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PREFACE

In 2017, the National Lab for Superconductivity (NLSC) continues to make progresses in various aspects including
development of sharp experimental tools, scientific research, talent training and recruitment, and international and

domestic scientific exchange and collaborations.

In building scientific infrastructure, NLSC has successfully developed a series of VUV laser-based photoemission
systems, including spin- and angle-resolved photoemission system, photon-energy-tunable angle-resolved
photoemission system, and angle-resolved photoemission system based on time-of-flight electron energy analyzer.The
new laser-ARPES system with large momentum and ultralow temperature (below 1 K) is in the final stage of testing and
commissioning. The “Bamboo” thermal neutron triple-axis spectrometer in China Advanced Research Reactor (CARR)
has been successfully commissioned. So far, NLSC has established a number of advanced experimental tools, including
angle-resolved photoemission spectroscopy (ARPES), neutron scattering, scanning tunneling microscopy (STM), nuclear
magnetic resonance (NMR), combined extreme conditions for high pressure, low temperature and high magnetic field,

optical spectroscopy that have laid a solid foundation for the superconductivity research.

2017 marks a fruitful year for NLSC in studying high temperature cuprate superconductors, the iron-based
superconductors, and other quantum materials. Several new superconductors are discovered, including a new Cr-based
KCr;As;superconductor. Epitaxially-grown superconducting (Li,Fe)OHFeSe films have been successfully fabricated with
high Tc at 42.4 K and high upper critical field. Single crystal FeSe films with Tc continuously varying between <2K and 15K
have been made on one substrate by combinatorial approach. Superconducting gap of Bi2212 was precisely measured
by laser-ARPES with super-high resolution and the band evolution across the pseudogap temperature was investigated.
NMR on Bi2202 finds that in the heavily underdoped region the long-range antiferromagnetic order is replaced by long-
range CDW with doping. Through studies on various parent and doped Fe-based compounds, a unified phase diagram
was established for the iron-based superconductors. Bi-critical point of antiferromagnetism-superconductivity transition
was identified in a new Ca, ,5La, ,,FeAs,material.Important results are also obtained on studying topological materials like

ZrTes, HfTe; and WTe,, high-entropy alloy superconductors, quantum spin liquid systems and so on.

HBESERERLRE » 201751k

In 2017, Dr. Yuan HUANG and Yu WUjoined NLSC awarded with the Institute of Physics “Hundred Talents Program”.
The team of “High Temperature Superconductivity Mechanism of the Cu- and Fe-Based Superconductors” led by Prof.
XingjiangZHOU was selected into the Innovation Team of the Ministry of Science and Technology of China. A number of
graduate students got prizes and awards from the CAS and IOP. In 2017, 14graduate students got Ph. D degree and 3

got Master degree.

In 2017, NLSC has continued to maintain an open, justified, fair and harmonious scientific environment, paid attention
to scientific exchange and collaboration, and strived to create an active research atmosphere. We held a number of
lab internal workshops, lectures on Basic Knowledge and Experimental Techniques Related to Superconductivity, and
seminars. InOctober of 2017, we successfully organized the International Symposium on Frontier of Superconductivity
Research (VII): Optical Spectroscopy on Unconventional Superconductors. NLSC will host the 12" International
Conference on Materials and Mechanisms of Superconductivity and High Temperature Superconductors (M2S-2018) and

the local organizers did a lot of work in 2017 to prepare for the Conference.

We thank all members in NLSC, both staff members and students, for the great efforts they have made in 2017. We are
also grateful to the members of our Lab Academic committee, and colleagues and friends worldwide, for their continuous
help and suggestions. These achievements are not possible without the financial support from the Ministry of Commerce,
the Ministry of Science and Technology, Chinese Academy of Sciences, National Natural Science Foundation of China,

and the Institute of Physics. We will keep on doing our best to achieve more progress in the future.

< 2
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/4
Zhongxian Zhao Xingjiang Zhou
Chairman of Academic Committee Director,

National Lab for Superconductivity National Lab for Superconductivity

December, 2017

National lab for Superconductivity « Annual Report 2017 |

5



=5

S5 =R DL

IR EEEEEEE

6

ESHMREMHEIRFEEZ THETSHAN—TANEFISR. BSEENAR—ERRESY
ENEERE , MEMBCIFHNBRAKRALEHEEEEZNEN. BI11FE=E¥xR0nnesk
IMBESHEELSE , BEA5SKENRYIEFRIZTFBSAXAIAR. 1986FRANNERESHIIIAI , iR
ETERESARIONE . PREIEARIR ZRERRIEX SRE SR AT P T 7RISR,
1987 FERITEMEEYIERSEERBESINE , 1991F4BEIRKFHEXIINERERLRERS
ERERIMNTR. IMELREEEARKIARR, FARRSEENTRGEHR XS EHRRR.

BEERERTRNEZREESHRNERZRN , bEERERNESHRFAGESRNEEEO.
SLREFBEPERFR. RENEARFESSFHNNSIERARIE. BREERFMG. HRKE.
A BIHMBARSFRNEEEIIRERS  EERKERRNEE—EIRNGELNHEBERF ML
=, LTREFTMNTENRIIEZRINEOCAD I BIED PO FREE. PFas]. HHBERMR. %l
HiR. BEEREIREESERRSZY. AINGESF—RIIBHRLRARFER  MESHTEXEFHEARS
RIETEEFRA. 2008FHEHGESEBRSHNAI , T EEESHARNE—KEE  BSERER/S
W= HEB SRR IURABRIIMSERRS | M T2 IR RIS,

AR :

BESEREALRENARAB S AFESHERR. BSBEMIERR. BSMHERRIES
BIRMESHRAFNNAE. BRiigE/ \MRRE

(1) ETSEEAGERRANFESMREIERR |

(2) NMREBSAEPIEFNRAVAR |

(3) REEEBESERBXRITERR ;

(4) BSEERME AR N ;

(5) ESHMHIIEEEFHRA R FREEHR ;

(6) FIFRPFEEIAFREREREE FAR ;

(7 ) FrErB SR TIRE SHHIRMZHLLRIAS ;

(8) FHEEFINREMHIAVRERAR.

L4t BSLREXRBREERESHARSHARTLTL | BSRANAPOMAHLINRSEFA.

HBESERERLRE » 201751k

SLIOERIER -

SR SR & e B BT TIRIR S, MRS | ST P A R e KR
& AFENEIRER , GRERASRRAKY  BERDENECKNS, +Sou. KRR
EEnE , BEESHTRESRS | SHS TRNEASERAKGS , TUEKEE S RBSE.
SRGERSA R SHEABSAEE, HRET  RFHRME. BB, SHETIaXe s
I, URBESEE TR, SINENNE, WERRHMENE | SASQUIDHIPPMS B REAIREN
BRS, ARSI RS BT SRR | CREMF LY , SEEe
FOSTRMEERLS , RPFHEN , LR — RO N TS SRR,

AABME :

SRENEARKAARA , EPEHERZERRTIA |, [EBRIRFRARLIA , BISRIRFRARLS
A. BEERERIREIFEEWNAASHE. BAMMNMEER  BAE—XMEN. EHEENARIME. A
RPF2ANEFER "FAUK" | CARERRHEEFRZES , SANETRE "BAWL" | LAANIZ
"BETFA" . 20253k, HESERERLRERANMNFHRAR | BERIEFRSWNEERFTL,
BRIt BEEARESE.

IRIGRER -

ESERERTREMIL_TRFER , RILREMERRNEESEN  TRE=ARANYSEE
SR, SREBSEURECHEBE SRR IR PEEE T EfREBRRR | ERENEEL]
AP BEIE T FMR. RETERMERITSEREZNRM. NERBARZE— ZFR. [
ZAFR, PERZEARERIAHR. FERZEREARFR. RERNHRIRAMERR. B
EBRLBFEMBMER  FRBEFATAR. FEMEFANER. £REAEMRXEST
MARHREIR | BB S ERRBernd T. Matthias® |, KRFEZRMFHRTWASYIERS, B
SEREF/LR=RIK2014FE "EETALES" RERS.

