delay
line, the method supports precise, fast, and flexible control of spinor matterwaves with efficient
Raman excitations.
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FIG. 1. Measurements of recoil momentum and hyperfine population transfer by multiple
adiabatic SDKSs.

Key words: Cold atoms, Optical delay-line, Raman transitions, Large momentum transfer,
Geometric control
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A Biased—-rotation Approach to Precise Control of Spinor

Matterwaves Near Raman Speed Limit
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¥ IES: Fast and accurate Raman spinor matterwave control is key to implementing advanced quantum
technology for quantum sensing, simulation, and computation. Typical Raman controls are achieved at
large single-photon detunings, not only to avoid spontaneous emissions but also for reducing the
differential Stark shifts. Our work focuses on moderate single-photon detuning where the universal
rotations of atomic spinors by the Raman coupling are biased by a significant Stark shift at a fixed "biased
angle”. We demonstrate that within this "biased rotation" regime, composite pulses can be efficiently
derived with simple SU(2) dynamics for their precise implementation to alkaline atoms on a hyperfine
manifold. Our scheme fills the gap between related techniques in atom interferometry and trapped-ions for
stark-shift compensation, enabling ultra-precise universal Raman spin-wave control within nanoseconds
with moderate laser power.

1Al spinor matterwaves, Raman control, composite pulse
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Investigation of the effect of quantum measurement on
parity-time symmetry
Wei-Chen Wang"?, Yi Xie?, Man-Chao Zhang'?, Jie Zhang'?, Chun-Wang Wu'?,
Ting Chen®?, Bao-Quan Ou™?, Wei Wu'?, and Ping-Xing Chen***

1. Department of Physics, College of Liberal Arts and Sciences, National University of Defense Technology,
Changsha 410073, China;
2. Interdisciplinary Center for Quantum Information, National University of Defense Technology, Changsha
410073, China;
*Corresponding author (email: pxchen@nudt.edu.cn)

Abstract: Symmetry, including the parity-time (PT)-symmetry, is a striking topic, widely
discussed and employed in many fields. It is wellknown that quantum measurement can destroy or
disturb quantum systems. However, can and how does quantum measurement destroy the
symmetry of the measured system? To answer the pertinent question, we establish the correlation
between the quantum measurement and Floquet PT-symmetry and investigate for the first time
how the measurement frequency and measurement strength affect the PT-symmetry of the
measured system using the “°Ca” ion. It is already shown that the measurement at high frequencies
would break the PT symmetry. Notably, even for an inadequately fast measurement frequency, if
the measurement strength is sufficiently strong, the PT symmetry breaking can occur. The current
work can enhance our knowledge of quantum measurement and symmetry and may inspire further
research on the effect of quantum measurement on symmetry.

Key words: quantum measurement, PT-symmetry, ion trap
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Non-reciprocal reflection in a defective atomic lattice
Tianming Li, Maohua Wang, Chengping Yin, Jinhui Wu', and Hong Yang"
School of Physics and Electronic Engineering, Hainan Normal University, Haikou

571158, P. R. China

Email:yang_hongbj@126.com

Based on broken spatial symmetry, we propose a new scheme for
realizing non-reciprocal reflections in the one-dimensional defective
atomic lattice. Specifically, we determine the separation of the
reflectivities Ry and Ry, due to the periodic introduction of vacant lattice
cells and continuous fulfilled lattice cells. The numerical solutions show
that a broadband asymmetric reflection region with a reflection contrast
higher than 0.9 can be achieved in the EIT window, by modulating the
number of vacant lattice cells and periods. Our proposed scheme lays the

foundations for the realization of non-reciprocal light propagation.
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The reflectivities (absorptions) Ry and Ry, (Apand Ay) as a function of probe detuning,
corresponding to the period of vacant lattice cell c=10, 20 and 30, respectively.
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Stronger Hardy—-Like Proof of Quantum Contextuality
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Quantum contextuality, as a general quantum correlation, not only is necessary for fault-tolerant
guantum computation via magic state distillation and measurement-based quantum computation, but also
plays an important role in fundamental quantum physics. A particularly compelling way to reveal quantum
contextuality is through a so-called “Hardy-like proof”, which for quantum contextuality is analogues to
Hardy's proof for Bell nonlocality. In this work, we have advanced the study of the Hardy-like proof of
guantum contextuality: (i) We have theoretically presented a stronger Hardy-like proofs of quantum
contextuality in which the success probability P(e) = 1 /4 for the simplest case and P(e) tends to 1 when the
number of measurements tends to infinity. Our theory is stronger than the original work [Phys. Rev. Lett.
111, 180404, 2013], and our theoretical result has reached the maximum limit of probability P(e). (ii) We
have also experimentally tested the stronger Hardy-like proof (for the simplest case with n=7) in the hybrid
four-dimensional quantum system defined by the polarization and orbital angular momentum of single
photons, and the experimental result agrees with the theoretical prediction within experimental errors.
Furthermore, importantly the stronger Hardy-like proof can lead to stronger noncontextuality inequality
with the same number of measurements, which has an advantage over the extended KCBS noncontextuality
inequality in the previous literature. Our results offer a way for optimizing and enriching exclusivity graphs,
helping to explore more abundant quantum properties.
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Fig.1. (a) Compatibility graph of the n measurements (with n = 7, 11, 15, 19...) used for the Hardy-like proof of quantum
contextuality. Each vertex represents a measurement. \ertices connected by an edge are jointly measurable. Each of the outer
vertices belongs to two triangles. In totally, there are (n-1)/2 triangles. (b) The success probabilities of our theory (blue curve)
and that of the n-cycle Hardy-like proof (red curve) versus n. (c) The degree of quantum contextuality of our theory (blue

curve) and that of the extended KCBS inequality (red curve) versus n.
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Symmetry-Protected Higher-Order Exceptional Points in

Staggered Photonic Rhombic Lattices
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Higher-order exceptional points (EPs), which appear as multifold degeneracies in the spectra of
non-Hermitian systems, are garnering extensive attention in various multidisciplinary fields. However,
constructing higher-order EPs still remains as a challenge due to the strict requirement of the system
symmetries. Here we demonstrate that higher-order EPs can be judiciously fabricated in PT-symmetric
staggered rhombic lattices by introducing not only on-site gain/loss but also non-Hermitian couplings.
Zero-energy flatbands persist and symmetry-protected third-order EPs (EP3) arise in these systems owing
to the non-Hermitian chiral/sublattice symmetry, but distinct phase transitions and propagation dynamics
occur. Specifically, the EP3 arises at the Brillouin zone (BZ) boundary in the presence of on-site gain/loss.
The single-site excitations display an exponential power increase in the PT-broken phase. Meanwhile, a
nearly flatband sustains when a small lattice perturbation is applied. For the lattices with non-Hermitian
couplings, however, the EP3 appears at the BZ center. Quite remarkably, our analysis unveils a dynamical
delocalization-localization transition for the excitation of the dispersive bands and a quartic power increase
beyond the EP3. Our scheme provides a new platform towards the investigation of the higher-order EPs,
and can be further extended to the study of topological phase transitions or nonlinear processes associated
with higher-order EPs.
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Fig.1. (a) Schematic of the diagonal PT -symmetric photonic rhombic lattices formed by waveguide arrays
without non-Hermitian coupling. The unit cell consists of three sites: two edge sites with gain y (A, red) or
loss -y (C, blue) and one central site with a neutral imaginary part (B, gray). The staggered coupling
coefficients are t L = t(1+g) and tr = t(1—g), where 0 < g < 1 and t is the coupling coefficient of uniform
lattices (g = 0). For simplicity, we set the lattice period | = 1. (b, ¢) Calculated real (b) and imaginary (c)
parts of the spectrum as a function of y/t for g = 0.2. The red circles represent the position of the EP3 and
the corresponding critical value of phase transition is y./t=0.56. (d) Field distribution of a flatband CLS,
which occupies two unit cells. The characters show the corresponding amplitudes.
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Stable high-dimensional weak-light soliton molecules
and their active control
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Bound states of solitons, alias soliton molecules (SMs), are well known in one-dimensional

(1D) systems, while making stable bound states of multidimensional solitons is a challenging
problem because of the underlying instabilities. Here we propose a scheme for the creation of
stable (2+1)D and (3+1)D optical SMs in a gas of cold Rydberg atoms, in which
electromagnetically induced transparency (EIT) is induced by a control laser field. We show that,
through the interplay of the EIT and the strong long-range interaction between the Rydberg atoms,
the system gives rise to giant nonlocal Kerr nonlinearity, which in turn supports stable (2+1)D
spatial optical SMs, as well as ring-shaped soliton necklaces, including rotating ones. They feature
a large size, low generation power, and can be efficiently manipulated by tuning the nonlocality
degree of the Kerr nonlinearity. Stable (3+1)D spatiotemporal optical SMs, composed of
fundamental or vortex solitons, with low power and ultraslow propagation velocity, can also be
generated in the system. These SMs can be stored and retrieved through the switching off and on
of the control laser field. The findings reported here suggest applications to data processing and

transmission in optical systems.
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Figure 1: Schematics of the model. (a) Energy-level diagram and excitation scheme of two
ladder-type three-level atoms. (b) Top part: possible experimental geometry. Bottom part: the
contactless interaction between two optical vortices, which form a stable vortex molecule.
Keywords: soliton molecules, Rydberg atoms, nonlocal Kerr nonlinearity
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FE L

Motivated by the exploration of Unruh effect [1] with ultracold atoms and the progress in
Rydberg-dressed atomic gases, we propose a scheme to investigate the Unruh effect by the time-periodic
driving of the long-range Rydberg-dressing interaction in a Bose condensate. We apply a different strategy
to simulate the thermal bath in an accelerating reference frame that can be controlled by dynamically
modulating the long-range interaction with lasers. We find that the excitation dynamics of the BEC, which
manifests a uniformly accelerating reference frame, could be realized by controlling the oscillation
frequency of the Rydberg-dressing interaction. Further, we demonstrate that the soft-core nature of the
dressing interaction plays a key role in the analog gravity phenomenon discussed here.

4t ia . Unruh effect, Quantum simulation, Rydberg dressing, Bose-Einstein
condensate
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Abstract:

An optical isolator controlling the direction of light, which requires breaking of the reciprocity™, is
one of the key components in optical communication and quantum network. The conventional optical
nonreciprocity, achieving via Faraday effect in bulk magnetooptical material, is difficult to be integrated
into on-chip photonic system. The magnetic-free optical isolator with a low insertion loss and high
isolation is desirable for quantum networks and modern optical communication. Here, we realize an optical
isolator with the far-off resonant Raman process in a thermal A-type atomic system. The experimental
results show a high isolation, ultra-low insertion loss, and widely tunable frequency simultaneously. The
maximum isolation is more than 30 dB with 0.07 dB insertion loss. And, the frequency of the isolation can
be tuned continuously over 1.2 GHz. This high-performance magnetic-free optical isolator offers
opportunities for applications in integrated optics and quantum networks.

Keywords: Magnetic-free optical isolator, Low insertion loss, Tunable frequency, Atomic ensemble
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L IESC: Heterodyne receiver based on Rydberg atoms pushes the electromagnetic wave detection
towards quantum projection noise-limited sensitivity, but it is typically limited to detection of discrete
frequencies within the narrow bandwidth of Rydberg transitions. Here we demonstrate an atomic
heterodyne scheme for continuous frequency measurement of microwave electric fields based on multilevel
Rydberg atoms in a room-temperature vapor cell. Driven by two off-resonant microwaves acting as a
tunable local oscillator field, the heterodyne receiver can retrieve the amplitude, phase, and frequency
information of signal microwave in a continuous frequency band. In our experiment, the receiver achieves
an electric field sensitivity of up to 1.5 pV cm *Hz 2, 80 dB linear dynamic range, and over 1 GHz of
continuous frequency range. We also demonstrate the reliable reception of continuously-tunable
phase-modulated carriers in the digital communication. This work will facilitate the application of atomic
heterodyne in the areas such as radar technique, radio monitoring and radio astronomy.

