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Nodeless electron pairing in CsV3Sbs-derived
kagome superconductors

Laser and Synchrotron Research Center, The Institute for Solid States Physics

Overview

The kagome lattice, consisting of corner-shared
triangles (inset of Fig. 1), is an exciting platform for
emergent quantum phenomena, since its electronic
structure is featured with a flat band, a Dirac cone, and
van Hove singularities. Recently, superconductivity that
intertwines with charge density wave (CDW) has been
observed in kagome metals AVsSbs (A = K, Rb, Cs) [1-2].
To illuminate the pairing mechanism and the
interplays between multiple phases, a fundamental
issue is to determine the superconducting (SC) gap
symmetry. However, it remains elusive owing to the
existence of several conflicting experimental results [2]
and lack of a momentum-dependent measurements of SC
gap structure. Angle-resolved photoemission spectroscopy
(ARPES) has been proved to be a powerful tool to directly
measure the SC gap in the momentum space [3].
Nevertheless, the relatively low transition temperature
(Tc) renders the precise ARPES determination of the gap
in the SC state extremely challenging.

In this work, we utilize an ultrahigh-resolution and low-
temperature laser-ARPES, together with a chemical
substitution of V in CsV3sSbs, that raises 7t, to precisely
measure the gap structure in the SC state. Considering
the accessibility in terms of temperature and possible
influence of CDW, we select Cs(Vo.93Nbo.o7)sSbs and
Cs(Vo.s6Ta0.14)3Sbs for the SC gap measurement (denoted
as Nb0.07 and Ta0.14, respectively). The Nb0.07 sample
exhibits Tt of 4.4 K and a CDW transition at Tcow = 58
K, whereas the Ta0.14 sample exhibits a T¢ of 5.2 K, but
no clear CDW transition (Fig. 1). Our results uncover the
SC gap structures of both samples are isotropic,
regardless of the disappearance of CDW, hinting at a
robust nodeless pairing in CsV3Sbs-derived kagome

superconductors [4].
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Fig. 1. Phase diagram of substituted CsVsSbs. The inset
illustrates Ta or Nb substitutions by V atoms in V-Sb layer.

Results
We first map out the Fermi surface (FS). Fig. 2a shows a

joint FS of the Ta0.14 sample by combing three
segments, which is consistent with whole-FS mapping
using a larger photon energy [4]. Three FS sheets — a
circular electron-like pocket (marked as o) and a
hexagonal hole-like pocket (marked as B) at Brillouin
Zone (BZ) center I point, and a triangle pocket (marked
as 8) at the BZ corner K point — are well distinguished.
This makes the determination of the Fermi momentum
(kr) reliable.

Before investigating the SC gap structure, we confirm
the spectral evidence of the superconductivity. Using the
Ta0.14 sample as an example, the temperature-
dependent EDCs of a cut on B FS are shown in Fig. 2b.
Apparently, at T=2 K, far below 7T¢, the emergent
quasiparticle peak around the Fermi level (Er) clearly
indicates the opening of an SC gap. With temperature
gradually increasing, the growing intensity at Er and the
approaching peaks suggest that the SC gap becomes
smaller and eventually closes. The fitted SC gap
amplitudes versus temperature are summarized in the

inset of Fig. 2b. The estimated 7. of approximately 5.2 K
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Fig. 2. Isotropic superconducting gap in Cs(Vo.ssTao.14)3Sbs. a. Fermi surface mappings. b. Temperature-
dependent EDCs at kr in a cut marked as a black line in a. c-e, EDCs at kr along with the a, b, and d FS,
respectively. f, Positions of examined kr. g, SC gap amplitude from the fits to EDCs at kr. The shaded areas

represent the error bars.

is consistent with the bulk 7. determined by resistivity
measurements, demonstrating the high quality of the
samples and the high precision of our SC gap

measurements.

We then study the momentum dependence of the SC gap
in the Ta0.14 sample with the CDW order fully
suppressed. The EDCs at kr of a, p and 6 FSs are
presented in Figs. 2c-e. Near EF, the leading edges of the
EDCs at 2 K all show a shift compared to that at 7 K.
Moreover, they universally show a strong coherence peak
at the same binding energy, indicating an isotropic SC
gap structure. Fitting these EDCs to a Bardeen—Cooper—
Schrieffer (BCS) spectral function, the quantitatively
extracted gap amplitudes of the different FSs have rarely
fluctuated amplitudes with an average Araof 0.77 + 0.06
meV (Fig. 2g), yielding a ratio 2 Ara/ksTc of 3.44 + 0.27

(where kB is the Boltzmann constant).

Next, we turn to examine the SC gap structure of the
NDbO0.07 sample, where Tcpw gets slightly suppressed.
After checking the F'S topology like that of the Ta0.14
sample, we take the EDCs at kr positions of three FSs.
By fitting them with a BCS spectral function,

quantitatively, the SC gap amplitudes remain nearly

isotropic (Fig. 3a). The averaged gap amplitude Anp is
0.54 + 0.06 meV, giving out a weaker ratio 2Anv/ksTc of
2.83 + 0.32. By turning the photon energy from 5.8 eV to
7eV, we further study the z-direction momentum (k)
dependence of the SC gap. We find that the SC gap
remains nearly the same at these two k; planes within
our experimental uncertainties. Giving the direct
momentum-resolved capability of ARPES and the
prominent features of SC gap opening, our data reveal a
nodeless, nearly isotropic and orbital-independent SC

gap in both Nb0.07 and Ta0.14 samples (Fig. 3a, b).

