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The term chirality is derived from the Greek word for ‘hand’ xeip (kheir) and describes object s that are distinct from
their mirror image. It is long known that chirality plays a crucial role in nature, providing powerful functionality to
chiral molecules in living organisms. By extending this concept from the molecular to the solid state, my group aims
to uncover new chirality-enabled phenomena that could form the basis for new technologies.

The focus of my talk will be on chiral topological semimetals, an emerging class of quantum materials at the
intersection of structural and electronic chirality. These materials can host new fermionic quasiparticles without
analogue in high-energy physics (1-4), which carry large and controllable topological charges (5). We have recently
demonstrated that these quasiparticles realize an isotropic Weyl-type parallel spin-momentum locking that can be
considered the natural counterpart of Rashba spin-orbit coupling (6). Moreover, I will present fingerprints of
controllable orbital angular momentum monopoles in these materials (7), which could be exploited in memory devices
for field-free switching of magnets with perpendicular magnetic anisotropy.

Time permitting, I will also present our investigation of the origin of the magnetic field-induced (8) and field-free (9)
Josephson diode effect. For the latter, we identify a momentum-resolved signature of Mottness that allows us to

distinguish band-insulators from unconventional Mott-insulators with an even number of electrons.

1. N. B. M. Schréter et al., Nat. Phys. 15, 759-765 (2019).

2. Z. Rao et al., Nature. 567, 496—499 (2019).

3. D. Takane et al., Phys. Rev. Lett. 122, 076402 (2019).

4. D. S. Sanchez et al., Nature. 567, 500-505 (2019).

5. N. B. M. Schroter et al., Science. 369, 179—183 (2020).

6.d. A. Krieger et al., Nat Commun. 15, 3720 (2024).

7.Y. Yen et al., Nat. Phys. (2024) 10.1038/s41567-024-02655-1
8. B. Pal et al., Nat. Phys. 18, 1228-1233 (2022).

9. H. Wu et al., Nature. 604, 653—-656 (2022).
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Altermagnet is a class of antiferromagnets showing a staggered spin ordering with wave vector q = 0, while its net

magnetization is cancelled out in the limit of zero relativistic spin-orbit coupling. The simplest case is when the up and
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down spins are ordered on two sublattice sites within the unit cell which are not connected by either translation or
inversion. Consequently, the system breaks the macroscopic time-reversal symmetry and exhibits non-relativistic spin
splitting in the energy band and characteristic cross-correlation phenomena.

In this talk, I will introduce our theoretical studies based on effective models for correlated electrons in k-type
organic compounds [1] and perovskite-type transition metal compounds [2]. In these systems, the dimeric molecular
arrangements and the GdFeO3-type lattice distortions, respectively, play the role of the crystallographic setting for
altermagnetism. We show that antiferromagnetic orderings give rise to the non-relativistic spin splitting, owing to
anisotropic sublattice dependent (and thus spin dependent) electron hoppings, and its consequent spin current
generation, and the anomalous Hall effect in the presence of the spin-orbit coupling. Recent developments will also be

discussed.

[1] M. Naka et al., Nat. Comm. 10, 4305 (2019); M. Naka et al., Phys. Rev. B 102, 075112 (2020); H. Seo and M. Naka,
dJ. Phys. Soc. Jpn. 90 064713 (2021); S. Sumita, M. Naka, and H. Seo, Phys. Rev. Res. 5, 043171 (2023).

[2] M. Naka, Y. Motome, and H. Seo, Phys. Rev. B 103, 125114 (2021); M. Naka, Y. Motome, and H. Seo, Phys. Rev. B
106, 195149 (2022).