KRBTSRI

BSERERLRE/GH—SINRAAIEFMSH , TESHTRIRENEENE , INELWERELE
AZREEEARANERIFEIMEREIR | FFEER. BRBXARBEEME 2RSS G DREHiE
SHEHRR. IFENESHTIERAR. LGBESAXRIRME N AR P EYSEEAIREUIEASRMS, BITst
RESFMENHES S , FECESERERLNEZRMAER E—RIESHREERM,

National lab for Superconductivity « Annual Report 2017 |

7



-. National Laboratory for Superconductivity

8

Introduction

The establishment of the National Laboratory for Superconductivity (NLSC) at the Institute of Physics, Chinese Academy
of Sciences (CAS) was formally approved by the State Commission of Development & Planning (SCDP) in 1987. The
preparations were started in 1988, and in April of 1991, the Laboratory was finally established, accepted and listed as
a State Key Laboratory, which has been officially open to both domestic and foreign researchers. The director of the
Laboratory is Professor XingJiang Zhou and the chair of the Academic Committee is Professor Zhongxian Zhao.

As the national premier base for superconductivity research, NLSC is now conducting many important research projects
supported by the Chinese Academy of Sciences, the Ministry of Science and Technology and the National Natural
Science Foundation of China (NSFC). With substantial improvements in experimental facilities, research standards and
in recruiting and training talents, NLSC is attaining considerable scale, integrated capacity, and worldwide influence.
For many years, the National Lab for Superconductivity has carried out world-class research on exploration of novel
superconductors, high-quality single crystal growth, vortex dynamics, physics and mechanism of superconductivity.
In 1987, the team led by Prof. Zhongxian Zhao discovered independently Ba-Y-Cu-O superconductor with a
superconducting transition temperature above the liquid Nitrogen. By the end of 2006, the world's first VUV (Vacuum
Ultra-Violet) laser-based angle-resolved photoelectron spectrometer with ultra-high energy resolution, based on our own
knowledge property rights and core techniques, was successfully developed in NLSC and delivered important results for
the research of superconductivity. During the new upsurge of research in superconductivity triggered by the discovery
of iron-based superconductors in 2008, scientists in NLSC have again drawn worldwide attention by their remarkable
contributions on exploring new iron based materials with higher Tc and studying the related physical properties of iron
based superconductors. In the last few years, the NLSC has established a number of advanced scientific instruments,
including angle-resolved photoemission spectroscopy, neutron scattering, scanning tunneling microscopy, nuclear
magnetic resonance, optical spectroscopy, and combined extreme conditions with high pressure, ultra-low temperature
and high magnetic field that have laid a solid foundation for the superconductivity study.

The NLSC has already established 9 research divisions which focus on:

(I) Exploration of new superconductors and novel superconductivity on high-throughput combinatorial thin films;
(1) Research on the quantum phenomena in mesoscopic superconductors;

(1) Exploration of New Superconductors and Corresponding Mechanisms;

(IV) Physics and applications of superconducting thin films and devices;

(V) Photoemission Spectroscopy Study on Superconductors and Other Quantum Materials;

(VI) Neutron scattering study on strongly correlated electrons systems;

HBESERERLRE » 201751k

(V1) Study of tunneling spectroscopy and low-temperature physics in superconductors;
(V1) Nuclear magnetic resonance study on novel superconductivity;
(IX) Novel Superconductors and Related Functional Materials.

Currently, it includes almost all the aspects in the research for the superconductivity.

In addition to core research projects, NLSC also attaches high importance to the recruiting and training of talents as well
as team construction. Now, it has an excellent and structure-optimized group composed of 16 professors including 1
CAS academician, 2 member of the national “One-Thousand-Talents Scheme”, 5 members of the “CAS’ One-Hundred-
TalentsScheme”, 2 grantees of the “National Outstanding Youth Foundation” and 1 “Youth One Thousand Talented
People”. Moreover, a batch of young researchers and graduate students, who are full of innovative ideas and strong
motivations, are now working at the forefront, thus filling the lab with energy and vitality.

The NLSC has also become a national base for academic exchange and collaborations among domestic and foreign
scholars. It successfully organized the fifth International Conference for Superconductivity Materials & Related
Mechanisms(1997), the International Conference on the Mechanism of High Temperature Superconductivity(2001), the
series of Beijing Forum of the Mechanism of High Temperature Superconductivity from 2002, the Series of International
Symposium on Frontier of Superconductivity Research(2011, 2012, 2013 and 2014), China/US Joint Workshop on
Novel Superconductors (2010, 2011 and 2013) and so on. Both training and academic cooperation protocols have been
established with many countries and regions.

The NLSC is now further devoted to refining research projects, optimizing personnel structure, recruiting new talents,
developing unique state of art experimental facilities as well as initiating innovative research. At the same time, NLSC
is effectively developing surefooted long-term collaborations with various internationally renowned scientific institutions
across the nation and around the world. NLSC is dedicated to being a world class lab and preparing formore momentous
scientific breakthroughs henceforth.

National lab for Superconductivity « Annual Report 2017 |
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Academician, CAS
BEEZ Zhongxian Zhao

National Natural Science Fund for Distinguished Young Scholar
1998 [Ei&EE Haihu Wen ( IIEHA : FIERAR )

2005 EX4T Xingjiang Zhou
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Outstanding IOP Young Scientist Award
2006 EAZZ Lei Shan

2008 {£i&% Zhian Ren

2009 {EEE Cong Ren
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2015 Z'&4F Huigian Luo
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"Youth One Thousand Talented People”
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CAS "100-talent” Program

2000 ER#£X Xianggang Qiu

2002 E37#f Lixin Cao ( BAEBSSLNE )
004 ET Xingjiang Zhou

2009 Z=tH= Shiliang Li

2009 {£ia% Zhian Ren

2013 €% Kui Jin
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National “One-Thousand-Talents Scheme”
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2017 #5355t Yuan Huang
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SCO02

IBEEK  £BHRE/ Group Leader: Prof. Kui Jin

ETF SR ESERRANITESIMNATIIEHRR

Exploration of new superconductors and novel superconductivity on
high-throughput combinatorial thin films

SCO03

IREEK © BBRERIFAFTR/ Group Leader: Prof. Xianggang Qiu
NMREBSAPENE FRRATAR
Study on the macroscopic quantum phenomena in mesoscopic superconductors

SC04

IRRRAAL | ERRFIFAZR/Group Leader: Prof. Xiaoli Dong
RESRESA BRI IRHAR

Exploring new unconventional superconductor and its mechanism

SCO5

IREREK : FBERTEAFR/ Group Leader: Prof. Dongning Zheng
B SRR RN RO TR K R AR

Superconductor thin films and devices
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IBEEK : ERSTERRR/ Group Leader: Prof. Xingjiang Zhou
BESMEFIEEE PRI FREEAR

Photoemission Spectroscopy Study on Superconductors and Other Quantum Materials

SCO038

IBREK | ZHZHAFIR/ Group Leader: Prof. Shiliang Li
F R FEEIAR KRB TR

Neutron scattering on the correlated electron systems

SC09

BEERERLNE -

IRER/EK : FBEKFAFIR/ Group Leader: Prof. Guoging Zheng
FETE SRR SHH A IR
NMR study on superconductivity
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IREREI : BREEAER/ Group Leader: Prof. Genfu Chen
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Novel Superconductors and Related Functional Materials
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Exploration of new superconductors and novel
superconductivity on
high-throughput combinatorial thin films

ZHi</Leader:

8 Kuidin

#H 53/ Group Members:

S4tif Beiyi Zhu i Bo Xu Ri% Jie Yuan

Selected Scientific Results

1. FATERAIHHIEE HTCRI1E < 2KR 15K Z [ERELRRIERI—H S FeSeiBlR | R FRER FIRENIFeSeBIEATESH
MRESHTINER. ER—HD FeSe BIRARTIFRIEM L , HIAThHEHEERE OISR EFeSeEEHE
IR SR TER— MR REHEANESETc=12KRELS T , ARIBSEETEESREFEHc. RRRIYFE—NE
BRI R, DBIET15002 M REE SR IEEN =FNTF , MEEESEENERTLER— M
£33, MEXLREARRFEE—A 85T,

We successfully prepared a series of single-component FeSe/CaF2 films with tunable Tc from < 2 K to 14 K, and
the Tc strongly depends on the density of electron carriers. In order to figure out the origin of such tunable
supercondutivity, FeSe thin films with a gradient Tc were fabricated by a combinatorial approach. This single-
chip material library covers the Tc from 0 to ~12 K, and the superconducting transition temperature is positively
correlated with the out-of-plane lattice parameter and the ration of room temperature resistance to residual
resistance (RRR).The success in obtaining combinatorial FeSe thin films thereby provides an opportunity to

explore the origin of superconductivity in FeSe films.
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(b) ' i the framework of the Altshuler-Aronov-Lee theory, where the disorder-induced electron-electron interactions
5.60
- suppress the density of states. In addition, we fabricated combinatorial La, ,Ce,CuO,,5(x=0.1-0.19) thin films on
558
= 556% one SrTiO; (STO) substrate by combi-LMBE, related research on the combi-film of La,_.Ce,CuQ,.s is ongoing, on
= 8
554 8 which we expect a detailed study on such as the quantum criticality.
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2. 3FT SN TFERERAY)  HERRREKEBSA. TIeRBHARDESKEFERSMITBSER (REERE
E?2 : BFREEIBSANHEURIMTAR. (B2 FHENTINEARZTREE ; (b-c) Pr,CuO,.sSIRIER

BXYGAT D, XHEEFECEZBESHERNIHMRSSINFNER | Cefl0. AT RAAMHRESETHINCetsik ASEEPEHTE ; (d-e)BATEESSEIER La, , Ce,CuO,, LA A I aRE S A S (L HhE
MR FREENESEMIFIE , FRIIRAS D FIHETIREH S HRTIAETAISHAPr,CuO, . #B8SER , FHFIH Preparation of electron-doped cuprates and study of their physical properties. (a)The schematic

. - . . T B . " diagram of polymer assisted deposition method ; (b-c) The origin of normal-state gap in Pr2CuO4+68
combi-LMBERFE—/SITIO; (STO)IE LA HIBEAEBSERLa, ,Ce,CuO,.s (x=0.1-0.19) . FEfE , EfIF films ; (d-e) The schematic diagram of the combi-film preparation and the resistivity versus
RS ENE T RFIARRETCAIPr,CuO,. . ARERFEE , AR TIINRIPENSRESFENR. ZNR temperature curves of La2-xCexCuO4+6 combi-film.

R FRRS PR AIEESEEE, XM S LA#EAltshuler-Aronov-LeeIBiSRIFAVFAIR . NTIESCREFRMRES
WP IEESEERERT TRASNBF-BFXEL. 5, La,,Ce,CuO,. AR BIRAIE XM IEEH— L AR F.

3. fENBRIA L E—RIMIRBARMIMBSH , LiTi,O, (LTO)RBTCRNALK, BIHA , BEIHE (001 ) EXFELTORFRAY
FEEEFIRREETAR | B)EHTHEIELTORNRFSEE | B 7 HERSERNBINEREFRA B, B
—% , BIARTAERELTONBER , BXEREZRAFERENSASURASES  SSDFTIHHEMSTEMSE
1, BAPASERRTRSMIEREahn-Tellerlg3e, &, BIETERKISEPIREE  BAIKRIERE TMLITI,O4
FILi,TisOLM—RFEE , HmAVBEZH T NBSRBEEE. XNMERESTHMNIRE , MaE=UAET
Li,TisOf8R9ERL. EH—F , HAIAR T FARAE MERNERIOEIRTA. BESEAEN , #EMNERIRAVEE
BE(Tch) B/ RHIERETH |, BIAREERS. BITANThHIREEIREFHERXSHNE |, mIEISNEsBXiE
SFEIERE | NTISETchilaEHIERIX R,

For the T' - type cuprates, parent compounds are antiferromagnetic insulators. Regardless the methods
we take for preparing various electron-doped cuprates, annealing process in a low-oxygen environment is
indispensable for achieving superconductivity. Thus the preparation process of the Ce-doped samples will
introduce two variables : Ce and O. Moreover, in order to systematically investigate the influence from oxygen-
and cerium- doped respectively on superconductivity, a series of superconducting Pr,CuO,,s films with different
superconducting transition temperatures were prepared by polymer-assisted deposition method. Then we
performed a tunneling study on these single-crystalline parent-cuprate thin films. The zero-bias anomaly in

As the only known spinel oxide superconductor, the superconducting transition temperature of LiTi,O, can
the differential conductance, well-reported in the normal state of R,_,Ce,CuO, (R = Pr, Nd, La) and named as

be as high as 13 K. Previously, we disclosed the first phase diagram in this system by electrical transport and
normal-state gap (NSG), is observed in these Ce-free samples. The origination of NSG can be understood in

tunneling spectra measurements, where the interactions between spin and orbit cannot be ignored. Further,

20
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we studied the tunneling spectra on [001]-, [110]-, and [111]-oriented LiTi,O, thin films. For the first time, a
prominent anisotropic electron-phonon coupling is observed in this system. Combined with DFT calculation
and STEM measurements, we argue that the anisotropy stems from oxygen vacancies enhanced Jahn-Teller
distortions. Recently, we successfully achieved a series of thin films from LiTi,O,_s to Li,TisO,,, resistance of which
undergoes a transition from superconductor to insulator by adjusting oxygen pressure. There are two processes
happened during the evolution, i.e. the filling of oxygen vacancies and the forming of Li,TisO,,. Furthermore,
we studied the magnetoresistance of the samples deposited under various oxygen pressure. With the increase
of oxygen pressure, the transition temperature (Tch) of magnetoresistance from positive to negative shows
a nonmonotonic behavior, i.e. first decrease and then increase. We suggest that the decrease of Tch can
be attributed to the suppressing of orbital-related state, and the inhomogeneous phase separated regions

contribute to the positive MR and thereby lead to the reverse relation between Tch and oxygen pressure.

3.0
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B3 : REBARWIESRLITI, O, BIEEMmIsMEEHAT. (- AREELIT,O, BiREERMAIRER ;
(d-HAEEETRILITLO, sBIRRI R E BRI T/,

The electrical transport and tunneling spectra study of spinel oxide superconductor LiTi,O, thin
film (a-c) Temperature dependence of tunneling spectra for spinel superconductor LiTi,O, thin
films grown on [001]-, [110]-, and [111]-oriented MgAl,O, substrates. (d-f) The oxygen pressure
dependence of the resistance property for spinel superconductor LiTi,O,.s thin films.

4. BEBED FRINE-FERE BEMRERVERKERFARHERASHASBIRKAREESFEERARINIRE. RZERFHE
BT BB BB IR E R AR SIELRE TSR | JSEI mAYRIEI S SIRERIE. TERERFA TSR 7 RFEANR
it e, SENRFHTTISEN , TWRIREZ[X4.9%107° Torr , {RERMEGRTIA4.58 K, (KRISLLATIENLA48/\GT
BEEFHEL mKLIA , EAEEASIMNE FAGASREEWHNRTOM | STHSHISKRIRITER. Witk
NNBRAEZRS LRSS,

Our combi LMBE-STM system integrates the combi-film preparation and continuous electronic state

characterization technique, enabling high-throughput sample preparation and fast characterization of electronic

HBESERERLRE » 201751k

states. We finished the design and the assembly in past two years and made a preliminary debugging this year.
Now the vacuum of the system is better than 5¥10™'° Torr and can be cooled down to 4.58 K with AT < 15 mK.
The holding time of liquid He layer is up to 48 hours. We have successfully obtained a clear atomic resolution in
graphite surface. So far, all the parameters satisfy the requirements. The preliminary experiments are expected

in the next few months.