1A : Rydberg atoms Heterodyne receiver Electromagnetic wave detection
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Abstract:

Quantum transducers that can convert quantum signals from the microwave to
the optical domain are a crucial optical interface for quantum information technology.
Coherent microwave-to-optics conversions have been realized with various physical
platforms, but all of them are limited to low efficiencies of less than 50%—the
threshold of the no-cloning quantum regime. Here we report coherent
microwave-to-optics transduction using Rydberg atoms and off-resonant scattering
t e c h n I q u e w i t h
an efficiency of 82 £ 2% and a bandwidth of about 1 MHz. The high conversion
efficiency is maintained for microwave photons ranging from thousands to about 50,
suggesting that our transduction is readily applicable to the single-photon level.
Without requiring cavities or aggressive cooling for the quantum ground states, our
results would push atomic transducers closer to practical applications in quantum
t e c h n 0 I 0 g i e S
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High-fidelity photonic quantum logic gate based on near-optimal
Rydberg single-photon source
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Abstract :

Compared to other types of qubits, photon is one of a kind due to its unparalleled advantages in
long-distance quantum information exchange. Therefore, photon is a natural candidate for building a
large-scale, modular optical quantum computer operating at room temperature. However, low fidelity
two-photon quantum logic gates and their probabilistic nature result in a large resource overhead for fault
tolerant quantum computation. Improving the photonic quantum gate fidelity and efficiency alleviates the
overwhelming resource consumption and holds the promise to tackle the probabilistic problem in linear
optical entangling operations with error correction. A major limitation on the fidelity of photonic quantum
logic gates is the imperfection of single photons. Here, we overcome this obstacle by using high-quality
single photons generated from Rydberg atoms as qubits for the interference-based linear optical gate
protocol, and achieve a post-selected truth table gate fidelity of 99.84(3) % and entangling gate fidelity of
99.69(4) %. Our work paves the way for scalable photonic quantum applications based on near-optimal
single-photon qubits and photon-photon gates.

Key word: Rydberg atoms, single-photon source, photonic CNOT gate
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Long-time Bell states of waveguide-mediated qubits via
continuous measurement

Huiping Zhan and Huatang Tan*
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Abstract: In this paper we consider a scheme for achieving long-time sustainable Bell states of two distant
qubits mediated by a one-dimensional waveguide whose outputs are subjected to time-continuous photon
counting or homodyne detection. In both of the detection cases, it is shown that different Bell states can be
obtained, for different initial states, in the long-time regime. In particular, we find that, in the case of
photon counting, a cyclic jump among Bell states can be formed once the first photon is registered. While
in the homodyne-detection case we further reveal that any steady Bell state can be achieved independent of
detection efficiency, with a probability of 50% . The underlying physical reason for this is also analyzed.
Our scheme is advantageous over previous studies in which only transient or intermittent Bell states can be
generated. The long-time Bell states of distant qubits can be used for constructing quantum networks.

Keyword: Bell state, photon counting, homodyne detection, quantum trajectory
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Remotely preparing optical Schrodinger cat states
via homodyne detection in nondegenerate

triple-photon spontaneous downconversion
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Abstract:Optical downconversion is a key resource for generating nonclassical
states. Very recently, direct nondegenerate triple-photon spontaneous
downconversion (NTPSD) with bright photon triplets and strong third-order
correlations has been demonstrated in a superconducting device. Besides, linear and
nonlinear tripartite entanglement in this process have also been predicted . In this
paper, we consider the generation of nonclassical optical quantum superpositions and
investigate nonlinear quantum steering effects in NTPSD. We find that large-size
Schradinger cat states of one downconverted mode can be achieved when the
othertwo modes are subjected to homodyne detection. Also, a two-photon Bell
entangled state can be

generated when only one mode is homodyned. We further reveal that such ability of
remote state steering originates from nonlinear quantum steerable correlations among
the triplets. This is specifically embodied by the seeming violation of the Heisenberg

uncertainty relation for the inferred variances of two noncommutating higher-order
quadratures of downconverted modes, based on the outcomes of homodyne detection
on the other mode, i.e., nonlinear quantum steering, compared to original Einstein-
Podolsky-Rosen steering. Our results demonstrate non-Gaussian nonclassical features
in NTPSD and would be useful for the fundamental tests of quantum physics and
implementations of optical quantum technologies.
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Figure 1. Schematic diagram for remotely generating optical quantum superpositions
by homodyne detection in a NTPSD process in which a high-frequency pump photon
(with frequency w, and in a coherent state|ap)) is simultaneously downconverted
into a triplet (denoted by a, b, ¢) of frequenciesw,, w, and w.. (&) By homodyning
the downconverted modes b and c, the third mode c is steered into a size-adjustable
Schridinger cat state [|1q) e = (lia)+|—ia)) 2(1 + e~2l2/*). (b) When only one
mode (e.g. the mode a) is homodyned, the other two modes are projected into a
two-photon Bell entangled state [|{)pen = (|05, 0,)+|15, 1.))/7/2. The abbreviation
“HD” stands for homodyne detection.

Keywords:Schrodinger cat states, two-photon Bell entangled states, nonlinear quantum
steering, nondegenerate triple-photon spontaneous downconversion
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#ELIES: Periodically modulated systems with parity symmetry have been extensively researched in
recent years and exhibit various novel phenomena and quantum technologies. We use pump-probe structure
to observe the influence of generalized parity on the alignment spectra of magnetic resonance in the
periodically biharmonic modulated warm atomic Cesium ensemble. When the generalized parity of
modulated Floquet atomic ensemble is present, the alignment spectra are symmetric. The breaking of
spectral symmetry is accompanied by the absence of generalized parity. The influence of generalized parity
on atomic alignment polarization distribution is analyzed from the perspective of the angular-momentum
probability surface. A necessary and sufficient condition for generalized parity to maintain spectral
symmetry is verified experimentally and theoretically, which provide a new perspective to investigative
complex periodic modulation system. Our results are universally applicable not only to atomic systems, but
also to solid-state systems.

JHEA :  Generalized parity, Periodically modulated systems, Alignment spectra, Atomic magnetic
resonance
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Abstract: We studied the effect of delocalized single-photon addition (DPA “1 + e""”a;) on
two input modes containing four cases: two independent coherent states (CSs), two
independent thermal states (TSs), two independent single-mode squeezed vacuums (SVs), and
an entangled two-mode squeezed vacuum (TMSV). In essence, four types of new
non-Gaussian entangling light states are generated. We studied the entanglement, the
discorrelation and the Wigner negativity for each two-mode light state. Compared with the
initial two-mode Gaussian states, the generated two-mode states are entangled, with more
parameters and complex structures, characterizing more Wigner negativity or even
discorrelation. Our results show that properties for CSs case are more sensitive on the
superposition phase ¢ than those of other three cases.

Keywords: delocalized photon addition; entanglement; discorrelation; Wigner negativity
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i E1EC: Quantum metrology has an important role in the fields of quantum optics and quantum
information processing. Here we introduce a kind of non-Gaussian state, Laguerre excitation squeezed state
as input of traditional Mach-Zehnder interferometer to examine phase estimation in a realistic case. We
consider the effects of both internal and external losses on phase estimation by using quantum Fisher
information and parity detection. It is shown that the external loss presents a bigger effect than the internal
one. The phase sensitivity and the quantum Fisher information can be improved by increasing the photon
number. The non-Gaussian state can be used to enhance the precision of phase estimation even in realistic
case.
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Abstract : Many previous studies have demonstrated that the work statistics can exhibit certain singular
behaviors in the critical regimes of many-body systems at zero or very low temperature. However, as the
temperature increases, it is commonly believed that such singularities will vanish. On contrary to this
common recognition, we here report a non-analytic behavior of the average work done, which occurs at
finite temperature, in the Dicke model subject to the sudden quenches of their work parameters. It is
revealed that the work statistics can be viewed as a signature of thermal phase transition when the quenched
parameters are tuned across the critical line that separates two different phases. This result suggests the
work statistics as a tool to characterize the quantum criticality of many-body system. Compared with
traditional methods, the work statistics approach has its own superiority, because it requires no prior
knowledge of the order parameter or symmetries. Our results may have some applications in quantum
information and quantum optics.

Key words: Dicke model, Non-equilibrium thermodynamics, Phase transition.

Reference: Ze-Zhou Zhang and Wei Wu, Work statistics and thermal phase transitions, arXiv: 2206.04422.
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Quantum router regulated by Rydberg interaction in decussate
coupled-resonator waveguides
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A single-photon router model made of two Rydberg interaction atoms in one center cavity coupled with a
decussate coupled-resonator waveguides as a quantum multi-channel is constructed. In the presence of a
classical light field, a three-level atom regulated by Rydberg interactions can be regarded as a quantum
emitter to routing photons. It can be found that two Rydberg interactions have different influences on the
transmitting spectra. Two different frequencies of photons can be routed and one of which can be turned off
by controlling Rydberg interactions and Rabi frequency. It also can be found that one kind of frequency of
photons can be transmitted. Based on these characteristics, it is a feasible scheme to generate a
multi-frequency photons router and it could be useful for designing the single-photon devices.

Quantum optics, Quantum routing, Rydberg interaction, muti-channel.
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High-fidel ity photonic and magnonic topological state
transfers in cavity—magnon system
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We propose an experimentally feasible scheme for realizing high-fidelity topological state transfer via
the topological edge states in a one-dimensional cavity-magnon lattice. We find that the cavitymagnon
system can be mapped analytically into the generalized Su-Schrieffer-Heeger model with tunable
cavity-magnon coupling. It can be shown that the edge state can be served as a quantum channel to realize
the photonic and magnonic state transfers by adjusting the cavity-cavity coupling strength. Further, our
scheme can realize the quantum state transfer between photonic state and magnonic state by changing the
cavity-magnon coupling strength. With the numerical simulation, we quantitatively show that the photonic,
magnonic and magnon-to-photon state transfers can be achieved with high fidelity in the cavity-magnon
lattice. Spectacularly, three different types of quantum state transfer schemes can be even transformed into
each other in a controllable fashion. The Su-Schrieffer-Heeger model based on the cavity-magnon chain
provides us a tunable platform to engineer the transport of photon and magnon, which may have potential
applications in topological quantum processing.

Keywords: topological state transfer, cavity-magnon system, high-fidelity
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Quantum Interference in Lossy, Asymmetric, and
Unbalanced Beam Splitters
Xingchang WANG!, Jianmin WANG?, Georgios A. SIVILOGLOU?, and J. F. CHEN!
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Southern University of Science and Technology(SUSTech), Shenzhen, Guangdong, China

Abstract: Two indistinguishable bosons interfering in a 50:50 lossless beam splitter yield a
bunching effect, which is famously known as Hong-Ou-Mandel interference, while an
anti-bunching effect is observed for fermions. In a lossy beam splitter, though, a controllable loss
can surprisingly force bosonic particles to behave like fermions with respect to their coincidence
statistics. Here we theoretically analyze quantum interference of two distinct bosonic modes in a
lossy, asymmetric, and unbalanced beam splitter. Our theoretical results are in quantitative
agreement with the corresponding experimental demonstration in a non-Hermitian cold atomic
magnon-photon beam splitter. This study may provide valuable insights in the field of
non-Hermitian physics in the quantum regime.

Key words: non-Hermitian physics; quantum interference; quantum statistics; beam splitter.
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Quantum state tomography (QST)[1] , as an analog of the "imaging" technique, is a crucial ingredient for
almost all aspects of experimental quantum information processing. As a standard process of reconstructing
guantum information of an unknown quantum state through measurements on its copies, QST is born to be
a data science problem, where machine learning techniques, noticeably neural networks, have been applied
extensively[2-4]. Here, we build and demonstrate an optical neural network (ONN)[5] for photonic
polarization qubit QST[6]. Optical neural network take the advantage of properties of light such as the
intrinsic parallel computing ability and the fast speed of light. The ONN is equipped with built-in optical
nonlinear activation functions based on electromagnetically induced transparency. The schematics of the
experiment is shown in Fig.1. With the known guantum state and their measurements as output and input, a
multi-layered neural network is trained to reconstruct the quantum state based on the measurements. The
trained neural network is optically realized with certain optimizations. Thus the ONN can predict the
unknown state with certain measurements optically. The experimental results show that our ONN can
determine the phase parameter of the qubit state accurately. As optics ONN highly desired for quantum
interconnections, our ONN-QST may contribute to the realization of optical quantum networks and inspire
the ideas combining artificial optical intelligence with quantum information studies.
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Figure 1:Schematics of optical neural network based quantum state tomography.
Keyword: optical neural network, quantum state tomography
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The exotic properties of optical Airy beams such as non-diffraction, self-healing, and most importantly
self-acceleration have been already explored extensively within the realm of classical optics [1], but their
purely quantum counterparts have remained so far largely unexplored [2]. In this work, a source of
narrowband non-diffracting spatiotemporal Airy biphotons is demonstrated for the first time in a cold
atomic gas.