BERE : & U N7 BRI T AL AlphaFold DUN—AZYI=F7 YT ERTYIal—Yay
HIE : 2024 4 11 H 11 H(A) 7% 4 Re~"F1% 5 I
S e 6 B A612 KU Online
afl - By FE—
FIOIE © 3 T REEBEFER
PR

2021 412 DeepMind #1:7> 580 S 4172 AlphaFold2 (AF2) 1L mkEE /e & o /37 BE T A 2Rk L, AW BRIC Mm%
B L7z, LT, %R 2024 /) —~VUHLEEEZH LIZE ZATH D, 2L, BEFER—2AOEMRB 07
W, IO LS REREETHA RO T UL LA TIER, £, B T 2 8 2 B 2 G A
(LD TR FTRE AR DIiamil 72 > TV D, KFEH TIE, VNN—R2 o P=T VU IR T 7 —Fick v, AF2 O
R URIET VT 4 TR 2T RNF—HIEOBUR I B L, BEELTIICOWTER T 5. S b, b
FURR—=B =B RIBEFNCE 5T, AF2 &5 FL I ab—2a U EHAET H 2 L CHRERREE S (L 2 fifB] L -2
WZDOWTHREL LT,

B SRR I B0 BRI K s

HIFF : 2024 4 11 A 21 HOK) “Faij 10 By~"Faij 11 K 30 43
Din R R ARE 6 B S 6 I —% (A616)

3 (1

s : BB R SERE B AT

EHE:

SR D DT RV F —IE AN B D IR ACE TIE. —MRITHAEHRAEH OERIAEAVZ IR A ERARELT 5 5, 32
BS. MRV, BB AR O RRT 4 v 7 ACE DIRIROIEF R TSI B ERIEEN D Z LB
TW5, T, ZOIFMKMEAEEMC LY BB EDN TBWNT - 2 2T 2R RHE~ ST 5 2 E B8R
SNEAZED TOD[1], AFERTIX, BB EIERAREER & BRE 1R TR T 2 FiE2RET 52, HEMIC
1. SRR ORTEA B AEROZBRISEICE Y =R A X —EAT 5 Z L2k v, FEHK RKKY AHA1EA

I B B B B B mecicccccieciacieccasceseeseassassasanssntassassnnsassnssassnssnsnnsnnsnnsnns YA XV 65 B 1 B 60



& R OISR 2 5 S 232 R R LT,

[1] M. Fruchart*, R. Hanai*, et al., Nature 592, 363 (2021).
[2] R. Hanai, D. Ootsuki, and R. Tazai, arXiv:2406.05957 (2024).
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Abstract: This talk will discuss quantum geometric properties of electrons in homobilayer semiconductors arising from
the layer pseudospin when twisting introduces its texture in real and momentum spaces. In small angle twisted
transition metal dichalcogenides (TMDs), real-space Berry curvature from the moiré-patterned layer pseudospin
texture realizes an effective magnetic field that underlies the emergence of quantum anomalous Hall (QAH) effects
recently observed in t-MoTe2. We show an intrinsic dipole Hall effect in both the ferromagnetic and antiferromagnet
QAH states at integer fillings of the moiré, which leads to a novel magnetoelectricity. This allows contact-free detection
of the topological transitions to QAH states, signified by a sudden sign switch of the magnetoelectric susceptibility. I
will also discuss a bipartite limit of the fluxed three-orbital tight-binding model we initially proposed for twisted TMDs,
featuring a singular flatband with band touching, where DMRG and ED calculations surprisingly reveal fractional
QAH phases at its fractional fillings. Gapping the touching point turns singular flat band into a Chern band, but
counter-intuitively, the fractional QAH phase gets quenched, which may be attributed to the variation in Berry
curvature distribution upon the gap opening. If time allows, I will also briefly cover linear and nonlinear responses of

quantum geometric origins from momentum space layer texture.
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[1] H. Imada, et al., Nature 538, 364 (2016).

[2] K. Kimura, et al., Nature 570, 210 (2019).

