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5 E: A quantum neural network encodes information of the entire input wave function into few qubit,
and the concept of information scrambling describes how a local information scrambles into the entire
system. In the letter we point out that these two are reverse processes of each other, therefore, we can
apply the tripartite information developed for describing information scrambling to diagnose the
training process of a quantum neural network. We find an empirical two-time-scale rule by examining
two different tasks with different algorithms and different initializations. For sufficiently random
initialization, we find that the training process contains two time scales. In a short early time scale, the
performance of the neural network improves rapidly and the tripartite information increases with a
universal slop. This means that the neural network becomes less scrambled than the initial random
unitary. By analyzing two-point correlation, we show evidence that during this time scale of training the
neural network is performing locally construction. In a longer later time scale, the performance improves
with a much slower rate, and the tripartite information decreases. By analyzing the performance of the
neural network on testing set with large domain structure, we show that during this time scale of training,
the neural network starts to develop global structure and therefore the information is more scrambled.
We believe that our work builds up a significant connection between two research topics and opens up

a new way to understand quantum neural network.
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5§ #: Topological phases feature a wealth of fascinating properties governed by the geometry of their
ground state wave functions at equilibrium, but topological phenomena also manifest as non-equilibrium
quantum dynamics in driven-dissipative and Floquet systems, as well as in quench processes. The study of phase
transitions lies at the core of the description of equilibrium states of matter. Besides conventional continuous
phase transitions that are signaled by symmetry breaking, topological phase transitions, characterized by the
change of topology in their ground-state wavefunctions, have attracted much attention since the discovery of
guantum Hall effects.

We report the first experimental study of dynamic quantum phase transitions (DQPTs) using discrete-time
quantum walks (QWs) of single photons. We simulate many-body quench dynamics between distinct Floquet
topological phases using photonic quantum-walk dynamics, and experimentally characterize DQPTs and the
underlying dynamic topological order parameters (DTOPs) through interference-based measurements. Our
experiment directly confirms the relation between DQPTs and DTOPs in quench dynamics of topological
systems. This experiment opens up the avenue of investigating DQPTs and related dynamic topological
phenomena using QW dynamics, whose flexible control paves the way for future studies in novel contexts such
as engineered non-unitary dynamics, with decoherence, or in higher dimensions. "~

Measurement

e Ee S

BEO [ e | awe BD
State Preparation 7] res [7] wees [ rres [ arp  CompemsadCrst
Fig. 1 Experimental setup for the simulation of DQPTs using QWs.

Furthermore, we also reported an experiment on observation of emergent momentum-time skyrmions in
parity-time-symmetric non-unitary quench dynamics. We theoretically characterize and experimentally detect
momentum-time skyrmions in single photon discrete-time QWs for the first time. We simulate the quench
dynamics of topological systems and devise an experimental scheme where time-dependent momentum-space
density matrices can be constructed by the interference-based measurements and projective measurements in
position space. The experiment not only provide a new evidence that the photonic QWs represent a powerful
platform for the quantum simulation but also opens up a new avenue of investigating topological quantum

computation.

KH#TA]: quantum walks, dynamic quantum phase transitions, momentum-time skyrmions
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The classical analogy can help us understand and visualize the behaviors of 'true' quantum state. The famous
analogy is 'classical entanglements' with employing the degree of freedom of polarization and angular orbital
momentum (OAM) of light. Here, we use the OAM light to simulate quantum optical cat state and high

dimensional entanglement. We transfer a cat state |0¢>Iive + | —a> defined in photon number space to it living

dead

in mode number space, named as analogous cat state (a-CS). We find that the intensity distributions of a-CS in
position space is similar to the Wigner function of q-CS in phase space [1]. Experimentally, we generate an a-
CS with high fidelity evolved from 'kitten' to 'cat'. Also, we propose an analogous model system to simulate
high-dimensional quantum entanglement, based on angular and radial degrees of freedom of the improved
Laguerre Gaussian mode [2]. Experimentally, we observed strong violations of the Bell-CGLMP inequality for
the maximally non-separable state of dimension 2 through 10. The results for violations in classical non-
separable states are in very good agreement with quantum instance, which illustrates that our scheme can be a
useful platform to simulate high-dimensional non-local entanglement. The analogies in both cat state and high
dimensional entanglement not only help us visualize quantum state, but also may provide promising applications

