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Topological Quantum Optics: witness of topological phase transition and point-gap topology
BHKR
HerpRHEOR

In this presentation, I will firstly introduce the background of topological quantum optics and its
applications. Secondly, I mainly introduce detecting topological phase transitions via an
experimentally observable out-of-time-order correlation (OTOC). Specifically, the distinguishable
OTOC dynamics appears in the topological trivial and nontrivial phases due to the topological
locality, which is still valid even in the presence of disorder. Lastly, I will introduce our recent work

regarding point-gap topology in quadratic bosonic system (QBS). We theoretically predict the
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squeezing-induced point-gap topology in a QBS. A$Z {2}$ skin effect, extremely sensitive to local
perturbations, is found in the Hermitian system for the first time, which surpasses the Bloch’s
theorem. We also find a squeezing-induced unconventional topological phase where both the point-
gap and line-gap topologies are nontrivial, and it is experimentally detectable. Our works is of
fundamental interest in interest in enriching the topological physics by introducing the OTOC and
quantum squeezing, and has potential applications for the engineering of new-type quantum

detecting technology and symmetry-protected sensors based on skin effect.
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Non-classical quantum states are the pivotal features of a quantum system that differs from its
classical counterpart. However, the generation and coherent control of quantum states in a
macroscopic spin system remain an outstanding challenge. Here we experimentally demonstrate the
quantum control of a single magnon in a macroscopic spin system (i.e., 1 mm-diameter yttrium-
iron-garnet sphere) coupled to a superconducting qubit via a microwave cavity. By tuning the qubit
frequency in situ via the Autler-Townes effect, we manipulate this single magnon to generate its
non-classical quantum states, including the single-magnon state and the superposition of single-
magnon state and vacuum (zero magnon) state. Moreover, we confirm the deterministic generation
of these non-classical states by Wigner tomography. Our experiment offers the first reported
deterministic generation of the non-classical quantum states in a macroscopic spin system and paves

a way to explore its promising applications in quantum engineering.
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Simulating Parity Magnetic Effect with Superconducting Qubits
Yu Zhangl, Yan-Qing Zhu2, Wen Zheng1, Jianwen Xul, Dong Lanl, G. Palumbo3, N. Goldman4, Shi-Liang

Zhu5, Xinsheng Tanl, Z. D. Wang2, Yang Yul,
PN

A highly tunable diamond energy diagram is constructed with four coupled transmons. We
parametrically modulate their tunable couplers, mapping the momentum space to parameter space
and realizing 4D Dirac-like Hamiltonian with fourfold degenerate points. Then we apply an
additional pump microwave field to manipulate the energy of tensor monopoles, providing an
effective magnetic and pseudo-electric field. By using non-adiabatic response methods we obtain
the fractional second Chern number. Our experiments pave the way to explore the higher-
dimensional topological states of matter and deepen our understanding of the topological effects.
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Pair density wave state in a monolayer high-Tc iron-based superconductor

Jian Wang
Peking University, Beijing, China

The pair density wave (PDW) is an extraordinary superconducting state where Cooper pairs carry
nonzero momentum. Theoretically, the PDW order is hypothesized to play a fundamental role in
high-temperature (high-Tc) cuprate superconductors, wherein experimental evidence of the PDW
state has been reported. However, the evidence of PDW order is scarce in iron-based high-Tc
superconductors and low dimensional superconductors. Here, using scanning tunneling
microscopy/spectroscopy, we report the discovery of the PDW state in monolayer iron-based high-
Tc Fe(Te,Se) films grown on SrTiO3(001) substrates [1]. The PDW state with a period of A ~ 3.6aFe
(aFe is the distance between neighboring Fe atoms) is observed at the domain walls by the spatial
electronic modulations of the local density of states, superconducting coherence peak height and
gap energy. Moreover, the n-phase shift boundaries of the PDW state are observed near the vortices
of the induced secondary charge density wave state, further demonstrating that the PDW state at the
domain wall is a primary state. The discovery of the primary PDW state in the monolayer Fe(Te,Se)
film provides a low-dimensional platform to study the PDW state and its interplay with the

topological electronic states and unconventional high-Tc superconductivity.
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Recent years have seen rapid progress in controlling multi-level quantum system (qudits) and
demonstration of novel applications. Trapped ion system, with a combination of electron spin,
nuclear spin, metastable electronic orbit, ionic vibration and even with rotations with molecular ions,
is one of the ideal platforms to study mutli-level quantum system. We experimentally demonstrate
various techniques of quantum control, simulation and metrology with trapped ions, ranging from
logic gates, simulation of Unruh effect, to enhancing detection precision with motional squeezing.
We hope these experiments would help in further exploration of quantum applications with multi-

level systems.
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True Random Number Generator Based on Spin-Orbit Torque Magnetic Tunnel Junctions
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True random number generators (TRNGs) play a pivotal role in solving NP-hard problems,
neural network computing, and hardware accelerators for algorithms such as the simulated
annealing. In this work, we focus on TRNG based on high-barrier magnetic tunnel junctions (HB-
MTIJs) with identical stack structure and cell geometry, but employing different spin-orbit torque
(SOT) switching schemes. We conducted a comparative study of their switching probability as a
function of pulse amplitude and width of the applied voltage. Through experimental and theoretical
investigations, we have observed that the Y-type SOT-MTJs exhibit the gentlest dependence of the
switching probability on the external voltage. This characteristic indicates superior tunability in
randomness and enhanced robustness against external disturbances when Y-type SOT-MTIJs are
employed as TRNGs. Furthermore, the random numbers generated by these Y-type SOT-MTlJs,
following XOR pretreatment, have passed the National Institute of Standards and Technology (NIST)
SP800-22 test. This comprehensive study demonstrates the high performance and immense potential

of Y-type SOT-MT]Js for the TRNG implementations.
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Fig.1 (a) The stack structure of SOT-MT]Js. (b) Switching probability as a function of Vi, with a
sigmoid curve. (c) Resistance of the Y-type SOT-MTJ at Vi, =2.2V, 2.4 V and 2.6 V after 120
writing pulses.
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S0 B AR R R = Wiz~ BETMENRIZ

H e FE JR RN (SHE) AL [ e FE JR RN (TSHE) 76 Fa A It I BEIE AAH B R 4 P le 2 256
HEMMEM . X SHE A1 ISHE KUL, i B BT B =A% 82 [0 75 2
MEEERCRL] . FIH B RS AR 1% i ik & 2R A ] LIS, 7ESINREAL
SREEMOX —HIFS RS, BT HIRRA T B R = AN R B Z A R 2 HPUH
fRTREME (2] A, FRATRIA 7 B IEZEI (spin pumping) B & T 3 ELRGIL I Ti (3
nm) /Co (0. 6 nm) /Pd (2 nm) /[Co (0. 4 nm) /Pd (2 nm) . L2 (FHFN Co/Pd ZJZE) H H e
BB . BRATUEER] T Co/Pd Z R LML HLF B BRI LR I G0 S
W H BEE RN, (AISHE) o i, ATSHE BIRFS5 FIK/NER AT LABE Co/Pd 22 J2 M5 1 3 B Ak
JEE L T o e AL, 7E e S T I B oW 58 3 (1) ATSHE/ TSHE FU A8 5 e i e Sl e %
R T RCE W E BEE R AR EAIER IS4 (3]
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