[3] T. L. Cocker, et al., Nat. Photon. 7, 620 (2013).
[4] K. Yoshioka, et al., Nat. Photon. 10, 762 (2016).
[56] K. Kimura, et al., ACS photon. 8, 982 (2021).
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From the Standard model for elementary particles to various quantum crystals, such as graphene, the dynamics of
underlying fermionic degrees of freedom is governed by the Dirac Hamiltonian that manifestly preserves the Lorentz
symmetry. In this talk, first I will propose a general construction of the Lorentz invariant Dirac operator in non-
Hermitian (NH) systems, featuring two velocity parameters vH and vNH, associated with the Hermitian and anti-
Hermitian components of such operators, respectively. I will show that in such noninteracting systems, all the
observables, such as the energy spectrum, density of states, and frequency dependent optical conductivity and shear
viscosity are governed by an effective Fermi velocity vF = (vH2— vNH2)1/2. Next, I will consider interactions between
NH Dirac quasiparticles and bosonic degrees of freedom, such as (a) the scalar order-parameter fluctuations mediated
by short-range Hubbard-like repulsions, yielding Yukawa interactions and (b) relativistic helical photons, giving rise
to NH quantum electrodynamics. In both scenarios, although the system primarily loses the Lorentz symmetry at the
lattice or ultraviolet scale, it gains a NH Lorentz symmetry through various quantum corrections in the deep infrared
regime in terms of a unique terminal velocity for all the participating degrees of freedom, generically tagged as the
speed of light. If time permits, I will show such a generic outcome for spin-3/2 NH birefringent Dirac fermions toward

the end of the talk.

References:

V. Juricic and B. Roy, Communications Physics 7, 169 (2024)

Sk A. Murshed and B. Roy, Journal of High Energy Physics 2024, 143 (2024)
Sk A. Murshed and B. Roy, arXiv:2407.18250
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Altermagnetism has recently been proposed as a third class of magnetic materials.

Altermagnetic materials are characterized by a vanishing net magnetic moment and a spin polarized electronic band
structure.

Their symmetry in principle allows for the existence of an anomalous Hall effect. Altermagnetic materials are
characterized by a vanishing net magnetic moment and a spin polarized electronic band structure.

In this talk, we introduce a model with altermagnetism in which the emergence of an anomalous Hall effect is driven
by interactions.

This model is grounded in a modified Kane-Mele framework with antiferromagnetic spin-spin correlations.

Quantum Monte Carlo simulations show that the system undergoes a finite temperature phase transition governed
by a primary antiferromagnetic order parameter accompanied by a secondary one of Haldane type. The emergence of
both orders turns the metallic state of the system, away from half-filling, to an altermagnet with a finite anomalous
Hall conductivity [1]. A mean field ansatz corroborates these results, which pave the way into the study of correlation

induced altermagnets with finite Berry curvature.

[1] Sato et al., Phys Rev. Lett. 133, 086503 (2024)
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We investigate the nature of the metallic metastable state in 1T-TaS2. Using micro-ARPES, we measure the
spatially-dependent modifications of the electronic structure of the sample following a short current pulse. We observe
that, in some regions of the sample, a Fermi surface emerges, while other regions remain gapped. A detailed study of
the band structure in these different regions suggests that the metallic parts are in a state similar to the nearly
commensurate charge density wave (NC-CDW) state, where the gaps are suppressed and a band crosses the Fermi
level. Furthermore, we find that the metallic and insulating regions of the sample exhibit different dispersions normal
to the planes. This observation is consistent with a scenario in which the current pulse breaks the star-of-David dimers

present in the commensurate charge density wave (C-CDW) state.
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Generative modeling is a significant machine learning technique that constructs the probability distribution of a
dataset, owing to its wide range of applications across various problems. Recently, there has been extensive research
into generative modeling on quantum computers, referred to as Born machines [1-8]. This approach utilizes the output
of projective measurement of quantum states for stochastic samplings.

We propose a general method for constructing a generative model based on the tree tensor network within the Born
machine framework [9]. The core idea is to optimize the tree structure dynamically to minimize the bond mutual
information. We demonstrate potential applications with four examples:

(1) Random bit sequences with long-range correlation
(2) Images of handwritten digits from the QMNIST dataset
(3) Bayesian networks
(4) Stock price fluctuations in the S&P 500
Our method significantly enhances performance and reveals hidden relational structures in the target data, paving

the way for future improvements and advancements.