Discussion and outlook

As shown in Fig. 3¢, the isovalent substitutions of Nb/Ta
for V atoms can be viewed as effective in-plane negative
pressure, which suppresses the CDW order while it
enhances the superconductivity. Our results uncover a
fact that the same isotropic SC gap structure on
suppression of CDW, different from the observation of a
nodal-to-nodeless in the sister compounds KV3Sbs and
RbV3Sbs under hydrostatic pressure [5], suggesting a
probably weak CDW-SC competition in CsV3Sbs.

Our results allow us further to discuss the pairing

symmetry. The robust isotropic SC gaps with small
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Fig. 3. Robust isotropic SC gap on suppression of CDW. a,b,
Schematic momentum-dependent SC gap of the Nb0.07 and
Ta0.14 samples, respectively. ¢, Schematic phase diagram as
function of the lattice expansion due to substitutions. Here,
da is the change of the in-plane lattice constant relative to
pristine CsVsSbs.

2A/kBT: seem to be consistent with a conventional s-wave
pairing. This is also supported by the observed band
dispersion kinks stemming from electron-phonon
couplings, as well as the positive correlation between the
coupling strength and Tt [6]. Precisely, these results do
not rule out other nodeless pairing states due to the lack
of phase information in ARPES measurements.
Particularly, the observation of increased muon spin
relaxation rate on CDW-suppressed CsV3Sbs by pressure
provide evidence for the potential presence of time-
reversal-symmetry-breaking  superconductivity  [7],
highlighting the need for further examination. In
addition, a direct ARPES investigation on pristine
CsV3Sbs will be more helpful to further pin down the

pairing symmetry.
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PA=E/A-FN
Dec. 5th
10:00-10:05 Welcome Address (Takao Mori, Chairperson)
10:05-10:10 Greetings (Zenji Hiroi, ISSP Director)
Session 1 Chair: Yoshihiko Okamoto (The University of Tokyo)
10:10-10:30 Takao Mori (National Institute for Materials Science)
“Development of enhanced thermoelectric materials and viable devices”
10:30-10:50 Masao Ogata (The University of Tokyo)
“Recent Development of Electrothermal Transport Properties in Microscopic Theory”
10:50-11:10 Kazuhiro Yanagi (Tokyo Metropolitan University)
“Thermoelectric properties of single-walled carbon nanotubes”
11:10-11:30 Takehiko Mori (Tokyo Institute of Technology)
“Temperature Dependence of Field-Effect Thermoelectric Power in Rubrene Crystals”
11:30-11:50 Takahiro Yamamoto (Tokyo University of Science)
“Kubo-Luttinger linear response theory of thermoelectric transport in disordered systems”
11:50-12:50 Lunch
Session 2 Chair: Satoru Nakatsuji (The University of Tokyo)
12:50-13:10 Yoshiaki Nakamura (Osaka University)
“Methodology of thermoelectric performance enhancement in low dimensional Group IV element
materials”
13:10-13:30 Jun Hayakawa (Hitachi, Ltd)
“High power and environmentally friendly Si-based themoelectric materials”
13:30-13:50 Manaho Matsubara (Tokyo University of Science)
“Theoretical analysis of thermoelectric effect in FeSe thin films based on two-band model”
13:50-14:10 Akitoshi Nakano (Nagoya University)
“Thermoelectric property of uncompensated semimetal TazPdSes”
14:10-14:30 Yoshihiko Okamoto (The University of Tokyo)
“Electronic states of a one-dimensional van der Waals crystal TasSiTes”
B B B B B B s MHAE XV 64 B 1 B
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14:30-14:50

Session 3

15:10-15:30

15:30-15:50

15:50-16:10

16:10-16:30

16:30-16:50

16:50-17:10

Keynote Talk
17:30-18:00

Dec. 6th
Session 4

10:00-10:20

10:20-10:40

10:40-11:00

11:00-11:20

11:20-11:40

11:40-12:00

Yoshihiro Iwasa (The University of Tokyo)

“T'wo dimensional materials”

Chair: Hatsumi Mori (The University of Tokyo)
Satoru Nakatsuji (The University of Tokyo)
“Large Magnetothermoelectric Effects of Topological Magnets and Their Applications”
Masaki Mizuguchi (Nagoya University)
“Thermoelectric power generation by magnetic nano-structures”
Kenichi Uchida (National Institute for Materials Science)
“Hybrid Transverse Magneto-Thermoelectric Cooling in Artificially Tilted Multilayers”
Akio Kimura (Hiroshima University)
“Elucidating the ‘actual’ spin-resolved band structure of magnetic thin films for enhanced
thermoelectric generations”
Taishi Takenobu (Nagoya University)
“Unsolved problem in organic polymer materials”
Junichi Takeya (The University of Tokyo)

“Thermo-electric properties of doped organic crystalline semiconductors”

Chair: Masao Ogata (The University of Tokyo)
Hidetoshi Fukuyama (Tokyo University of Science)

“Search for good thermoelectrics based on Kubo-Luttinger theory”

