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In a closed system, thermalization occurs through unitary evolution, which encodes information in increasingly
nonlocal degrees of freedom. Recent work on random quantum circuits has clarified how this non-local encoding is
affected by an external observer: at a critical measurement rate the system undergoes a phase transition from an
encoding state with volume law entanglement to an area law state. I will review the current understanding of the
transition using a mapping to statistical mechanics models and use this description to predict two new phenomena.
First, I will argue that large scale entanglement, with sub-volume critical power law scaling, is left in the monitored
system when it is coupled to a decoherence channel at its edge. Second, I will show that the capacity of certain quantum

circuits to facilitate quantum teleportation over infinite distances has a critical onset at a finite time.
Chair: Yuki Motome
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In strongly correlated systems, electron, spin, and phonon degrees of freedom are intricately intertwined, and
various symmetry breaking phenomena occurs. These systems exhibit condensed states reflecting the interactions,
thereby acquiring peculiar anisotropy and/or hierarchical structures which show unique dynamics in non-equilibrium
states. Recently we have been working on observations of these dynamics by using new measurement techniques such
as time- & angle-resolved photoelectron spectroscopy and ultrafast electron microscopy. In this talk, I will introduce
our recent works on nematic iron-based superconductor FeSe and trimer-ordered “charge-density-wave” material VTe2.
In FeSe, through the time-, energy-, momentum- and orbital-resolved photoelectron spectroscopy, we detected the
ultrafast dynamics of the Fermi surface anisotropy, and found the short-lived nematic oscillation appearing right after
the strong perturbation by light [1]. In VTe2, we first clarified the electronic structure and found that the trimer
formation is intimately related with the band inversion and the Dirac surface state located at the Brillouin zone
boundaries [2]. In addition, by using the ultrafast electron diffraction and imaging, we found the peculiar phononic
responses related to the trimer dissolution by optical irradiation [3], suggesting the possibility of ultrafast control of

band inversion.

[1] T. Shimojima, KI et al., Nat. Commun. 10, 1946/1-6 (2019).
[2] N. Mitsuishi, KI et al., Nat. Commun. 11, 2466/1-9 (2020).
[3] A. Nakamura, KI et al., Nano Lett. 20, 7, 4932—-4938 (2020).
[4] T. Shimojima, KI et al, Sci. Adv. 7, eabg1322/1-8 (2021).
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Semiclassical quantization of electronic states under magnetic field describes not only the Landau level spectrum
but also the geometric responses of metals under a magnetic field. However, it is unclear whether this semiclassical
idea is valid in dispersionless flat-band systems, in which an infinite number of degenerate semiclassical orbits are
allowed. In this talk, I am going to show that the semiclassical quantization rule breaks down for a class of flat bands
including singular flat bands [1-5] and isolated flat bands [6]. The Landau levels of such a flat band develop in the
empty region in which no electronic states exist in the absence of a magnetic field. The total energy spread of the
Landau levels of flat bands is determined by the quantum geometry of the relevant Bloch states, which is characterized
by their Hilbert—Schmidt quantum distance and fidelity tensors. The results indicate that flat band systems are

promising platforms for the direct measurement of the quantum geometry of wavefunctions in condensed matter.

[1] J. W. Rhim and B. -J. Yang, “Classification of flat bands according to the band-crossing singularity of Bloch wave
functions”, PRB 99, 045107 (2019)

[2] J. W. Rhim, K. Kim, B. -J. Yang, “Quantum distance and anomalous Landau levels of flat bands”, Nature 584, 59-
63 (2020)

[3] Y. Hwang, J. Jung, J. W. Rhim, B. -J. Yang, “Wave function geometry of band crossing points in two-dimensions”,
PRB 103, 1.241102 (2021)

[4] Y. Hwang, J. W. Rhim, B. -J. Yang, “Flat bands with band crossing enforced by symmetry representation”, PRB
104, L.081104 (2021); PRB 104, 085144 (2021)

[6] J. W. Rhim and B. -J. Yang, “Singular flat bands”, Advances in Physics X, 6:1, 1901606 (2021)

[6] Y. Hwang, J.-W. Rhim, B.-J. Yang, “Geometric characterization of anomalous Landau levels of isolated flat bands”,

Nature Communications 12, 6433 (2021)
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Various statistical-mechanical systems can be represented in terms of loop graphs. A classical example is the low-
temperature expansion of the Ising model in two dimensions, which is identical to the simplest (i.e., mono-color) loop
gas model. Quantum many-body systems may also be represented by a loop gas. As is well-known, the D-dimensional
XXZ quantum spin model, for example, can be mapped, through the path integral representation, to a (D+1)-
dimensional classical loop gas model, which is the basis of gnautm Monte Carlo method. A few years ago, we found [1]
that the Kitaev spin liquid on a honeycomb lattice is adiabatically connected to a quantum state represented by a 2D
(not 3D) classical mono-color loop gas. This is consistent with the Ising CFT characterizing the 2D Dirac electrons.
Recently, we found [2] another 2D quantum system that has a representation as a 2D classical loop gas model. Every

loop in this classical system has two colors. Accordingly, this system exhibits the KT transition.