[1] Z.Y. Han, J. Wang, H. Fan, L. Wang, and P. Zhang. Physical Review X, 8, 031012 (2018).

[2] J.-G. Liu and L. Wang. Physical Review A, 98, 062324 (2018).

[3] M. Benedetti, D. Garcia-Pintos, O. Perdomo, V. Leyton-Ortega, Y. Nam, and A. Perdomo-Ortiz. npj Quantum
Information, 5, 45 (2019).

[4] S. Cheng, L. Wang, T. Xiang, and P. Zhang. Physical Review B, 99, 155131(2019).

[5] B. Coyle, D. Mills, V. Danos, and E. Kashefi. npj Quantum Information, 6, 60 (2020).

[6] M. Benedetti, B. Coyle, M. Fiorentini, M. Lubasch, and M. Rosenkranz. Physical Review Applied, 16, 044057 (2021).

[7] M..S. Rudolph, J. Miller, D. Motlagh, J. Chen, A. Acharya, and A. Perdomo-Ortiz. Nature Communications, 14, 8367
(2023).
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[8] M. Hibat-Allah, M. Mauri, J. Carrasquilla, and A. Perdomo-Ortiz. Communications Physics, 7, 68 (2024).
[9] K. Harada, T. Okubo, and N. Kawashima. arXiv:2408.10669 (2024).
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In quantum annealing, a system with two non-commuting time dependent interactions is slowly evolved from an
initial trivial state to a final complex classical state. If the evolution is slow enough, the final state can represent the
solution of a difficult optimization problem encoded in the Hamiltonian. I will discuss experiments [1] on the D-Wave
Advantage device, which consists of more than 5000 superconducting qubits, here programmed to one of the
prototypical hard optimization problems; the 3D Ising spin glass. While the coherence times are not long enough to
reach the ground state of large systems, results for short annealing times, up to 40 ns, exhibit Kibble-Zurek scaling in
the system size and annealing time, showing that the system traverses the spin glass transition with the expected
critical exponents. This field is now at an inflection point, where quantum annealing can address some problems

beyond the reach of classical computers [2].

[1] A. King et al., Nature 617, 61 (2023).
[2] A. King et al., arXiv:2403.00910.
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I will give a presentation on my work during my PhD focused on low-dimensional magnetism including “quasi-2-
dimenison(2D)” and “synthetic 2D” materials. The quasi-2D is about van der Waals (vdW) magnets who are nearly 2
dimensional with negligible interlayer interaction due to the weak vdW coupling, for example, the Chromium trihalide
CrCl3, and the Vanadium trihalide VI3. On the other hand, for the synthetic 2D system, I was focusing on the skyrmion
hosting Pt/Co40Fe40B20/Ru-based multilayers for its depth dependent static and dynamical properties.

2D magnets have raised large interests due to the potential of being applied to spintronics devices and their magnetic
subtleness. Among a vast variety of these materials, CrCl3 features an A-type antiferromagnetic order with easy-plane
magnetic anisotropy, giving rise to an XY model and prediction on its ability to host merons [1], whereas the VI3
manifests a Kitaev-type exchange interaction [2] and a rich magnetic-structural phase diagram under. Due to the vdW
nature, they exhibit high sensitivity to external pressure. Therefore, we have carried out both ambient and high-
pressure experiments on them with muon spin rotation (u+SR) [3, 4, 5], also neutron powder diffraction (NPD) was
performed on CrCI3.

The Pt/Co40Fe40B20(CFB)/Ru-based multilayers have been a typical model system for realization of interfacial
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Dzyaloshinskii-Moriya interaction (DMI) [6] to stabilize Neel-type skyrmions. The heavy metal spacers inducing
perpendicular anisotropy, DMI, and the interlayer exchange coupling between the CFB. Here, we used low energy
p+SR to study the magnetic fluctuations and revealed its 3 dimensionality beyond the toy-model of 2D point-like

particles.

