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B : Interfaced organic semiconductors: Thermally-activated self- assembly and in-situ oxidation of
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Organic semiconductors make cheap, flexible and environmentally friendly electronic devices which do not rely on
doping by rare elements. Applications range from OLED displays and solar cells to e-Paper and logic or display
circuitry embedded in everyday devices. The intrinsic electronic properties of the material and its interaction with
contacting interfaces is important to understand and tune the device characteristics and functionality.

Pentacene and its chemical derivatives are not only the “small molecule” organic semiconductor with the highest
intrinsic mobility, but also provide a model system to investigate local chemical and physical properties at surfaces.
[2] It is remarkable, that single molecular layers can be operated and doped in thin film transistors (TFTs) [3-5] and
that the molecular packing in the monolayer modifies the Shockley surface state in contacting metal substrates [6, 7].
Pyrazinacenes, on the other hand are a newly synthesized class of molecules which complement to p-type pentacene
derivatives with their closely related molecular structure and their nitrogen (N) content. [1] We report on the supra-
molecular interactions and self-assembly of octa-azatetracene and deca-azapentacenes, two different lengths molecules
in this class. The compounds are imaged individually and form structurally related chains. Their oxidation on-surfaces
is compared to the dehydrogenation in solution. Experimental evidence is provided by Scanning Tunneling Microscopy
and X-ray Photoelectron Spectroscopy and temperature dependent transport experiments of planar thin film

transistors with an active channel region of 1-3 molecular monolayers.

References
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Quantum materials, systems in which quantum effects lead to unique macroscopic phenomena with tremendous

technological potential, comprise the forefront of condensed matter physics research. In particular, collective
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excitations associated with broken-symmetry phases have attracted tremendous attention as powerful windows into
their microscopic physics and dynamics. However, spectroscopy of these collective excitations has been hindered by
the so-called ‘terahertz gap’, which refers to difficulties in generation and detection of radiation in the terahertz
frequency range, where many relevant modes of quantum materials are found.

In response to this challenge, we translate a technique known as 2-D spectroscopy [1], an optical analogue of multi-
dimensional NMR spectroscopy, into the terahertz frequency range. We implement, for the first time, 2-D Terahertz
Spectroscopy in a non-collinear, reflection geometry, enabling study of opaque materials and isolation of their
constituent terahertz nonlinearities. We apply this technique to the Josephson plasma resonance [2] in La2-xSrxCu04,
a layered high-temperature superconductor, to distill the underlying plasmon correlations. Measurements of the
superconducting transition provide evidence of an unconventional phase-disordering transition without pair breaking.

I will conclude with an outlook for light-induced phase transitions.

[1] S. T. Cundiff and S. Mukamel, Phys. Today 66 (44), 2013.
[2] Y. Laplace and A. Cavalleri, Adv. Phys. X 1 (3), 2016.
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Overview :
The first joint meeting among ISSP/IPMU/KEK theory groups.
The theme is “0=n" in field theories, and its relation to spin systems. There seems to be recent new understandings of
physics at 6=x by using new techniques in numerical computations in field theories. We start with the reviews of how
the ground state at 0=n in 2d field theories has been understood in the past and discuss its relation to 4d Yang-Mills

theories. The recently proposed techniques to simulate 06 == physics and their results will be presented.
Organizers: Ryuichiro Kitano, Norikazu Yamada, Masahito Yamazaki, and Masaki Oshikawa

Program :
13:00-13:20 Speaker: Masaki Oshikawa (ISSP)

Title: Mini introduction to the relation among spin systems, non-linear sigma models and the WZW model
13:20-13:50 Speaker: Masahito Yamazaki (Kavli IPMU)

Title : Relation between 4d SU(2) YM and 2d CP1 model
13:50-14:20 Speaker: Norikazu Yamada (KEK)

Title: Gapped or gapless, case of 4d SU(2) YM at 6=n=n
14:20-15:00 Break
15:00-16:00 Speaker: Katsumasa Nakayama (Riken)

Title : Gapped or gapless, case of 2d CP1 at 6=n
16:00-17:00 Discussion
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[1] Y. Cao, et al. Nature, 556, 43 (2018).
[2] JM. Park, et al. Nature, 590, 249 (2021).
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Systems based on spin-1 moments exhibit many fascinating properties, as demonstrated by recent work on spin-
nematics, Fe-based superconductors, and cold atom systems. However, because spin-1 moments support quadrupoles,
they cannot be described using O(3) vectors, even in the classical limit. For this reason, conventional Monte Carlo
and molecular-dynamics simulations fail to describe many of the most interesting phenomena.