Chair: Ichiro Terasaki (Nagoya University)
Tsutomu Kanno (Panasonic Holdings Corporation)
“Defect chemistry and phonon damping in high-efficiency n-type MgsSbz-based thermoelectric materials”
Tsunehiro Takeuchi (Toyota Technological Institute)
“Development of high-performance thermoelectric materials using constructive electronic structure
modifications and composite effects”
Chul-Ho Lee (National Institute of Advanced Industrial Science and Technology)
“Development of thermoelectric materials with low thermal conductivity”
Naohito Tsujii (National Institute for Materials Science)
“Development of Thermoelectric Materials using Magnetic Interaction”
Kaoru Toko (University of Tsukuba)
“Thermoelectric properties of low-temperature polycrystalline group IV semiconductor thin films”
Kazuhiko Kuroki (Osaka University)

“Theoretical studies on the thermoelectric properties of CaAl2Siz-type Zintl phase compounds”

12:00-13:00 Lunch
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13:00-13:45 Poster Session

Session 5 Chair: Takao Mori (National Institute for Materials Science)
13:45-14:05 Ichiro Terasaki (Nagoya University)

“Scattering time: the last black box”
14:05-14:25 Hideaki Maebashi (The University of Tokyo)

“Lorenz Ratio in Strongly Correlated Electron Systems: Effects of Umklapp Scattering”
14:25-14:45 Jun Fujioka (University of Tsukuba)

“Thermoelectric oxide narrow-gap semiconductor: electron-doped Pd-oxide”
14:45-15:00 Masayuki Ochi (Osaka University)

“Electron-hole dichotomy and enhancement of thermoelectric power factor by electron-hole-asymmetric

relaxation time: a model study on a two-valley system with strong intervalley scattering”

15:00-15:15 Yoshiki Sato (The University of Tokyo)

“Orthogonal thermoelectricity in a multi-dimensional goniopolar conductor LaPtz:B”

Session 6 Chair: Takahiro Yamamoto (Tokyo University of Science)
15:35-16:35 General Discussion

16:35-16:45 Closing

WF7E 4 A DGO
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AF2—Fr b T54 X
Surface & Interface Spectroscopy 2023
Student Prize
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AF2—Fr b 754X

Surface & Interfacs Spectroscopy 2023
Prize
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ISSP Women’ s Week 2023

[l FRS] ISSP Women's Week : 2023 4 11 A 25 H(+)~2023 £ 12 § 1 H(&)
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[CXE] REEOREFXA Y O THR—ILT 4 VT ABROBER T FRIEETBIC RNV LEE L,

§1 AREED ISSP Women’s Week (22T

Fox OATRERFIIZL Lkt FESRSICB N THE
At A, 5% — A~ AR T HEE T L@
FINEBRCE DN EL > TEE L, ZOHT,
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BD3ODFEEICMVMBATEE LT,
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*1 [Ro X VWHENFE ! | =7 ~— : https://www.ipmu.jp/ja/20231125-WomenStudents

*2  [ISSP Women's week 2023] 7 = 7 ~X— : https://sites.google.com/g.ecc.u-tokyo.ac.jp/issp-womens-week
*3 [RkZ2DFZH 1| U=T7~X— : https://park.itc.u-tokyo.ac.jp/kashiwa-stem/
XY T INER= T TRRWGET, BT A THRBEL IS,
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13:30-14:30 (A7 A )
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THEOPTRIZ~vA/n T/ Ly g
16:00-17:00 (N1 7V » )
HEgE I — EER GRS, BYLEHRIERT)
[Defining a quantum active particle using a non-unitary quantum walk |
10:30-12:00 (A > 7 A )
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ISSP Women’s Week 2023 #f4E2giiix"

*4 L HARKEZEFS

*5 BEIR M A=Y 2B ERND 100 £~V —F - w1 hF—#Loohii~) RHuEEZ 66, 615 (2023).
*6 MRS Y = 7 — : https://sites.google.com/g.ecc.u-tokyo.ac.jp/isspww
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FHEI [Photocatalytic activity of Al-doped SrTiOs]

Z1—HLEK [Exploring Counterion pKa Variations in bestrhodopsin |
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Xiaoni Zhang X

spectroscopy |
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B T8, 207200 ISSP Women’s Week

['Clue of Dirac Nodal Fermions for Topological Hydrogen Boride by micro-focused photoemission
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i : On Zoom and Lecture Room A632 , ISSP (Hybrid)
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[1] Y. Hidaka, S. Pu, and D.-L. Yang, Phys. Rev. D 97, 016004 (2018).

[2] R. Nakai and N. Nagaosa, Phys. Rev. B: Condens. Matter Mater. Phys. 99, 115201 (2019).
[3] R. Toshio, K. Takasan, and N. Kawakami, Phys. Rev. Res. 2, 032021 (2020).

