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The Kitaev quantum spin liquid (QSL) model has fascinated condensed matter physicists for a decade because they
are exactly solvable, provide a variety of QSL phases, and are relevant for transition metal compounds such as irridates
and ruthenates. This model implements the exchange frustration by bond-dependent Ising-like spin interaction on the
ideal two-dimensional honeycomb lattice resulting in an exactly solvable topological QSL ground state and fractional
spin excitations represented by noble Majorana fermions. In the past decade, experimental realization of the Kitaev
QSL model has been eagerly pursued and now it becomes a challenging to explore exotic quantum phases appearing

in real materials due to additional perturbative spin interactions.

In this talk, I will present the experimental evidences of Majorana fermions in a layered van der Waals compound a-
RuCl3. Neutron and x-ray diffraction measurements reveal that the low-temperature crystal structure forms the
perfect Ru-honeycomb lattice, which provides an ideal platform for the Kitaev honeycomb quantum spin lattice.
Extensive thermodynamic and neutron spectroscopic measurements directly demonstrated Majorana fermionic
excitations as a result of thermal fractionalization of Jeff = % pseudospins, which is well reproduced by numerical
simulations obtained from the Kitaev model. Furthermore, I will present recent progress in pursuit of exotic quantum

phases and critical behaviors invoked by an external magnetic field or pressure on this material.

iR ERREERIYE I — 2018 4EE 5 1 | : Determining the Fermi Surface of High-Temperature
Superconductors and Other Low-Dimensional Materials
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I will discuss recent magnetotransport data on an underdoped high-temperature superconductor. To assist with the

discussion I will first describe how one goes about mapping the Fermi surface of quasi-two-dimensional materials

using high magnetic field measurements, focussing particularly on the technique of angle-dependent

magnetoresistance.

This will be illustrated using the results of earlier experiments on an organic superconductor, for which a full

determination of the Fermi surface was possible.

I will then contrast this with the more challenging measurements performed onYBa2Cu306+x and explain what

conclusions can be drawn in this case.
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PR : BiE 3 J-— : Reverse engineering Hamiltonian from spectrum

Hf# : 201844 H 20 H(&) FiE4B~TF# 5K

S - MTERERARE 6 BESE 5 B3 - —% (A615)

E R

g SRR ZErT

HE

Handling the large number of degrees of freedom with proper approximations, namely the construction of the effective
Hamiltonian is at the heart of the condensed matter physics. Here we propose a simple scheme of constructing
Hamiltonians from given energy spectrum using the supervised learning technique. Taking the Hubbard model at the
half-filling as an example, we show that we can find the reduced description, namely the effective spin model, of the
Hubbard model in a way that the estimation bias and error are well controlled. We reproduce the effective model at
(t/U)~6 obtained previously by arduous perturbative calculations, just by minimizing the error in the spectrum
(semi-)automatically using the supervised learning algorithms. We also show that the same approach is useful to
construct the entanglement Hamiltonian of a quantum many-body state from its entanglement spectrum, taking the
ground states of the S=1/2 two-leg Heisenberg ladders, as an example. We find the qualitative difference of the
entanglement Hamiltonian in the two different phases of that model which has not been known previously. Compared
to the known approach based on the full diagonalization of the reduced density matrix, our approach is computationally

much cheeper thus offering a way of studying the entanglement nature of large (sub) systems.

[1] H. Fujita, Y. O. Nakagawa, S. Sugiura, and M. Oshikawa, Phys. Rev. B 97, 075114 (2018).
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[1] T. Suzuki, R. Tamura, and T. Miyazaki, Int. J. Quant. Chem. 117, 33 (2017).
[2] R. Tamura and K. Hukushima, Phys. Rev. B 95, 064407 (2017).

[3] K. Shiba, R. Tamura, G. Imamura, and G. Yoshikawa, Sci. Rep. 7, 3661 (2017).
[4] R. Tamura and K. Hukushima, PLoS ONE 13, e0193785 (2018).
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Chain

HFE : 20184E 4 H 27 H(&) PR 5 K~"F1R 6 Iy

5 © MPERE AR 6 BESS 5 &I - —% (A615)

i#fli : Pranay PATIL

Jtk& : Department of Physics, Boston University

®E:

The antiferromagnetic Heisenberg chain is expected to have an extended symmetry, [“SU” (2) X"SU” (2)] /Z_2, in the

infrared limit, whose physical interpretation is that the spin and dimer order parameters form the components of a

common 4-dimensional vector. Here we numerically investigate this emergent symmetry using quantum Monte Carlo

simulations of a modified Heisenberg chain (the J-Q model) in which the logarithmic scaling corrections of the

conventional Heisenberg chain can be avoided. We show how the two- and three-point spin and dimer correlation

functions approach their forms constrained by conformal field theory as the system size increases and numerically

confirm the expected effects of the extended symmetry on various correlation functions.