S FRIMNE-FHBRIE B HIR
RO KRIER S

El4: AEE D FRIME- R E R ARRA KRR R
Combi LMBE-STM system
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Study on the macroscopic quantum phenomena in

Scos mesoscopic superconductors
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Selected Scientific Results

1. MBOIMNEEZFERAR T BT R EIKFe,As 215 5KHHA & EHTIEFE T RIENBENNZTAH.
BENEEBATSZE  BAEEBSERRR T — M ARIDrudeld iz , HE75KEATRI BRI KRR
THAEMEER—H. EESWREFERNDrudeMRFHAIMNEENRBEHIL. EEE—MHREITHE
BN ERMKFe2As2h AT IFETFEZRRTdxyNERBEHASHRIAEFER , MIFMEXEEMottAE,

The ab-plane optical properties of KFe,As,
Photon energy (meV)

single crystals have been measured over 200 400
S S E—

a wide temperature and frequency range. Data (125K)

Toral fit
KFe,As,, E|lab — Drudel(D1)

——— Drude2(D2)

——— Drude3(D3)
Lorentzl
Lorentz2

Below 155 K, where this material undergoes
an incoherent-coherent crossover, a new

coherent response emerges in the optical

a(w) (x10° 0 'em™)

conductivity. A spectral weight analysis

suggests that this feature originates from

high-energy bound states. Below 75 K the
Wave number (x10%m™1)

scattering rate for this feature is quadratic

L(c) ® 02000 cm ! i
J...... . ®e * 200010000 '

in temperature, indicating a Fermi-liquid
Drades
response. Theoretical calculations suggest sescce,
*e
this crossover is dominated by the dxy his BT
300

orbital. Our results indicate Kondo-type @

e®gee®e @
3

»

screening is the likely mechanism for the

incoherent-coherent crossover in hole-

overdoped KFe,As,.
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2. &I, HEEIMRE S BARETaAsRIFHIBIC TS H ERIESEIOIESE | JMRES B PR MF LR B e i
EFHNZRTOZRREIRR. XEMHEERESERN  FUHRESHAIRHIESYT | REEFEIRRINLL
MRESHNRFIIRER  EReGFERE T EFTESFTEESEENNABNE. EAIEP , RNBEIINGEFR
R T IMRF T BTaAsHIBFHIAEF IR BRI T IMRERFHIE FZ AFERRBIMBEIER , MEXMEEIE
RALSREEMAEE. WHRAMUSR TIVRERFHIEFZEREETE |, LAMRIMRESRBITE ST
R THRERRE.

TaAs has recently been realized to host the Weyl semimetal (WSM) state, which exhibits fascinating quantum
phenomena as evidenced in many recent experiments. In this present study, we reveal explicit evidence for
strong coupling between an infrared-active phonon and electronic transitions near the Weyl points through
the observation of a Fano resonance in the Weyl semimetal TaAs. The resulting asymmetry in the phonon line
shape, conspicuous at low temperatures, diminishes continuously with increasing temperature. This behavior
originates from the suppression of electronic transitions near the Weyl points due to the decreasing occupation
of electronic states below the Fermi level with increasing temperature, as well as Pauli blocking caused by
thermally excited electrons above Fermi level. Our findings not only elucidate the mechanism governing the
tunable Fano resonance but also open a route for exploring exotic physical phenomena through phonon

properties in Weyl semimetals.
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Fano lineshape fits to the phonon spectra and the temperature dependence of the Fano parameter
1/9°

3. EHREESHH (CaFe, Pt AS) 1 PLASHITEES , HHANBSHMRKEEFRIIE— M HSHE  XUTREESH
HPRERERS. ARX—ITANEREETRNE—SERBSMVH PIEINE. ELHMNET (CaFe,
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IRUEFRE TIEHRE

PLA)0Pt:ASs FHRIEIEHALIR RERRIFRANE TEDCEER. BESMBEEHIYERSIE  HIKH , ¥
T AR RNEENEAA S RKHEAGEE R, Wit , BIIBEARIZEMHNEFNNZELN  ERESRH
th, HEKESIGEREE RS , ASEEFREBRFITEARNF. ENBESRE  HIIRIMRAFIEFHEHENER
1. BANRARIMRBER KHEACEATAAR T | ERARAFIEESEXNEERHERA.

In the phase diagram of Cayo(Pt;Asg)(Fe;PtAs)y, above the superconducting (SC) and antiferromagnetic (AFM)
dome, there exists a semiconducting like behavior, which mimics the pseudogap cuprates. Investigating the
origin for the semiconducting like behavior would provide us important clue for the pairing mechanism. In this
work, we have synthesized the parent compound and the optimal doped Ca,,(Pt;Asg)(Fe,Pt,As),,, and measured
their optical properties, respectively. From their optical conductivity, we found that the diminishing of the low-
energy spectral weight in the normal state, corresponding to the semiconducting-like behavior, is related to the
AFM fluctuation. On the other hand, we’' ve realized the magnetic-enhanced electron-phonon coupling and
that the far-infrared absorption peak in the optimal doped sample could be well described by the large polaron
model, indicating the formation of large polaron in the semiconducting dome. Intriguingly, we notice that
the polaron peak collapsed into the superfluid below Tc~12K. Thus, we propose that the magnetism induced
polaron also participate in the unconventional pairing. Our study would provide a clue for pairing mechanism in

unconventional high-Tc superconductors.
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4. RIFBLIIMGEZTF RIS 7 masslessIk i ma & B CaMnSb, B Si%. BHFSHARER  HiIIARDHIDrudets
BUSTRIURSIE | RNFEFMEEERE/LFAZE , X5AIAI0-1500 DrudeldEFEXINATIFRELT. X
ESUEENAAR S FRAIMEAN T SINEERRANER | XOTRSMnBEFIFREEER. 55— HRETEN
BEREIRNZIME B SR , FA N TiZi Rk e+ S B R,

The ab-plane optical properties of CaMnSb, single crystals have been measured over a wide temperature
and frequency range. Since the multiband systems, we use the least 2 Drude modes to fit the low-frequency
optical conductivity and find the plasma frequency almost constant, which corresponds to the constant spectral
weight during 0 to 1500. The transfer of the high-frequency optical weight is attributed to the Mn2+ strong
Hund coupling, Based on the first principle calculation, we find the linear-dependent optical conductivity, and

confirm the CaMnSb2 as Dirac semimetal.

SCO3BRRET

National lab for Superconductivity + Annual Report 2017 | 27



28

IREASFE T Fif

RESIRBESEREXIIIE

SC04 ~

Exploring new unconventional superconductor
and its mechanism
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Selected Scientific Results

1. BEURRRDIKME TR IE 42 4K89(Li, Fe)OHFeSeiEiE, & LIRFIAHIAT79.5 T (/5@ ) #1443 T (abm ) .
20 KifHIEAREEREBERIX0.5 MA/cm2, BRE. SIfFSE(Li,Fe)OHFeSelBSREERMNMINER , —HHEHIK
FEESRESBMNTIERRRETEERRNSR , 5—HH , B2 EBSHESHEBR TS, KERARKES
HHENNBFRREXRER. BXARBEREE

a IOT I IG 1 1 'O 1 1 I O
F [Chinese Physics Letter 34, 077404 (2017) = < < <
(Express Letter)] . § 0'F 3 i
2 = o ~
z 2|8 gy M
We have obtained superconducting (Li,Fe) g 0k i 3 Sl e 4
- = (=4 =
OHFeSe film by a hydrothermal epitaxial - g = s

growth. The film exhibits high superconducting

critical parameters, including the bulk transition

4 b T ¥ T Y
temperature of 42.4 K, the large critical current 3x10'k FWHM = 0,220 ]
density of over 0.5MA/cm2 and the upper critical jua? (006)
field of 79.5 T (c-direction)dand 443 T (ab plane. §
Our results indicate that the (Li,Fe)OHFeSe film %‘

=
is promising for superconductivity applicationsin Z
in high-performance electronic devices and large 0 = 10’
o 29 30 31 0 90 180 270

scientific facilities. o (deg.) @ (deg.)