[4] T. Yamaguchi, K. Nakazawa, and A. Yamakage, arXiv:2305.05273 (2023).
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B8 Magnetization and Polarization Switching in a Family of Heterometallic Complexes with
Electron Transfer and Spin Transition Behavior
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e

Spin transition behavior in molecular crystals has attracted wide attention in the field of molecular physics and
chemistry. By appropriate chemical design, the transition properties (e.g. transition temperature) could be finely tuned.
In this talk, we will discuss about the electron dynamics in two systems, i.e. [(Fe(RR-cth))(M(SS-cth))(u-dhbq)]X 3 and
[(Co(RR-cth))(M(SS-cth))(u-dhbq)]X 3 crystallized in the P2 1 space group (cth = 5,5,7,12,12,14-hexamethyl-1,4,8,11-
tetraazacyclotetradecane, H 2 dhbq = 2,5-dihydroxy-1,4-benzoquinone, M = Co, Cr and Ga, X = PF 6 — and AsF 6 —).
The former family exhibits a transition process at Fe site with thermally hysteretic behavior, followed by a gradual
electron transfer between the Fe and ligand sites. Owing to the asymmetrical changes in the molecular structures and
changes in metal-ligand covalency, a substantial polarization change has been observed. Furthermore, these
compounds undergo similar processes when subjected to pulsed magnetic fields at lower temperatures, resulting in a
comparable polarization change. The latter family exhibits an electron transfer coupled spin transition process at Co
site, which leads to a polarization change as large as 2~3 nC/cm 2 . Interestingly, by trapping the electron-transferred

metastable state at low-temperatures, a persistent light-induced polarization change could be observed.
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[ : The Self-Learning Monte Carlo Method: Accelerating Simulations with Machine Learning
HEF : 2023 4F 12 H 26 H(K) F#& 1 BE~FiR 2 Iy
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hl ¢ Yuki Nagai
il : Japan Atomic Energy Agency
e
We have introduced a general method, dubbed self-learning Monte Carlo (SLMC), which speeds up the MC
simulation by designing and training a model to propose efficient global updates. We have developed the SLMC in

various kinds of systems for electrons[1], spins[2], atoms[3], and quarks and gluons[4].
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For example, we proposed an efficient approach called self-learning hybrid Monte Carlo (SLHMC) method, which is
a general method to make use of machine learning (ML) potentials to accelerate the statistical sampling of first
principles density-functional-theory (DFT) simulations[3]. In the SLHMC simulation, the statistical ensemble is
sampled exactly at the DFT level for a given thermodynamic condition. Meanwhile, the ML potential is improved on
the fly by training to enhance the sampling, whereby the training dataset, which is sampled from the exact ensemble,
is created automatically.

In this talk, I will show the basic concept of SLMC and various kinds of applications.

[1] YN, H. Shen, Y. Qi, J. Liu, and L. Fu, Self-Learning Monte Carlo Method: Continuous-Time Algorithm, Phys. Rev.
B 96, 161102 (2017).; YN, M. Okumura, K. Kobayashi, and M. Shiga, Self-Learning Hybrid Monte Carlo: A First-
Principles Approach, Phys. Rev. B 102, 041124 (2020).

[2] H. Kohshiro and YN, Effective Ruderman—Kittel-Kasuya—Yosida-like Interaction in Diluted Double-Exchange
Model: Self-Learning Monte Carlo Approach, J. Phys. Soc. Jpn. 90, 034711 (2021).;YN and A. Tomiya, Self-Learning
Monte Carlo with Equivariant Transformer, http://arxiv.org/abs/2306.11527.

[3] YN, M. Okumura, K. Kobayashi, and M. Shiga, Self-Learning Hybrid Monte Carlo: A First-Principles Approach,
Phys. Rev. B 102, 041124 (2020).;K. Kobayashi, YN, M. Itakura, and M. Shiga, Self-Learning Hybrid Monte Carlo
Method for Isothermal-Isobaric Ensemble: Application to Liquid Silica, J. Chem. Phys. 155, 034106 (2021).

[4] YN, A. Tanaka, and A. Tomiya, Self-Learning Monte Carlo for Non-Abelian Gauge Theory with Dynamical
Fermions, Phys. Rev. D (2023).;Y. Nagai and A. Tomiya, Gauge Covariant Neural Network for 4 Dimensional Non-
Abelian Gauge Theory, http://arxiv.org/abs/2103.11965.

B/ : Criticality and scale invariance in quantum Hall systems: plateau transitions and self-similarity
of response functions
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®E:

Since the realisation that quantum Hall liquids represent topologically ordered phases, the search for new
topological states of matter has been a central endeavour in condensed matter physics. Interacting particles in flat
band models provide a host of opportunities for creating novel topological phases, baptised fractional Chern insulators
(FCI), which are based on realisations of synthetic magnetic fields. First materials realisations have recently been
discovered in twisted MoTe2 bilayers.

The interacting Hofstadter model gives blueprint examples for FCI phases, as predicted by composite fermion theory
[1]. We will first review exact diagonalisation results for FCI states stabilised in single Chern bands, and demonstrate
that finite-size effects are minimised in the quasi-continuum limit of perfectly flat bands near flux densities np—1/|C|
[2,3,4]. We will then discuss a new class of interaction-driven quantum Hall plateau transitions occurring in the
Hofstadter model, which arise from the competition of Chern insulator states at weak interaction with FCI states
realised at the same particle density for strong interactions. In one such case, our DMRG data at flux density np=3/11
presents a direct transition between a C=4 Chern Insulator and a v =1/3 Laughlin state, and we examine its exotic
critical properties [5]. Even in the non-interacting case, Chern insulators provide new phenomenology in quantum

Hall plateau transitions. We will present data on the case of the Haldane model, where the topological C=1 Chern
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insulator can be destabilised either by increasing disorder or by increasing the effective mass parameter. In our study
of the critical behaviour of these two transitions [6], we demonstrate in particular that the mass-driven transition
displays critical exponents which vary continuously with the disorder strength. Finally, going beyond ground state
properties of quantum Hall systems, we will expose self-similar features of the dynamical response functions arising

for a Laughlin state probed at energies lying above the scale of the single-particle gap [7].