1] Lu, Xiaobo, et al. Nat. Comm. 11.1 (2020): 4724.
2] Gu, Yiqing, et al. Physical Review Letters 132.24 (2024): 246702.
3] Forslund, Ola Kenji, et al. arXiv preprint arXiv:2111.06246 (2021).

5] Forslund, Ola Kenyji, et al. arXiv preprint arXiv:2210.17455 (2022).

(1]

(2]

(3]

[4] Ge, Yuqing, et al., in preparation.

(5]

[6] Moriya, Toru. Physical review 120.1 (1960): 91.
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Frustration-free systems are theoretically tractable quantum systems characterized by ground states that minimize
all local terms in the Hamiltonian simultaneously. For gapped phases, frustration-free systems have been successful
as models that approximate general systems. In contrast, for gapless systems, the assumption of frustration-freeness
imposes significant constraints on their phase properties. While typical gapless systems exhibit an emergent Lorentz
symmetry with a dynamic critical exponent , all known examples of gapless frustration-free systems satisfy . This

suggests that frustration-freeness can be used to classify gapless quantum phases.
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In this talk, we present a proof of for dynamic critical exponents for gapless frustration-free systems, assuming

certain technical conditions on correlation functions. We will illustrate this result with several examples of gapless

frustration-free systems, highlighting the implications of their anomalous dynamic critical exponents.

Additionally, we discuss the notable connection between frustration-free systems and Markov processes. It is known

that

Markov processes which describe standard relaxation to equilibrium states can be mapped onto frustration-free

systems. The inequality , long recognized but unproven in non-equilibrium statistical physics, finds a rigorous

foundation through our quantum framework.
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P : Exploring novel superconducting and spintronic properties in few-layer Td-MoTe2
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Two-dimensional materials exhibit unique properties, particularly in the thin limit. Td-MoTe2 is a transition metal
dichalcogenide known as a type-IT Weyl semimetal in the bulk form. It becomes superconducting at low temperatures,
but the low critical temperature (Tc) around 100 mK makes it difficult to investigate its superconducting properties
for pursuing signatures of topological superconductivity. On the other hand, a significant enhancement of Tc has
recently been reported by decreasing the thickness of Td-MoTe2, the origin of which remains unclear. Td-MoTe2 is
also attractive in spintronics owing to the low crystal symmetry and strong spin-orbit interaction, which generate
unconventional spin Hall effect and spin-orbit torques. While there exist many studies on electronic and spintronic
properties of bulk T'd-MoTe2, few-layer Td-MoTe2 has scarcely been explored due to the instability of the material in
the atmosphere and experimental difficulties in the device fabrication.

In this talk, focusing on superconducting and spin transport properties, I will first show the thickness dependence
of superconducting properties in few-layer Td-MoTe2, and discuss a possible pairing symmetry by comparing the
experimental data with the first principles calculation results. Exploiting enhanced superconductivity and the low
crystal symmetry, we successfully demonstrated the giant superconducting nonreciprocal transport driven by the
ratchet-like motion of superconducting vortices, and the gate modulation of nonreciprocal signals by reducing the
sample thicknesses [1, 2]. In the second part, I will introduce unique spintronic properties of Td-MoTe2, and present
our recent results on spin transport revealed by weak antilocalization measurements in few-layer samples, where spin

relaxation time is also gate tunable, and a factor of three variation is possible in the monolayer limit.