2. NAEATREINE R (1-step ) SEFEBY/SINE (2-step ) , BIRFE(Li,Fe)OHFeSeBBRHLIMNAISIA. &
MESETRERZHARINN , M=/\ERTFRITIAEATEE , WIAMMSREINARP= ENERR RS =R
BERMLEEXK. RIINETIRSEFER/SINETLURE—TERI3dEFSIANFE , BB TFRAARSH
ARRPNEHEFHIENESSRESBEMNEEXER. MERMERAZFRTCPB 26, 057402 (2017),

We succeded in introducing Mn into (Li,Fe)OHFeSe superconducting crystals by two hydrothermal routes,
ion exchange and ion release/introduction. Magnetic susceptibility and electrical transport measurements
reveal that Mn doping influences little on the superconducting transition. But the hole carriers contribution
is obviously modified, hence the hole band might have no direct relationship with the superconductivity. Our
present hydrothermal methods provide an efficient way for elements substitution/doping into (Li,Fe)OHFeSe
superconductors, which will promote the in-depth investigations on the role of multiple electron and hole

bands and their interplay with the high-temperature superconductivity.

K+

LiOH-H,0

jw HZO' Mn, CH4NZSe

\Fe‘ Se
Se |

3. SmBer “HRERMNSEKE" ESHESAUMRE  SmB6 B L HIE60FUHMFAIAARAEZ M ( Kondo ) Bt E
W, B ARZRREERFEE—ER2EXBENENEMARIN—EE TR, LFEESFIMREE ARSI
SEHENEBRRESESMBARIRI , EEEHAARRAR. BIURH T SmBARE TERLA—FFIEFRMN
RERSITFEESMBFHE-ARFIMESHGHNES "FK" FIERBAEREMAERRIEE TEEFRSE
AR S, EESOT—FRREN "HEE" NSNS , BREFEmRENHEMSE FHESE
SHANHEEKETRIEMEES , XEEINHEEEMBE FNSEBUPIERTEAE. ERI/\es+ R
BSmBFNYbBEBXMIFIHRIINSEER . X—HMALL “Puzzle maker in SmB,: accompany type of valence
fluctuation state” J9f{E/IKey issue reviewXEAZFRE [Reports on Progress in Physics 80, 112501, 2017]
£

In recent years, studying the Kondo insulator SmB6, a strongly correlated electron material that has been
puzzling the community for decades, has again become an attractive topic due to the discovery of its unusual
metallic surface state coexisting with the bulk insulating state. Many efforts have been made to understand the
microphysics in SmB6, but some puzzles that have been hotly debated and argued have not been solved. In this
article, based on the latest progress made in our high-pressure studies on SmB6 and the accumulating results
reported by other groups, we propose a notion named the ‘accompany-type valence fluctuation state’ ,

which possibly coexists with the bulk Kondo insulating ground state of SmB6. We expect that this notion

FEMLIE « 20175R
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could be taken as a common starting point for understanding in a unified way most of the low-temperature
phenomena observed by different experimental investigations on SmB6, thus promoting the deciphering
of the puzzles. We also expect that this notion could attract rigorous theoretical interpretation and further

experimental investigation, or stimulate better thinking on the physics in SmB6.
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4. SHEEERENTESEMISEENRN : SHaSNSEET20HLCIOFENAARIFESEARNERT
REN. SHceEERIMULLEFRFIEIESFRFILATTREARN  FESMTHERERERME EETANAIS IR
BEBRRASHNERNE  HERNZ ERAABSHESTBRWE. HINERESHEEE(TaNb)0.67(HfZrTi)0.33
HRESEEHTTRENRVESERR. KNZEEEENTEESARTNRETHERNESEY | £81X
190.6 GPa R9EITSEENRERIFE M - R EZAE S L FEREFEMAISRMETN (WE ) |, MR , EZIItKs

EEERNEBSETRETHR/N. ELBYRTANEERPSEIIXRDILNERRIAAE 96GPaT , HmENEH
BE , IRBEEEETRE  REEARREESRE T ~28 %, ZIARER 7 XSRS SBSATERE~ENAETR
BTN RFIRISFESEEFMESIESEY. RRAAMFET MINESIHRINKT# , R EIESEL
HESTENEEE SR TR, AR ERAREEZERFHBT) [PNAS 114, 13144, 2017,] L,
NatureXHhZIpERAEE Research Highlight #Z2BLIfA “Super-squeezing can’ t crush this superconductor’ s
powers” (7 #Ri&E.

We report the observation of extraordinarily robust zero-resistance superconductivity in the pressurized
(TaNb)0.67(HfZrTi)0.33 high-entropy alloy-a material with a body-centered-cubic crystal structure made from
five randomly distributed transition-metal elements. The transition to superconductivity (TC) increases from an
initial temperature of 7.7 K at ambient pressure to 10 K at ~60 GPa, and then slowly decreases to 9 K by 190.6
GPa, a pressure that falls within that of the outer core of the earth. We infer that the continuous existence of
the zero-resistance superconductivity from 1 atm up to such a high pressure requires a special combination

of electronic and mechanical characteristics. This high-entropy alloy superconductor thus may have a bright

FEMLIE « 20175R

future for applications under extreme conditions, and also poses a challenge for understanding the underlying

quantum physics.

. (TaNb), .. (HfZrTi), ,, 10
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5. ERINET AFRKERBUE. BRNABERBEINAZAERIBIZESIE , AR 7 ABM R R KR A= B R,
BAILMRI RO K BRI Sk R - B IR e T S LR E R B EE (N IER SR FABRM R AR A E/ERIHRER TE
B, BXAIEMERAZRT Nature549, 247 (2017),

We studied the magnetic properties of nanoparticles of a soft magnetic materials embedded in a thermoelectric
matrix. A ferromagentism to superparamagnetism transition is observed around 442K. This work is conducted
under the collaboration with Prof. Qingjie Zhuang and Prof. Wenyu Zhao at Wuhan University of Technology
and Prof. Jing Shi at Wuhan Univesity.
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6. TNEMFEESEHESHINEEER | BANEBRERRE T BSENNRMHalUE |, HEZ TESETRE
SHall ZER S H’J?E?O WREM , EHTSEEM=ERMDLIfshtziBEE : —MNREFIERZESES , B—
NMREFEYFESHEF. BEEH, Hall RESESETEENGE DT KRS ERFUESRERIESTGRE 7
EEFA. %%TK,HEU;EA{I]iﬂ%—xﬂ'ﬂﬁEPTC[‘JEEﬁE"JQHCEViE"JFE’Q (PRB 96(2017)224513]

We report the in situ high-pressure (up to ~50-GPa) Hall-effect measurements on single-crystal black
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phosphorus. We find a strong correlation between the sign of the Hall coefficient, an indicator of the dominant
carrier type, and the superconducting transition temperature (TC). Importantly, we find a change from
electrondominant to hole-dominant carriers in the simple cubic phase of phosphorus at a pressure of~17.2GPa,
providing an explanation for the puzzling valley it displays in its superconducting TC vs pressure phase diagram.
Our results reveal that hole carriers play an important role in developing superconductivity in elemental

phosphorus and the valley in TC at 18.8 GPa is associated with a Lifshitz transition.
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7. RE AP REH-BESETNIGFRANEI | AR k#1#1Ca0.73La0.27FeAs2BIARF , BII—RIISEHD
BENEXIERENER FHEINESAET IR ELFIGFEELFENGRRSR , FURE TEHESHNRSEHSESZ
BIR—RAEEE, SCIGLERRIE , MEEEDANEN  MENRSKEEDREZ RIS , AIRREDT , RGHETEE
RINHK | BITBRSETRAHI , HEBRSHTRSEES RGHETHRANEEERNEE. XEEREE DESH
PRMXFEENERRNRKH-ESETEE . AERESHTIENRANARRM TR ER. 1ZIARAR
&Z=1E [Science Bulletin 62(2017)857] L.