for classical and quantum information processing.
Keywords: Cat state, OAM light, Wigner function, High dimensional entanglement.
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An open question of fundamental importance in thermodynamics is how to describe the
statistics of work for the initial state with quantum coherence. In this paper, work statistics is

considered in a fully new perspective of “wave-particle” duality. Based on the generalized

quantum work measurement, the predictability of energy levels D,, and the effectiveness of

coherence V,, are defined, and they obey the inequality D} +V,> <1 which is a fundamental

tradeoff relation between coherent and incoherent work distributions. These results shed light on
the effects of quantum coherence in quantum thermodynamics. As one concrete demonstration of

these results, we give a unified framework of quantum work statistics for any initial state.
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The performance of a physical quantum device for quantum computation can be evaluated by the following
three criteria; the coherence time of a qubit, the fidelity of a logical gate, and number of qubits involved in
coherent operations.

We have demonstrated the coherence time of a single 71Yb* ion-qubit over 600 s with sympathetic cooling by
a 138Ba* ion and optimized dynamical decoupling-pulses in an ambient magnetic field condition [1]. Recently,
we experimentally investigate the limiting factors and enhance the coherence time to more than twice. We find
that ambient magnetic-field noise and phase noise of the local oscillator are main sources for decoherence. To
suppress field fluctuation, we enclose our vacuum system with a two-layer p-metal magnetic-shielding and use
a permanent magnets to produce stable field. For the reference of the local oscillator, we use a crystal oscillator,
which has one order of magnitude smaller Allan deviation than our previous Rb clock at 1 s. With such
improvements, we observe the enhancement for the coherence time of clock state of Y71Yb* ion.

We also have developed a five-qubit programmable system and realized a scalable global quantum gate. A
quantum algorithm can be decomposed into a sequence consisting of single qubit and 2-qubit entangling gates.
To optimize the decomposition and achieve more efficient construction of the quantum circuit, we can replace
multiple 2-qubit gates with a single global entangling gate. Here, we propose and implement a scalable scheme
to realize the global entangling gates on multiple YYb* ion qubits by coupling to multiple motional modes
through external fields. Such global gates require simultaneously decoupling of multiple motional modes and
balancing of the coupling strengths for all the qubit-pairs at the gate time. To demonstrate the usefulness of
the global gates, we prepare the Greenberger-Horne-Zeilinger (GHZ) states in a single global-gate operation,
and successfully show the genuine multi-partite entanglements up to four qubits with the state fidelities over
93.4 % [2].

For the improvements of logic gate fidelities, we apply a scheme of quantum error mitigation based on
probabilistic error cancellation [3], which requires no additional qubit resources different from the scheme of
quantum error correction. We benchmark the performance of the protocol of the probabilistic error
cancellation in our trapped-ion system. We clearly observe that effective gate fidelities exceed physical fidelities.
The error rates are effectively reduced from 1073 to 10 and from 102 to 1073 for single- and two-qubit gates,
respectively [4]. We believe our demonstration opens up the possibility of implementing high-fidelity
computations on a near-term noisy quantum device.

[1] Ye Wang, et al., Nature Photon. 11, 646 (2017)

[2] Yao Lu, Shuaining Zhang, Kuan Zhang, et al., arXiv:1901.93598
[3]V. LiandS. C. Benjamin, Phys. Rev. X 7, 021050 (2017)