[1] T. Wakamura et al., “Gate-tunable giant superconducting nonreciprocal transport in few-layer Td-MoTe2” Phys.
Rev. Research. 6, 013132 (2024).
[2] T. Wakamura et al., “Superconducting properties of few-layer Td-MoTe2”, submitted.

i © UV complete field theory in (2+1)D with symmetry breaking at all temperatures
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It was recently established that spontaneous symmetry breaking can persist at all temperatures in certain biconical
vector models with coupled Ising and N-vector fields when the underlying field theories are ultraviolet complete, i.e.,
if they can be defined on all scales. So far, the existence of such models has only been explored in fractional dimensions
for local but non-unitary models or in 2+1 dimensions but for non-local models. In my talk, I will discuss our study of
local models at zero and finite temperature directly in 2+1 dimensions employing functional methods. At zero
temperature, I show that our approach reproduces the critical behaviour with high accuracy for all N. I will then
exhibit the mechanism of discrete inverted symmetry breaking for increasing temperature near the biconical critical

point when N is finite but large. We calculated the corresponding full finite-temperature phase diagram and further
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showed that the Mermin-Wagner-Hohenberg theorem is respected within this approach, i.e., symmetry breaking only
occurs in the Ising sector. Finally, we also determined the critical value above which this phenomenon occurs to be

N~15.

B SRS IS BT S IRCHMB S E OB R LIS
HIRg : 2025 4 1 H 24 H(&) Fai 11 K~ 0 Iy
Bt Online

Rl © RTTHESE FHTBIE

¥E:

WG 1T DIRCEEMEIER L, WSO 6T, A, BRI SIRIAW B~ AR s b, —F T,
BHEINZ WD~ 7 3 v b~OFIFINR R & < RS TICB T 2 REBEBBIZIC OV TUEZUZ EIThbh T2 b o7z,
Fex 3t v o X e BAFOMBHGEINA ~ 72 v SN OFREFZERICEEIREAT 5 2 & TEF B LUV UL 28BS TRt
PAPRBIEE ATRE BB A B Lo, EEEOIBRE L TEER L U A ZFIA LA B BT 28I RM I & Fv iz
KIRA A=V 7 JENTA A=V 7SIV MA TS, fBE CIIEEE O & EEOBIE-RIC OV TR L
77

B BEERGICH T 2 st Bk OB
HEF 0 2025 4F 1 A 29 HOK) 88 1 Bi~7Fi% 2 B
B I RiAEE 6 B B4 —% (A619)
RN e Bk

g« At BRER R

®E:

BIROMHBNC RV AELD /A XL, AV Ay I REMNKTLOOEEREREG X, a X7 ¥ A2 TES
BIRWEIR AW OMNCT D, Bl /A XBEIL, HEROBIREROERY ¥ ) 71V EM 26 28O LE2RLTW
5[1], BEFEOHGRTIE, ERRBEEARD M X EEICBIT 52 EriBE Y ay A XZERRSETHERTEY, £
ZCIRHERL - & 7 — =D b U RVNRIC L o TREBRHEDNRE SN D, FIBROMKROMEEOHEZ FATHE L T 558
EARKHET OB IR BB R E A A Ix L CRENE L T2 [2], — ., FERERBUBEERIC RS W T, @ % O R T
LT ==K D R RNVNRITINZ TH 3 DX A TOEMGEDHNFE LR LHRE T FL—= 7 HHIREE (SABS) 78
FET 58], REFLIRTHNIN =T O MR U HNREREICHFKT D SABS #H 9 5 IEMERABLEERIT F AR
CHNBIRER L 72 D 2 LR BILTV D [4,5],

AR TIE, INCRIB R ER F RSB S ISR T 5, SERREHFGET O PR Eﬁbkuo:®ﬁ%:%w1m
SABS IZMx CTRYEE N7 7 JRT (VA AT —DEEWy & X7 X A0 IZRIFETRENHKRICIY Ahb
NTWD LN RN H D, SABS BfE b1z T Ty MY REZXAF—RBIZR DB ERT 508> T,
77 JHFOWRE - BEERFIEICBHBRIINENRERND Z L BP SN 72 [T],

[1] Y. M. Blanter and M. Biittiker, Phys. Rep. 336, 1 (2000).

[2] W. Belzig and Y. V. Nazarov, Phys. Rev. Lett. 87, 067006 (2001).

[3] S. Kashiwaya and Y. Tanaka. Rep. Prog. Phys. 63, 1641 (2000).

