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Electronic Genes for Unconventional High Temperature Superconductors
Jiangping Hu
Institute of Physics, CAS

In the past several decades, two families of unconventional high temperature superconductors (high Tc) based on
transition metal compounds, cuprates and iron-based superconductors, were discovered. Both discoveries were
made accidentally in labs without any theoretical guides. Lacking of successful predictions on new high Tc materials
is one of major obstacles to reach a consensus on unconventional high Tc mechanism.

In this talk, we address the key question related to these two special materials: Why are these Cu and Fe compounds
so special? We answer this question by suggesting the existence of a common electronic gene behind these two
families of materials: those d-orbitals of transition metal elements with the strongest in-plane bonding to anion p-
orbitals are isolated near Fermi energy. This character is absent in other known transition metal compounds. Thus, it
explains the rareness of unconventional high Tc superconductors. The gene also indicates the superexchange
antiferromagnetic interactions mediated through anion p-orbitals are the source of superconducting pairing.

Furthermore, we will extend this idea to predict possible unconventional high Tc materials. The gene conditions
can only be fulfilled through special collaborations between cation-anion building blocks, lattice structures and filling
configurations of d-shells. We predict three cases for Co/Ni-based compounds which meet the gene conditions.
Verifying the prediction can convincingly establish high Tc superconducting mechanism and pave a way to design
new high Tc superconductors.

102

Intertwined dipolar and multipolar order in a triangular-lattice magnet

Yao Shen,! Changle Liu,! Yayuan Qin,' Shoudong Shen,' Yao-Dong Li,? Robert Bewley, Astrid Schneidewind,* Gang Chen," > ©

and Jun Zhao' ¢
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’Department of Physics, University of California Santa Barbara, Santa Barbara, California 93106, USA
3ISIS Facility, Rutherford Appleton Laboratory, STFC, Chilton, Didcot, Oxon OX11 00X, United Kingdom
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Forschungszentrum J'ulich GmbH, Lichtenbergstr. 1, 85748 Garching, Germany
Center for Field Theory and Particle Physics, Fudan University, Shanghai, 200433, China

Collaborative Innovation Center of Advanced Microstructures, Nanjing University, Nanjing, 210093, China

A phase transition often involves a symmetry breaking and the emergence of an order parameter. Certain f-electron materials exhibit
exotic hidden ordered phases, in which the order parameters are inaccessible to neutron diffraction experiments. Insight of the nature
of the hidden order can be obtained by investigating the collective excitations associated with the phase transition. However,
experimental identification and theoretical interpretation of such collective modes are often complicated and ambiguous, especially
in a system with both itinerant and local moments. In this work, we combine neutron scattering and thermodynamic probes to study
arare-earth triangular-lattice magnet deep in the Mott insulator regime. We show that the observed highly dispersive spin excitations
and thermodynamic properties can be accurately described by a transverse field Ising model on the triangular lattice with an

intertwined dipolar and multipolar order that is “hidden” in the neutron diffraction measurements.
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Dirac fermions in layer-structured titanium-based oxypnictide superconductors
Wanling Liu', Zhe Huang', Xianbiao Shi’, Hongyuan Wang®,

Yanfeng Guo®, and Dawei Shen'

1Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences, 865
Changning Road, Shanghai 200050, China
2State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Shenzhen
518055, China
3School of Physical Science and Technology, ShanghaiTech University, Shanghai 200031, China

Key words: Dirac fermions, Angle-resolved photoemission spectroscopy, Titanium-based oxypnictide

superconductors



Angle-resolved photoemission spectroscopy and first-principles calculations are used to prove the
existence of a single pair of three-dimensional Dirac points in the well-known layered titanium-based
oxypnictide superconductor BaTi.Bi.O. The Dirac point is found approximately 100 meV below the
Fermi level. This compound is also found to be a superconductor with transition temperature (Tc) 4.6
K, which may provide an appropriate platform to study the interplay between topological Dirac

fermions and superconductivity.
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Charge order evolution in overdoped cuprates
Xintong Li', Ying Ding2, Hongtao Yan2, Changwei Zou', Haiwei Li', Shusen Ye', Lin

Zhao?, Xingjiang Zhou2z3, Yayu Wang?*.3*

! State Key Laboratory of Low Dimensional Quantum Physics, Department of Physics, Tsinghua University,
Beijing 100084, China

’Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of
Sciences, Beijing 100190, P. R. China

3Collaborative Innovation Center of Quantum Matter, Beijing, China

Email: yayuwang@tsinghua.edu.cn

E : One of the key issues in unraveling the mystery of high Tc superconductivity in the cuprates is to understand the
ubiquitous charge modulations. Checkerboard charge orders have been widely observed in underdoped cuprates with four-
unit-cell (4ap) periodicity. However, the heavily overdoped regime is much less explored. Here we start from the strongly
overdoped regime, which is considered to be Fermi liquid, performing scanning tunneling microscopy and spectroscopy

measurements on Bi>xSrCuOs-+5 cuprates with varied dopings. In the overdoped non-superconducting regime, spectroscopic



imaging reveals nanoscale patches of static charge order with sqrt(2)*sqrt(2) periodicity, which will fade away with reduced
hole-concentration. Meanwhile, a nearly periodic charge modulation assembling the checkerboard charge order emerges and
evolves into the well-known checkerboard when approaching the optimal doping. The doping-dependence of the charge order
wavevector and the doping-independence intra-order unit-cells demonstrate the peculiar charge order evolution in the cuprates

from the Fermi liquid limit to the doped Mott insulator regime with strong correlations.

%219 : overdoped cuprate, STM, charge order
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[1] J. E. Hoffman et al., Imaging Quasiparticle Interference in Bi2Sr2CaCu208+3. Science 2002, 297, 1148-1151.
[2] Gu, Q. et al., Directly visualizing the sign change of d-wave superconducting gap in Bi2Sr2CaCu208+3 by phase-referenced
quasiparticle interference. Nat. Commun. 2019, 10, 1603.
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To p or not to p? — New 7O NMR results on Sr,RuO4

Wuhan High Magnetic Field Cent, Huazhong University of Science and Technology, China

