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Quantum algorithms promise an immense improvement to our current information processing capabilities by
utilizing interference phenomena in an exponentially large Hilbert space. However, the large size of the Hilbert space
also poses a crucial challenge to the experimentalists, who strive to design protocols that navigate the Hilbert space
using only a small number of semiclassical control fields.

In this talk, we propose concrete protocols to implement a framework of quantum algorithms on the experimental
platform of Rydberg atoms [Sina Zeytinoglu and Sho Sugiura, arXiv:2201.04665]. What enables such an overarching
proposal is the recently developed algorithms of Linear Combination of Unitaries (LCU) and Quantum Signal
Processing (QSP), which was shown to unify core quantum subroutines such as phase estimation, search and
Hamiltonian simulation. We aim to perform a comprehensive study of the implementation of these quantum
algorithms in the Rydberg system. Specifically, we (1) identify the tree structure of the data to be loaded into the
Rydberg system, (2) give the complete procedure to load the data into the Rydberg system and perform the calculation
down to the laser pulse sequences, and (3) analyze the errors this procedure and show that it achieves a near-optimal
implementation of the target algorithm, (4) develop a method to make the experimental system scalable with respect
to the system size, and (5) calculate the resources required to run an optimal Hamiltonian simulation on the Rydberg
system.

While these results are specific to the Rydberg platform, our results highlight the importance of including the details
of the native dynamics relevant to a concrete experimental implementation when analysing the performance of

quantum algorithms.

B : Effects of electron-phonon and -magnon scattering on the finite temperature magnetization of
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For the development of permanent magnet materials, it is crucial to improve their magnetic properties at finite
temperature including the Curie temperature. In terms of first-principles electronic structure calculations, these
properties are rarely addressed because of the difficulties arising from the itinerant nature of the magnetism of these
materials. So far, most attempts have been made to use the nonlocal static susceptibility, calculated by, e.g.,
according to Liechtenstein’s prescription, which is mapped to exchange couplings J’s of the classical Heisenberg model,

and to apply statistical methods to it. One of the problems of such approaches is that J’s are actually strongly
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temperature dependent in the itinerant electron systems is neglected. The effects of electron scattering due to phonons
and magnons on J’s are particularly important. In the present study, we include both the effects on electronic structure
and hence J’s at moderately high temperatures and discuss finite temperature magnetization and the Curie

temperature from first-principles.
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1] B. Cheng*, N. Kanda* et al., Phys. Rev. Lett. 124, 117402 (2020).
[2] N. Kanda et al., Opt. Express 29, 3479 (2021).

[3] N. Kanda et al., arXiv:2110.09689.
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anomaly-based framework
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One of the central themes of quantum many-body physics and quantum field theory is the emergence of universality
classes at large scales out of the microscopic constitutes at small scales. However, it is often rather difficult to identify
in a controlled manner the universality class based on the microscopic physics of the system. I will discuss the inverse
problem of the previous one, i.e. the “emergibility problem”: given a universality class, from which microscopic systems

can it emerge? I will argue that quantum anomaly provides powerful insight into the emergibility problem, based on
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which I will establish a framework for it. I will present the results obtained by applying this framework to study the
emergibility of a family of exotic universality classes, dubbed “Stiefel liquids”. The Stiefel liquids form an infinite
family that unify the celebrated deconfined quantum critical point and Dirac spin liquid and generalize them to
possibly non-Lagrangian quantum critical states. Our anomaly-based framework for the emergibility problem allows
us to predict all different realizations and specific properties of the Stiefel liquids in various frustrated magnets, such
as triangular lattice spin-1/2 systems. Most of the realizations we identify were not envisioned before, and some of

them cannot be described using the conventional approach.

Refs:
Ye, Guo, He, Wang, Zou, arXiv: 2111.12097.
Zou, He, Wang, arXiv: 2101.07805.
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[1] L. Fu, Phys. Rev. Lett. 115, 026401(2015).

[2] Z. Hiroi, et al., J. Phys. Soc. Jpn. 87, 024702 (2018).

[3] Y. Matsubayashi, et. al., Phys. Rev. B 101, 205133(2020).
[4] S. Uji, et. al., Phys. Rev. B 102, 155131 (2020).

[56] S. Uji, et. al., J. Phys. Soc. Jpn. 90, 064714 (2021).
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[1] https://jmorp.megabank.tohoku.ac.jp/
[2] Tadaka et al., Nucleic Acids Research. 2020 Nov 12;gkaa1034.
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Hund metal is a recently coined term to refer to a special type of correlated metals in which atomic Hund interaction
plays the key role [1]. In this talk, after a brief introduction to Hund metal, I will present our recent progress on this
issue [2]. We conducted a detailed investigation on the two-orbital case which has been on the periphery of the attention.
We identify distinctive regimes, particularly the four different correlated metals; one stems from the proximity to a
Mott insulator and the other three we call ‘intermediate’ metal, ‘weak Hund’ metal, and ‘valence-skipping’ metal.
Defining criteria characterizing these metals is suggested. Contrary to conventional wisdom the current study
establishes the existence of Hund metallicity in two-orbital systems. Our result also provides useful insights to

understand metallic two-orbital systems such as the recently discovered superconducting infinite-layer nickelates.

Reference
[1] For a review, see, A. Georges et al., Annu. Rev. Condens. Matter Phys. 4, 137 (2013).
[2] S. Ryee et al., Phys. Rev. Lett. 126, 206401 (2021)
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In this talk, first, I will introduce our activity on developing open-source software packages (mVMC [1], H® [2], and
RESPACK [3]) for treating strongly correlated electron systems. Combining these software packages, it is now possible
to perform fully ab initio (non-empirical) calculations for strongly correlated electron systems. As an example, I will
talk about the recent application to the organic solids (8’-X[Pd(dmit)2]2, X represents a cation) [4-6], where the
quantum spin liquid behavior is found in X=EtMe3Sb. By deriving and analyzing the ab initio low-energy effective
Hamiltonians for all the 9 compounds in £’-X[Pd(dmit)2]2, we have found that the magnetic ordered moment is
significantly suppressed around the spin-liquid candidate EtMe3Sb. Using the variational Monte Carlo method, we
have also shown that 1D anisotropic quantum spin liquid appears in the effective Hamiltonians of EtMe3Sb. We have
demonstrated that the 1D nature of the quantum spin liquid can explain the thermodynamic quantities observed in

EtMe3Sb such as large thermal conductivity.

1] https://www.pasums.issp.u-tokyo.ac.jp/mvmc/en/

2] https://www.pasums.issp.u-tokyo.ac.jp/hphi/en/

4] T. Misawa, K. Yoshimi, and T. Tsumuraya, Phys. Rev. Research 2, 032072 (R) (2020).
5] K. Yoshimi, T. Tsumuraya, and T. Misawa, Phys. Rev. Research 3, 033224 (2021).
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[3] F. Matsui, T. Matsushita, et al., Sci, Rep., 6, 36258 (2016).
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[4] A. Tkeda et al., Phys. Rev. Lett. 125, 177202 (2020).
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[8] A. Tkeda et al., unpublished.
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