In our experiments, an ensemble of cold ®Rb atoms in a 2D MOT is excited nonlinearly by two
counter-propagating laser beams via spontaneous four-wave mixing [3]. Biphotons with an Airy temporal
waveform are generated when one of the classical pumping beams is Airy shaped by exploiting the fact that
in an optically thick atomic cloud its diffraction dynamics can be mapped to the two-photon temporal
wavefunction [4]. The heralded single photons are subsequently spatially Airy shaped as well by a
phase-only spatial light modulator to create spatiotemporal Airy biphotons and observe their dynamics.

These subnatural linewidth Airy biphotons inherit the properties of their classical counterparts with the
intriguing difference that now the wavefunction is a two-particle one, and effects such as camouflaging
single photons in speckle fields and spatiotemporal photon storing in atomic gases can be demonstrated.

Keywords: Airy beam, four-wave mixing, cold atomic ensemble, non-diffraction, self-healing
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Measuring the temperature of cold atomic cloud by optical

depth time of flight
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Abstract: Here we discuss the temperature measurement in using of optical depth (OD)
time-of-flight (TOF) measurement. The OD is directly related to the atomic density describing the
exponential absorption of probe light propagation in atomic media. We will analyze the OD TOF
method to measure the temperature of cold atoms ensemble in the specific case of the probe beam
in the center of trapped atomic cloud with finite size, which is the same setup for
electromagnetically induced transparency measurement, and then give a brief account of the OD
TOF measurement in physical picture and experiment setup. We will also discuss the influence of
the temperature to the atomic coherence lifetime.

Keyword: cold atomic ensemble, temperature measurement, optical depth, time of flight, atomic
coherence
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Multi-grating for integrated single-atom trap and manipulation
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Abstract: An on-chip multi-grating device is proposed to interface single-atoms and integrated photonic
circuits, by guiding and focusing lasers ~10um above the chip for trapping, states manipulation and readout
of Rubidium atoms. For the optical dipole trap, two 850nm laser beams are diffracted by the gratings and
overlapped to form a lattice of single-atom dipole trap, with the trap diameter of optical dipole well around
2.7 um. Similar two gratings are designed for guiding 780nm probe laser to excite and also collect the
fluorescence of Rubidium atoms. Such a device provides a compact solution for future applications of
single atom, including the single photon source, single-atom quantum register, and sensor.

() (b)

Fig.1 Schematic diagram of multi-grating structure. (a) Three-dimensional diagram of
multi-grating. (b) Cross-sectional schematic diagram of two focusing gratings (up) and top
view of a single focusing grating (down).

Key Word: multi- grating, atom trap, optical trap potential
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¥ 1EC: The measurement-device-independent quantum key distribution (MDI-QKD) can be
immune to all detector side-channel attacks. Moreover, it can be easily implemented combining
with the matured decoy-state methods under current technology. It, thus, seems a very promising
candidate in practical implementation of quantum communications. However, it suffers from a
severe finite-data-size effect in most existing MDI-QKD protocols, resulting in relatively low key
rates. Recently, Jiang et al. [Phys. Rev. A 103, 012402 (2021).] proposed a double-scanning
method to drastically increase the key rate of MDI-QKD. Based on Jiang et al.’s theoretical work,
here we for the first time, to the best of our knowledge, implement the double-scanning method
into MDI-QKD and carry out corresponding experimental demonstration. With a moderate number
of pulses of 1019, we can achieve 150 km secure transmission distance, which is impossible with
all former methods. Therefore, our present work paves the way toward practical implementation of

MDI-QKD.

197



107

= Xu, et al. ™

’é‘ 103 I~ «ees Zhou, et al."?!
= . — Jiang, et al.*
2 107 . ® 120 km
z . ¢ .
& "]-S_l \ *a * 150 km
E . :
& 107 + \
g 1074
=
S 10%
g
Sp 1074
=
2 1071

101! T T T

0 20 40 60 80 100 120 140 160 180
Transmission distance (km)

K1 sl RS EIR T K

KiiA . quantum key distribution, measurement-device-independent, double-scanning
SR

[1] Liu J Y. et al., Experimental measurement-device-independent quantum key distribution with the
double-scanning method, Opt. Lett. 46, 3729-3732 (2021).

198



Experimental Realization of Sensitivity Enhancement and
Suppression with Exceptional Surfaces

Guo-Qing Qin" *, Ran-Ran Xie® *, Hao Zhang" *, Hong Yang', Xuan
Mao'(Speaker), and Gui-Lu Long" ?

'Department of Physics, State Key Laboratory of Low-Dimensional Quantum Physics, Tsinghua
University, Beijing 100084, China

gllong@tsinghua.edu.cn

Keywords: Exceptional Surfaces, Sensitivity Enhancement

Abstract. By preparing a sensor system around isolated exceptional points, one can obtain a great
enhancement of the sensitivity benefiting from the non-Hermiticity. However, this comes at the cost
of reduction of the flexibility of the system, which is critical for practical applications. By
generalizing the exceptional points to exceptional surfaces, it has been theoretically proposed recently
that enhanced sensitivity and flexibility can be combined. Here, an exceptional surface is
experimentally demonstrated in a non-Hermitian photonic sensing system, which is composed of a
whispering-gallery-mode microresonator and two nanofiber waveguides, resulting in a unidirectional
coupling between two degenerate counter-propagating modes with an external optical isolator. The
system is simple, robust, and can be easily operated around an exceptional surface. On the one hand,
sensitivity enhancement is observed by monitoring the resonant frequency splitting caused by small
perturbations. This demonstration of exceptional-surface-enhanced sensitivity paves the way for
practical non-Hermitian sensing applications. On the other hand, the suppression of frequency
splitting around the exceptional surface is also shown for the first time.
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Abstract. The highly efficient coupling of light from conventional optical components to optical
mode volumes lies in the heart of chip-based micro-devices, which is determined by the
phase-matching between propagation constants of fiber taper and the whispering-gallery-mode
(WGM) of the resonator. Optical gyroscopes, typically realized as fiber-optic gyroscopes and
ring-laser gyroscopes, have been the mainstay in diverse applications such as positioning and inertial
sensing. Here, the phase-matching is theoretically analyzed and experimentally verified. We observe
Sagnac effect in a millimeter-scale wedged resonator gyroscope which has attracted considerable
attention and been rapidly promoted in recent years. We demonstrate a bidirectional pump and probe
scheme, which directly measures the frequency beat caused by the Sagnac effect. We establish the
linear response between the detected beat frequency and the rotation velocity. The clockwise and
counterclockwise rotation can also be distinguished according to the value of the frequency beat. The
experimental results verify the feasibility of developing gyroscope in WGM resonator system and
pave the way for future development.
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Abstract.Cavity optomechanics is important in both quantum information processing and basic
physics research. In this paper, we propose an optomechanical lattice which manifests
physics . We first use the non-Bloch band theory to investigate the energy spectrum and
property of an optomechanical lattice. The generalized Brillouin zone of the system is calculated
the help of the resultant. And the periodical boundary condition (PBC) and open boundary
energy spectrum are given, subsequently. By introducing probe laser on different sites we observed
the directional amplification of the system. The direction of the amplification is analyzed combined
with the non-Hermitian skin effect. The frequency that supports the amplification is analyzed by
considering the PBC energy spectrum. By introducing probe laser on one site we investigate the
onsite transmission property. Optomechanically induced transparency (OMIT) can be achieved in
system. By varying the parameters and size of the system, the OMIT peak can be effectively
modulated or even turned into optomechanically induced amplification . Our system shows its
potential as the function of a single-way signal filter. And our model can be extended to other
non-Hermitian Bosonic model which may possess topological features and bipolar non-Hermitian
skin effect.
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An in-fiber Michelson interferometric sensor was presented by fabricating a concavity on the end face of
a single mode fiber using single CO2 laser pulse. Reflected beams from the bottom and air-cladding
boundary of the concavity are coupled into the fiber core, and superimpose to generate a two-beam in-fiber
Michelson interferometer (MI). Compared with other laser-machining methods where multiple scanning
cycles with precise manipulation are needed, the proposed method is more straightforward because only a
single laser pulse is used to construct the sensor. The concavity constructed by CO2 laser is very smooth
and its shape could be controlled flexibly by changing the position of the SMF and the parameters of the
CO2 laser pulse, so the fringe visibilities of the proposed sensors could be more than 15dB, which is higher
than that of most reported laser-machining in-fiber Mls. The proposed sensor was demonstrated by
measuring the temperature with a sensitivity of 11.13nm/°C. Furthermore, the proposed device is compact
(<100um), economical, and robust. Those advantages make it a promising candidate in practical
applications.
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Fig. 1. (a) end face and (b) side view of the in-fiber Ml; (c) operating principle and (d)
measured reflection spectra of the in-fiber Mls; (e) reflection spectra of the in-fiber Ml

with different temperatures.

Keywords: CO2 laser; Michelson interferometer; optic fiber sensor
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Abstract : Hybrid quantum systems involving solid-state spins and superconducting
microwave cavities play a crucial role in quantum science and technology, but improving the
spin-photon coupling at the single quantum level remains challenging in such systems. Here,
we propose a simple technique to strongly couple a single solid-state spin to the microwave
photons in a superconducting coplanar waveguide cavity via a magnetic microsphere. We
show that strong coupling at the single spin level can be realized by virtual magnonic
excitations of a nearby micromagnet. The spin-photon coupling strength can be enhanced up
to typically 4 orders of magnitude larger than that without the use of the micromagnet. This
work can find applications in quantum information processing with strongly coupled
solid-state spin-photonic systems.
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Abstract: The spin and orbital angular momentum of photons represent two important degrees of freedom
for optical information processing [1]. The spin angular momentum (SAM) is associated with the left and
right circular polarization (LCP and RCP) states of light, while the orbital angular momentum (OAM) is
related to the helical wavefront of light. The spin-orbit interaction (SOI) represents an important route for
controlling both the SAM and the deflection of light [2,3]. In linear and nonlinear optics, spin-orbit
interaction of light has been extensively explored in either artificial structures or conventional optical
crystals and showed great potential in applications[4]. For instance, it has been used to demonstrate the
optical spin Hall effects [5], develop advanced OAM generators [6] and so on.

However, the previous work on the optical SOI effect in the harmonic generation process is still within
the framework of classical nonlinear process, and the SOI in a quantum nonlinear optical process yet
remains unexplored. Here, we the first time experimentally demonstrate that optical spin-orbit interaction in
the spontaneous parametric down conversion process, one of the most versatile techniques for the
generation of entangled photons, can be realized through a nonlinear crystal with three-fold rotational
symmetry. The two-photon quantum states with specific angular momentum can be generated through the
symmetry selection rules in nonlinear optics and the spin-orbit interaction of the fundamental wave. The
proposed methodology may open new avenues for generating and controlling the spin and orbital angular
momentum of entangled photons.
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Fig. 1. Schematic diagram of the optical spin-orbit interaction (SOI) in the SPDC process in a nonlinear
crystal with three-fold rotational symmetry.

Keywords: Spin-orbit interaction, Spontaneous parametric down conversion, Angular momentum,
Entangled twin photons, Bulk nonlinear crystal
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F§ ¥ 1EC: Achieving tighter bounds of key rate is an essential step towards the experimental
realizations of device-independent quantum key distribution. Here, we focus on protocols where the
parameter estimation involves binary measurement settings per site and binary outputs per setting. We
employ the Jordan lemma and transform the unknown quantum state to an ensemble of two-qubit states,
based on which we derive new bounds to restrict the key rate, from below and above [1]. Our bounds can
be numerically solved via nonlinear global optimization. We show that the lower bound is tighter than
existing approaches relying on specific Bell inequalities [2] and relaxed semidefinite programmings [3].
Furthermore, both bounds are particularly tight for noiseless cases.