Sr2RuOy is one of the most fascinating unconventional superconductors. Although it shares the same crystalline structure
with single-layer high-T. cuprates, its 7. value is much lower than that of the high-T.. At the early stage of its discovery,
theorists predicted a p-wave pairing state in SroRuOs. The experimental evidence for p-wave pairing came primarily from
NMR Knight shift, the phase-sensitive, and later, cantilever magnetometry measurements. However, controversies on its
precise pairing symmetry have persisted. For example, the absence of T, vs. strain cusp near zero strain in the uniaxial strain
measurements on Sro2RuQO4 appears to suggest that a simple p-wave on a single-band is not likely to explain the experimental
data assuming that no complications from the nonuniformity of the strains exist. Bulk and local experimental probes are
needed to elucidate this critical issue. In this talk, I will present our recent 7O NMR measurements on SroRuQy in both normal
and superconducting states. Significant drops in the Knight shift across 7. are observed at both zero strains and that

corresponding to van Hove singularity. These results have prompted reconsideration of the pairing symmetry in SroRuQa.
References:

[1]Y. Luo et al., Phys. Rev. X 9, 021044 (2019).
[2] A. Pustogow, Y. Luo et al., arXiv: 1904.00047 (2019).
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Tunable metal-insulator transition and superconductivity in twisted bilayer graphene

Tianxing Ma

Department of Physics, Beijing Normal University, 100875 China

Using exact quantum Monte Carlo method, we identify the phase diagram of the half filled, the lightly doped and
heavily doped graphene, which shows a rather rich physical properties. At half filling, the system is driven to a Mott
insulator with antiferromagnetic long range order by increasing interaction, and a transition from a d+id pairing to a
p+ip pairing is revealed, depends on the next-nearest hoping and the electronic fillings. We also examine the recent
novel electronic states seen in magic-angle graphene superlattices. From the Hubbard model on a double-layer
honeycomb lattice with a rotation angle 6=1.08 , we reveal that an antiferromagnetically ordered Mott insulator
emerges beyond a critical U ¢ at half filling, and with a small doping, the pairing with d+id symmetry dominates
over other pairings at low temperature. The effective d+id pairing interaction strongly increase as the on-site
Coulomb interaction increases, indicating that the superconductivity is driven by electron-electron correlation. Our
non-biased numerical results demonstrate that the twisted bilayer graphene share the similar superconducting
mechanism of high temperature superconductors, which is a new and idea platform for further investigating the
strongly correlated phenomena.
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Grassmann Tensor product state study for global phase diagram of doped-Mott-insulator on
honeycomb lattice

Hao Zhang, Zheng-Cheng Gu and Wei-Qiang Chen
Department of Physics, Southern University of Science and Technology, China

We study the global phase diagram of t-J model on honeycomb latice with grassmann tensor product state. A

robust d+id superconducting phase is found over a large doping regime. In small t/J case, the coexistence of
superconductivity and antiferromagnetism is found at low doping.
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Effect of structural supermodulation and oxygen defects on
superconductivity in tri—layer cuprate Bi,Sr.Ca;Cus0io: s
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Abstract: We investigate the spatial and doping evolutions of the superconducting properties of tri-layer cuprate
BixS12CaxCusOi9+5 (Bi-2223) by using scanning tunneling microscopy and spectroscopy. Both the superconducting coherence
peak and gap size exhibit periodic variations with the structural supermodulation, but the effect is much more pronounced in
the underdoped regime than at optimal doping. Moreover, a new type of tunneling spectrum characterized by two
superconducting gaps emerges with increasing doping, and the two-gap features also correlate with the supermodulation. We
propose that the interaction between the inequivalent outer and inner CuO; planes is responsible for these novel features that

are unique to tri-layer cuprates.
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Heavy fermion systems share some of the strange metal phenomenology seen in other unconventional superconductors, providing a
unique opportunity to set strange metals in a broader context. The interplay of localization and itinerancy is central to understanding heavy fermion
systems. These materials acquire high electronic masses and a concomitant Fermi volume increase as f electrons delocalize at low temperature.
Here we performed systematic study of some typical Cerium-based and Uranium-based compounds. In Ce-based compounds, like CeColns, we
spectroscopically resolved the development of band hybridization and the Fermi surface expansion over a wide temperature region, and observed
the localized-to-itinerant behavior of the 4f electrons in these compounds. Our results also point to an unanticipated role played by the crystal field
excitations, and offer a comprehensive and in part, unanticipated experimental picture of the heavy fermion formation, setting the stage for
understanding the emergent properties, including unconventional superconductivity, in this and related materials.

Due to the risk of handling radioactive actinide materials, direct experimental observation of the electronic structure across either the
localized-to-itinerant or magnetic transitions remains lacking. Moreover, another long-standing important issue is whether f-electrons are itinerant
or localized when the magnetic order occurs, and how they coexist with each other. Here, by using angle-resolved photoelectron spectroscopy, we
present detailed electronic structure of USbz and observed two different kinds of heavy quasi-particle bands in the antiferromagnetic state of USba.
Polarization-dependent measurements show that these electronic states are derived from 5f orbitals with different characters; in addition, further
temperature-dependent measurements reveal that one of them is driven by the Kondo correlations between the 5f electrons and conduction electrons,
while the other reflects the dominant role of the magnetic order. Our results on the low-energy electronic excitations of USbz implicate orbital
selectivity as an important new ingredient for the competition between Kondo correlations and magnetic order and, by extension, in the rich

landscape of quantum phases for strongly correlated f-electron systems.

Key words : heavy-fermion system, ARPES, 4felectrons, localization/itinerancy
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% : The effect of interface on superconductivity has received much attention. It has been demonstrated that
superconductivity can occur at the interface of two non-superconducting materials, and the critical temperature can
even be significantly enhanced compared with the corresponding single-phase materials[1]. Here, we will present our
recent efforts in exploring superconductivity at interfaces of copper oxides. We prepared all our samples by pulsed
laser deposition (PLD). Taking La.CuQ.-La:»SrCuQs bilayer as an example, we extensively explore this interface by
spanning x from 0.00 to above 1.00, in which the x > 0.47 range has never been explored in previous studies. High-
7. interface superconductivity was observed in a wide range of Sr doping levels up to x > 1.00. Our result demonstrates
that the interface superconductivity in cuprates is quite robust and general (see the Figure below). Since PLD is
versatile in growing a large number of materials with reasonable quality, our result suggests an opportunity to
combine more materials using PLD and thus to search for superconductivity in new interfaces.

Interface superconductivity of cuprate
bilayers in an extended x range
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[1] Gozar et al,, High-temperature interface superconductivity between metallic and insulating copper oxides, Nature 455, 782-785 (2008).