[4] Shuaining Zhang, et al., arXiv:1905.10135
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The manipulation of quantum states is one of the main topics of modern science. Here, We demonstrate
theoretically the bundle emission of n strongly correlated phonons in an acoustic cavity QED system. The
mechanism relies on anti-Stokes resonances that generate super-Rabi oscillations between states with a large
difference in their number of excitations, which, combined with dissipation, transfer coherently pure n-phonon
states outside of the cavity. This process works with close to perfect purity over a wide range of parameters and
is tunable optically with well-resolved operation conditions. This broadens the realm of quantum phononics,
with potential applications for on-chip quantum information processing, quantum metrology, and engineering of
new types of quantum devices, such as optically heralded N -phonon guns.
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##%: Quantum manipulation of coupled mechanical resonators has become an important research topic in
optomechanics because these systems can be used to study the quantum coherence effects involving multiple
mechanical modes. A prerequisite for observing macroscopic mechanical coherence is to cool the mechanical
resonators to their ground state. Here we propose a theoretical scheme to cool two coupled mechanical resonators
by introducing an optomechanical interface. The final mean phonon numbers in the two mechanical resonators
are calculated exactly and the results show that the ground-state cooling is achievable in the resolved-sideband
regime and under the optimal driving. By adiabatically eliminating the cavity field in the large-decay regime,
we obtain analytical results of the cooling limits, which show the smallest achievable phonon numbers and the
parameter conditions under which the optimal cooling is achieved. Finally, the scheme is extended to the cooling

of a chain of coupled mechanical resonators.

REE: OGN, IRT, BT
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[1] Deng-Gao Lai, Fen Zou, Bang-Pin Hou, Yun-Feng Xiao, and Jie-Qiao Liao, Simultaneous cooling of coupled
mechanical resonators in cavity optomechanics, Phys. Rev. A 2018, 98, 023860.
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Abstract:

In this work, we study the dynamics of a two-level system (qubit) embedded in a finite-
temperature structured-bath under periodical non-demolition measurements. The system under
measurements will reach a quasi-steady state, whose effective temperature can be maintained
lower than that of the surrounding environment. We study the influence of the environmental
modes from different regimes of frequency on the qubit. The spectrum of the bath consisting of a
large number of bosonic harmonic oscillators can be approximately divided into three parts
according to their effects of cooling or heating. Due to the spectral analysis over the structured-
bath based on a time-convolutionless master equation beyond the rotating-wave approximation,
we propose a necessary cooling condition for the bath in the context of quantum non-selective
and non-demolition measurements. It is consisted of two parts: (i) the logarithmic derivative of
the spectrum around the system transition frequency should be large enough, at least larger than
one half of the inverse temperature of the bath; (ii) the spectrum should have a sharp high-
frequency cutoff that cannot be far-detuning from the system transition frequency. From this
condition, we find that environments with two popular types of spectra, i.e., the modified
Lorentzian models and the super-Ohmic models, are available for cooling the open quantum
system.

Reference:

Jia-Ming Zhang, Jun Jing*, Lian-Ao Wu, Li-Gang Wang, and Shi-Yao Zhu, arXiv:1901.09667,
accepted by Physical Review A.
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Abstract: Thermodynamics is one of the four pillars of theoretical physics and provides us with an essential
way to study the thermodynamic process such as the heat engine and the refrigerator. The studied physical
system down to the quantum level, guantum mechanics will have to be considered. Quantum thermodynamics
which is the intersection of thermodynamics and quantum mechanics, provides a new approach to
investigating microscopic physics. Recently, the concept of the self-contained quantum refrigerator has been
raised [28-32]. The “self-contained” means that (i) all degrees of freedom of the refrigerator should be
considered; (ii) no external source of work is allowed; and (iii) in particular, time-dependent Hamiltonians or
prescribed unitary transformations are not allowed. The self-contained refrigerator works in the regime of
weak internal coupling. Could a strong internal interaction provide more effective power?

Motivated by this question, we study the strong-internal-coupling quantum refrigerator. It is shown that
strong internal coupling reduces the cooling ability of the refrigerator. In contrast to the weak-coupling case,
strong internal coupling could lead to quite different and even converse thermodynamic behaviors. If some
modes of the three thermal reservoirs can be properly filtered out, the efficiency and the working domain of
the refrigerator can be improved in contrast to the those in the weak internal coupling regime, which indicates
one advantage of the strong internal coupling. However, the background natural vacuum reservoir could cause
the filtered refrigerator to stop working and the background natural thermal reservoir could greatly reduce the
cooling efficiency. Finally, we also demonstrate that such a quantum self-contained refrigerator can also be
implemented via quantum Cavity QED in the weak coupling regime.