One of the most strikingly universal features of the high-temperature superconductors is that the
superconducting phase emerges in the close proximity of the antiferromagnetic phase, and the interplay
between these two phases poses a long-standing challenge. It is commonly believed that, as the
antiferromagnetic transition temperature is continuously suppressed to zero, there appears a quantum critical
point, around which the existence of antiferromagnetic fluctuation is responsible for the development of the
superconductivity. In contrast to this scenario, we report the observation of a bi-critical point identified at 2.88
GPa and 26.02 K in the pressurized high-quality single crystal Ca0.73La0.27FeAs2 by complementary in-situ

high pressure measurements. At the critical pressure, we find that the antiferromagnetism suddenly disappears

HBESERERLRE » 201751k

and superconductivity simultaneously emerges at almost the same temperature, and that the external magnetic
field suppresses the superconducting transition temperature but hardly affects the antiferromagnetic transition

temperature.
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SCOS Physics and applications of superconducting thin

films and devices
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Selected Scientific Results

1. FRET WEERk EEESIERRRERIRAITE TE , ACRXMORFER. BSHRIANIRET T ESEBIREIR
ERTEE

Developed the four channels and five channels HTS
filters receiving front-end subsystems, which have

been adopted by the users. The HTS subsystems

improve the sensitivity to signals and the resistance

to disturbance of the receivers.

2. FRTHMSKER. ACHIBERIESRIEIRITHNT TR,

Developed and tested the HTS filters receiving front-end subsystems for meteorological radar and 4G mobile

communication.

3. IRAEIIHNIAS. FERA ELBAREXNRAESER ST RESEFIHRATIESE FBIEME | HI& TS
RIS LU, ASFFRTSHENEFLR  81F  AIRESEFItHITEFRNFIERIUAR. BSEF
EURFIRSIB S R SRR SATSRIN.,  10bUsest E10NBSEFIUSZIARIHEE | LARIEEZE 2RI LA,

HBESERERLRE » 201751k

In close collaboration with other research groups of the Zhejing University and the University of Science
and Technology of China, we have prepared Xmon type multi-qubit devices with different designs.Using
these devices, a number of quantum experiments were carried out including the simulation of quantum

thermodynamics, vacuum induced ATS effects, demonstration of quantum entanglement of 10 superconducting

qubits,and the observation of a continuous-variable geometric phase .

4. HEFAR TESMERENELERSIERE. WRIERREEMSSFIIERTNAMERRE FSEMIIEIRERE
4 BT RS ESE FREERESERIR.

We have fabricated high-quality superconducting stepped-impedance coplanar wave guide resonator devices.
The measured intrinsic Q value of these devices is comparable to that of uniformed-impedance resonators,

showing its potential in increasing the integration density superconducting quantum circuits.
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zone center. The temperature-induced Lifshitz transition provide a natural understanding on the underlying

origin of the resistivity anomaly in ZrTe5. ZrTe5 is a weak topological insulator. With decreasing temperature,

there is a tendency of the transition from a weak topological insulator to a strong topological insulator. Giving

22} _E.J_;M-*gl_;m ;E; E%%;‘-ﬂ-ﬁm{]% %%ﬁﬁlﬁtﬁﬁ?ﬁ strong evidence of the further study on ZrTe5 and HfTe5.

SCO7 Photoemission Spectroscopy Study on Superconductors and

Other Quantum Materials a 255K 225K 195K 165K 135K 105K 85K 65K __35K
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Selected Scientific Results

;¥
1. ZrTeSTREFSLifshitZaERFAGERR IR AR B L 2T 0FRLR | S ERAZ TeSTIHTeS7ER | : E o if;
B LN FEERERENLT RTINS , X—SSNREERATLR, RS e e T N
BAMEMHTHR  EEFEREEEOER  EERRAFERY. &b, eSS R ENZrTeSEARERNEFE
IEE/RMEL , TERBERRT , BEASHIMAPIONSGES. RIFZrTeSAJREA 5255 INERIAR £ | BEREIEAYR/ | . B S R TeS R S LifshitZARS
ZrTeSHSSHIMBGIAE T RIINGA SR, ARERENTHEEENINT |, SaTLASSI EARAIMERE, ZrTe5HY
WCHERER | 58T ABNXTZTeSHIHT , ENERAARIILERES. FELL AN , BFT HiTeSiaZITeS—tf | BTSSR  EmoTis Sz TeSAIH e SR P e b . S5
XIZrTeSEEFAMNIERENMARNZRFAR. FNFASOPRIBDICEFREERA | RFHR T ZrTeSHIEFLE RIS T REANMESRSSIRIMASARIR L, VG , KABXTFZrTeSHITIOARHIRE , ST IS RGN RIEE
MREIERERICER. SREEIT OAZTeSSHMNHIRTEN , WNEITRAASHLiIfhitiRE , FTLEE O T S
FRRRZrTe SHOMNEIMERR. FXIZrTeSHUMRINARM T IHFMITE | INNZTeSEBHRIMNESIN , EREAMEE , BREHA 6. L EESEES | BT HTe St A B A R S 2 S,
IMBSARETRES, XN TEERNE T BEZrTe5SHFUNTIREFEN | LINERRNEEESLfshitztBTIR
FIABERRZ TeSRIMIBIER | SEIWIET ZITeSHURIAR  NZTeS \SIREIRERISHINEEIK | BFERI BAFIRESMNASWIEBTEERA | RAWRT HiTes B FEREMREELIER. BREETHTeS
BEAETRIES, ALUGRITEXHSRRA TRENRPERE. [Yan Zhang et al, Nat. Commun. 8, 15512 (2017)] T, MUETREESESHLIfshitzt83 , ATLAERAREHTeSAYMIEIERR. 15ZrTeSFIHfTeSAIR FEEITEUE
TEFARLLR , NEBFHWMERENIAE ST RMI RS RIAE. INIHfTeS5ZrTe5— , EEIRE]
The transition metal pentatellurides like ZrTe5 and HfTe5 have attracted considerable interest since the last 70s 15KET SR MES A | B SR | RTINS LTS ia AL A A Y B X T /e R
because they exhibit unusual transport properties characterized by a strong resistivity peak2,3 accompanied BT HITeSIUR LK © SCUE RN B R S ifshit ARSI A L R H e SEUMEME - WAL H Te5 5
by a sign reversal of the Hall coefficient and thermopower across the peak temperature4—6. The origin of such ZITeSHUSE AR | N TSR | A T AR e SR RE. ERRTIe T HTeSHGHINAE |
transport property anomalies has been a subject of a long-time debate but remains unclear. It was predicted INHHTeS WEER15KESSIRFMESIN , BARIRINAS SIS, HLUSHEERREHRTEANREE. [Yan
that single-layer ZrTe5 is a two-dimensional topological insulator with a large bulk bandgap, while bulk ZrTe5 Zhang et al., Sci. Bull. 62, 950-956 (2017)]
may host a possibility of realizing a temperature-driven topological phase transition between the weak and
strong topological insulators.Direct investigation on the electronic structure of ZrTe5 is highly desired in Temperature-induced Lifshitz transition in topological insulator candidate HfTe5
understanding the electronic origin of the transport property anomaly, and in uncovering the exact nature of
the topological state in ZrTe5.For the first time, we find that the electronic property of ZrTe5 is dominated by Very recently, the transition metal pentatellurides, HfTe5 or ZrTe5, have ignited renewed interest as a candidate
two branches of bands with nearly linear dispersion, a valence band and a conduction band, at the Brillouin of a novel topological material. The single-layer HfTe5 and ZrTe5 are predicted to be two-dimensional large
36 | meEsEssm= - 20174E National lab for Superconductivity - Annual Report 2017| 37
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band gap topological insulators, a topological phase transition is expected in bulk materials that can be driven
even by temperature. In exploring the topological nature and addressing the origin of the transport anomaly
in ZrTe5, many recent experiments conclude its topological nature. Up to now, a unified understanding of
the topological nature in ZrTe5 and HfTe5 is still lacking. The electronic structure study of HfTe5 is highly

anticipated.