[1] Hyun-Yong Lee, Ryui Kaneko, Tsuyoshi Okubo, Naoki Kawashima: Phys. Rev. Lett. 123, 087203 (2019).
[2] Hosho Katsura, Naoki Kawashima, Satoshi Morita, Akinori Tanaka and Hal Tasaki: Phys. Rev. Res. 3, 033190
(2021).
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Nanoscale electronic circuits play important roles in current quantum technologies. Even when the circuits are
electrically isolated, electrons in nearby circuits may interact with each other by exchanging energy and momentum.
Interactions in coupled nanoscale circuits were investigated in the past with the so called drag experiment [1]. In
particular, an interesting behaviour was observed when investigating adjacent but electrically isolated quantum point
contacts (QPCs) that are nearly pinched [2]. When one QPC is biased with a voltage of about 1 mV or larger, a current
with opposite direction is introduced in the other, unbiased QPC. As explanation of this counter-flow, asymmetric
phonon-induced excitation of electrons between the two reservoirs of the drag QPC was suggested. However, a detailed
understanding of the process has not been obtained yet.

In this talk, I will present our recent study investigating the interactions in a pair of neighboring one-dimensional
wires, which are electrically isolated and equipped with a potential barrier at different positions, by drag-type
measurements [3]. Our results corroborate the interpretation of previous experimental studies [2] and highlight the

importance of geometry for the direction of the phonon-induced current. Our measurement data furthermore indicates
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that heat-driven electron motion is strongly affected by electron-scattering within the drive wire. Since a potential
barrier is one of the key elements in quantum electronic circuits, our results will provide useful information for
quantum operations in nanocircuits in particular for quantum circuits containing a potential barrier. In the end of the
talk, I will also introduce the results on the induced charge in a charge-pulse injection setup rather than in a DC setup

discussed above and talk about the perspectives of such a pulse setup for electron quantum optics experiments.

References

[1] B. N. Narozhny, and A. Levchenko, Rev. Mod. Phys. 88, 025003 (2016).
[2] V. S. Khrapali, et al., Phys. Rev. Lett. 99, 096803 (2007).

[3] S. Takada et al., J. Phys. Soc. Jpn. 90, 113707 (2021).
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5 B BTROED 3 FOMRIZL - TEENS TU(xn-coplanar)iRiE[2]) 72 EDIEB PRSI HENS, F
72, Ba3CoSb209 [3]D & 5 7o “RoBEIZH W TIE, FEFIT/N S R HE R EAERA B iR & s 45 &
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At IF—TiE, LR LB 2B EE (BoEORAE &) 2ERFBEREEO TR L, S HIEADHINIC XL
L BEMEAR DB - IEOHIENC B4 5 T &2 DRI ORI EBICHOW T U 5, BT DA T DAY BT
BSiE, ZOMEOEFHEOMIICERETL2ETHD, Fxld, MARFELSTF7 4+ M A A5 o F—I2BT 54
B AE AR RORBEMEM CsCuCl3 12k 3 25 FRERIE TR L | FRRIITIC L DR AT A—F T 4 v T 1~
TRIOED 2RI LD~ v B T EITV, AV UETES NI K - TEIITHIE T E 5 RerEx R Lz,
IO LI, REAEAYCEMEA~OENHIMIL T, 2 KILT T A b L— b AV BRI OB 2 Bk O REBNAY 72 Hil A
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SRR RSO S TR 2 AW T REMEEIR L, A b= ADORBIHEVNZOEEEZE L TWD, Brld, o1k
T VX ¥ —iEE VT & I S AV BEMEREIR A OB UL B A RV e XS Atk XMCD)IC ko TEOME
BN TE, AEIS—7TlE, Fe/MgO Fi & A 7 VRN Mn3Sn #IEIZ % L TIT7e o 7o it XMCD D4ff
SEABIT D,

Fe/MgO SmilFR & R MmERBKRESTMEL b RMRETZIRE R L, AV he=2 AGHOETH D, A TIE,
Fe/MgO Fii DRI D Fe 28 ED £ IR D8 5 &R S 43 XMCD JEIZ & - TR, FREicks W TlFE O/ LY b
REREUERRE— A > N OHRA B L72[1],

Mn3Sn (ISRBEHERIC S v B BE A — VR & OR X AR BRI 22N E 2 R TIE & L CHER ShTn
b, ZAUEL Mn3Sn DR EURW = AKTEEE L B2 LITRENT A, ZoRFEO—oL LTHRO XMCD 2AELHIS
D ZEMNRBIN TV, AHFFETIE, Mn3Sn OFIEA IR L, FEEICHRD XMCD OB I L7z [2]

[1] S. Sakamot et al., submitted
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B8 : Nonequilibrium quantum many-body systems: Lieb-Robinson bound, entanglement dynamics and
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HE:

In this seminar, we give a topical review on nonequilibrium quantum many-body systems from a quantum-
information point of view. To be specific, we will primarily focus on closed and locally interacting systems. Some related
experiments and open problems will be mentioned for each topic.

First, we review the well-known Lieb-Robinson bound, which sets the speed limit on quantum-information
propagation, and some recent progress on its generalization to long-range systems. We will see how this bound can be
useful for proving some nonequilibrium and even equilibrium properties implied by locality.

Then, we review the small-incremental entangling conjecture proposed by Kitaev and its application to many-body
systems, leading to an area law for entanglement generation rate. We will also review a recently established
phenomenological theory for coarse-grained entanglement dynamics in chaotic systems.

Finally, we review the quantum-information perspective on topological phases at equilibrium and will see how it
can be naturally generalized to unitary dynamics. We will also talk about some recent progress on nonequilibrium

topological phases, including their classifications and dynamical properties.

B O H B B B 5 s s s e MEMEX VB 61 BE4 2 40



	物性研究所セミナー