Moller, G. & Cooper, N. R. Composite Fermion Theory for Bosonic Quantum Hall States on Lattices. Phys. Rev. Lett.
103, 105303 (2009).

Moller, G. & Cooper, N. R. Fractional Chern Insulators in Harper-Hofstadter Bands with Higher Chern Number. Phys.
Rev. Lett. 115, 126401 (2015).

Andrews, B. & Moller, G. Stability of fractional Chern insulators in the effective continuum limit of Harper-Hofstadter
bands with Chern number | C|>1. Phys. Rev. B 97, 035159 (2018).

Andrews, B., Neupert, T. & Moller, G. “Stability, phase transitions, and numerical breakdown of fractional Chern
insulators in higher Chern bands of the Hofstadter model” Phys. Rev. B 104, 125107 (2021).

Schoonderwoerd, L., Pollmann, F. and Moéller, G. Interaction-driven plateau transition between integer and fractional
Chern Insulators, arxiv:1908.00988 — v2: 2022.

6 J.Mildner, M. D. Caio, G. Méller, N. R. Cooper, and M. J. Bhaseen, Topological Phase Transitions in the Disordered
Haldane Model, arxiv:2312.XXXXX (in submission).

Andrews, B. & Moller, G. Self-similarity of spectral response functions for fractional quantum Hall states. Proc. R. Soc.

A 479, 20230021 (2023).

B . Electron spectro-microscopy of the local chemistry and structure of 2D materials
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®E:

The ongoing miniaturization in technological devices and the progress in surface science demand novel instrumental
methods for surface characterization on a length scale of only a few atomic distances. The combination of an x-ray
photoelectron emission microscope (XPEEM) or low-energy electron microscope (LEEM) is a powerful technique for
studying the dynamic and static properties of 2D materials surfaces and thin films including growth and decay, phase
transitions, reactions, surface structure and morphology. It utilizes low energy electrons to image surfaces with few
nm lateral resolution and atomic layer depth resolution. In the LEEM/XPEEM setup, when using the electron
irradiation, the backscattered electrons, Auger and secondary electrons may be used, while photoelectrons, Auger and
secondary electrons are utilized for imaging when sample is irradiated with photons. In this talk I will present
examples of the application of the LEEM/XPEEM technique to the investigations of novel materials, including 2D
layered materials, thin films, and adsorbate structures. I will also introduce the Center for Functional Nanomaterials
(CFN) and National Synchrotron Light Source IT (NSLS-II) user facilities at the Brookhaven National Laboratory for
fabrication and characterization of 2D materials and beyond.

This research used resources of the Center for Functional Nanomaterials and the National Synchrotron Light Source
II, which are U.S. Department of Energy (DOE) Office of Science facilities at Brookhaven National Laboratory, under
Contract No. DE-SC0012704.
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[1] T. Yamanaka, et al., Phys. Rev. B 92, 241105 (2015).
[2] G. Nakamine, et al., Phys. Rev. B 99, 081115 (2019).

i . Emerging Physics of Alternative Charge-Density Wave in 1T-Transition Metal Dichalcogenides
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1T-transition metal dichalcogenides (TMD) have been an exciting platform for exploring the intertwinement of
charge density waves and strong correlation phenomena. While the David star structure has been conventionally
considered as the underlying charge order in the literature, recent scanning tunneling probe experiments on several
monolayer 1T-TMD materials have motivated a new, alternative structure, namely the anion-centered David star
structure. In this paper, we show that this novel anion-centered David star structure manifestly breaks inversion
symmetry, resulting in flat bands with pronounced Rashba spin-orbit couplings. These distinctive features unlock
novel possibilities and functionalities for 1T-TMDs, including the giant spin Hall effect, the emergence of Chern bands,
and spin liquid that spontaneously breaks crystalline rotational symmetry. Our findings establish promising avenues

for exploring emerging quantum phenomena of monolayer 1T-TMDs with this novel noncentrosymmetric structure.
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[1] N. B. Brookes et al., Nucl. Instrum. Methods Phys. Res. A, 903, 175-192 (2018).
[2] K.-J. Zhou et al., J. Synchrotron Rad. 29, 563—580 (2022).
[3] J. Miyawaki et al., J. Phys. Conf. Ser. 2380, 012030 (2022).

B/ : First-principles and machine learning study of anharmonic vibration and dielectric properties of
materials

HEF : 2024 4F 1 H 26 H(&) Fi2 4 R~ 5 I

%1 : Online and Seminar Room 5 (A615), ISSP (Hybrid)

#Efl : Tomohito AMANO

il : Department of Physics, The University of Tokyo

®E:

The computational simulation of the dielectric response of materials is essential for both analyzing experimental
spectra and developing new materials. To accurately calculate the dielectric function, the classical static charge is
often insufficient, and the Born effective charges or the mass center of the Wannier function (Wannier center) are
required to describe the dipole moments of a system.