J<E#iA: Quantum refrigerator, quantum thermodynamics
22 CHR
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f#E: It is well-known that the violation of a local uncertainty relation can be used as an indicator for the
presence of entanglement. Unfortunately, the practical use of these non-linear witnesses has been limited to few
special cases in the past. However, new methods for computing uncertainty bounds became available. Here we
report on an experimental implementation of uncertainty-based entanglement witnesses, benchmarked in a
regime dominated by strong local noise. We combine the new computational method with a local noise
tomography in order to design noise-adapted entanglement witnesses. This proof-of-principle experiment shows
that quantum noise can be successfully handled by a fully quantum model in order to enhance entanglement

detection efficiencies.

%%iﬁj: quantum entanglement, quantum uncertainty
[1] Y. Y. Zhao et al., Entanglement detection by violations of noisy uncertainty relations: A proof of principle, Phys. Rev.
Lett. 2019, 122, 220401.
HEWH: ZORARREE. EXARREEEZ. DR, HEW. 288, HLEEER,
AL A8 [ AH SR T i R SR



1,029 LHS: L
BAREFITEN—DHIRE
Eiait

W KRS 5 me T, 410082
W ui bk ;. fuxiangli@hnu. edu. cn

KEkE. AHETFIHE, BBk, BETHML, &8 BCS BEEE, &Y
FHEIE:

Y IR TSRO A AT TR K SR BR AT S AL SR A ) — P T ESEBLT &R D-Wave A FIE 2011
FHEL TR TETARE TR HE RN HERXEHENRA E T8, Hxk
PRAEHAT S P RE RN TR IR BE N T RE R, AATTX R SRR TR A T Z 4. 3417
FEIX BLR Y — >R AT AR A 5 I s R AR e IR AR, RIS I BCS A48 XM 4 v it
S 7 BB MR : ATA6 S Bt se e i B T A S, WAL R I S B UGS BRI 4 A — 1 RERE,
EACPE AT LA 240, AT RAGEAT gD . BRATA™ROR AR RO, fE RV AR IR I LR, X
AMERYTT DLSEHLR TN . XA I R T ORI B Ak, FATH R R R, AT
BRI R JG,  SMOUDIR S B ROMEZR A SIS 5 A A, R RGESEI T 58 eI 3L

22 3CHk: Fuxiang Li , V. Y. Chernyak, N. A. Sinitsyn, “Quantum annealing and thermalization: insights from integrability”,
arXiv:1804.00371, Physical Review Letter, 121, 190601(2018).
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f§#: Dissipation has been conventionally considered as a detrimental factor traditionally because it would
destroy the unitary dynamics and induce decoherence. The quest to find viable strategies for avoiding
decoherence is an essential issue for the developmentof quantum technologies. For the cavity quantum
electrodynamics system, the typicaldissipative factors that induce the decoherence including atomic spontaneous
emissionprocess, cavity leakage process and so on. Recently, a new strategy has been put forward:the dissipative
processes can act as an prerequisite for the implementation of quantuminformation processing, transforming the
detrimental dissipative factors of system intopositive factors. Such as preparation of entangled quantum state
with atom-cavity systems and solid state systems. This is different from traditional ideas. By means of
anreasonably engineered interaction of the system with its environment, dissipative processcan not perturb
unitary dynamics. Strictly speaking, the relationship between unitaryd ynamics and the dissipative process can
be interpreted as unity of opposites between competition and cooperation, which jointly drives the system to
stabilization. The main purpose of this report is to design schemes which utilize the dissipative processes in the
spatially separated cavities to prepare distributed entanglement. We hope that the theoretical considerations can
offer convenience and supporting theories for the experimental works.

JKH#A: entanglement, cavity QED system, solid-state system, dissipative process

225 3k

[1] Jin Z, Su S L, Zhu A D, Wang H F, Zhang S. Dissipative preparation of distributed steady entanglement: an approach of
unilateral qubit driving[J]. Optics Express, 2017, 25(1):88.