[4] M. Sato, Y. Tanaka, K. Yada, and T. Yokoyama, Phys. Rev. B 83, 224511 (2011).
[5] Y. Tanaka, M. Sato, and N. Nagaosa, J. Phys. Soc. Jpn. 81, 011013 (2012).

(6] BT E OWEEL FHHER (4 FERFEHRE) 2021 4

[7] T. Kokkeler, A. Golubov, F.S. Bergeret, and Y. Tanaka, arXiv:2411.02011 (2024).
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P : Dynamics with Simultaneous Dissipations to Fermionic and Bosonic Thermal Reservoirs
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Open systems evolve over time interacting with fermionic or bosonic reservoirs representing electrons in electrodes,
lattice vibrations or electromagnetic fields. These reservoirs act as energy dissipation channels and sources of
fluctuations that affect the dynamics. In electrochemical systems, the dynamics occurs under a moderate non-
equilibrium condition influenced by a delicate balance of the multiple reservoirs. A critical property for characterizing
such systems is the rate at which energy and charge are exchanged with the reservoirs, which can be investigated in
principle using a microscopic-like theory based on the Langevin equation by incorporating the fluctuations and
dissipation. The effect of multiple reservoirs, however, has received limited attention.

In this talk, we present a reformulation of the particle dynamics using the influence functional path integral [1]
framework, which yields without phenomenological assumptions, a quasiclassical Langevin equation that incorporates
non-Markovian effects of bosonic and fermionic reservoirs. As an example of the fermionic reservoir, we consider
electrons in a metal electrode, where the dissipation of particle energy occurs via electron-hole pairs excitations giving
rise to electronic friction. An explicit expression for the local dissipation kernel (Markovian kernel) is given in the limit
of slow particle motion [2] providing a way to calculate the energy transfer rate through stochastic simulations. For
demonstration purposes, we applied the framework to prototypical electrochemical systems [3] where a hydrogen (H)
atom moves in contact with a metal electrode and solvent modes. We explore the interplay of the reservoirs using two
scenarios: (1) quantum vibrational relaxation of a hydrogen (H) confined on a metal surface and (2) solvated

electrochemical proton discharge.

[1] R. P. Feynman and F. L. Vernon, Ann. Phys. 24, 118 (1963).
[2] E. F. Arguelles and O. Sugino, J. Chem. Phys. 160, 144102 (2024).
[3] E. F. Arguelles and O. Sugino, in preparation.

8 - Spin pumping without quasiparticles
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Spin pumping effect is a sensitive and well-established experimental method in two-dimensional (2D) magnetic
materials. In this talk, we focus on the exotic case that strong interactions render Landau’s quasiparticle not well-
defined and the correlated system near a quantum critical point becomes a non-Fermi liquid(NFL) metal. We study
the spin pumping effect of the NFL metal where the spin angular moments are not carried by any quasiparticles. We
propose that spin pumping effect can be a valuable probe for NFL behaviors at the 2D interface of magnetic
heterostructures. We show that the conventional Gilbert damping mechanism becomes invalid in the low-temperature
regime, where it exhibits a power-law divergent ferromagnetic resonance (FMR) modulation; Whereas, at finite

temperatures, Gilbert damping is restored. In both regimes, the non-quasiparticle nature of the NFL metal can be
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extracted from experimentally measurable FMR modulation signals. If time allows, we will briefly mention our works
on the NFL, including a novel type of NFL arises from a magnetic heterostructure, and more importantly, the strange

metal transport that is relevant to the high-Tc cuprate superconductor and twisted bilayer graphene.
About the speaker:

Xiao-Tian Zhang (5K X) earned his bachelor’s degree from the College for Gifted Youngs at the University of
Science and Technology of China in 2013. He then pursued his PhD at the International Center for Quantum
Materials, Peking University, under the supervision of Prof. Ryuichi Shindou, graduating in 2019. From 2019 to
2022, he worked as a postdoc in Prof. Gang Chen’s group at the University of Hong Kong. In 2022, he joined the
Kavli Institute for Theoretical Sciences at UCAS, as a Director’s Postdoctoral Fellow and Special Research Assistant

(a.k.a. Assistant Researcher).