For crystals, where the Born effective charges are used to calculate dipoles, we have combined the self-consistent
phonon method [1] and the linear response theory to predict the dielectric function of highly anharmonic crystals. I
will present the accuracy of our method through applications to strongly anharmoic rutile TiO2 [2].

For liquids, anharmonic phonon methods are not available, and one resorts to molecular dynamics (MD) simulations.
To calculate the system dipoles efficiently and accurately, we have extended the previously proposed method predicting
molecular dipoles [3] and developed a versatile machine-learning model of dipole moments predicting the Wannier
centers assigned to the chemical bonds [4]. In this talk, I will present the applications to several liquid alcohols and

discuss their dielectric properties.

[1] T. Tadano and S. Tsuneyuki, Phys. Rev. B 92, 054301 (2015).

[2] T. Amano, T. Yamazaki, R. Akashi, T. Tadano, and S. Tsuneyuki, Phys. Rev. B 107, 094305 (2023).

[3] A. Krishnamoorthy, K. Nomura, N. Baradwaj, K. Shimamura, et al, Phys. Rev. Lett. 126, 216403 (2021).
(4]

4] T. Amano, T. Yamazaki, and S. Tsuneyuki, in preparation.
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IR : Towards the applications of ab initio Quantum Monte Carlo in Materials Science
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Ab initio quantum Monte Carlo (QMC) techniques [1], such as variational quantum Monte Carlo (VMC) and
diffusion quantum Monte Carlo (DMC), are state-of-the-art numerical methods to obtain highly accurate many-body
wave functions. These methods are essential when tackling challenging compounds that cannot be treated correctly
within the Density Functional Theory (DFT) framework. In this seminar, I will talk about an overview of ab initio
QMC methods and introduce our QMC packages, TurboRVB [2] and TurboGenius [3]. I will also talk about recent
algorithmic progress in atomic force calculations using QMC. One of the major drawbacks that hinders widespread
QMC applications, especially in the materials science community, is the lack of an affordable scheme to compute atomic
forces consistent with the derivatives of the potential energy surface, a.k.a. unbiased atomic forces. This is trivial
within the DFT framework, but it is one of the long-standing problems in QMC. Very recently, we have proposed a
very efficient method to obtain unbiased atomic forces and pressures in the Variational Monte Carlo (VMC) framework,
exploiting the gauge-invariant and locality properties of its geminal representation [4]. I will demonstrate the

effectiveness of our method for Hydrogen and Chlorine molecules and for the cubic boron nitride crystal.

1] W. Foulkes, L. Mitas, R. Needs, and G. Rajagopal, Rev. Mod. Phys. 73, 33 (2001).
2] K. Nakano, et al. J. Chem. Phys. 152, 204121 (2020).
3] K. Nakano, et al. J. Chem. Phys. 159, 224801 (2023).

[
[
[
[4] K. Nakano, et al. arXiv:2312.17608 (2023).

]
]
]
]
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Pl Direct Visualization of Electronic Liquid Crystal Phases in Correlated Dirac Nodal Line
Semimetal GdSbTe

HIRF : 2024 4E 2 H 2 H®) T 2 g~

B - DR AES 6 B 58 5 3 —= (A615) & Online

3l : Prof. Tien-Ming Chuang

fig © Institute of Physics, Academia Sinica, Taipei, Taiwan

HE:

Electronic liquid crystal (ELC) phases are spontaneous symmetry breaking states arisen from strong electron
correlation in solids such as cuprates and iron pnictides. Topological materials with symmetry protected Dirac or Weyl
fermions, however, are mostly weakly correlated so the occurrence of ELC is rare thereof. Here, we report a direct
observation of ELC phases in Dirac nodal line (DNL) semimetal GdSbxTe2-x. We discover real-space electronic
nanostructures of incommensurate checkerboard modulation and intense local nematic order. We show chemical
substitution generates local electronic nematicity and increases Peierls instability towards incommensurate
checkerboard modulation before undergoing a charge density wave — orthorhombic transition. We also observe
nematicity in our quasiparticle scattering interference imaging, which detects linearly dispersive q-vectors, consistent
with the calculated topological band structure scattering off C2-symmetric dopants. Our results on correlated DNL
semimetal, GdSbxTe2-x highlight the importance of dopant atoms in the ELC phases, opening a pathway towards a

further microscopic understanding of the interplay among disorder, topology and electron correlation.

BiRE : Hall-effect studies on unconventional quantum materials under challenging conditions
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In order to uncover and understand the physics of topical quantum materials, experiments are pushed to their limits
in terms of setup dimensions and resolution. Challenging conditions, such as very low temperatures, high pulsed-
magnetic fields, strong pressures or microscopically small but well-defined sample dimensions are inevitable for
successful investigations. We apply focused ion beam (FIB) micro-patterning for the fabrication of micron-scale
structures from bulk single crystals suitable for high precision electrical transport experiments. This approach has
proven a powerful tool for experiments on various compounds with intriguing transport properties. In particular, Hall
effect signals can be optimized by means of reducing the sample thickness to few microns.