[2] Jin Z, Su S L, Zhang S. Adjustable steady entangled state of two NV centers via dissipation: a scheme simultaneously utilizing

two dissipative factors[J]. Physical Review A (submitting)
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$# %2 : Quantum adiabatic evolutions find a broad range of applications in quantum physics and quantum
technologies. The traditional form of the quantum adiabatic theorem limits the speed of adiabatic evolution by
the minimal energy gaps of the system Hamiltonian. Here, we experimentally show using a nitrogen-vacancy
center in diamond that, by fast modulation of dynamic phases, we demonstrate near—unit-fidelity quantum
adiabatic processes in finite times. These results challenge traditional views and provide deeper understanding

on quantum adiabatic processes, as well as promising strategies for the control of quantum systems.

XK1 :  Adiabatic Quantum Evolution, Quantum Control Systems, NV center

EE U

[1] Kebiao Xu, Tianyu Xie, Fazhan Shi, Zhen-Yu Wang, Xiangkun Xu, Pengfei Wang, Ya Wang,
Martin B. Plenio, and Jiangfeng Du, Breaking the adiabatic speed-limit by jumping along geodesics, Sci.
Adv. 5,eaax3800 (2019).

[2] Kebiao Xu, Tianyu Xie, Zhaokai Li, Xiangkun Xu, Mengqi Wang, Xiangyu Ye, Fei Kong, Jianpei

Geng, Changkui Duan, Fazhan Shi, and Jiangfeng Du, Experimental Adiabatic Quantum Factorization under
Ambient Conditions Based on a Solid-State Single Spin System, Phys. Rev. Lett. 118, 130504 (2017).
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$#%L: Protein folding problem has been an important topic in interdisciplinary field involving molecular biology,
computer science, polymer physics as well as theoretical physics etc.. Levinthal noted early in 1967 that a much
larger folding time is inevitable if proteins are folded by sequentially sampling of all possible conformations. It
was widely assumed that a random conformational search does not occur in the folding process, for which
various hypotheses with the help of a series of meta-stable intermediate states have been often proposed. Here
we introduce a quantum strategy to formulate folding as a quantum walk on a definite graph, which provides us
a general framework without making hypotheses. We define the protein folding time as the mean of first-passage
time, and evaluate it by taking two examples of protein chain with four and six amino-acid residues. The
corresponding results are shown that the folding time via our quantum approach is much shorter than the one
obtained via classical random walks. This idea is expected to evoke more insights for future studies. Additionally,
on the base of the quantum walk approach we proposed, we further study the protein folding problem by
considering the mode of protein chain with nine amino-acid residues. We introduce the concept of distance space
and its projections on a XY -plane, and two characteristic quantities, one is called compactness of protein
structure and another is called probability ratio involving shortest path. We calculate the evolution of those
characteristic quantities without considering the effect of sequences, and our results not only confirm the fast
quantum folding time but also unveil the existence of quantum intelligence hidden behind in choosing protein

folding pathways.

Keywords: protein folding, continuous-time quantum walk, mean first-passage time, quantum intelligence, first-

passage probability

Reference
[1] L. H. Luand Y. Q. Li, Chin. Phys. Lett., 36(8):080305, 2019.
[2] W. W. Mao, L. H. Lu and Y. Q. Li, arXiv:1907.07179, 2019.
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f#%L: A unified bound on the quantum speed limit is obtained for open quantum systems with a mixed initial
state by utilizing the function of relative purity proposed by F. Campaioli et al. [Phys. Rev. Lett. 120, 060409
(2018)]. As applications, it is found that the quantum speed limit bound for the damped Jaynes-Cummings model
is determined by the competition among the non-Markovianity, the population of the initial excited state, and
the initial-state coherence, which shows that the population of the initial excited state and the coherence of the
initial state can make the quantum speed limit bound tighter even though the non-Markovian effects can
accelerate the evolution of open quantum system. For the dephasing model, a simple factorization law with the
initial-state coherence shows that the quantum speed limit is governed by only the competition between the non-
Markovianity and the coherence of the initial state.