This talk will be based on work presented in arXiv:1803.02041.
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iR EEEER A2 I — 2018 4FEE 45 2 ] : Quantum tricritical points, quantum wing critical points
and more in the phase diagram of metallic quantum ferromagnets
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®E:

Studies of the temperature-pressure (T-p) phase diagram of metallic quantum ferromagnets have revealed that

ferromagnetic quantum criticality is avoided in two ways [1]: either the transition becomes of the first-order at a

tricritical point before being suppressed such as in UGe2 [2,3], or a transition to modulated magnetic phases appear

such as in LaCrGe3 [4]. We have shown that the addition of a magnetic field (H) can restore quantum criticality at the

end of “wings” in the T-p-H phase diagram in both UGe2 and LaCrGe3 [5]. Our careful study of the “wings” near the

tricritical point reveal new rules that apply to the T-p-H phase diagram [6]. We discuss our experimental T-p-H phase

diagrams of UGe2, LaCrGe3, and CeTiGe3 and how these compounds illustrate different strength of quantum

fluctuations based on recent theoretical results [7].

[1] M. Brando et al. Rev. Mod. Phys., 88, 025006 (2016).

[2] V. Taufour et al. Phys. Rev. Lett. 105, 217201 (2010).

[3] H. Kotegawa et al. J. Phys. Soc. Jpn., 80, 8, 083703 (2011).

[4] V. Taufour et al. Phys. Rev. Lett. 117, 037207 (2016).

[6] U. S. Kaluarachchi et al. Nature Communications 8, 546 (2017).
[6] V. Taufour et al. Phys. Rev. B 94 060410 (2016).

[7] Belitz et al. Phys. Rev. Lett. 119, 267202 (2017).
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[3] K. Inoue et al., Nature. Commun. 7, 13415 (2016)
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Macropinocytosis is clathrin-independent endocytosis and allows internalization of large volume of extracellular fluid.
Dictyostelium discoideum and tumor cells show constitutive macropinocytosis for uptake of nutrients from

extracellular fluid. With help of recent advance of microscopy for 4D observation, macropinocytosis has been considered
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to be driven by self-organizing pattern of actin polymerization on the membrane. However, it remains still unknown
how crown-like (or macropinositosis cup) structure forms, how it closes and what chemical reactions make it possible.
From theoretical perspective, we introduce a mathematical model based on phase-field method for simulating 3D
morphodynamics of macropinocytosis. The proposed model with the help of GPU enables reaction-diffusion process of

membrane localized proteins and large membrane deformation simultaneously.

Simulation results indicate that simple chemical reactions including actin polymerization lead to drastic membrane
deformation, which results in an engulfment of extracellular fluid. In addition, depending on parameters, not only

macropinocytosis but also CDR (circular dorsal raffle) like behaviors appear.

This study provides a new insight for constitutive macropinocytosis as a self-organization phenomenon via feedback

between drastic deformation of membrane and reaction-diffusion on it.
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[3] R. Arafune et al. (in preparation)

B B B B B B s s s s s nnsnnsnnsnns PHEMELVE S B2 B 70



HIEF : 201845 H31H OR) I 1 I~ 2153057

B IR AEE 6 B A6L5E =

EH A 74— —  F-FEEREH O ARK. RO RIGOKT - & TFRLEmN
Al NI B

g : 7718539 AUy —

HE:

MEBHZATBET 2 Fl 2 Bk 2 72 KB & 72 & T 2SI 5 121%, 2O - BREZ R L, B2 o T 28145
I A D= X NEBE L, TNETICHIEES 2R D 2T v TN L 70 5, T4, FEMMEREEOR Riomz, #ET
BICOWTHHFEARBLTETEY ., F—FEFHEZ AW KM OAIETE L o TEX TV, TED XD efif
MG, TEBRE PO L HICHEET D) LW EICOWTITIEETAHRE - fRITKD L A REL . £
FRERIINE, AFEETIE, SIEEEHETH 2571 I T ORIFRA A B B B ETe, 28R A A ARk
BT HRIES v U 7 O RERIRIBICBE T 2t & P & LT, Tex OFRATDRS L RREBNTT D,

EH Bl 7= — B REGTRICK S TRIVF —FNA ZADOMBEGT
il I EE

Fig: 7718533902V —

¥E:

IO TR F—IFRDLEAGIT N, 2 D@ =F & AR A 4 FEBLRTEE & T 2 EHHI R = L F—F /31 ZDH|
HARO BTN D, BRI ONTRTEEO D & T, MR ETIMEOET RO R/LF—IRECH DM
BT 2 EENREREHDLZENTELHAFIETHY . MHERRA =X LOMINHEZTH Y | MEERE OB %
BHZEHTED, ABHTIE, B FEHEEZHVEZRLE—F S, ZOPZEEHI L LT, 71 b ARSI LR
EHEMATEHI BT 2 KGR EBOMH, VT 7 LA A 2IREBMICEIT 54 40 5 A F 7 AOHE—FEGHREDONE
IZBI L TR T B,