In this talk, we introduce a new method of simulating spin-1 magnets at a (semi-)classical level [1]. Our approach
is based on a representation of spin-1 moments within the group U(3), and allows us to explore the thermodynamics
and dynamics of spin liquid and spin nematic phases, as well as conventional magnetic order.

As an applications, we explore the dynamics of the ferroquadrupolar (FQ) phase in the spin-1 bilinear biquadratic
(BBQ) model on a triangular lattice, previously discussed as a prototype for unconventional magnetism in NiGaAs,

and the spin-1 Kitaev model with competing biquadratic exchange [2].

[1] Kimberly Remund, Rico Pohle, Yutaka Akagi, Judit Romhanyi and Nic Shannon, Phys. Rev. Research 4, 033106
(2022)
[2] Rico Pohle, Nic Shannon and Yukitoshi Motome, https://arxiv.org/abs/2212.10040
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Tip-enhanced Raman Spectroscopy (TERS) is a nanoscale chemical analysis and imaging method with a spatial
resolution of <10 nm, even at ambient conditions [1]. TERS relies on the enhancement of the local electromagnetic
field by a plasmonic metal nanostructure that is scanned over the sample by means of a scanning probe microscope,
using either AFM or STM feedback. Analogous to SERS, the local electromagnetic field of Raman scattered light is
enhanced by many orders of magnitude in TERS, large enough to render monomolecular films and 2D materials
spectroscopically visible that would otherwise be optically too thin to be analyzed with conventional vibrational
spectroscopy.

In the first part of the presentation, the working principle, experimental realization, and capabilities of TERS will
be presented [1]. Several practical aspects will be discussed, including interpretation (and misinterpretation) of TERS
spectra due to issues such as tip contamination and sample decomposition triggered by the very high local field under
the TERS tip. Recent data from our lab shows that this is due not primarily a thermal effect, but rather due to plasmon-

driven, photocatalytic reactions [2]. Strategies to mitigate sample decomposition, for imaging studies of fragile samples
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over extended periods of time, and strategies to improve the reproducibility of TERS, especially for investigation of
biological samples, will be presented.

In the second part of the presentation, applications of TERS to the spatially resolved chemical analysis and imaging
of molecular nanomaterials and surfaces at the nanoscale will be discussed. Examples from recent TERS studies in
our laboratory will be chosen, such as two-dimensional polymers [3], biological nanostructures such as amyloid forming

proteins, self-assembled monolayers, model membranes, and cell membranes [4, 5], and catalysts [6, 7].

[1] J. Stadler, T. Schmid, and R. Zenobi, Developments in and Practical Guidelines for Tip-Enhanced Raman
Spectroscopy, Nanoscale 4 (2012) 1856-1870.

[2] J. Szczerbinski, L. Gyr, J. Kaeslin, and R. Zenobi, Plasmon-driven Photocatalysis Leads to Products Known from
E-Beam and X-Ray-induced Surface Chemistry, Nano Lett. 18 (2018) 6740-6749.

[3] F. Shao, W. Wang, W. Yang, Z. Yang, Y. Zhang, J. Lan, A.D. Schliiter, and R. Zenobi, In-Situ Nanospectroscopic
Imaging of Plasmon-Induced Two-Dimensional [4+4] Photopolymerization on Au(111), Nature Commun. 12 (2021)
4557.

[4] Y. Pandey, N. Kumar, G. Goubert, and R. Zenobi, Nanoscale Chemical Imaging of Supported Lipid Monolayers
using Tip-Enhanced Raman Spectroscopy, Angew. Chem. Int. Ed. Engl. 50 (2021) 19041-19046.

[5] D. Mrdenovié, W. Ge, N. Kumar, and R. Zenobi, Nanoscale Chemical Imaging of Human Cell Membrane using Tip-
Enhanced Raman Spectroscopy, Angew. Chem. Int. Ed. Engl. 61 (2022) e202210288.

[6] H. Yin, L.-Q. Zheng, W. Fang, Y.-H. Lai, N. Porenta. G. Goubert, H. Zhang, H.-S- Su, B. Ren, J.0. Richardson, J.-
F. Li, and R. Zenobi, Nature Catal. 3 (2020) 834-842.