I . quantum speed limit, open system, mixed initial state

S 3k -
[1]. Shao-xiong Wu and Chang-shui Yu. Quantum speed limit for a mixed initial state. Phys. Rev. A, 98, 042132 (2018).
[2]+ Shao-xiong Wu, Yang Zhang, Chang-shui Yu and He-shan Song. The initial-state dependence of the quantum speed limit.
J. Phys. A: Math. Theor., 48, 045301 (2015).
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2. BT R KRG (QSDC) 4R E &S, 815X M & 15 18 B AL % (5 B 1F i
TREIBERB 12N U4, QSDC fESM UG THORHER, 23 2 63 B4, [ H A (R 3518 5 Bt
KN, NPRIEESE %4, QSDC BMI ESRIEE X5 e 76 36 MG 5 Ui S AR e 6 o
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BERLAERHR, R DI-QSDC M=l fFri g, JHidpfs Stk . vt 7&4m 2 AR T
BN, PRAALE DI-QSDC J5 5| N BT AR e 944 . 8 1847 f 7 A HR R BOR Je 2 4l
b, EEXRTTRETE THIRE B ER LB M ER, EKIEERRE, FHEE BaHR.
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. We investigate the excitation of a quantum particle shuttled in a harmonic trap with weak spring-
constant colored noise. The Ornstein-Uhlenbeck model for the noise correlation function describes a wide
range of possible noises, in particular for short correlation times the white-noise limit examined by Lu et al.
[Phys. Rev. A 89, 063414 (2014)] and, by averaging over correlation times, “1/f flicker noise.” We find
expressions for the excitation energy in terms of static (independent of trap motion) and dynamical
sensitivities, with opposite behavior with respect to shuttling time, and demonstrate that the excitation can be

reduced by proper process timing and design of the trap trajectory.
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Abstract: Squeezed-coherent-cat state (SCCS) in mechanical system not only plays an important role for
macroscopic quantum coherence, but also can be a carrier for quantum information. We propose a scheme to
generate SCCS in a two-mode optomechanical system, in which the modulated hoping interaction of two cavities
is introduced. The two cavity modes couple with the same mechanical mode with linear and quadratic interaction
respectively. We analytically deduce the SCCS under a appropriate initial state, and numerically calculate the
average phonon number and the parameter of squeeze. Wigner function shown the properties of superposition
and squeezing is plotted. Including the dissipation of the environment, our results show that high quality of the

mechanical resonator and the low noise of its environment is required so as to obtain high fidelity.
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% : Geometric phase is insensitive to certain local disturbances due to the global properties accumulated
through a closed loop in the parameter space. It can be utilized to realize high-fidelity logic gates for geometric
quantum computation. In this work, we propose a novel scheme for geometric quantum gates using three or two
level systems under the detuning-controllable drivings, which can be considerably improved by the transitionless
quantum driving. In particular, we introduce a controllable variable, the detuning between the driving frequency
and the atomic energy spacing, to modify the traditional scheme for geometric gates. Subsequently we can have
two instantaneous eigenstates with opposite eigenvalues constituting a closed loop in the parameter space. The
accumulated dynamical phase is exactly cancelled when the loop is completed, which is out of the parallel-
transport restriction. The transitionless quantum driving in our proposal can be used to enhance the speed and
the fidelity of geometric transformation, rendering revisions in both amplitudes and phases of the driving fields.
Then in a shorter time we can realize a universal set of single-qubit gates and nontrivial double-qubit gates. We

also estimate the gate fidelity under both dephasing and dissipation processes.
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Abstract: The superposition state of single mode or two-mode coherent state is always an attractive topic. We
propose a scheme to generate Schrodinger cat state and entangled coherent state of mechanical oscillator in a
hybrid optomechanical system. By introducing time-dependent coupling between atom and photon, an effective
Hamiltonian is deduced where a tripartite interaction with time-dependent coupling is achieved. The effect of
relatively high free energy can be cancelled so that we can obtain relatively large average phonon number. As
its application, we show that a Schrodinger cat state can be generated for single mechanical oscillator system,
meanwhile entangled coherent states of two mechanical oscillators can be obtained. Including the dissipation,
we derive the analytic solution of our system and discuss the decoherence and the disentanglement. In addition,

a steady phonon laser can be reached.
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Fig. 1. (a), (b) The Wigner function. (c¢) The Mandel-Fano parameter of the phonon field. (d) The average phonon number.
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