We report the first electronic structure study on HfTe5 by ARPES measurements. Regarding the overall electronic
structure and its temperature evolution, we find that HfTe5 behaves quite similarly to that of ZrTe5. Our results
indicate a temperature-induced Lifshitz transition in HfTe5. It provides a natural understanding on the transport
anomaly at ~65 K. The quantitative difference of transport properties between HfTe5 and ZrTe5 are reflected in
the subtle difference of their electronic structures. We have carried out high resolution ARPES measurements
on HfTe5. We discovered strong electronic evidence of a temperature-induced Lifshitz transition in HfTe5. Like
ZrTe5, with decreasing temperature, HfTe5 undergoes an electronic state transition from a p-type-semimetal
to a semiconductor, and finally to an n-type-semimetal. It provides a natural explanation on the long-standing
puzzle about the origin of the transport anomalies in HfTe5 and ZrTe5. Our observations are consistent with
that HfTe5 is a weak topological insulator and is located at the phase boundary between weak and strong

topological insulators at very low temperature.
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3. PLDAEERAIB SIS EFeSeiEIRAYE T ImF IR

FeSeRMERETEBSKAESHELER , MINEETCRIRSE38K, A , EAHRLSIIEEFeSe/STONEES
IR6SKIBSHERE, T/UEEELIEAIFeSe/STOBERIANSHRIZFeSe EAHRAIMER , BLir EMERLLER
FeSe/STOBIERAHESH , EES0EEEROAES. Eit , FeSetRFNEIEZ [ERIERE RAIARR R ERMEEE
SHEBRHTEEER. 3K, BOTEDENIRD EMN AT FeSeBIRAIAK , HCaF2 K LA KH THESETERE
5K~15KpJ—HRFIFeSeiBlE, XLBIRAIEBSHMRTLBEHEFHRIEMNE | SEFeSe/CaF2BIENAEBSEIR

FISEENRE , BEEEEELAEITc=15K , XA STt FeSelIiB BatZnaE,

A BT ARPESSEIIIPLDTT A KAIFeSe/CaF 22 (R B B EIRAVEE F4511HT 7 LIRS ERIBRNFOELES | iR

HTESETRESBIN4K, IKFILAKR =M R KEMETHLSE. SH0kER , IESHRUNBEFEE, BT

A TR AT LUPRIAZEEE , FEFRENEZASE , HEETENX AR AR FREXE. PLDEK

A9Z EFeSe i SFeSeRFLAR MBEEKHIZ EFeSeiBIRRAIL. HAIIXIPLDAEKAIFeSe/CaF 2/ RAIARPESEERE

M T MRIFFeSe SMBEAKAIFeSe/STOBIRZ BRNER | BHERXLERATSEESHENEREHERRESE.
[Bing Shen et al., Chinese Physics B, Vol.26 N0.7:077402(2017)]

Electronic structure and nematic phase transition in superconducting multi-layer FeSe films grown by pulsed
laser deposition method

Bulk FeSe has a superconducting transition temperature of ~ 8 K at ambient pressure; its Tc can be significantly
enhanced up to 38 K under high pressure or up to 48 K by the gating method. Single-layer FeSe films grown
on SrTiO3 substrate by molecular beam epitaxy (MBE) method show signatures of superconductivity up to
65 K. Multiple-layer FeSe/SrTiO3 films are thought to approach bulk materials when they are thick enough.
However, FeSe/SrTiO3 films made by MBE method are not superconducting when their thickness is two or
more layers, even above 50 layers. Study on the origin of the similarity and difference between the bulk FeSe
and FeSe/SrTiO3 films by MBE method may provide important information to understand their underlying

superconductivity mechanism.

Recently, pulsed laser deposition (PLD) method was developed to grow FeSe films on CaF2 substrate. Their
superconductivity can be tuned by slightly varying the preparation conditions, resulting in FeSe/CaF2 films
from nonsuperconducting to superconducting with different Tcs, even up to 15 K that is obviously higher than
that of bulk FeSe.We have carried out comprehensive ARPES investigations on the electronic structure of single
crystal multiple-layer FeSe films grown on CaF2 substrate by pulsed laser deposition method. Fermi surface,
band structure, and their temperature dependence for three kinds of samples with different superconducting
transition temperatures of 4 K, 9 K,and 14 K are measured. Overall, they share similar electronic structure but
sample-dependent difference is identified. Electron doping by potassium deposition can suppress the nematic
phase transition, and transform their electronic structure from the N phase to the S phase with electron-like
Fermi surface around the Brillouin zone corners. The overall electronic structure of our PLD-grown multiplelayer
FeSe films is similar to that of bulk FeSe and MBEgrown multiple-layer FeSe films. Our ARPES results on the
PLD-grown FeSe/CaF2 films also establish a link between bulk FeSe single crystal and MBE-grown FeSe/SrTiO3
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films and will provide important information to understand the origin of high temperature superconductivity in

these systems.
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4. Bi221 28 S-S ERERSRIRERANRETF SRR ERENITN. B I REBRAIBI221 2R Mt T T AT SAERAE
NETEZMATHAR , FIKN | KEEFRAIBI221 2 RAGERRE— DRI A S HER N HETEN S .
BT ERTRKEGHITEREJREXNAESEE  ARLHREHR T /NTFAdRENTER | EREBEREATLIG
RE , UK INEESXINAREXFR | RS RRESEF-BFEEER. HMRN , ESTRHEMER
4. FRLABADTAR , EBi2212pFERNESEEN , AR —IIdREITR | MAIZE RSB XRAIdRERT.

BAIERNER 7 Bi22 128 R B Rt BE S RETHNXR |, AW , R AGESMTCHT , selHgEXE |
MEEtEERE140KEAS | B4 XE , XS5ZRINEREERS | HBEERNEFE. BSERERT - iR
HIEERS | tBRIEADFHLBFREET | RIIEDBEXKNENH TR T ERN TR BENZ—5. AMZEXIT
Bi220189ANAREL , T Z FNZEXKAENE ST FRERMEMERRARE | XiBAMNERISSHANBSSRET
B3, AMERKAINBI2212RTIRAMMNATL , BEEREFS | ZXNEMEEHEIELIUE—R , I8EHILBI2201
FRETEENIS |, RBAEBI2201RREMNIS , WTFREMNTS | HFAE—NZENNR. BRNEMNER , &
Bi2212R B mAURE AT , HAGn RS EE REARMIREABE) , XB5ZRITEBI 22010 WNEINEFARE. X
LSRR IERREREIRIIAR | MRESEER EEEERRR |, IRETEERER. [Xun Sun et al, Chin. Phys.Lett. 35
017401 (2018)]

Temperature Evolution of Energy Gap and Band Structure in the Superconducting and Pseudogap States of

Bi2Sr2CaCu208+& Superconductor Revealed by Laser-Based Angle-Resolved Photoemission Spectroscopy

We have carried out detailed momentum-dependent and temperature-dependent measurements on

Bi2Sr2CaCu208+§(Bi2212) superconductor by super-high resolution laser-based angle-resolved photoemission

spectroscopy. The precise determination of the superconducting gap for the nearly optimally-doped Bi2212
(Tc = 91 K) at low temperature indicates that its momentum-dependence deviates from the standard d-wave
form (cos(2®)); it can be well fitted by including a high-order term (cos(6®)) that is related to the next nearest-
neighbor interactions. We find that the band structure near the antinodal region smoothly evolves across
the pseudogap temperature without a signature of band reorganization. This is distinct from that found in
Bi2Sr2Cu06+6 superconductor suggesting that the band reorganization across the pseudogap temperature
is not a universal behavior in cuprate superconductors. We also found the bottom of band structure around
antinode shifts to high binding energy with increasing the temperature, which is different from Bi2201. These
results provide new insights in understanding the nature of the superconducting gap and pseudogap in high
temperature cuprate superconductors.The origin of the pseudogap in cuprate superconductors, whether it

represents a phase transition or a crossover across T*, needs to be further investigated.
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SCOS Neutron scattering on the correlated electron systems
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Selected Scientific Results

1. BATETNERMEDTAIBRITA  WARSKES RTINS mARFIRRCEIE R T TIFEMR T | KR
HAFHAERIETHIIEERES. XERGEESHANHESTIIBDATEIACERGEREIRS. AL — M
—HSEESMEE  HPESEETE—RIEEE , ZBREBRARNE FHAERKRISHIETEE.