120

oh ] A R A4 o FAE A M (L BT ) S BT

AEME ', KRR EZER'. AR, X4ELE . FA4E. dam
PEARKFHEEZ, b7 100872


mailto:ywxie@zju.edu.cn

HBIRT KFHILE, K% 999077

Email: weibao@cityu.edu.hk

BE  PTHHEMRYMRENNRIENERTR, AFSFRNIPEEANZEBNTRPEEXBEEIER. NE
SMEALE, RERFESHENNARHMETEERANLAR=E. AFEARKZERKIENERERRTHLRRE T
T RPTFIEFEMESHEMUATE ETHPERTENEMARNDELHFRE (CARR), HFHEFEFRLH
KEMPE R FRHFEN - AR F MR 7R M7 gy 185 . ZWMET 2013 FHELHE,
T 2019 F EFFIRA @ T EESRARMNE IR

Hep, 7807 BUREEREDPERIT 0.05meV, RFRUBEAE 0% £, HH EUBITZBENT
X, EEX 120°AESEERN S NMEmEEHTAT, BIEXENRLEB=MEVRSMIMESR. WEEUEE
# S0mK # 300mK AR, 9T £ 12T 32%i%, 2GPa 5 EBEFMintF mIME. I{1F A CARR FrifRfE], My
BeiEh. mAMKKFFEMNEE CEGEES. BETHMSVETRMRIE, BORAEREE arXiv L
T FHAR 1]

1 2019 FF E3¥F, ERAZRX 780" B EOATHHEEMNEI
XA PR B RNETT
SEHR
[1] S. Li et al., The effect of non-superconducting dopants (Mn, V, Cr and Cu) on the nematic fluctuations in iron-based superconductors,
ArXiv:1905.03941 (2019).
ESWA : EXBARFESWMA (NO. 11227906)

121
TS |
NaFe..CoAs FEBA G FE FHKESHBEFEIUREE X
ITAX. A, BE. FEK



o H A S R A BT, b 100190
Email: chunguang1992@163.com

BT AEENGERXSEBSED, BSAFEEHMNE FSHNRRKESHNETERIIFE. TRXESF
SHESHXAZRRSYETNERRE., AadE, REUSEAE ZHHAR, AMIEBIAARSKEE T IHT
REHKESSEEBSEEEVNXR. AGEESET, BT RRKES, EFE— I ET@IF, EFEREHZ
BANRE. REEVRRINAKEBSENERSLREFERI FHORTRE, KEESSTEHRSELERR
HEIFHETRALREFERANSF . REBSENRGENEDIIFHNETRERRBE 0L, SEE(5ME
METRFASATXS, XER T AMIXN@IIFETRFRAPR. NaFer.CoAs 2—PMREFNER, ZERFRX
TATHEMARIIFEEER LNRGKEETER NWESR—ERIFMX SR, EETRLREESHER,

0 00— FERMRE T, RN BRI FEREHRFA N NaFe . Co.As R HITHRG
s o . i N BT RMBREFEEBSA THRER, RINKET DESBREN
o FHMIRR, KT BRSO, 5o — I x=0027, Tl A
% ] . Al SERRENNE BNBARE P RERETIERS. B ESH
005 | T W = 0032 TR, RAMUBRIFRSE TSR ORE, IR
I —— e BEMEENTHILT AMTN. REERRPESHIRE TE— I
K i i WETERS AERANETAESHEMELTHERREEA. RINN0G
és mm;ﬂlﬁx‘ 1 ERERHTBSATHERIIFETHRANYILE MRS RE SR
f S THMEE (1] . IATHESSHRRMBRMNIS X, RKXE. BRM. 55
s % \A SR,

0OTOTE 0000 00 g | (a) TRFERENFAMBRAMNEL. (b) NaFe.CoAs hRIAE. 0
EHZEARGINRIEBREUEFRASEBNSE,

*#13 . EESME NaFe.CoAs @3 F EFIRFR FERE ZHEIR

[1] C. G. Wang et al, Electron Mass Enhancement near a Nematic Quantum Critical Point in NaFe; xCoxAs. Phys. Rev.
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Phase dynamics of topological Josephson junctions with Majorana zero modes

Topological Josephson junctions are distinct from conventional ones in that
they host Majorana bound states which form a two-level quantum system, the
so-called Majorana qubit. The energies of the two levels are depending on the
Josephson phase shift across the junction, while reversely the effective
potential for the phase shift is controlled by the quantum state of the Majorana
qubit. We build a quantum RSJ model to describe the correlation between the


mailto:chunguang1992@163.com

Majorana qubit and the classical phase shift. Within this model, we
systematically study the properties of the topological junctions, including the I-
V characteristics, the Josephson radiation, and the Shapiro steps. We also
demonstrate how to use injected current to control the phase shift in the
junction and build quantum gates for the Majorana qubit.
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Fluctuating spin glass droplets immersed in a sea of quantum spin liquid on a
triangular lattice

Shiyan Li
Department of Physics, Fudan University, Shanghai 200438
Email: shiyan li@fudan.edu.cn
E : The search for quantum spin liquid (QSL), an exotic quantum magnetic state with strongly fluctuating and entangled
spins down to zero temperature, is a main theme in current condensed matter physics. However, there is no smoking-gun
evidence for deconfined spinons in any QSL candidate so far. The disorders and additional exchange interactions may prevent
the formation of an ideal gapless QSL state on frustrated spin lattices. Here we report systematic measurements of the ultra-
low-temperature specific heat, thermal conductivity, muon spin relaxation (uSR), and nuclear magnetic resonant (NMR) for
NaYbSe; single crystals, in which Yb3* ions with effective spin-1/2 form a perfect triangular lattice. The magnetic specific
heat shows a power law temperature dependence at low temperature, while no magnetic thermal conductivity is observed.
Both uSR and NMR measurements find freezing and dynamic spins in NaYbSe,. We propose a scenario of fluctuating spin
glass droplets immersed in a sea of quantum spin liquid on Yb** triangular lattice. This case may be quite common on the

way pursuing an ideal QSL, and provides a platform to study the transition between spin glass and QSL.

% $#19 . quantum spin liquid
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Effective Staggered Field and Double Quantum Critical Points in an Ising-like Spin-chain

Antiferromagnet in a Transverse Magnetic Field
T8
FEARKRF

The one-dimensional (1D) transverse-field Ising mode (TFIM) is a prototype for the study of quantum
criticality. Recently, this model has gained renewed interests, because of novel observations close to the



quantum critical point (QCP) in real materials, such as E§ symmetries, spinon deconfinement, and topological
excitations.