>4 . device—independence, quantum key distribution, nonlinear optimizaiton
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5 #1E3C: In a quantum network, flying qubits can transmit information between stationary nodes. Photons
that travels at the speed of light are ideal information transmitters. Repeater-based communication
schemes therefore require entanglement between storage medium and communication photons. We employ
trapped Ca" ions as storage medium in the repeater protocol. Compared with other quantum systems,
repeater nodes implemented with trapped ions have in particular the advantage of realizing high-fidelity
and deterministic logical operations on multiple qubits in a single node . In order to generate entanglement
between trapped ions and single photons, the ion trap is spatially overlaid with a low-loss, high finesse
Fabry-Perot cavity. The presence of the cavity can significantly improve the collection efficiency of single
photons due to the Purcell effect, thereby improving the performance of quantum repeaters. Using
bichromatic cavity-mediated Raman transition,  calcium ions in the electronic ground state are excited
to two different Zeeman levels, and these two paths generate photons with different polarization states,
respectively. This way, entanglement between the internal state of the ion and the polarization state of the
photon can be established with high fidelity and high efficiency. The main factor limiting our entanglement
distance is the photon propagation loss in the fiber, where optimal wavelengths of photon propagation lie
between 1300 nm and 1600 nm. The 854 nm photons  emitted by our Ca” ion can be converted to the
communication band 1550 nm with high efficiency and low noise. Duplicating the protocol above to
multiple repeater nodes will potentially extend the communication distance to more than 1000 km.

SegtiE: Ca’ ion, quantum repeater,
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Proposal for stable atom trapping on a GaN-on—-Sapphire chip
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The hybrid photon-atom integrated circuits, which include photonic microcavities and trapped single
neutral atom in their evanescent field, are of great potential for quantum information processing. In this
platform, the atoms provide the single-photon nonlinearity and long-lived memory, which are
complementary to the excellent passive photonics devices in conventional quantum photonic circuits. In
this work, we propose a stable platform for realizing the hybrid photon-atom circuits based on an
unsuspended photonic chip. By introducing high order modes in the microring, a feasible evanescent-field
trap potential well with trap depth about 0.3mK could be obtained by only 10mW-level power in the cavity,
compared with 100mW-level power required in the scheme based on fundamental modes. Based on our
scheme, single atom trapping with relatively low laser power is feasible for future studies on high-fidelity
quantum gates, single-photon sources, as well as many-body quantum physics based on a controllable atom
array in a microcavity

KH#iAl:  Single Atom Trapping, Microring Resonator, Photonic Integrated Circuit
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Reversible entanglement transfer between light and matter is a crucial requisite for the ongoing
developments of quantum information technologies. Quantum networks and their envisioned applications,
e.g., secure communications beyond direct transmission, distributed quantum computing, or enhanced
sensing, rely on entanglement distribution between nodes. Although entanglement transfer has been
demonstrated, a current roadblock is the limited efficiency of this process that can compromise the
scalability of multi-step architectures. Here we demonstrate the efficient transfer of heralded single-photon
entanglement into and out of two quantum memories based on large ensembles of cold cesium atoms. We
achieve an overall storage-and-retrieval efficiency of 85% together with a preserved suppression of the
two- photon component of about 10% of the value for a coherent state. Our work constitutes an important
capability that is needed toward large scale networks and increased functionality [1].

In recent years, we also demonstrated for instance the implementation of a quantum memory for quantum bits
encoded in the orbital angular momentum (OAM) degree of freedom, which provides an essential capability for
future networks with multimode capability [2]. We also realized multiple-degree-of-freedom memory, which can
find applications in classical data processing but also in quantum network scenarios where states structured in
phase and polarization have been shown to provide promising attributes [3]. Furthermore, we also report the
storage and retrieval of photonic qubits encoded with OAM state in an elongated cold rubidium atomic ensemble,
achieving a storage efficiency around 65% with an average conditional fidelity above 98%. Our work constitutes
an efficient node that is needed towards high dimensional and large scale quantum networks [4].

SR

[1] M. Cao, F. Hoffet, S. Qiu, A. S. Sheremet, and J. Laurat, “Efficient reversible entanglement transfer
between light and quantum memories” Optica 7(10) 1440-1444 (2020).

[2] A. Nicolas, L. \Veissier, L. Giner, E. Giacobino, D. Maxein and J. Laurat, “A quantum memory for
orbital angular momentum photonic qubits,” Nat. Photon. 8, 234 (2014).

[3] V. Parigi, V. D’Ambrosio, C. Arnold, L. Marrucci, F. Sciarrino & J. Laurat , “Storage and retrieval of
vector beams of lightistriin a multiple-degree-of-freedom quantum memory ,” Nat. Comm. 6 7706 (2015).

[4] C. Wang, Y. Yu, Y. Chen, M. Cao*, J. Wang, X. Yang, S. Qiu, D. Wei, H. Gao, F. li, “Efficient quantum
memory of orbital angular momentum qubits in cold atoms” Quantum Sci. Technol. 6 045008 (2021).

293



BT HOM F5 R KEE D LA ETRTEIRI L
POEZ, TR, BEEE, FHE, NFE, k7, KEN

o [E A I B K R A F L 710600

HEAH: liuyuting@ntsc.ac.cn

x4t £,

PEIESL:

He TR 1E SRR 2 285 T Hong-Ou-Mandel (HOM) 34 1) & I 8] [R5 K i C 423k 31 (b4,
FEARZ IS RA T F R AT 5. 296 T 21 BRSO AT AR e Jm M ASRAS RS 2 T 2 80, IR
TZ[AD U5 S AR 1 SE A B P N o ASCHR R 2 BOREARE BRKOGET, sk PR 98
HAR IE RIBOL T 2014 202 A (e 2P AR daJa SEBL T A€ OROL T3, 205 BT A R0 b L 40 1
HATIERS, HATEHSMNIHBIZ % 0. LR b, RT3 77 S 7 W8 - P sie
KPR E FEIL $20fs. 2t — DSl 7 pishph =&, [P A2 € FEAE48 000 2 1 74fs, 45 R AMY
NIRRT G RGO 0L T TR E R M T — M R A%, HRETE T T
[ 21 77 S0 1) SR T BE5E 1 BORFE A o

FM2

HOM interference

....................................................... T ——
DM HWP Fm!sé Time offset measurement 10 3 {b) —&— [nloop noise E
PPKTP = - E E
isignal (3 - —r— . o
laser T__?. - Cider() ToLABB T T Measured TDEV by PH ]
ens " i i
- Filters 200 m Haser (D) =2 —%— Measured TDEV by ET
il o
3 |
i, SPDC Source g 10 3
@ LA A |8
: > 0]
(b) oc —_———— { o o 3 3
son——Pp3 Feedback _____ o
—————————————————————— ;
@;&/‘_/ - P ] E 107¢ iz 1
Source & ve 4 ﬁ]}@ B 2t N 1 R
’2 s & !:-_n Coincidence 107k o l : I ‘ l
N - casad bl il il
P o4 10 10 10 10 10
LAB_B <

Averaging Time (s)

CHRIE S AEE S

Fhial. BPIAFEE . Hong-Ou-Mandel 3. iR IEREL. PHLe

EEPEN

[1] R. Quan, R. Dong et al., “Demonstration of quantum synchronization based on second-orderquantum coherence of
entangled photons,” Sci. Rep. 6, 30453 (2016).

[2] R. Quan, R. Dong et al., “Simulation and realization of a second-order quantum interference-based quantum clock
synchronization at the femtosecond level,” Opt. Lett. 44, 614-617 (2019).

[3] Y. Liu, R. Dong et al., “Quantum clock synchronization over 20-km multiple segmented fibers with frequency-correlated
photon pairs and HOM interference,” Appl. Phys. Lett. 119, 144003 (2021).

294



SCith 7km AR E TR [E)[E] 22 KR
POEZ, EAEE, BxXAE, 2WFE, BRXF, TR, WiFE, €HF, %
#E, KER, EmE
1. FERF R E RS, % 710600;

2. PEIMFIRHEMEIEERLRE, WE 710600

(dongruifang@ntsc.ac.cn; quanrunai@ntsc.ac.cn)

EIESC: QA &I 8] [0 Uil SRR A BB WD G R [FID RS EE A RE /T, HLHDG R RRAE i
Yl AT AR 22 A, A A 2 )40 B B ) 8 S 7 ik — 0 ARSCR A — 3 A
I 1] RE B 21 285 (0 ' XA D 0T e B 8] R 20 AR ST, 2 [ SRR IS r Lo A B AT 11 2R S
B P (BT T SEHOE LR R I (] FE Seie 7T, PEE IR Bl CRUBR AT I8 SEh7kmot
2R354, 2 RIS i A AR S A PR O BRI, 7230 sAb SRR IR 1A e s 0 432 ps. IR 704
TCET PR AL R BOR N T I TR RS 2248, o 1 Rbh A PR A2 2 B ROBR H1, ££30 s i 8] 7]
DREE IR — R, IEFI1.9 ps. 14 R EEZATE M E RS A SR OHME L BURKIXOE T
KAEABRE o AV SRR FE 45 R T W) I [ 5] 25 75 VA S e [ (7 2 J52 F o 6 2RV 7

Ketin]: BPRHEEL, BRGEEMEE, JEEs OB SR

SR

[1] F. Hou, R. Quan, R. Dong, X. Xiang, B. Li, T. Liu, X. Yang, H. Li, L. You, Z. Wang, and S. Zhang, Fiber-optic two-way
quantum time transfer with frequency-entangled pulses, Phys. Rev. A 100, 023849 (2019).

[2] J. Lee, L. Shen, A. Cere, J. Troupe, A. Lamas-Linares, and C. Kurtsiefer, Asymmetric delay attack on an
entanglement-based bidirectional clock synchronization protocol, Appl. Phys. Lett. 115, 141101 (2019).

[3] R. Quan, H. Hong, W. Xue, H. Quan, W. Zhao, X. Xiang, Y. Liu, M. Cao, T. Liu, S. Zhang, and R. Dong*, Optics.
Express, 30(7): 10269-10279 (2022).

295



BT Rk RIS R B9 R B R = BRI 24 Y
WAL S, EAXS, BERML AARY, WHAL, BES €%
%12, HHm L

'Key Laboratory of Time and Frequency Primary Standards, National Time Service Center,
Chinese Academy of Sciences, Xi’an 710600, China

%School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing
100049, China

*Ministry of Education Key Laboratory for Nonequilibrium Synthesis and Modulation of
Condensed Matter, Shaanxi Province Key Laboratory of Quantum Information and Quantum
Optoelectronic Devices, School of Physics, Xi’an Jiaotong University, Xi’an 710049, China

E-mail: changhong1851@ntsc.ac.cn

2L A IRTEAR (AN 2 (8] i dIR AR AR B 2 B a2 BAMERAE . G A i 3RS 2 Ak
[1-3]. T T BRI IR IRARAIR AL, FATTER T — MR B AR A A [R5 5
2 iR 2 18] 3 AT B PRI G I8 5 B A Jo S o B8 2 DRI 1) ' 7 PR 0l 3 3 28O T HE P4 73 i 12
PRI EOES o A T7 ZR A GAmIRICAE NS HG, BRI 3 55 B S54RI 6 A% B i #2 h T5 ORr
HIFUG I AR AR FEAR AL RN OR AR EIEA, 8 SR DI MRS, 7TEVA Ry
B D AR ) 2 T A B, AR RS . RN R RDGIT0 J5E X & B ' 142 18] 4
AT TARBIANI R . 1% AR e 2 A SR 5 T B AT BRI NI B, AR Fe st
i R R 4R TE Bt AR R EERE L.

RE: REDEH. MmIRABIRICIN . eI R

23R

[1] Epstein M. S. et al., Application of laser-excited atomic fluorescence spectrometry to the determination of iron,
Spectrochimica Acta Part B: Atomic Spectroscopy 35, 233 (1980).

[2] Barreiro J. T. et al., Remote preparation of single-photon "hybrid" entangled and vector- polarization states, Physical
Review Letters 105(3), 030427 (2010).

[3] Wang X. L., et al., Optical orbital angular momentum from the curl of polarization, Physical Review Letters 105(25),
253602 (2010).

296



BN FRHEIEZEREEEBEIEMAR
AT, ERwmy, TR, POEZ, X, EHE, X)F
Wib: AL LT IREX FRAL 35  HiZ%: 710600

HE4E Clixinghua@ntsc.ac.cn)

WEIESC: LHESET T H R A EATH A B R, 78 B b2 a7l S YU AT R ME ]
AT 2B A RSB TR RS & 7 2R EIO T . B0 TREE, K
IE 7 EXU TR REER . XRIEVCAN R XKIEEAT G ERAE, WHFE 1 R S OB S R a5k % 3L
BXOL TP AR SRR, JRIH S DG AN A 7R X O X0 7 B BTk G LEAN ], SRR
AR T A R TR AR W LUE R 75%. OGRS SR s AR R B RE RN, SBCCRIUE
TR AER R AR AN E M R T IEE A REE 1 HE NI LR

| PDH .
1650 nm : 50
PPKTP -
(a) Fiber laser ‘\\ ’ a5[
/ PD 8
. g 40 +
’;. S i . 235}
| A c
? | 'B230}
4 o
- NN, i
| PBS A/2 Lens Lens PBS MA/2 B
£20f
: PPKTP DM @450
&
SN A—B o]
1 % Coincidence 1 1 1 L L
b | .— 0 500 1000 1500 2000 2500

Long Pass-filter X_axis position(um)

K1 (@) IO TR &R B E KL (0) X EIOE TR R R, Oy i R RO .