In this talk, I will exemplify some of our recent projects that benefited from FIB assisted patterning and uncovered
new physics in topical materials [1-4]. In the first examples, I will show how we can contribute to the field of
unconventional magnetism. I will present recent results from electrical-transport experiments that we combined with
microscopic magneto-sensitive imaging tools. This enabled us to study finite size-effects and reveal the Hall signature,
comprised of anomalous and topological contributions, of Antiskyrmions in the Heusler magnet Mn1.4PtSn [1] and
that of Skyrmion bubbles in the hard magnet MnBi [2]. We, furthermore, study highly conductive heavy-fermion
metals in pulsed magnetic fields up to 70 T. In our recent work on the potential spin-triplet superconductor UTe2, we
revealed a correlation between the emergence of reentrant superconductivity in fields above 40 T and the vanishing of
the anomalous Hall effect. The vanishing and reemerging of the Hall signature within a particular field-orientation

range, hints at a field-induced compensation of magnetic exchange, the so-called Jaccarino-Peter effect, as the potential
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origin of reentrant high-field superconductivity in UTe2 [3,4].

[1] Winter, M., Goncalves, F.J.T., Soldatov, 1., et al.
“Antiskyrmions and their electrical footprint in crystalline mesoscale structures of Mn1.4PtSn.” Commun. Mater.
3, 102 (2022).

[2] He, Y., Schneider, S., Helm, T., et al.
“Topological Hall effect arising from the mesoscopic and microscopic non-coplanar magnetic structure in MnBi.”
Acta. Mater. 226, 117619 (2022).

[3] Niu, Q., Knebel, G., Braithwaite, D., Helm, T., et al.
“Evidence of Fermi surface reconstruction at the metamagnetic transition of the strongly correlated superconductor
UTe2.” Phys. Rev. Res. 2, 033179 (2020).

[4] Helm, T., Kimata, M., Sudo, K., et al.
“Field-induced compensation of magnetic exchange as the possible origin of reentrant superconductivity in UTe2.”

Nat Commun 15, 37 (2024).

i © Spin Supersolidity and Giant Magnetocaloric Effect in a Triangular Lattice Quantum Antiferromagnet
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JilE : Institute of Theoretical Physics, Chinese Academy of Sciences

®E:

Supersolid is an exotic quantum state of matter that emerges near absolute zero temperature. The spin supersolid
spontaneously breaks both the lattice translational and spin rotational symmetries, forming a quantum magnetic
analog of supersolid. Recently, using tensor network approaches [1,2], we determined the microscopic spin
Hamiltonian of a Co-based quantum antiferromagnet Na2BaCo(PO4)2. We discovered that it represents a rare and
nearly perfect realization of the easy-axis triangular lattice Heisenberg model, and therefore supports the long-sought
spin supersolid state [4]. We further predict theoretically and, in conjunction with experimental collaborators, observe

a significant entropic effect related to this unique and highly fluctuating spin state — spin supersolid cooling [5].

[1] B.-B. Chen, L. Chen, Z. Chen, WL, and A. Weichselbaum, Exponential thermal tensor network approach for
quantum lattice models. Phys. Rev. X 8, 031082 (2018).

[2] Q. Li, Y. Gao, Y.-Y. He, Y. Qi, B.-B. Chen, and WL, Tangent Space Approach for Thermal Tensor Network
Simulations of the 2D Hubbard Model. Phys. Rev. Lett. 130, 226502 (2023).

[3] Y. Gao, Y. Fan, H. Li, [...], Y. Wan, and WL. Spin supersolidity in nearly ideal easy-axis triangular quantum
antiferromagnet Na2BaCo(P0O4)2. Npj Quantum Mater. 7, 89 (2022).

[4] J. Xiang, C. Zhang, Y. Gao, [...], W. Jin, WL, P. Sun, G. Su, Giant magnetocaloric effect in spin supersolid
candidate Na2BaCo(P0O4)2, Nature 625, 270-275 (2024).
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B8 : Exploiting Hidden Low-Rank Structures in Physics
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HE:

Tensor networks are a powerful tool for compressing wave functions and density matrices of quantum systems in
physics.Recent developments have shown that tensor network techniques can efficiently compress many functions
beyond these traditional objects.Notable examples include the solutions to turbulence in Navier—Stokes equations [1]
and the computation of Feynman diagrams [2,3].These advancements have heralded a new era in the use of tensor
networks for expediting the resolution of various complex equations in physics.

In this presentation, I will overview our recent research in this domain.Initially, I will discuss the compression of
the space-time dependence of the correlation function in quantum systems [3] through the use of the “Quantics Tensor
Train.” [4,5] This method leverages the inherent length-scale separation in the system to efficiently represent the
function.Our approach demonstrates solving diagrammatic equations in a compressed format.

Subsequently, I will introduce a novel and robust tool named “Quantics Tensor Cross Interpolation.” [6] This method
is designed to learn a quantics low-rank representation of a given function, showcasing the versatility and potential of

tensor network techniques in handling complex functions in physics.

[1] N. Gourianov et al., Nat. Comput. Sci. 2, 30 (2022).

[2] Y. N. Fernandez et al., PRX 12, 041018 (2022).

[3] H. Shinaoka et al., PRX 13, 021015 (2023).

[4] I. V. Oseledets, Dokl. Math. 80, 653 (2009).

[5] B. N. Khoromskij, Constr. Approx. 34, 257 (2011).