Here we report that the quantum criticality of the TFIM can also be accessed in a spin-chain
antiferromagnet SrCo2V20s, with the interplay of local lattice structures. The vertical O-Co-O bond deviates
from the c-axis with a four-site period, which leads to an effective two-site staggered transverse field along
the chain. The staggered field and the interchain frustration strongly suppresses the magnetic ordering, and
leads to two quantum critical points at very low fields. Our scaling analysis reals that these two QCPs belong
to the 1D and 3D universality class of the TFIM, respectively, with the 1D type exposed outside of the 3D
ordering. Gapless excitations are also observed at both QCPs. This work opens an avenue for the study of the
quantum criticality of the 1D TFIM in the zero-temperature limit, observed for the first time experimentally.
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Hongcheng Lu (A £T5R)"*", Hiroshi Kageyama (AL 33¥)*

1 School of Chemistry and Chemical Engineering, Huazhong University of Science and Technology,
Wuhan, China 430074;

2 Department of Energy and Hydrocarbon Chemistry, Kyoto University, Kyoto, Japan 615-8150

* Email: hcl@hust.edu.cn
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Low dimensional quantum magnets have been extensively investigated recently because of their novel intriguing

quantum phenomena such as spin liquid and spin-charge separation,”

and their relation to high temperature
superconductivity.”” However, experimental realization of such low dimensional quantum magnets is difficult, in
particular experimentally realizing the specific magnetic lattices and models such as one dimensional (1D) diamond
chain lattice and two dimensional (2D) triangular lattice and Kagomé lattice, which have been theoretically predicted
and investigated. Thus, discovery of experimental magnetic lattices is crucial to test theoretical predictions or to
explore novel exotic phenomena. In this talk, experimental realization and magnetic properties of several new low
dimensional quantum antiferromagnets with specific magnetic lattices will be introduced, including the nearly-ideal
1D spin S = 5/2 chain antiferromagnet (4,4’ -bipyridyl)FeF: with best 1D magnetism,” the first mixed-spin diamond
chain system CuzFePOuF«(H:0). with non-collinear magnetic structure and successive phase transitions,” the first cube
tile system CsFes(SeOs):Fs with a 1/3 magnetization plateau,” and 1/6th bond depleted triangular magnetic lattice
PbFePO.F, with spin frustration.”
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WE  NEEHEEMRNEREEEHTEROANARTEFEHBSEMEN—MEETR. SEMMREEESD
EBZANER 12 75 LE, BNRGHMARTEANFIER | RETHHITNESS. 8%, BMNREET 18
ZEVBNE 12 MR A FIEARAEIN— MR BARN | N—#RKWEREEE, BI AT EERERL
BIE BINRALMRGEFTARNBRERNDLES, ARERFHUEY, 5 Haldane M. REER
R BERANRKBIBNENBERE T ARSESEY, EXNHRUER dyvik. BNFRMNNBEELTSGT
%, ICHEBRR G IRAIRFIA Gutzwiller EEUR FRAE, BEHBET dy KENBSE. F)%E RVB ER TR
T BN ARE | NEFEXNNHRENERNYIEER. B RMNWET —PEBRNBSRHBTE 12 RESRIE
—MBRNBREN | MREEEHRER THEE. NAMRRANERELTHRITE BNBT = EEMHH
S5, BUBHENEELR T BRNAAEP-DTSHEERK, TUERREE dpo KEN. BEERS
WEETTEBE T HRMNESEXN TR, XELERIEHT Gutzwiller-RVB JIIEREE M.
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ZE . In this talk, I will introduce our recent progress on heavily hole-doped iron-pnictides superconductors. Although
nematic fluctuations have been widely observed in heavily hole-doped regime of 122 family, there is no direct experimental
evidence for magnetic order. Assuming a 3d> Mott insulating phase and a similar phase diagram as cuprates, magnetic order
or spin glass would be expected in the heavily hole-doped regime. Here, we will present the first experimental evidence for
spin glass state in heavily hole-doped iron-pnictide superconductors. Our results reveal a new interesting region in the phase

diagram and would stimulate new thinking on iron-pnictide superconductors.
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BE RMNREEAE"S/\BENRK LTRSS EESEN, FEAE/\BAEK (octagraphene) FILIL.

WXIZIE R ARG EREER DM, ZEVEFERBEATREZANORNEBETARNTEERHRE, FEEERTR
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B R FRRIE TR sp” AL T U BUAR E B9 F B /\ 2548 (octagraphene), n B8 FFEIXEEM LB, 4T BREFRAAILL
B, BMNXARE—MERELERE-BNEMEFERRENESE 6, w #HTOWN. BN T EEREFENERHR
HEMEM, BMNRWMTE, P, S=FEFXERE (HubbardU), 2FBERFETFYH (SBMF). TNFRE
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Abstract: The quadrupole insulator, a high-order topological insulator, with on-site Hubbard interaction is numerically studied
by large-scale projector quantum Monte Carlo (PQMC) simulations. The Green's function formalism is successfully used to
characterize topological properties in interacting quadrupole insulators for the first time. We find that the topological
quadrupole insulator is stable against weak interactions and turns into a trivial antiferromagnetic (AFM) insulator by a
continuous topological phase transition (TPT) for strong interactions. The critical exponents related to the TPT are estimated

to be \nu=0.67(4), \beta=0.40(2), which are distinct from those of the known AFM transitions and suggest a new universality
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#E : The Kondo and periodic Anderson models describe many of the qualitative features of local moments coupled to a
conduction band, and thereby the physics of materials such as the heavy fermions. In particular, when the exchange coupling
J or hybridization V between the moments and the electrons of the metallic band is large, singlets form, quenching the
magnetism. In the opposite, small J or V, limit, the moments survive and the conduction electrons mediate an effective
interaction which can trigger long-range, often antiferromagnetic order. In the case of the Kondo model, where the moments
are described by local spins, Noziéres considered the possibility that the available conduction electrons within the Kondo
temperature of the Fermi surface would be insufficient in number to accomplish the screening. Much effort in the literature
has been devoted to the study of the temperature scales in the resulting “exhaustion” problem and how the “coherence
temperature” where a heavy Fermi liquid forms is related to the Kondo temperature. In this paper, we study a version of the
periodic Anderson model in which some of the conduction electrons are removed in a way which avoids the fermion sign
problem and hence allows low-temperature quantum Monte Carlo simulations which can access both singlet formation and
magnetic ordering temperature scales. We are then able to focus on a somewhat different aspect of exhaustion physics than

previously considered: the effect of dilution on the critical V for the singlet-antiferromagnetic transition.