[7] Z.-F. Cai, J.P. Merino, W. Fang, N. Kumar, J.0. Richardson, S. De Feyter, and R. Zenobi, Molecular-Level Insights
on Reactive Arrangement in On-Surface Photocatalytic Coupling Reactions Using Tip-Enhanced Raman

Spectroscopy, J. Am. Chem. Soc. 144 (2022) 538-546.
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[1] S. Ghimire, A. D. DiChiara, E. Sistrunk, P. Agostini, L. F. DiMauro and D. A. Reis, Nat. Phys. 7, 138 (2011).

[2] K. Nakagawa, H. Hirori, Y. Sanari, F. Sekiguchi, R. Sato, M. Saruyama, T. Teranishi, and Y. Kanemitsu, Phys.
Rev. Mater. 5, 016001 (2021).

[3] K. Nakagawa, H. Hirori, S. A. Sato, H. Tahara, F. Sekiguchi, G. Yumoto, M. Saruyama, R. Sato, T. Teranishi, and
Y. Kanemitsu, Nat. Phys. 18, 874-878 (2022).
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We have proposed a new framework to solve various quantum many-body problems named a matrix product
renormalization group (MPRG) [1]. MPRG solves the sign problem of conventional Monte Carlo methods and can be
regarded as generalization of a density matrix renormalization group (DMRG) in one dimension. Compared with
DMRG, MPRG is directly applicable to infinite systems, higher-dimensional systems, finite-temperature systems, and
even to open quantum systems. In particular, a nonvariational variant of MPRG can be used to simulate non-
Hermitian models like the Yang-Lee model with a Yang-Lee edge singularity.A variational variant of MPRG has a
further application to many Hermitian systems. By utilizing a continuous projected entangled pair state (cPEPS), we
can even solve two-dimensional systems at finite temperature. As for the accuracy, cPEPS outperforms PEPS with
about a one-digit-higher precision when the same bond dimension is used. The finite-temperature observables like a
specific heat are also calculated and compared with a quantum Mote Carlo simulation. Due to the absence of a sign
problem, a Trotter error, or a finite-size effect, the observables can easily be extrapolated to the thermodynamic limit

only by the bond dimension scaling.

[1] Masahiko G. Yamada et al., arXiv:2212.13267 (2022).
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(1) Ando J., et al, Biophys. J., 115 (2018)
(2) Otomo A, et al, PNAS, 118 (2022)
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iR : Monte Carlo sampling in tensor-network representation
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Many classical and quantum lattice models can be represented as tensor networks. However, the exact contraction
of a tensor network is generally exponentially expensive, and some approximation is usually required. In numerical
simulations based on the tensor networks, approximations with the singular value decomposition are widely used. On
the other hand, various contraction methods based on randomized algorithms have also been proposed. Unfortunately,
with a simple weighted sampling, it is difficult to control the accuracy because the expected value variance diverges
rapidly as the network grows. In this talk, I propose a new tensor contraction method based on Monte Carlo sampling.
The proposed method combines the stochastic basis transformation of tensors with the Markov chain Monte Carlo
framework. It can entirely remove the systematic error due to a finite bond dimension in the approximate tensor-

network contraction while controlling the variance of measurements.
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THILENTE, “FEOBK FAA VHOREDOHE, T7bb— DR N A A Az LT O A A A
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[1] Yoshikazu Tanaka, Koichi Katsumata, Susumu Shimomura, and Yoshichika Onuki, “Manipulating the Multipole
Moments in CeB6 by Magnetic Fields”, JPSJ, 74, 2201 (2005).

[2] ERKE, BPRF, ANE, ““AFT7zvAf v 7 WEIZET 280 X BRI X DR R A A B, B AR
ek 33(5) 334 (2020).
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TN LRETT DICHT= 0, 3 BIRZEARLRWERA bR HERIT, BAER DR BIFL VL 10, 2 5L EWIRE
TR ERERTERCZ BIAE L72n0 &0 D EREERICIER L7z, ARFFETIE bR Hil(Ak L 3 BIKOMXZZNENEFE L, #E
ERTE K BA AR FE (critical concentration: CC) & % @t (critical concentration ratio: CCR)Z kb, EBRAER & i L 7=,
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Free volume theory & thermodynamic perturbation theory ZHZi7>5 bR DX ZKsH, CCR #HE L=, IBE
DFEARMAE S LTET L LIZSE, WTINOBEGNLHE L7 CCR & ERFBR L FEEEMIC LT, 20l
"o, JRES \%@Tﬁ(%fﬁ%i)l bR iSO EE 2R EREN ) Td 5 AIEEES R Shiz, —J7, IBESFHEEKIEE LT
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