Keia: WHEXOGT . REREEE, ETEE

ZHE R
[1] Lib O., Bromberg Y., Spatially entangled Airy photons. Optics Letters, 45(6), 1399 (2020).

297



E TR N ERRTEREIAETHE

D b?, MG, T4, Fi bt waeHEY, gHED, BE°,
Tyt kER

'Key Laboratory of Time and Frequency Primary Standards, National Time
Service Center, Chinese Academy of Sciences, Xi’an 710600, China
2School of Astronomy and Space Science, University of Chinese Academy of
Sciences, Beijing 100049, China
*Ministry of Education Key Laboratory for Nonequilibrium Synthesis and
Modulation of Condensed Matter, Shaanxi Province Key Laboratory of
Quantum Information and Quantum Optoelectronic Devices, School of Physics,

Xi’an Jiaotong University, Xi’an 710049, China
Hib: BWATEZTIREXHIRAE 35 W% 710600
#i 45 : mayan20@mails.ucas.ac.cn

WEIE: REOUEAF 8 WRIRE BB, 6 a7 U A A 2
R AT . S8R KRB N — R R R E S s, FRERE RS AR 7 3h 4 B 88 i 37K,
TN AE R T L R ANMRAT RAF IR AT, R RS R A
FE, W 2t st at, NTe SR RECHIRIE AL T — MO B & o iR 18] o0 A R
ek AT LAV 5t 2 IR G5 MV ) B AR A, TR H Y S 1 SR A TR b A e %) i TR e
BT R TN B SE R R B AT . SEIGA R HEE B S i e A& & 1T AR 5858
KOG, QTG HIES SRR AT EIAEMEIR, IR AT LS I0E 6 R
PESREE 73 Ao BRAh, BATHITL 7B il 50 5 e R R B RSELZ M IR &R . WEFURIL, 1
JEFA 5 32 6 D' 98 BEANBE 63 90 S B IR R A2 A, FL A TRl A -1k AT LA 31 R4 £k
Fio MM TS REL A TR s AR T AT 08, AEAF DR, &
AT IR DL RS s DN 5 A e s LG P I P T 5%

Kb SERRE; PUEMAIE; BT #E

23R

[1]. Chen, Wang J, Wang C, et al. Phase gradient protection of stored spatially multimode perfect optical vortex beams in
a diffused rubidium vapor[J]. Optics Express, 2021, 29(20): 31582-31593.

[2]. Yang X, ChenY, Wang J, et al. Observing quantum coherence induced transparency of hybrid vector beams in atomic
vapor[J]. Optics Letters, 2019, 44(11): 2911-2914.

[3]. WangJ, Yang X, Li Y, et al. Optically spatial information selection with hybridly polarized beam in atomic vapor[J].
Photonics Research, 2018, 6(5): 451-456.

298



ZRREPETFSINXREWH LR

MED L, 1, Egk 1, NER 1, HA1L, FaE 1%, FEHE 1,
o1
|+ ERF¥RETELEELALRE, 4 230026
hzy0526@mail.ustc.edu.cn

IR
BT SIMENE TARREER R, AR ARS AR IE . BEAZ R ARG R E T 25, B
PER AR IR T FSHEMA LI 73 671, (645 Alice ABEIRIIT 4% Bob Al Charlie &5, 4RI,

B TR ARG I & R S L R, R 2 R R R I R REE M TT AR B, RO RS
FIRR T XMENEENETSEIRRAEN, WNE] Alice A A4 Bob fil Charlie FIFf §5]. X
TUTAEIR T EAIS T 2R ET S5 MGR, EMEZIRE TN, SRR &8 e T E
BN

KA BTRE BTOE, BT

SR
[1] Hao Z Y, Sun K, Wang Y, et al. Demonstrating shareability of multipartite Einstein-Podolsky-Rosen steering[J]. Physical
Review Letters, 2022, 128(12): 120402.

299



SHZMANE T FRmLSHE T mE
High-Dimensional Multi—input Quantum Random Access Codes
and Mutual ly Unbiased Bases
®#1E Rui-Heng Miao, X2 # Zhao-Di Liu, ¥ 7 Yong-Nan Sun,

T 2 # Chen-XiNing, Z1£% Chuan-Feng Li, 3¢}l Guang-Can Guo
ZHECRTEAARFERFRAAFARRTEMFRE TELAERERE, 230026

CAS Key Laboratory of Quantum Information, University of Science and Technology of
China, Hefei 230026, China

mrh1602@mail.ustc.edu.cn

BN

Quantum random access codes (QRACS) provide a basic tool for demonstrating the advantages of quantum
resources and protocols, which have found a wide range of applications in quantum information processing
tasks. However, the investigation and application of high-dimensional multi-input (n(® — 1) QRACs are
still lacking. Here, we present a general method to find the maximum success probability of n(® — 1
QRACs. In particular, we give the analytical solution for maximum success probability of 3(® — 1
QRACs when measurement bases are mutually unbiased bases (MUBS). Based on the analytical solution,
we show the relationship between MUBs and n(® — 1 QRACs. First, we provide a systematic method of
searching for the operational inequivalence of MUBs (OI-MUBSs) when the dimension d is a prime power.
Second and shockingly, we theoretically prove that the commonly used Galois MUBSs are not the optimal
measurement bases to obtain the maximum success probability of n(® — 1 QRACs, which indicates a
breakthrough according to the traditional conjecture regarding the optimal measurement bases. Furthermore,
based on high-fidelity high-dimensional quantum states of orbital angular momentum, we experimentally
achieve 2-input and 3-input QRACS up to dimension 11. Finally, for the first time, we experimentally
confirm the OI-MUBs when d = 5. Our results open new avenues for investigating the foundational
properties of quantum mechanics and quantum network coding.

FBET] «

B TFENAE RIS QRAC, tHH. TCIMAEL MUBs, mi4iE T 24 High—-dimensional quantum
system, HUEMshE O0AM, ZF[EYGIHHIZE SLM

ZHE R

[1] C. H. Bennett and S. J. Wiesner, Phys. Rev. Lett.69,2881 (1992).
[2] A. S. Holevo, Probl. Peredachi Inf.9, 3 (1973).

[3] J. S. Bell, Physics Physique Fizikal, 195 (1964).

300



[4] M. Paw lowski, T. Paterek, D. Kaszlikowski, V. Scarani,A. Winter, and M. Zukowski, Nature461, 1101
(2009).

[5] A. Ambainis, A. Nayak, A. Ta-Shma, and U. Vazirani,inProceedings of the thirty-first annual ACM
symposiumon Theory of computing(1999) pp. 376-383.

[6] A. Ambainis, A. Nayak, A. Ta-Shma, and U. Vazirani,Journal of the ACM (JACM)49, 496 (2002).

[7] H. Klauck, inProceedings 42nd IEEE Symposium onFoundations of Computer Science(2001) pp. 288—
297.

[8] S. Aaronson, inProceedings. 19th IEEE Annual Conference on Computational Complexity, 2004.(2004)
pp.320-332.

[9] I. Kerenidis and R. de Wolf, Journal of Computer andSystem Sciences69, 395 (2004), special Issue on
STOC2003.

[10] M. Hayashi, K. lwama, H. Nishimura, R. Raymond, andS. Yamashita, inSTACS 2007, edited by W.
Thomas andP. Weil (Springer Berlin Heidelberg, Berlin, Heidelberg,2007) pp. 610-621.

[11] H.-W. Li, Z.-Q. Yin, Y.-C. Wu, X.-B. Zou, S. Wang,W. Chen, G.-C. Guo, and Z.-F. Han, Phys. Rev.
A84,034301 (2011).

[12] T. Lunghi, J. B. Brask, C. C. W. Lim, Q. Lavigne,J. Bowles, A. Martin, H. Zbinden, and N. Brunner,
Phys.Rev. Lett.114, 150501 (2015).

[13] D.-D. Li, Q.-Y. Wen, Y.-K. Wang, Y.-Q. Zhou, andF. Gao, Scientific Reports5, 15543 (2015).

[14] M. Paw lowski and N. Brunner, Phys. Rev. A84, 010302(2011).

[15] A. Tavakoli, A. Hameedi, B. Marques, and M. Bourennane, Phys. Rev. Lett.114, 170502 (2015).

[16] A. Ambainis, D. Kravchenko, and A. Rai, arXiv ,1510.03045 (2015).

[17] M. Farkas and J. m. k. Kaniewski, Phys. Rev. A99,032316 (2019).

[18] H. Anwer, S. Muhammad, W. Cherifi, N. Miklin,A. Tavakoli, and M. Bourennane, Phys. Rev.
Lett.125,080403 (2020).

[19] C. Carmeli, T. Heinosaari, and A. Toigo, EPL (Europhysics Letters)130, 50001 (2020).

[20] X.-R. Wang, L.-Y. Wu, C.-X. Liu, T.-J. Liu, J. Li, andQ. Wang, Phys. Rev. A99, 052313 (2019).

[21] E. A. Aguilar, J. J. Borka la, P. Mironowicz, andM. Paw lowski, Phys. Rev. Lett.121, 050501 (2018).
[22] B. C. Hiesmayr, D. McNulty, S. Baek, S. S. Roy, J. Bae,and D. Chru'sci nski, New Journal of
Physics23, 093018(2021).

[23] W. K. Wootters and B. D. Fields, Annals of Physics191,363 (1989).

[24] T. DURT, B. -G. ENGLERT, I. BENGTSSON, andK." ZYCZKOWSKI, International Journal of
Quantum Information 08, 535 (2010), https://doi.org/10.1142/S0219749910006502.

[25] See supplementary material of this paper (2022).

[26] S. Designolle, P. Skrzypczyk, F. Friowis, and N. Brunner,Phys. Rev. Lett.122, 050402 (2019).

[27] Z.-D. Liu, Y.-N. Sun, Z.-D. Cheng, X.-Y. Xu, Z.-Q. Zhou,G. Chen, C.-F. Li, and G.-C. Guo, Phys. Rev.
A95,022341 (2017).

[28] Y.-N. Sun, Z.-D. Liu, J. Bowles, G. Chen, X.-Y. Xu, J.-S.Tang, C.-F. Li, and G.-C. Guo, Optica7, 1073
(2020).

[29] J. T. Barreiro, T.-C. Wei, and P. G. Kwiat, NaturePhysics4, 282 (2008).

[30] J. Wang, J.-Y. Yang, |. M. Fazal, N. Ahmed, Y. Yan,H. Huang, Y. Ren, Y. Yue, S. Dolinar, M. Tur, and
A. E.Willner, Nature Photonics6, 488 (2012).

[31] M. Padgett and R. Bowman, Nature Photonics5, 343(2011).

[32] M. P. Givens, American Journal of Physics35, 1056(1967), https://doi.org/10.1119/1.1973727.

[33] J. A. Davis, D. M. Cottrell, J. Campos, M. J. Yzuel, andl. Moreno, Appl. Opt.38, 5004 (1999).

301



[34] E. Bolduc, N. Bent, E. Santamato, E. Karimi, and R. W.Boyd, Opt. Lett.38, 3546 (2013).
[35] F. Bouchard, N. H. Valencia, F. Brandt, R. Fickler,M. Huber, and M. Malik, Opt. Express26, 31925
(2018).