X485 : Kondo effect, Heavy—fermion systems, Quantum Monte Carlo
BEWA : ExXEAREESIAE (NO. 11774033) %
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RE  AETFNRFSENRINES2ARSYETNDNER, JEMTHINESET BB RnINEG A ER
IR SHIMEEEBSRIM . BNESKREBSHE FeTeossSeoss LA — LB FALIMS LA Caroli-de
Gennes-Matricon R [1], 7EH7—EL#BSFA LI T TJRERY Majorana FEeAR ., #t—2, FA17E FeTeossSeoss
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350, 1353-1357.
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MBE growth and STM study on ZrSe2 and ZrTe2 thin films
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Abstract : Transition-metal dichalcogenides (TMDC) usually are layered semi-conductors stacked via

the weak

van der Waals attraction between adjacent layers along ¢ axis. With reduced
dimensionality, the interplay

between spin, orbital, symmetry and band structure brings out many novel
electronic states and physical

phenomena, including interface enhanced charge density wave (NbSe2) [1], Ising superconductor
(MoS2) [2],

Weyl topological semi-metal (MoTe2) [3] and Dirac semi-metal (ZrTe2) [4] etc.

Recently we have fabricated high-quality of ZrSe2. ZrTe2 monolayer and multi-layer

films by using

molecular beam epitaxy (MBE) growth method and investigated their electronic
states and surface

morphologies using scanning tunneling microscopy (STM). Firstly, both films are in-
direct bandgap

semi-conductors and their fermi level moves to the conduction band with
decreased film thickness and

increased interface charge-transfer. Secondly, a short-range 2 x 2 change density wave
(CDW) modulation,

which localized near the surface defects, is observed on both films. In addition, a low-energy gap opens
near

EF on both materials, consistent with the CDW formation. ZrSe2 and ZrTe2 thin films afford a good
platform to

study CDW and possible superconductivity.

Keywords : Transition-metal dichalcogenides, ZrSe2, ZrTe2, Charge density wave
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#E : Experimental signatures of charge density waves (CDWs) in high-temperature superconductors have evoked much
recent interest, yet an alternative interpretation has been theoretically raised based on electronic standing waves resulting from
quasiparticles scattering off impurities or defects, also known as Friedel oscillations (FOs). Indeed the two phenomena are
similar and related, posing a challenge to their experimental differentiation. Here we report a resonant X-ray diffraction study
of ZrTes, a model CDW material. Near the CDW transition temperature characterized by a pronounced resistivity anomaly,
we observe two independent diffraction signatures that arise concomitantly, only to become clearly separated in momentum
while developing very different correlation lengths in the well-ordered state that is reached at a distinctly lower temperature.
Anomalously slow dynamics of mesoscopic charge domains are further found near the transition temperature, in spite of the
expected strong thermal fluctuations. These observations demonstrate the presence of distinct experimental fingerprints of
CDWs and FOs in a model compound, and reveal that a spatially-modulated CDW phase emerges out of a uniform electronic

fluid via a process that is promoted by self-amplifying FOs.

Z25 300k

[1] Li Yue et al., Distinct fingerprints of charge density waves and electronic standing waves in ZrTes, Arxiv: 1905.06666.
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f#%:  The recent discovery of intrinsic ferromagnetic order in the atomically thin van der Waals crystal

CrXTe3 (X = Si, Ge) stimulates intensive studies on the nature of low-dimensional magnetism because the

presence of long-range magnetic order in two-dimensional systems with continuous symmetry is strictly


mailto:yuan.li@pku.edu.cn
mailto:rxphy@zzu.edu.cn

prohibited by thermal fluctuations. By combining advanced many-body calculations with angle-resolved

photoemission spectroscopy we investigate CrSiTe3 single crystals and unveil the pivotal role played by the
strong electronic correlations at both high- and low-temperature regimes. Above the Curie temperature (T¢),

Coulomb repulsion (U) drives the system into a charge transfer insulating phase. In contrast, below T¢ the

crystal field arranges the Cr-3d orbitals such that the ferromagnetic superexchange profits, giving rise to the
bulk ferromagnetic ground state with which the electronic correlations compete. The excellent agreement

between theory and experiment establishes CrSiTe3 as a prototype low-dimensional crystal with the

cooperation and interplay of electronic correlation and ferromagnetism.

Interaction-induced Metal-Insulator Transtion

Figure 1. Interaction-induced Metal-Insulator Transition

[1] Jiaxin Zhang, Xiaochan Cai et al., Unveiling Electronic Correlation and the Ferromagnetic Superexchange Mechanism in the van der
Waals Crystal CrSiTes, Phys. Rev. Lett. 123, 047203 (2019)
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Abstract: The crystal structure, magnetic and electronic properties of Mn-doped SrFezAs: single crystals have been
systematically investigated. A miscibility gap is found in the system from x ~ 0.4362(4) to x ~ 0.9612(9), out of that
single crystals hold two distinct structures, 4/mmm (139) for Fe-rich side and P-3ml(164) for Mn-rich side,
respectively. For Fe-rich side, single crystals have a continuously enlarged lattice parameter ¢ for x < 0.2055(2),
followed by a phase separation with the crystals holding different structures up to x = 0.4362(4). Magnetic and
electronic transportation measurements demonstrate the suppression of spin density wave from x = 0 to x = 0.0973(1)
and the following abnormal increase of the ordering temperature, which is attributed to the intrinsic anti-

ferromagnetic Griffith phase [1-2]. The heat capacity further confirms these novel phenomenon. Finally, a phase


mailto:chenlongxy@outlook.com

diagram with multi-critical points covering the whole composition range of Mn-doped SrFezAs. system is established

accordingly.
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[1] R.B. Griffiths, Nonanalytic behavior above the critical point in a random Ising ferromagnet, Physical Review Letters, 23 (1969),
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Layered transition-metal trichalcogenides have become one of the research frontiers as two-dimensional magnets and
candidate materials used for phase-change memory devices. Herein we report the high pressure synchrotron X-ray diffraction
and resistivity measurements on Cr.Ge;Tes (CGT) by using diamond anvil cell techniques, which reveal a mixture of
crystalline-to-crystalline and crystalline-to-amorphous transitions taken place concurrently at 18.3-29.2 GPa. The
polymorphic transition could be interpreted by atomic layer reconstruction and the amorphization could be understood in
connection with randomly flipping atoms into van der Waals gaps. The amorphous (AM) phase is quenchable to ambient
conditions. Interestingly, the high-pressure AM phase exhibits metallic resistance with the magnitude comparable with that
of high-pressure crystalline phases, whereas resistance of the AM phase at ambient pressure fails to exceed that of the
crystalline phase, indicating that the AM phase of CGT appeared under high pressure is quite unique and the similar behavior
has never been observed in other phase-change materials. The results definitely would have significant implications for the

design of new functional materials.
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Figure 1 (a) Selected AD-XRD patterns of CGT at room temperature, (b) Refined XRD patterns at different pressures, (c)
Schematic views of crystal structures of phases I and II of CGT, (d) The screenshot of Ge flipping in the Ge-Te3 tetrahedrons
by pressure.
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Pressure-induced metal-insulating transition and phase transition in