B - BlERE X I — ¢ bAROTAIVAEERWE T Y A ARG R ROV A RO —HBEHR
Hfe : 201846 A 1 H(&) FRAK~THR 5K
5 - PEESE AR 6 BESE 5 £ —% (A615)

B EE L v
FiE © &IRKFERYEDE BRRAER BRless. iR mtEurse
LA=gE

BRI E LT, BAIRED MR e P—NEHZB TS, 2L O FHE FREHE T 177 Ay
THEA STz Bloch BB bR m ¥ —ICB L3R FIRIE, 1993 FITHRE SN BRS04 59 % King-Smith
& Vanderbilt (2 X2 XY —(fHOFE[1]TH D, HAILINET, XU —(HOFE, FREIELZNY —dh#, b
Aa YN Ad & (Chern $, 22 80 OFHEFIEOHE —FEE FREFRE 2 7T A~0FH L 2 OIEA[2-51ICEY fHLA
T&E, FHEHTIE, 2O ORBELERBG~DIEABNCHOWTREITT 2,

Fose 12, BEZHAIEO BRI R BB A & LT, ) — R R0 Bl s — R D 7 = L S W
FEMREEL 25, BRI 2 MRKOKEAROWET A v EHE LTS, ZOMIMAL LT, 2H— 4y
KEBET L] B o — A RER6]. ~— T A R T —HRBEPEIKITIC D\ T O % DRSE OB A L
Y — AT B B AR AT, b O S VIR T A AR OB S T ORS &
5,

[1] R.D. King-Smith and D. Vanderbilt, Phys. Rev. B, 47, 1651(1993).

71 BIEBIEZ DB SS BI 2 E  crrcesessssssssssssssesssssssssssssssssessssssssssssssssssssssssnsssnnes sannmEENE



[2] F. Ishii and T. Oguchi, J. Phys. Soc. Jpn., 71, 336 (2002).

[3] F. Ishii, N. Nagaosa, Y. Tokura, and K. Terakura, Phys. Rev. B 73, 212105 (2006).

[4] Y. P. Mizuta and F. Ishii, Sci. Rep., 6, 28076(2016).

[6] H. Sawahata, N. Yamaguchi, H. Kotaka, and F. Ishii, Jpn. J. App. Phys., 57, 030309 (2018).
[6] Y.P. Mizuta, H. Sawahata, and F. Ishii, arXiv:1803.08148.

[7] S. Minami, F. Ishii, Y.P. Mizuta, and M. Saito, arXiv:1804.00297.

B B TWE I JF— : Charge density wave order in YBa.CusOse: induced by uniaxial stress.
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HE:

High-temperature superconductivity requires both strong electronic interactions, and a mechanism by which these
interactions are prevented from inducing an alternative, static electronic order. Therefore the study of competing
phases is an important part of the study of high-temperature superconductors. In underdoped cuprates, it is well-
established that there are strong susceptibilities to both superconductivity and charge density wave order. It is not
clear whether these orders are best described as mutually incompatible, different manifestations of the same pairing
interaction, or different components of a composite order parameter. In this talk, I will present elastic and inelastic X-
ray data on the underdoped cuprate YBazsCusOs.67 (Tc = 65 K), that show compression along the a axis by ~1% induces
static, three-dimensional CDW order. Upon reducing the temperature, the CDW disappears and is replaced by

superconductivity, indicating strong competition between these states.
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B - ISt 2 J— : Resummation of diagrammatic series with zero convergence radius for the unitary
Fermi gas
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HE:

Feynman diagrams are powerful tools for studying various fields of physics. Still, the analysis usually involves

approximations, because only some types of diagrams or low-order diagrams are considered there. However, the Monte

Carlo method for unbiased sampling of Feynman diagrams has been recently developed. On the other hand, the

diagrammatic series sometimes have zero radius of convergence. The question is whether it is still possible to make

accurate predictions by summing up Feynman diagrams.

In this talk, we report high-precision results obtained by the bold-line diagrammatic Monte Carlo method for the

unitary Fermi gas with zero convergence radius. We derive the large-order asymptotic behavior of the diagrammatic

series, and we give mathematical arguments and numerical evidence for the resummability of the series by a

specifically designed conformal-Borel transformation that incorporates the large-order behavior. Combining this new

resummation method with diagrammatic Monte Carlo evaluation up to order 9, we obtain new results for the equation

of state, which agree with the ultracold-atom experimental data, except for the 4-th virial coefficient for which our

data point to the theoretically conjectured value.

Reference:
R.Rossi, T. Ohgoe, K. Van Houcke, and F. Werner, arXiv:1802. 07717
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