302



ETHTHERINZENEHEREMIAT 1ER:S
FERIR Y BRI MY B A Y SRR Y RV BEE

RV Fga
AL ETRENESAREALBFLT LAFWE S R ¥
P AF AN ERABAREALR T
“hjiahao@mail2.sysu.edu.cn

*Lubo3@mail.sysu.edu.cn

; lichaoh2@mail.sysu.edu.cn

WEIEC: FET T EEINSE (CPT) MHiad 55t (Ramsey Spectroscopy) fEH % I & 48 A A
HEMEH. FRCPT-Ramsey 2k QU &1 2 JLF— MR, SEELDLRAIH LKL &
AR B0 200 HN-87 [ I X- A FRICPTAE SRS B Sal 1 Ik An BL-F DS IR A T30 . @l
TE W /NCPT-Ramsey ik i o il 3 A BACPT ik 7 41, BT FP0AHK,  Re 3RS e & () BE ()3 5 i
e, ATTER i H O BRI . BT A MBS (1 TR Bloch /5 F,  FRATIE B T B35k 2 Rk e
CPT-Ramsey-¥ AT Wi 1) 23 (B2 A1 BL-31 B R8s T-P6 (1) T WAL B2 B4 g IR 7 I f /NI 22,
YHMIWLIH A RIS, A IEEE R A . B RN R B e AR R, e LARH T4
W 2]

Pulse Train

rr\l
R() I«»Tll

M
(l T2

JM"-’»—\R(N) e 'J’WJ

K1 - 87J?¥Iln||lln - A KR CPTRERIL S 52 18 o (@) 21 A JE E BE SR 73 73 AR W AN AR ST ) T RE A X1
RGi. (O)RISEA D WEIREE, CPT kil 7 B BVEA B2 I 5

Kt AHTATERINEE, BT, WEwNE, Erbh

303



RPN

[1] Fang, R. et al, Temporal analog of Fabry-Pérot resonator via coherent population trapping, npj Quantum
Inf 7, 143 (2021)

[2]Chengyin H. et al, Adaptive Bayesian algorithm for achieving a desired magneto-sensitive transition,
Opt. Express 29, 21031-21043 (2021)

304



ZINEFHIHERKSS
E&8. Eaxx. FHI
L KFHE S R ¥ 519000

zhuangm3@mail2.sysu.edu.cn

G N5 SR 7 e EANE (5 J B34 5 A I U 1) — N R R R, AT T
DR T RSO ES I — T 58, AU g5 S 5 S DU R B R TR R AR I, LR
HTRETZHARG, RAPEL TR ke 720 T TR 2 A T O R Sl
SRR P R SR AU (AR D A, WL 2R . b, BN E T 2 A S T 2R TR
aarh, SEHL T TG ORI 2 AR BURH A5 AN W AR AR SN A I B BT SN O B e R
HR IS 18] A M 5 RS R O ORIk, AR SERR IR AR RS (R TR BN gS )
WMD) AT Z I EE N -

EL SR ) Oy TE S
pYC) b

.-umi !

* melse

2

1
@ . H%ﬂﬁﬁﬂTﬁﬁﬁi?ﬂﬁﬁﬁﬁ
s = S (VA wm
2

.~ -

RigE: BETRENE. BT8O BT 2R4 %,

RPN

[1] Kotler S. et al., Single-ion quantum lock-in amplifier, Nature 473, 61 (2011).

[2] Shaniv R. et ai. Quantum lock-in force sensing using optical clock doppler velocimetry, Nat Commun. 8, 14157 (2017).
[3] Schmitt S.et al, Submillihertz magnetic spectroscopy performed with a nanoscale quantum sensor, Science 356, 832
(2017).

305



ZEAERHRR AT XM R 87 3% 5 - 2 EH R B
o T 4R LA Y T B R R R

2 g 47 L2t
L L ETRENEEERELTLDE&T L ASEWES R X%, % 519082
2o A kEM B ERAEREALZRE, N 510275

*mazh26@mail2.sysu.edu.cn;**lubo3@mail.sysu.edu.cn;flichach2@mail.sysu.edu.cn

RS FRATHRGE T AE AR IRAE SO AR B 7= A B8 7 35 £11- 52 DRI Wi H B SR AR, T AN 75 244
oM, ERATRISEIR T, AERTFREE OGBS 2R AR O R R, BASEELEOA
R T BRI PO A % . SHEPFR R HRE R L, T 1 e asotA B, SRS BB N3
JERFRAE OB, THEWZE R HNEFRERD, AT HREERAHNNRESE, BRI T HR
HHI DR LA ZE AT TH], DA KA X IR AE SO G AR B e () B 2 S -2 il AR AR RRAE X
B B e AR 206 X 10°ANBOC A R E T, RATEL1RP 25 K S5 3458 7 £11.4 X 10" R T-HI4EBEC . th4h,
TRATUERE 7 i 3 T/ W AT DASR D Y628 B 4 A v R 2k SO DT AR L R A R N T
PR, e, RAVBET 5 TAE, Sn873th-22 BRI B A 1 2250 /72 FiiKibble-Zurek LM,

: _-_ = \Lx
L-ODT y

KL AR A SOL R B =

(c)

<200 =100 0 100 200 -200 100 0 ({1} 200 -200 100 1) 100 200
¥ (um)

K2 AR Z& R L RS RS

306



1 5 0 5 ]
Z i)

1.24 13 121 id Ll
L0 power W)

K13 e b e RS AR AR P

JeHE] . BE-Z R HEERR, ZKRAH, Kibble-Zurek AL

23R

[1] Ma Z. et al., Production of ®’Rb Bose—Einstein Condensate in an Asymmetric Crossed Optical Dipole
Trap, Chin. Phys. Lett.38 (10), 103701 (2021).

[2] Lin Y. J. et al., Rapid production of ®’Rb Bose-Einstein condensates in a combined magnetic and optical
potential, Physical Review A 79 (6), 063631 (2009).

[3] Niu L. et al., Optimized fringe removal algorithm for absorption images, Appl. Phys. Lett. 113 (14),
144103 (2018).

[4] Goo J. et al., Defect Saturation in a Rapidly Quenched Bose Gas, Physical Review Letters 127 (11),
115701 (2021).

307



=TI IR R M ESH LI H F LA EE FREAASPRIN
H

MK, A, HEE, A
JTRA S MNTHETE 135 T # LAY, s B4 A 510275

zhoulx6@mail2.sysu.edu.cn

WEIEL: EFaesETE RN OTRE, BN— P EENHZENETRIPAESLINEIE, 6t
8 SEIUAS [ S TR AR R 045 B AR . AHIRI4E R B 7 AR (R I B FRREAE S [2,3] DA TER 2 S0 50 st
T, R, ERRAETMEF, FELUARLEEEFRFERNPRETRIEAS. AT SZIAR
REEFREAZINFETRIVAS, TFEMB—FESAFELEERNTRRRE TS, FRAI1EE
H4% T AR FARRT R BR AU A [4], (2,2,4)7, BEEPA qubit F1—> ququart. FIFXANEXT
PR KMPEZSERTHR, BATERIL T — M ETFRIBESSLLR, S0 7K two qubit & 715 B 5155
—/> ququart 1. BT REIBAL SR E TGN 0.79~0.86, 2t T B B UL ququart Al R
[5] 0.4 #1 qutrit-ququart FIE BN 0.75, [RIBLIESE THATSLZI 7 — AN HIEH HAEZ K 4 4eReef%
(3]

K. BT, BTRIPAES, IEHERA S

Classical information

(a) Alice - < Bob

- \\‘*
il
0 — 2,2,4 State |

—
Classical information

- -
—

(b) -~ Alice

BOb e
al
<0 :
——»———HDBSM | 2,2,4 State a2
ququart state O unknown ququart state
qubit state () unknown qubit state
Kl 1 two qubit 55 ququart 2 8] & FEEAL S
23R
[1] Bennett C H, Brassard G, Crépeau C, et al. Teleporting an unknown quantum state via dual classical and
Einstein-Podolsky-Rosen channels. Physical review letters, 70,1895, (1993).
[2] Hu X M, Zhang C, Liu B H, et al. Experimental high-dimensional quantum teleportation. Physical Review Letters,

125,230501, (2020).
[3] Luo Y H, Zhong H S, Erhard M, et al. Quantum teleportation in high dimensions. Physical review letters, 123,070505,

308


mailto:zhoulx6@mail2.sysu.edu.cn

(2019).

[4] Huber M, De Vicente J I. Structure of multidimensional entanglement in multipartite systems. Physical review letters,
110,030501, (2013).

[5] Hayashi A, Hashimoto T, Horibe M. Reexamination of optimal quantum state estimation of pure states. Physical review A,
72,032325, (2005).

309



ETETFRRVEERBRBRELTIR

B
FAFWEFRAEMBNEBEAIRELEZRE, | A4 NTFEHEEXIFERE 132
<, 510275

Email: lixsh8@mail2.sysu.edu.cn

S A ER BE ART DLREAS [R] B AR G e 2 S5 M 4 AE — S, 10T DL IRAS ] ) ol 46 T 2 R BRI [2]
HAT, m6e ) B R SO 28 (VCSEL) R G TR (SPSs,  Blanfb &4 S & 7 55(QDs))[2]
CLE AT AT ] £ o A ]R3 P FAS [R) PRI S e 2 B A SR R AE — i, R TRATT AR A

FEARTAER, FATEEH T —Fhas & 2 B TR S BOGH (VCSEL) M & A &+ s IR AT RSO
WHCBG) ¥ i 45 B i At o« Forhr, JEI pEBAI) B U LR, FRATE T DURS HEHIRE InAs T AR
AN ERZN ik PR AT RS T[], IR ZV BT AT Rk M T AR SR S InAs & ORGSR
R, BERRE RN B RRIESR, UMK SRR . 25, RIS M R [1],
TRAT VKRS B E R ZI A AT RO G b (¥ &7 fUR R 31 28 B s TR P o s a1 B3, IFRIHEE
JE TR SO 28 R B0 UL & 55, NSRS EFORIEMNE 5. BT ER THIA &1 g
ARRLAG G 5 T B TR SOG4 ISR U B A it

(a) (c)

Circular Bragg Grating with QD '

Electricalsupply W

(b} Vertical-cavity Surface-emitting Laser

Bl A B~ E R Q& AET AR ZIME R4 R IE(CBG): (b)HE B T A HHOLH
(VCSEL); (c)&E45H .

KB FOETIR; RATRROUHE: RIS RO AR

23R

[1] M. Davanco*, J. Liu* et al., Heterogeneous integration for on-chip quantum photonic circuits with
single quantum dot devices. Nature communications 8.1 (2017): 1-12.

[2] J. Liu* et al., Single self-assembled InAs/GaAs quantum dots in photonic nanostructures: The role of

nanofabrication. Physical review applied 9.6 (2018): 064019.
[3] Y. M. He, J. Liu et al., Deterministic implementation of a bright, on-demand single-photon source with
near-unity indistinguishability via quantum dot imaging. Optica 4.7 (2017): 802-808.

310



ETHREFAMEAURENESREETREXLTIR

o 4 %
FAFWEFRAEMBNEBEAIRELEZRE, | A4 NTFEHEEXIFERE 132
<, 510275

Email :majté@mail2.sysu.edu.cn

PEIES: FtERE T R E IR SEUE B 1O BRI — K ki[1]. HATHE S5 7 2k
INEER LA BT R AR SR AR AR AR, A TR AT RS 1 (CBG) I 4 M e i AE UL £
MR ERARZFNNS . BB TIEAT RS S TR S R A R S5 2R, 1A 75 B IRIE
ZI BRI R [3], £ T2 e 1 S Fhl & MR, FARAS AR AR . N bk ik,
AR TARES 5 73 AT AR S BE(DBR)BE T 17— 75 K PR AT B e 2o (06 2 B s 2 1 (P
1(a)), IFEATBLRE i w] B % T 0 AT AT RS SO B F o IZE AR 1 R] DAAE920nmip 1< T SEEI
B R N T8.7% L K Purcell A T A5 & T Bt T RN BRI 1 SRR ROl XE S, (RS20 R iR
THm e BT R T IR I 2 R

@ (b) L ©

DBR for large incidence angle

o o o o
@ =

)
B ow & =
Callaction afficiency

DBR for normal incidence angle

[
00 W5 910 915 W0 W5 G0 995 940
Wavelength (nm)

K1 ARREFEIAT AR I T RO TR @AREIFE IR ES R (b) IER I AT BA%
JEAEANRIRAS N IPurcell X A B ()920nmipi N A AR IZE 7 7 A1 o

REERE: BT, ORI, MRATRREE, A A HAR S B

RPN

[1] J. Liu*, et al., Single Self-Assembled InAs/GaAs Quantum Dots in Photonic Nanostructures: The Role
of Nanofabrication. Phys. Rev. Appl. 9, 064019 (2018)
[2] S. Ates. et al., Bright Single-Photon Emission From a Quantum Dot in a Circular Bragg Grating
Microcavity, IEEE J. Select. Topics Quantum Electron. 18, 1711 (2012).
[3] J. Liu, et al. “A solid-state source of strongly entangled photon pairs with high brightness and
indistinguishability”, Nat. Nanotechnol. 14, 586 (2019).