Sr3Ru207

Chunhua Chen, Yonghui Zhou, Chao An, Ying Zhou, Xuliang Chen, Bowen Zhang, Yifang Yuan, Zhaorong
Yang
(High Magnetic Field Laboratory, Chinese Academy of Sciences, Hefei 230031, China)

Abstract : We have investigated the transport properties and the structural evolution of Sr3Ru,O7 under high pressure via
electrical transport, x-ray diffraction and Raman experiments in diamond anvil cells. Our results show the metal-insulator
transition at ~9 GPa, together with the abnormality of c/a and the abnormal red-shift of the Raman peaks at ~11 GPa.
Synchrotron x-ray diffraction measurements unveil a pressure-induced first order structural transition at ~52 GPa. Besides,
the Raman spectra demonstrate the new peaks at ~18 GPa. These results suggest the abnormal metal-insulator transition of
Sr3Ru,07 under high pressure may strongly correlated with the inhomogeneous compression of crystal structures. Our finding

will shed light on the understanding of anomalous insulation in pressurized 4d/5d Ruddlesden-Popper oxides.

Key words : Sr;Ru,07, high pressure, phase transition, XRD, Raman
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Giant temperature dependence of the Mott gap size in 1T-TaS2: a molecular
dynamics study
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The lattice thermodynamics of 1T-TaSz, e.g. the spontaneous formation of periodic distortion and vibrations around the equilibrium position, is
calculated by ab initio molecular dynamics. Based on that, the finite-temperature electronic structure is examined within the Born-Oppenheimer
approximation. We show that the Mott gap shrinks by half when the temperature raises from 0 K to 200 K. The gap size reduction is one order of
magnitude larger than the temperature variation in energy. This giant temperature dependence arises from the interplay between the electronic

correlation and electron-phonon coupling, and is expected to strongly affect the spin interactions.
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Spectroscopic imaging of quasiparticle bound states induced by strong
nonmagnetic scatterings in one-unit-cell FeSe/SrTiOs
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210093, China
Email: cfliu@pku.edu.cn

#E : The absence of hole-like Fermi pockets in the heavily electron-doped iron selenides (HEDISs) challenges the s:-wave
pairing originally proposed for iron pnictides, which consists of opposite signs of the gap function on electron and hole pockets.
While the HEDIS compounds have been investigated extensively, a consistent description of the superconducting pairing
therein is still lacking. Here, by in-situ scanning tunneling spectroscopy and theoretical calculations, we study the effects of
strong scatterings from nonmagnetic Pb adatoms on epitaxially grown HEDIS, one-unit-cell FeSe/SrTiO3(001). Systematic
tunneling spectra measured upon the Pb adatoms show comprehensive signals of quasiparticle bound states, which can be
well explained theoretically within the sign-reversing pairing scenarios. The finding implies that, in addition to previously
detected phonons, spin fluctuations play an important role in driving the Cooper pairing in FeSe/SrTiO3(001). The sign
reversal in the gap function we revealed here is a significant ingredient in a unified understanding of the high-temperature

superconductivity in HEDISs.

F 4§78 . one-unit-cell FeSe/SrTiOs, quasiparticle bound states, high-temperature superconductivity, scanning tunneling
spectroscopy, sign-reversing pairing
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Doping dependence of electromagnetic response in cuprate supercondcutors
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It has been proved that charge-spin separation is an effective method to deal with the single occupancy

constraint ZGC;CiG <1 in strong coherent electron systems, and this operation on an electron operator will

produce a holon operator which characters the charge degree of freedom of electron and a spin operator which
characters the spin degree of freedom of electron [1]. Under the theoretic framework of the kinetic energy driven
superconductivity [1], the self-energy corrections of holon and spinon can be obtained, and then the holon Green’ s
function and spinon Green' s function are obtained. However, we cannot determine a full electron Green’ s function
through the methods above. To derive the full electron Green’ s function, we assume that the self-energy of an
electron should have the same form with the holon self-energy, thus the full electron Green’ s function is obtained,
this is the so-called full charge-spin recombination scheme [2]. With the help of this full electron Green’ s function,
we employ the linear response theory and calculate the Meissner effect of cuprate superconductors. We demonstrate
that the paramagnetic part of the response kernel function vanishes when temperature decreased to zero, the charge
carriers all condense to the superconducting state, but at the superconducting transition temperature Te, the
paramagnetic part of response kernel function cancels the diamagnetic part of response kernel function exactly,
therefore supercurrent vanishes and the Meissner effect disappears in the system. Our calculation results indicate that
the local magnetic field decays exponentially when going deep into the superconductor from its surface. Moreover,
in the underdoped regime, the local magnetic field decays more slowly with a smaller doping level than that with a
larger doping level. Accordingly, the superfluid density at zero temperature increases while doping level is increased
in the underdopped regime and achieves a peak at about doping level $=0.16, then when doping level increased
continuously, the superfluid density decreases. Besides these, superfluid density decreases linearly with temperature
among a wide temperature range, and vanishes at T=T., however, in the extremely low temperature region, superfluid
density shows a non-linear temperature dependent relationship.

Key words: Meissner effect, superfluid density, local magnetic field, penetration depth
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Doping and momentum dependence of coupling strength in cuprate
superconductors

Yingping Mou, Yiqun Liu, Shuning Tan, and Shiping Feng
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B E . The mechanism induce superconductivity in cuprate superconductors is still under debate, but the electrons strongly
interact with some bosonic excitations has been widely accept [1]. However, the glue forming electron pairs is manifested
itself by the coupling strength of the electrons to bosonic excitations. Within the framework of the kinetic-energy-driven
superconductivity, the electron self-energies originate from the interaction of electrons with spin excitations [2,3]. The normal
self-energies in the particle-hole channel and pairing self-energy in the particle-particle channel are employed to extract the
coupling strengths of the electrons to spin excitations [4]. It’s shown that below Tc, both the coupling strength in the particle-
hole and particle-particle channels around the antinodes consist of two peaks, with a sharp low energy peak located at 5 meV
around the optimally doped regime, and a broad-band with a weak peak centred at 40 meV. In particular, this two-peak
structure in the particle-hole channel can persist into the normal state, while the coupling strength in the particle-particle
channel vanishes at the nodes. As a nature consequence of doped mott insulator, the coupling strength of electrons to spin
excitations is also doping dependent, where the position of the peaks in the underdoped regime shift towards to higher energies
with the increase of doping. More specifically, the coupling strength is anisotropic along the Fermi surface with the positions
of peaks move to lower energies and the weight of the peaks decrease from the antinode to the hot spot, and fade away at the

hot spots.
X418 . Cuprate superconductors, Coupling strength, Normal self-energy, Pairing self-energy
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[2] S. Feng, Kinetic energy driven superconductivity in doped cuprates, Phys. Rev. B 2003, 68, 184501
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HE SRR FARAFERBESWENEEWRTTME, WA (Hubbard) #HEZ TR KEKEIBAEAREI[1-3],