B : Quantum impurity model for two-stage multipolar ordering and Fermi surface reconstruction
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Classification and understanding of quantum phase transitions and critical phenomena in itinerant electron systems
are outstanding questions in quantum materials research. Recent experiments on heavy fermion systems with higher-
rank multipolar local moments provide a new platform to study such questions. In particular, experiments on
Ce3Pd20(S1,Ge)6 show novel quantum critical behaviors via two consecutive magnetic field-driven quantum phase
transitions. At each transition, the derivative of the Hall conductivity jumps discontinuously, which was attributed to
sequential Fermi surface reconstructions. Motivated by this discovery, we consider an effective quantum impurity
model of itinerant electrons coupled to local dipolar, quadrupolar, and octupolar moments arising from Ce3+ ions.
Using renormalization group analyses, we demonstrate that two-stage multipolar ordering and Fermi surface
reconstruction arise depending on which multipolar moments participate in the Fermi surface and which other

moments are decoupled via Kondo destruction.

References:

1. Phys. Rev. B 108, L060401 (2023) (arXiv:2207.07661)

iR : Fascinating Molecular Nature of Organic Semiconductors — Photoconversion Driven by
Molecular Structure and Orientation
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Organic semiconductors combine the semiconductor properties traditionally associated with inorganic materials

with the more desirable properties of soft plastics. Moreover, the organic syntheses of these materials allow for great
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flexibility in the tuning of their electronic and optical properties. In particular, the development of small molecule-
based non-fullerene acceptors has enabled organic photoconversion devices such as photovoltaics and photodetectors
to show remarkable improvements in device efficiency. Although promising, there is still a lack of fundamental
understanding of the impact of molecular structure and orientation on photophysical processes critical for device
performance.

In this talk, I will discuss the molecular perspectives of organic semiconductors for high performance
photoconversion devices. First, I will show the molecular-structure dependent photostability, with a focus on molecular
planarity, rigidity, and end groups [1, 2]. Second, I will show the molecular orientation-dependent energy level shifts,
demonstrating the impact of molecular quadruple moments on thin film energetics and thereby on free charge
generation [3-5]. Finally, I will discuss how the minor modification of sidechains affects the structural relaxation
dynamics via strong electron phonon coupling and hence the excited states formation upon photoexcitation [6]. These

results provide key fundamental understanding of molecular semiconductors.

References

[1] Luke et al., (2023) “Key molecular perspectives for high stability in organic photovoltaics”, NATURE REVIEWS
MATERIALS, doi:10.1038/s41578-023-00606-5

[2] Luke et al., (2022) “Strong Intermolecular Interactions Induced by High Quadrupole Moments Enable Excellent
Photostability of Non - Fullerene Acceptors for Organic Photovoltaics” , ADVANCED ENERGY MATERIALS,
2201267. doi:10.1002/aenm.202201267

[3] Fu et al., (2023) “Molecular orientation-dependent energetic shifts in solution processed non-fullerene acceptors
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Although both experimental observations and numerical simulations have reached a consensus that the stripe phase
is intertwined with superconductivity in cuprates, the microscopic mechanism behind d-wave pairing in the presence
of stripes remains unclear. Using the effective theory of quantum colored strings, we derive the wavefunction in Fock
space. Our results show that two spinons with opposite chiralities tend to pair into a spinon singlet, which in turn

facilitates the formation of negative pair-pair correlations between distant x-bonds and y-bonds, a hallmark of the d-
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wave pairing pattern. The same pair-pair correlation pattern is observed across various models, as confirmed by large-
scale density matrix renormalization group calculations. Based on these results, we conclude that the spinon singlet
is the origin of d-wave superconductivity in a fluctuating, partially-filled stripe, and this mechanism may also extend

to multi-stripe configurations.

Reference:
[1] arXiv:2412.04379
[2] arXiv:2406.01980
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