311



—HFAE IR RG A ERBESEZ BN
MR, FMER®, L’
FIAFYEEHE TR R

A FWE S KX E R

1. LINL25@mail3.sysu.edu.cn

2. keyg@mail2.sysu.edu.cn

3. chleecn@gmail.com

TEIESC: AT 7 BA TALKFRVE () — e INME SR T G B se AR . JATHR RS
G ECE S EE KBS AL R EN 1. S AR A ARIER,  FATTER I sE 2 A
GO BRI 2 A R PR AN . FRATIEUER] 1 JA TR A 205 2 BT A S22 8] T 3L
LG R L 725108 LG SBOR S0, IF HBA T — AR 1 AR Nk AT 31T
A RREAT T HUE AL

2.5

0 5 10 15 20 25 30
K1 BTy o AR

KU INEGAR, Bok LB, T, il R

ZHE R
[1] Ling Lin, Yongguan Ke, and Chaohong Lee, Physical Review B 103, 224208 (2021)

312


mailto:LINL25@mail3.sysu.edu.cn
mailto:keyg@mail2.sysu.edu.cn

BiE N MM ET B A RN U AB T B A 2
KR, HEXR, Lk, FiI, BT, BE, FHA

FILAY, THREETRFNESERELALREQNE S5 XX ¥, 519082
fE46: hanchy3@mail.sysu.edu.cn

FEEEIESC: DU kAR s DUt it , 7R RS, JRaeMESR 20 A FBUAR R 55 58 o T i 2
oy, SEMIEE RS, TN TE MMM 2SN, METES ISR TEEEAR.
EE RN E S A, S RORE i € B T RRTME 2 OCE 2L, FRAEE 1 —Fhisd B iE R
P B B4 R B R BRAT T I [ SR8 2 A B T 58, FRAE YA T AH A1 J 5 DA 2 5256 Th 45 B30 E
AHT-A JE#INZE (Coherent Population Trapping, CPT) & —Fh /R[] BT B 4% 2 AV B T3 51 A2
BETIR, BASME, RN TEFRAE T BT RARURERIT S A A I #i3a e T,
SIS b I R A R R o 2k P R R SE I e . SRS b, R BOE R DU R, eI )
HL R BEAE A BRIEARRELT (N>10), HZIWSIE] B ARBRIT A ZExs R, BEEERRE N, 55
NEZR A AT AT, 4T3 = i 1R 20 W R R/ NI R 22 o B I INCPT YRS P . FiLH (I M
DA KCKs 4 1) i s 5 BRI AT e — IR R &R, BRATTSEEGUE B 7 B & N UL v AN e 7 LA e
WREMN FHBHEZR MR &R b FRATI TAESRAE 7 —Fhfj e, = RO e BRI AR K 7, W] L2 B
MR JEF80 S5 TRE 0 FIA% RE LIRS A0

(a)F=1 (c) PD3 E
Fr | AOM
1 EOM ] M4
> e+ —f— '
F,=2 A1 PBS ' A2 PBS
F=1 o ,: ? Cooling
lasser
- 2 i @)
(h) :a—j I—e—. — ‘ = ¥ — li
g 1.0025 GP Af2 PBS H
{i £ B-field H
_g' I'*I’DZ
-2 1.0005 H
=3 H
=] | Adaptive Bayesian
2 *4--{ MicroWave |<- ------- { Computer Iv-b . v
< it T algorithm
0‘998:’:? - N remcmsemiocecasmemeeeemem——-

A(Hz) x10°

B seBoRE E (@) linlinf BICPTI K fn-87 5 T-AE 245K (b) linlinf B (ICPT Y61, 47
AN HEBUBERIE A — MR BUR T ;s (o) SLIZEE K.
Kb ETRIEINE, HIEMN DS, BBURERE, TR B S A 2A

Z25 30k

[1] Chengyin Han et al., Adaptive Bayesian algorithm for achieving a desired magneto-sensitive transition,
Optics Express 29, 21031-21043(2021).

313



Hrig e 2R Eim A E R a)E B ERIA
KA, MEHE, Mk, FHL*

IHRExRETENXERBAFE 2 T+ LAY , 519082

zhli35@mail2.sysu.edu.cn

WEIES: ZRREZ T LA RIOLE T RS H AU ILR, BI5 RGRZ05 BEARE A
REA P S B T aih REA[L]. M FRILZREW X 0 BN Z AR RIS, 2T
HIE P75 S IR R AR AR [1] e X FAib-2 AA R AR AR (K BN B Gei - W B P (AR ), i HL
B TE BAAHEROR B S . O, BRI S R 2 R R e i [2,3] . Wit ®
PR SRR AT N 2 A4 RIS AN, ST, AE AL - 0T 50 2 4 SR SR 28 b TR A7 AE D A% BRI AR
o FEARE , FATEE HH—4EBRDE A P EAE R B ek 1 LKL KREE gt Rtk
Bt e B AR o B RETE SRR E O BRI AR, BRATRE B -1 th BURE 55375 3 (0 2L L- 0
S R RIS AR AL NH R RIER R IL[4], W2, 54b, W AR, BATRIAL Tk
025 R R SR Y ARAE 285 1) M B8 s 2 TR RR SRR E I ELZH 05 POk v ROV (LGS L3 XA - i B g 22 4
SRR R, D VEIE T IER R I AAAE

1.

FE12: -85 5 A SR BTG o I B 3.
KA L. HEPIZ. BHRE. NSRS ER. SRR

S5 30k

[1] Abanin D.A. et al., Colloquium: Many-body localization, thermalization, and entanglement, Rev. Mod. Phys. 91, 021001
(2019).

[2] Schulz M. et al., Stark Many-body Localization, Phys. Rev. Lett. 122, 040606 (2019).

314



[3] Nieuwenbrug E. van, et al., From Bloch oscillations to many-body localization in clean interacting systems, Proc. Natl.
Acad. Sci. U.S.A. 116, 9269 (2019).
[4] Zhang L., et al., Mobility edge of Stark many-body localization, Phys. Rev. A, 103, 023323 (2021).

315



B SRR g E R e SRR TR
VB, FEHY, AEMT, FEE EEST ARKY
Eeext, WA, @t FEET
TRLRFMEER, KEMMEHAERELAERE, RSN, 510275
WLAFETFEHEATRYR, AOMNEHAERELERE, KM, 510275

weiym8@mail.sysu.edu.cn

A Y BEAA) e it o 31 8 AR ARG T IRAE e 2 R AR AR e, BN UIR, AR i e il S A
BTSSR SET HR A EEN M. SMEERA R E T ARA R, BT
BTSN T T Z5E, RSBmO TR E Rk E 2 —. R, B TFAERTZENE
A%, BRZ 5 IC AR I R 5 B0 A 2T B L SGEAE B BUROE T R A B R A R L, H AT PR b
BRI B e e B A BERT AN AT 2 R I 5 D BB S R SO TR IIRE . 2R
TAEH, FRATE 5 INGaASSL 73D Rl & T S K LR BB E0-I B I, K SE M e
oG E N BARY FERIIBAZ BB, WE MERPR BT i & B AT e a5t b, & seBl 1
P (10388 155 i B TR

L = 10°
©'2] poyiyw  g%0)=0087:0003 | (@) i
% 1.04 : 1 %
£ o 5, = 1278:3ps| g
1078
E 0.6 ﬁ
g 0.4 ’ E
5 o2 | e resonance’, ¢ =303+2 ps 2
- ke reference sy AP 107
0% 30 0 20 40 10 1 2 3 4 & @

Time delay (ns) Time delay (ns)

K1 (@)A1 (b) 2 AL AT Ja HIR T RO UR A R s (C)IRTh B T I T RO RO T Al I & 245 2R
(A ARt et s faih G CGRED IR (0D K& T R AFaill g R .

KU Bl EIRIRBG WM ELRL; FIBAG AR

23R

[1] M. Paul et al., Metal-organic vapor-phase epitaxy-grown ultra-low density InGaAs/GaAs quantum dots exhibiting

cascaded single-photon emission at 1.3 um, Appl. Phys. Lett. 106, 122105 (2015).

[2] Shiwen Xu et al., Bright single-photon sources in the telecom band by deterministically coupling single quantum dots to a

hybrid circular Bragg resonator, Photonics Reserach. (2022, in press).

316



B ek LA MR TR & B R & AR xS 14
B X

TR A HET LK% 519000

liuwj39@mail2.sysu.edu.cn

PEIES: IR RV ARSI S ST RA R, RIS EERHME L —. FEAIZ N
IPRISECT, AT T =R XXZ B BRI I S A G S BRI 43 .
i3 T E AR SR FATRE SRS IR AL G IR B RO ORI Nt E1S
TERRIR, BT b T30, A RA AR AR SO Sh MO S 1 B AR 28 50 B B A1
o XF2WTH WERIR T RS BRMINT RN, EAER R AR A AR A A3
ERT, & HR T RS TR AN RPN . AT AR S pe it B A4 AR, TPRE T8
IR TR g A2

FBEIA: IRIMEIR TR LR RIE s SHANAGES: BRIRILGES

ZHE R
[1] Wenjie Liu, Zhoutao Lei, Yongguan Ke, and Chaohong Lee, Anomalous bulk-boundary correspondence
of topological magnon excitations in a spin chain, arXiv:2202.13780.