BREESRESWAIMUR, WELETKT LNBEEERGETZRF [1-6], EREERIMBIEREE
FEREM 6 (IER T, ENECHEEER USSBERFFMTR (Néel) RE#F (CAF) [3.4], HXEWMRBFEK
I b SRIEBEFIRIT 6 BRFEN, VRSN ESERREEEEFEE  —TTEE Uh BB TR EIR
WEEM , Z—TEBEENERRNECHEER U NigE, TXEREDIN%SEE CAF B5ENEE, £%
AT R~ ERMERE M, BREMETRT b, RSBFLURRKHE T (SAF) BUREELL CAF B

MEEMECHEERUNIEE, RExKENR#EEEE SAF £8. 5% SAF L5 AMNEE[4].

XE, BMNAMAFHZEMUERHR T WALETRT LNREERE, BEEEERE FRIE . AN
BETEMA—BNER, BRI THNEFE. 8%, EURKOBERLT, T1E0.7<t/<08,44<UM <10
SEEINAIL T MR R ek#E (N-CAF) #4548, XMBRLTF CAF 444850 SAF 2182 8], HOR, 7 06<t/t1<0.8,
29<UM <44 X[EA, EMEET#H CAF E540. N-CAF B54E. SAF # it BRI BB R NEL
Rk (DAF) £&EHH.
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!Department of Physics, Beijing Normal University, Beijing 100875, China
Email: tanshuning@mail.bnu.edu.cn

fif§ = : The angle-resolved photoemission spectroscopy (ARPES) autocorrelation [1,2] in the electron-doped cuprate
superconductors is studied based on the kinetic-energy driven superconducting (SC) mechanism [3]. In order to explain the
joint density of states distribution of autocorrelation, we studied the characteristics of quasi-particle excitation spectral
intensities [4]. It is shown that the quasiparticle excitation spectral weight on the constant energy contours is gapped out by
the strong electron correlation, leaving behind the quasiparticle excitation spectral weight only locate at the four disconnected
segments around the nodal region in the first Brillouin zone (BZ). And the highest density points are located exactly around
the tips of these disconnected segments called ‘hot spot’. These eight hot spots are connected by wave vectors q; (i=1-7) which


http://dx.doi.org/10.1098/rspa.1963.0204
http://link.aps.org/doi/10.1103/PhysRevB.35.3359
http://link.aps.org/doi/10.1103/PhysRevLett.83.2386

directly correlated to the sharp peaks in autocorrelation. In particular, these sharp peaks are weakly dispersive in momentum
space which is similar with hole-doped case [5]. However, in contrast to hole-doped cuprates, the characteristic wave vector
q: which matches well with the corresponding charge-order wave vector Qcp is increase with increasing doping. Additionally,
we believe that there must be an intrinsic connection between the ARPES autocorrelation and quasiparticle scattering
interference in the electron-doped cuprate superconductors [6,7].

K 1A:  ARPES Autocorrelation, Quasiparticle excitation spectral, Electron-doped cuprate superconductors
. J. Hoffman et al., Imaging Quasiparticle Interference in Bi2Sr2CaCu208+9, Science 297, 1148 (2002).

. U. Chatterjee et al., Anomalous dispersion in the autocorrelation of angle-resolved photoemission spectra of high-

temperature Bi2Sr2CaCu208+dsuperconductors, Phys. Rev. B 76, 012504 (2007).

. S. Feng, Kinetic energy driven superconductivity in doped cuprates, Phys. Rev. B 68, 184501 (2003); See, e.g., the review, S. Feng et
al., Kinetic energy driven superconductivity in cuprate superconductors, Int. J. Mod. Phys. B 29, 1530009 (2015).

. S. Tan et al., ARPES autocorrelation in electron-doped cuprate superconductors, unpublished.

. D. Gao et al., Autocorrelation of quasiparticle spectral intensities and its connection with quasiparticle scattering interference in cuprate

superconductors, Phil. Mag. 99, 752 (2019).
. Q. Wang et al., Quasiparticle scattering interference in high-temperature superconductors, Phys. Rev. B 67, 020511(2003).
. K. McElroy et al., Relating atomic-scale electronic phenomena to wave-like quasiparticle states in superconducting Bi2Sr2CaCu208+3,

Nature 422, 592 (2003).
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#E . The dynamical properties of single crystal 1T-TaS2 are investigated both in commensurate charge density wave state
(CCDW state) and hidden charge density wave state (HCDW state). We develop a useful criterion in time-domain transmission
terahertz measurement to judge whether the compound is driven into a metastable state or still in its virgin state. An increase
of terahertz conductivity by two orders of magnitude from CCDW state to HCDW state is obtained by taking account of the
penetration depth mismatch, which agrees with reported dc transport measurement. Upon weak pumping, only transient
processes with rapid decay dynamics are triggered in both CCDW and HCDW states. We compare the conductivity increases

in terahertz frequency range between transient and HCDW states and suggest that fluctuated metallic domain walls may
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develop in the transient states.
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Figure 1: Two processes on different time scales.

X475 : CDW, Hidden State

S 30K
[1] L. Stojchevska et al., Ultrafast Switching to a Stable Hidden Quantum State in an Electronic Crystal, Science. 2014, 344, 177.
[2] N. Dean et al., Polaronic Conductivity in the Photoinduced Phase of 1T-TaS2, Phys. Rev. Lett. 2011, 106, 016401.