[6] M. K. Ritter, ..., H. Shinaoka and X. Waintal, PRL 132, 056501 (2024).
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[1] D. Frenkel, Eur. Phys. J. Plus 128, 10 (2013).
[2] T. N. https://arxiv.org/abs/1803.09034
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B8 : New magnetotransport phenomena in Fe-doped ferromagnetic semiconductors and quantum
heterostructures
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Ferromagnetic semiconductors (FMS), which inherit properties of both semiconductors and ferromagnetic materials,
are realized by doping a certain amount (several %) of magnetic elements in semiconductors. In the past, most of the
research has been dedicated to Mn-doped III-V FMSs, which are only P-type and the highest Curie temperature (T C) is
200 K. Recently, we presented an alternative approach by using Fe instead of Mn as the magnetic dopants in narrow-gap
III-V semiconductors like InAs, GaSb, and InSb. Using low-temperature molecular beam epitaxy (MBE), we have
successfully grown both P-type FMS [(Ga,Fe)Sb] [1] and N-type FMSs [(In,Fe)As [2,3], (In,Fe)Sb [4]]. Intrinsic room-
temperature ferromagnetism has been observed in (Ga 1-x ,Fe x )Sb with x > 23% [1] and (In 1-x ,Fe x )Sb with x > 16% [4].
In this talk, we present new novel magnetotransport physics in bilayer structures of a nonmagnetic (NM) material
and an Fe-doped FMS, where a magnetic proximity effect (MPE) from the FMS is expected to affect the NM channel.
The sample structure consists of InAs (thickness t = 15 — 40 nm)/(Ga,Fe)Sb (15 nm, 20% Fe) grown on AlSb buffer/semi-
insulating GaAs (100) substrates (Fig. 1a,b). We found that a strong and long-range MPE is induced at the
InAs/(Ga,Fe)Sb interface, resulting in a spontaneous spin splitting AE, as large as 18 meV, in the InAs channel[5,6].
Furthermore, this spin splitting AE can be largely modulated by applying a gate voltage V g . We observed a giant
even-parity magnetoresistance (~80% at 14 T), which we call proximity magnetoresistance (PMR) [5,6], and a large
odd-parity linear magnetoresistance (OMR) [7], corresponding to a resistance change of 27% when the perpendicular-
to-plane magnetic field B (=10 T) direction is reversed. The unprecedented large OMR was found to occur in the edge
transport channels of the InAs thin film, due to simultaneous breaking of both the space inversion symmetry (SIS)
and the time reversal symmetry (TRS) (Fig. 1a). These new features realized in the Fe-doped FMSs and their quantum
heterostructures are particularly important for the applications of low-power and high-speed spin-based electronics.
Furthermore, the gate-controllable spin splitting provides a mechanism to locally access Majorana fermions in InAs-
based Josephson junctions [8]. These works were partly supported by Grants-in-Aid for Scientific Research, the CREST
and PRESTO Programs of JST, the UTEC-UTokyo FSI program, Murata Science Foundation and Spin-RNJ.

PR : pFgeikig s+ 2 - — : PRX What kind of papers we are looking for?
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#HMli : Dr. Yiming Xu
s : Associate editor of Physical Review X
%5 : Speaker: Dr. Yiming Xu
(Associate Editor of Physical Review X)

PRX is published by the American Physical Society, a nonprofit membership society of scientists. Its mission goal is
to select around 250 landmark papers a year from all fields of physics and showcase them to a broad and
multidisciplinary readership.

Is your paper a good match for PRX? Or asked differently, what papers qualify as landmark papers? How do the

PRX editors actually select such papers? Are such selections always accurate?How can you, as an author, navigate
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PRX’s editorial and peer-review process effectively and get the most out of your interactions with the editors and
referees? I will use the talk to discuss with you how to answer these questions. Many of these questions do not have a
black-and-white answer in the case of a single paper. Open-minded, reasoned, and constructive dialogues amongst the
authors, the editors, and the referees are key to making each concrete process a meaningful and productive experience,

and sometimes even a pleasure, for everyone.

i : Simulating endosomal escape of lipid nanoparticles: A coarse-grained molecular dynamics study
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We illustrate here our recent application study of our quantitative coarse-grained model; SPICA force field[1-4], to
investigate the endosomal escape mechanism of lipid nanoparticles(LNPs). LNPs are one of the most promising non-
viral gene delivery carriers.

LNPs have recently been employed in mRNA vaccines and are expected to have applications in cancer therapy and
regenerative medicine. LNPs administered to the body enter the cell by endocytosis. Nucleic acids must be released
into the cytoplasm before they are degraded by a drop in pH in the endosome (transfection), but in many cases, only a
few percent are released.

The molecular mechanism is still elusive because it occurs at the nanoscale. Therefore, Clarifying this phenomenon
through molecular dynamics (MD) simulations will enable a more effective design of LNPs with high drug release
efficiency.

In this study, a series of large-scale coarse-grained MD simulations of LNPs fusing to endosomal membranes has
been performed using the SPICA force field. In particular, the fusion mechanism of LNPs with the endosomal
membrane was examined in the context of the efficiency of the endosomal escape.

We would also like to show the performance of the SPICA force field for this complex system, including a variety of

lipids, sterols, and nucleic acids.

[1] Seo & Shinoda, J. Chem. Theory Comput. 15, 762 (2019).
[2] Kawamoto et al., J. Chem. Theory Comput. 18, 3204 (2022).
[3] Yamada et al., J. Chem. Theory Comput. 19, 8967 (2023).
[4] URL https://www.spica-ff.org/
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