317


https://arxiv.org/abs/2202.13780

	第二十届全国量子光学学术会议论文集
	口头报告集
	1张天才-山西大学-单原子阵列操控及其与光学腔的强耦合
	2武海斌-华东师范大学-Cavity-QED Meets Ultracold Quantum Gases
	3薛鹏-中物院北京计算科学研究中心-光量子行走在量子模拟中的应用
	4颜辉-华南师范大学-高效率量子存储的实现及应用研究
	5王双-中国科学技术大学-833.8公里光纤量子密钥分发
	6彭新华-中国科学技术大学-利用量子精密传感器寻找新物理
	7张笑鸣-北京大学-低深度量子态制备算法及其应用
	8孙凯-中国科学技术大学- Observing the quantum fault-tolerant threshold
	9李睿-上海交通大学-基于遗传算法实现里德堡少比特量子门的最小模型
	10李霖-华中科技大学-基于高质量里德堡单光子源的高保真度光量子逻辑门
	11孙风潇-北京大学-基于磁-光纠缠远程制备磁子薛定谔猫态的研究
	12包谷之-上海交通大学-量子增强的磁场梯度计
	13陈瑶-西安交通大学-基于核自旋自补偿的脑磁测量系统背景干扰磁场抑制方法
	14江敏-中国科学技术大学-利用量子精密传感器寻找新粒子
	15魏凯-北京航空航天大学-基于耦合自旋系综的磁场惯性及新物理测量
	16孙帅-国防科技大学-动目标成像中光子流与信息流的失配问题
	17王志辉-山西大学-强耦合腔量子电动力学系统中多原子与多光子相干相互作用研究
	18周宗权-中国科学技术大学-量子中继与可移动量子存储
	19方伟-浙江大学-基于单根铌酸锂薄膜波导的偏振无关单光子上转换
	20金锐博-武汉工程大学-时间-频率纠缠光子的量子光学合成
	21韩冬梅-山西大学-基于高斯纠缠态的远程态制备
	22刘晓婧-中国科学技术大学-利用表面等离激元探针对不同偏振取向的单光子源进行近场调控
	23陈波-中山大学-微环谐振腔产生轨道角动量的单光子源
	24张永生-中国科学技术大学-自旋轨道耦合玻色爱因斯坦凝聚体的Quench动力学
	25李征鸿-上海大学-多光子反事实量子调控
	26吴威-兰州大学-Effects of counter-rotating-wave terms on the noisy frequency estimation
	27张杰-国防科技大学-并行EIT冷却实现囚禁离子的近基态冷
	28孙舒宁-山东大学-量子系统动力学演化的速率极限
	29刘宗凯-中国科学技术大学-里德堡原子在微波传感与自组织模拟中的应用
	30苏晓龙-山西大学-结合连续变量和离散变量技术的混合量子信息处理
	31卢华东-山西大学-高功率全固态单频连续波激光器研究进展
	32刘希宇-华南师范大学-通信波段下非线性材料中多种类自发参量下转换
	33尚鸣昊-南京大学-A Scheme for Deterministic N-photon State Generation Using Lithium Niobate on Insulator Device
	34孙婧可-山西大学-基于光纤信道的长距离确定性量子离物传态
	35马丽霞-山西大学-基于热原子的高性能腔增强量子存储
	36王信-西安交通大学-基于巨型原子的微波量子光学调控
	37胡晓敏-中国科学技术大学-高噪音抵抗能力高维量子通信
	38王程远-西安交通大学-空间多模光场高保真度存储的实验研究
	39赵焕熹-上海交通大学-基于Sagnac环的简易连续变量量子密钥分发系统高斯调制方案
	40范元冠杰-中国科学技术大学-高鲁棒和高灵活的非可信节点量子密钥分发网络
	41马胜利-西安交通大学-Optical isolator based on backward Brillouin scattering
	42何琼毅-北京大学-非高斯态量子特性及其应用研究
	43袁璐琦-上海交通大学-混合量子光学系统中量子态的操控
	44刘玉龙-北京量子信息科学研究院-超导腔光力系统中宏观机械振子的基态冷却以及长相干量子存储
	45景俊-浙江大学-External-level assisted cooling by measurement
	46董星亮-西安交通大学-金刚石光机械晶体中的非常规量子声-物质相互作用
	47廖洁桥-湖南师范大学-多力学模腔光力系统中的基态冷却与光力纠缠
	48胥亮-之江实验室-基于弱值的高精度量子系统直接表征研究
	49Vogt Thibault-中山大学-Imaging impurity ions in an atomic gas
	50刘金明-华东师范大学-基于优化控制实现极性分子摆动态的量子信息处理
	51田铭聖-北京大学-基于量子计量的多模非高斯纠缠判定
	52黄合良-河南省量子密码与量子信息重点实验室-近期量子计算设备上的应用探索
	53唐江山-南京大学-非互易单光子调控
	54刘顺发-中山大学-基于受激触发式双光子共振激发的高性能微柱腔量子点单光子源
	55杨鹏飞-山西大学-强耦合腔QED系统中非线性光学非互易
	56展天翔-国防科技大学-囚禁离子系统中Leggett-Garg不等式的实验研究
	57安钧鸿-兰州大学-Non-Markovian Quantum Thermometry
	58项玉-北京大学-基于量子导引实现远程制备非高斯量子态
	59钟艺-华南师范大学 -Quantum interference between non-identical single particles
	60孔德一-华中师范大学-基于铁磁-超导系统的量子关联研究
	61张云霄-天津大学-量子纠缠对光场时间相干性的影响
	62张哲东-香港城市大学-Quantum-Light Multidimensional Spectroscopy of Molecules
	63秦忠忠-山西大学-轨道角动量复用连续变量量子资源的确定性分发
	64刘曌地-中国科学技术大学-开放系统和逆转退相干
	65张春辉-南京邮电大学-实用化量子数字签名
	66尹华磊-南京大学-实验演示机器学习的量子优越性及量子盲盒游戏
	67周小计-北京大学-Quantum precision measurement of two-dimensional  forces with 10-28-Newton stability
	68龚明-中国科学技术大学-量子点中的精细结构劈裂、调控和量子点纠缠光源
	69张海潮-中国科学院上海光学精密机械研究所-利用原子波函数的扩展性和局域性探测亚引力
	70王琴琴-中国科学技术大学-基于光量子行走实验验证广义本征态热化假说
	71张岩-东北师范大学-巨型原子的非互易
	72李朝红-中山大学-机器学习在量子精密测量中的应用
	73罗乐-中山大学-基于超冷原子和囚禁离子的非厄米量子物理研究
	74陈洁菲-南方科技大学-光与原子的量子界面：从厄米到非厄米
	75吴康达-中国科学技术大学-两比特量子集体测量的实验实现及其应用
	76霍楠-天津大学-不等臂非线性干涉仪输出场特性与测量方法的关系
	77张成杰-宁波大学-探测和度量真正多体量子纠缠及相干性的研究
	78张筑城-浙江大学-确定性压缩薛定谔猫态的全光产生
	79张超-中国科学技术大学-无探测效率漏洞的高维bell测试
	80冯田峰-中山大学-引力诱导的纠缠放大
	81阮馨慧-清华大学-简并模式单原子关联辐射激光与腔内微波压缩态的观测
	82夏可宇-南京大学-基于极化—动量锁定的手性量子光学与量子非互易
	83孙栋-北京大学-基于拓扑半金属材料的中红外波段直接轨道角动量探测
	84张善超-华南师范大学-Synthetic topological vacua of Yang-Mills fields in Bose-Einstein condensates
	85白思远-兰州大学-Floquet engineering to reactivate a dissipative quantum battery
	86鄢雯哲-中国科学技术大学-Experimental optimal direction guessing with abstention
	87张瑜瑜-重庆大学-光与原子强耦合系统在人工磁场下的新奇量子相
	88吴骥宙-南方科技大学-Sparse interferometry for measuring multiphoton collective phase
	89于旭东-山西大学-光悬浮纳米粒子系统旋转运动与偶极散射实验研究
	90肖太龙-上海交通大学-基于深度强化学习的量子传感参数估计
	91杨玉-西安交通大学-基于SU(2)酉演化的量子多参数同步最优估计
	92王大伟-浙江大学-超辐射晶格
	93瞿睿-西安交通大学-基于多测量设置的高维量子导引（注：报告学术 PRL（2022）、Optica（2022）一作各1）
	94鹿博-中山大学-基于冷铷原子气体的多脉冲CPT-Ramsey干涉
	95郭学石-天津大学-基于光纤中四波混频的强度差压缩态的时域测量
	96潘昌昌-东南大学-Omnipresent coexistence of rogue waves in a nonlinear two-wave interference system and its explanation by modulation instability
	97张永昌-西安交通大学-玻色爱因斯坦凝聚体中长程相互作用和临界现象
	98柯勇贯-中山大学-Scattering and localization of photons in quasiperiodic waveguide QED
	99郭进先-上海交通大学-掩藏光子路径信息
	100张超霞-山西大学-基于干涉式弱值技术实现高精度的倾角测量
	101黄威龙-华南师范大学-Realization of Bose-Einstein condensates of 174Yb Atoms

	张贴报告集
	1宋飞-安徽大学
	2赵成松-大连理工大学
	3郑迪迪-东北师范大学
	6马昱迪-复旦大学
	Composite picosecond control of atomic state through a nanofiber interface

	7胡江勇-复旦大学
	8裘李阳-复旦大学
	9王伟臣-国防科技大学
	10苏闻博-国防科技大学
	11杨红-海南师范大学
	12齐文荣-河南师范大学
	13张莹莹-河南师范大学
	14秦璐-河南师范大学
	15唐志祥-湖南师范大学
	20盛天泽-华东理工大学
	21刘立峰-华东理工大学
	22张迎-华东理工大学
	23白正阳-华东师范大学 (2)
	24赵杰-华东师范大学
	25刘军浩-华南师范大学
	26刘笑宏-华南师范大学
	27李显喆-华南师范大学
	28刘鸿志-华南师范大学
	29吕庆先-华南师范大学
	30崔雨晴-华南师范大学
	31涂海涛-华南师范大学
	32郭钟毓-华南师范大学
	33李贺飞-华南师范大学
	34徐彪-华中科技大学
	35詹荟萍-华中师范大学
	36魏苗苗-华中师范大学
	37耿旭兴-华中师范大学
	38薛明-华中师范大学
	39邵涛-江苏科技大学
	40兰波-江西师范大学
	41赵泽坤-江西师范大学
	42徐铀可-江西师范大学
	43占铭霞-江西师范大学
	44黄佳利-江西师范大学
	45张泽洲-兰州大学
	46杨煦-兰州大学
	47包茜茜-兰州大学
	48宋梦林-南昌大学
	49邱海燕 -南昌大学
	50王兴昌-南方科技大学
	51左瀛-南方科技大学
	52王建民-南方科技大学
	53周子晗-南方科技大学
	54董亮-南方科技大学
	55刘爱萍-南京邮电大学
	56刘靖阳-南京邮电大学
	57毛璇-清华大学
	58龙丹-清华大学
	59温棚宇-清华大学
	60杜培林-山西大学
	60郭苗-山西大学
	61缑芝玉-山西大学
	62黄文艺-山西大学
	63马晶旭-山西大学
	64马荣-山西大学
	65闫江伟-山西大学
	66李鑫-山西大学
	67梁芸芸-山西大学
	68赖永浪-山西大学
	69王宇-山西大学
	70李子亮-山西大学
	71边国旗-山西大学
	72张佳羽-山西大学
	73杨永彪-山西大学
	74卢飞飞-山西大学
	75王春征-山西大学
	76张露露-山西大学
	77李佳明-山西大学
	78刘娜-山西大学
	79常昊博-山西大学
	80范青-山西大学
	81梁少聪-山西大学
	82张沛-山西大学
	83刘岩鑫-山西大学
	84胡裕栋-山西大学
	85焦南婧-山西大学
	86李悦-山西大学
	[1] J. M. Dobrindt, I. Wilson-Rae, and T. J. Kippenberg, Parametric Normal-Mode Splitting in Cavity Optomechanics:Phys. Rev. Lett. 101, 263602(2008).
	[2] Simon Groblacher, Klemens Hammerer, Michael R Vanner, Markus Aspelmeyer,Observation of strong coupling between a micromechanical resonator and an optical cavity field:Nature, 460, 724-727 (2009).
	[3] Huang,S.;Agarwal,G.S.Normal-mode splitting in a coupled system of a nanomechanical oscillator and a parametric amplifier cavity. Phys. Rev. A 80, 033807 (2009).
	[4] Liu, Y.C.; Xiao, Y.F.; Luan, X.S.; Gong, Q.H.; Wong, C.W. Coupled cavities for motional ground-state cooling and strong optomechanical coupling. Phys. Rev. A 91, 033818 (2015).
	[5] Huang, S., Chen, A.: Cooling of a mechanical oscillator and normal mode splitting in optomechanical systems with coherent feedback. Appl. Sci. 9, 3402 (2019).

	87刘宏波-山西大学
	88成家霖-山西大学
	89郭旭波-山西大学
	90吴书贺 -上海交通大学
	91董婧-上海交通大学
	92李琅-上海交通大学
	93夏彬珂-上海交通大学
	94宋琦-上海交通大学
	95谭潇睿-上海交通大学
	96韩婴婴-深圳技术大学
	97刘简-天津航海仪器研究所
	98张晨涛-武汉工程大学
	99曾梓琦-武汉工程大学
	100郭焱-武汉工程大学
	101王宏伟-武汉工程大学
	102杨子祥-武汉工程大学
	103金锐博-武汉工程大学 (2)
	104黑鑫磊-西安交通大学
	105郭振宇-西安交通大学
	106常守康-西安交通大学
	107马荣-西安交通大学
	108陈改青-西安交通大学
	109瞿睿-西安交通大学
	110王伯隆-西安交通大学
	111潘楚荣-西安交通大学
	112蔡邱远-西南交通大学
	117陈天豪-浙江理工大学
	118李栋-中国工程物理研究院
	119尚震-中国海洋大学
	120张力华-中国科学技术大学
	121吴赟琨-中国科学技术大学
	122甄一政-中国科学技术大学
	123任尚宇-中国科学技术大学
	124周亚斌-中国科学技术大学
	125张伟航-中国科学技术大学
	126刘邦-中国科学技术大学
	127王焱-中国科学技术大学
	128徐磊-中国科学技术大学
	129邢文博-中国科学技术大学
	130黄岑潇-中国科学技术大学
	131周晋羽 -中国科学院大学
	132曹明涛-中国科学院国家授时中心
	133刘妤婷-中国科学院国家授时中心
	134权润爱-中国科学院国家授时中心
	135常虹-中国科学院国家授时中心
	136李杏花-中国科学院国家授时中心
	137马燕-中国科学院国家授时中心
	138郝泽琰-中国科学院量子信息重点实验室
	139苗瑞恒-中国科学院量子信息重点实验室
	140方瑞环-中山大学
	141庄敏-中山大学
	142马翥-中山大学
	143周林祥-中山大学
	144李学诗-中山大学
	145马剑涛-中山大学
	146林凌-中山大学
	147韩成银-中山大学
	148张莉-中山大学
	149韦玉明-中山大学
	150柳文洁-中山大学