BEEWA : EXAANFZESIE (NO. 11120101003, 11327806) , EZREREMPIRERIT (973 1)
(2012CB821403) ,

I-P14

TERS 1
=1/ = GdBCO & SR RuHIZ AL BEA R

MmAE' IETF. BARL AL

1 P EASF AR, L5 110190
2 BEH|IFE K, B 710119
Email: ptyang@iphv.ac.cn

BE TR REMAMERE (TSMG) FTEMFRBSEE (TSIG) Hl&# REBCO BSHRM P EEE
BRWIMHT | B3 RE-123 AR FAIEESH RE211 847, HPIRESH RE211 ABRT ] UES BB ETHL
DR SBSRMERS THROREES, M RE211 R FAFTHLRBUR TR F DM EAMRT, FIL4L RE-211
KRR HEREDBIIY T RURS B SIRMAIETILIERE. RE+011 TSIG %A REBCO 8 Sk#fH, YBCO Hy&
KEERF NIRRT 7] PUAE] 40.85N (77K, Bpo=0.5T) #10.35T (77K, Bup=0.5T), X TREFTTIEHIEH
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GdBCO Bk, HMaEE Y, BIWELI YBCO BRI Y211 KR ERZAN 1~5 um, XFHBET GdBCO
BSHR R Gd-211 KL FIER (5~25 um), EILATIRE GIBCO BSHMAIMEE, Ak GABCO FHY Gd-211 #I
FEXREE, A Gd+011 TSIG SEHBE [ E AR TR INEER CeO, FART CeO2 B #XF GIBCO BF M A
MR BRE . BEF N IURFERBIZMZ W, K CeO BT UE Gd-211 KFRIRTREFREAR, & Gd-
123 HERP =L THIPHHMKNF, BERFA T GIBCO BSMMMNMEZ N IHHRUS, ETTKT, HRE
20 mm BB GABCO B FRMMEF /AR T 545N, HEXHBREZHHART 1.12T, HiZ 32 mm NFRERA
BRI BLIN, RIH TIFAISTILIERE.
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ABSTRACT: Two-dimensional (2D) transition metal dichalcogenides(TMDs) have a range of unique physics properties and
could be used in the development of electronics, photonics, spintronics, and quantum computing devices. The mechanical
exfoliation technique of microsize TMD flakes has attracted particular interest due to its simplicity and cost effectiveness.
However, for most applications, large-area and high-quality films are preferred. Furthermore, when the thickness of crystalline
films is down to the 2D limit (monolayer), exotic properties can be expected due to the quantum confinement and symmetry
breaking. In this paper, we have successfully prepared macro-size atomically flat monolayer NbSe2 films on bilayer graphene
terminated surface of 6H-SiC(0001) substrates by a molecular beam epitaxy (MBE) method. The films exhibit an onset
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superconducting critical transition temperature (T°™¢) above 6 K and the zero resistance superconducting critical transition
temperature (T %) up to 2.40 K. Simultaneously, the transport measurements at high magnetic fields and low temperatures
reveal that the parallel characteristic field Bc//(T = 0) is above 5 times of the paramagnetic limiting field, consistent with
Zeeman protected Ising superconductivity mechanism. Besides, by ultralow temperature electrical transport measurements,
the monolayer NbSe; film shows the signature of quantum Griffiths singularity (QGS) when approaching the zero-temperature

quantum critical point.
Ising Superconductivity Quantum Grlffiths Smgularlty

'—

R R Y G4 26 28 30 32 ;

TIT, B(T) g
Figure 1 Electrical transport measurements of monolayer NbSe; film

KEYWORDS: NbSe, transition-metal dichalcogenides, macro-size monolayer film, ultralow temperature and high magnetic

field electrical transport, Ising superconductivity, quantum phase transition (QPT)
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We present near- and mid-infrared pump, c-axis terahertz probe measurement on underdoped YBa>Cu3Og+x (x = 0.45, 0.55)
superconductors. We observe strong pump-induced spectral change in the terahertz frequency range. In the superconducting
state, the Josephson edge is removed upon initial photo excitations, yielding evidence for a collapse of superconducting
condensate. However, a Josephson plasma edge reappears at frequency lower than the static plasma edge within a short time
delay, whose feature becomes more pronounced and shifts slightly to higher energy scale with increasing time delay.
Meanwhile, incoherent quasiparticle excitations build up at energy scale above the static plasma edge. Above T¢, much smaller
pump- induced-effect is detected. A weak edge-like shape develops in the reflectance spectrum and sustains even above room
temperature. We elaborate that weak edge structure above T. is unlikely to be explained by the photo-induced transient
superconductivity. In addition, there is no substantial difference between the near and mid-infrared pump cases both in
superconducting and normal phase, which indicates that phonon pumping as a scenario for the photo excitation effect can be

excluded.
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E  dimer {225 F H R.H.Fowler 1 G.S.Rushbrooke! 12, HTFHSWEFH FAER, BE##E, Valence Bonds
Solid 7, It4h, Rokhsar # Kivelson 2 7 &F dimer 482, I Resonance Valence Bond 751 BHEKZASEH#
TS, BEUILERY dimer R AR MEIET RN,

BAXRARFERENTTENZE dimer B 1T 7 ARH), TEBI loop EHHYTT7%, IR 7 H Kosterlitz-Thouless
BRG], NRNFTTE, “4K dimer MEEFH LRI F LPEERKE 2, BIL5I\ DSB F5E(Dimer
Symmetry Breaking)#y Binder cumulant, o] |IX#ERTRERN 0.65%, HA1A T HRITHABT IR R NFREMNTL,
5| \7 column order parameter X—F& &, NEBEEMNERENHRUENEFEREBENTL, BEXMTT AN
HE T HEESBNREE RSN dimer 5 E0R IR 5TAEE A1X column HHHREIRT, WFRMEEM U1 A C4,
FATM sine-Gordon IHIRHERISKIRAFH KT HEME, FFEI dimer FRES clock BAVPHE Z 4t INAEHRTIR
B L, dimer #EEERH emergent U(1) MM, BIRFFRERNMAR T dimer Z[BAIRERRE, KMHAERTE

EWERRTIZR, MmE IEIERT sine-Gordon #REVAY IEF 14,
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WE  SHEMHKEEBSHEMELL, FeSe W—MFRMEMTXNFRMAMKER (m5]/F) T8 ORNIRENMER (R
®RFr) B RBAKE. XFEIIFNTENFIBERAETERNIEEMALIER, FAWBMEEsNZEF15
MEXLE, F—MRETEFMREREX—ERNRS, ARESEBEPAXMAMRSRMNEL, JNEAW &
AFESHBERENEEZRIERITEERN (11 DFTHU RELZHR), EEMHERITEREOMEE, FHEER
WJRERIFM R ERER, MANRERT ALK, BEENRKMRERF (neny,) FIERLHE. —PERENM
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