We systematically studied the nematic fluctuations in many parent compounds and their doped samples by
measuring the elastoresistivity under uniaxial pressure. They found that the ordered antiferromagnetic moment
is inversely proportional to the nematic Curie constant, suggesting that the magnetic ground states can be
tuned by the amplitude of nematic fluctuations. Accordingly, they provide the unified phase diagram for iron-
based superconductors, where superconductivity emerges from a hypothetical parent compound with large

ordered moment and weak nematic fluctuations.

1.0

\¢‘ >
08} —\%

0.6

O LaFeAsO N
O CeFeAsO No I
A PrFeAsO S
| ¥V NdFeAsO J-
y g ga;ehNi,As N
eSe
< BaFeZ(As(169P03|)2
02}k > Bay Ky 5FeAs,
- o Ca, ,La, FeAs,
Q BaFe, NiAs,
B SrFeAs,

M (ug)

0.0

60 50 40 30 20 10 0
4" (MPa/K )

SCO8HRLR A

HBESERERLRE » 201751k

SC09 HE ST AL S WL R IR

NMR study on superconductivity
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Selected Scientific Results

1. BIE FAINMRIUE , FE T CusZn(OH)sFBrhERERIN1/ 2 BRI BIEF AR | IXE2Z2263 ( BlToric code ) #RIMNF
HNEFEIERAIIRELES. ZLIERERMH PR 226 FEFBIERIFRISE— MEEESF.

Our °F NMR data reveals a gapped spin-liquid ground state for Cu;Zn(OH)sFBr. Most importantly, we provide

experimental evidence for spin-1/2 quantum number for spin excitations, i.e. spinons.

2. FEXEIRESABI2Sr2-xLaxCuORIKHIIIRIAFT A , FEESHMAVRIERETER , RNRSKHEEFSHEK
EREAEENEFS  BEEREFSNIRFEERRHAHIGFIEREAERR , MEBZRERENTR)  &E&ES
FOREO.LAMHmHEA, FE  E5ERERREMIELL. X—HAISR 7 BAEEBSTNEERER , AARSER
SHBIRA T FHFREINA.

By ®Cu-nuclear magnetic resonance, we report the discovery of CDW induced by an in-plane field, setting in
above the dome in single-layered Bi,Sr,_,LaxCuO,.The onset temperature TCDW takes over the antiferromagnetic
order temperature TN beyond a critical doping level at which superconductivity starts to emerge,and scales
with the pseudogap temperature T*. These results provide important insights into the relationship between spin

order, CDW and the pseudogap, and their connections to high-temperature superconductivity.
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SWETR

Tenth International
Conference on
Vortex Matter in
Nanostructured
Superconductors
Tenth International
Conference on
Vortex Matter in
Nanostructured
Superconductors

The NCNST-BINA
Workshop on

Nanoscience and
Nanotechnology

Tenth International
Conference on
Vortex Matter in
Nanostructured
Superconductors

APS March Meeting

Quantum
Nanophotonics
Meeting

International
Conference On
Strongly Correlated
Electron Systems
Meeting

International
Conference On Low
Temperature Physics
Meeting

Vortex In
Nanostructured
Superconductors
Meeting

The 30th International
Symposium On
Superconductivity
Meeting

A8]

2017.09.09-2017.09.14

2017.09.09-2017.09.14

2017.05.07-2017.05.11

2017.09.09-2017.09.14

2017.03.13-2017.03.17

2017.02.25-2017.03.04

2017.07.16-2017.07.22

2017.08.08-2017.08.17

2017.09.08-2017.09.15

2017.12.12-2017.12.16

EfRS{ESEAN

| | Emay | Emai

REE

Recent progress on the
spinel oxide superconductor

Mapping a Complete Phase
Diagram of High-Tc Cuprates
Via a High-throughput
Method

Vortex dynamics
in nanostructured
superconductors

Vortex Ratchet
Effects in Asymmetric
Superconducting Systems

Observation of anisotropic
electronic correlations in the
spinel oxide superconductor

Subwavelength optics
in superconducting
metamaterials

Optical study on the
antiferromagnetic ordered
state in electron-overdoped
Ca0.77Nd0.23FeAs2

Optical study on the
anomalous phonon
behavior in superconducting
CaKFe4As4

Parity effect of
superconductivity
in mesoscopic
superconductors

Anomalous phonon
behavior in CaKFe4As4
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SIWBTR

APS March meeting

The 15th International
Conference on
Advanced Materials

Sino-German Meeting
Emergent Correlated
Materials

APS March meeting

The 9th Joint

Meeting of Chinese
Physicists Worldwide:
International
Conference on Physics
& Education “New
opportunities in
Physics” (OCPA9)

5th Annual Basic
Energy Science-
Chinese Academy

of Science (BES-

CAS) Collaboration
Workshop on
Superconductivity from
July 27 to 28, 2017

A8

2017.03.13-2017.03.17

2017.08.27-2017.09.01

2017.02.26-2017.03.03

2017.03.21-2017.03.24

2017.07.17-2017.07.20

2017.07.27-2017.07.28

RERE

Strong electronic two-
dimensionality and close
relationship between

spin nematicity and
superconductivity in soft-
chemistry synthesized (Li,Fe)
OHFeSe and FeSe single
crystals

Soft-chemistry synthesized
superconducting single
crystals and films of (Li,Fe)
OHFeSe and FeSe

Discovery of bi-critical

point between AFM and
superconducting phases in a
Fe-based compound

Quantum phase transition
and destruction of Kondo
effect in pressurized in rare
earth hexaborides

Superconductivity and
carrier type in pressurized
black phosphrous

Progress in pressure-induced
superconductivity

=
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(Poster)-Correlation between

L Laser ARPES on
superconductivity and - Workshop on High Temperature B
APS MarchMeeting ) bond angle of CrAs chain HER wsr Fundamental Enduring : - Netselr
17 2017 2017.03.13-2017.03.17 in non-centrosymmetric =5 24 BT Problems in Quantum 2017.12.07-2017.12.09 Superconductors --Key =m
compounds A2Cr3As3 (A = Condensed Matter Hizgiirorie lngiree =i 2d
K le) Pairing Mechanism
Developments in China for High-resolution angle-
2017 International the design and application resolved photoemission $E/RE
18 =  Microwave Symposium  2017.06.04-2017.06.09 of high temperature BEF=E , EE 25 XUEZ APS March meetin 2017.03.12-2017.03.19 study of electronic structure ‘
ymp 9 9 y PR
(IMS2017) superconducting (HTS) and charge-density wave &=
filters formation in HoTe3.
1. On the nature of unusual Electronic Evidence of
microwave response of thin the 9th meeting Study S
13th European FeSel-xTex film near critical 26 # # of Matter at Extreme  2017.04.01-2017.04.09 Iﬁﬁ‘?&?ﬁiﬁiﬁﬂf#gﬁﬂ ﬁ;’i
- Conference on Applied _ temperature o Conditions(SMEC2017) . . -
19 7% Superconductivity AL EELT A U 20 2. Recently developed AWE , Ht Topological Nature in ZrTe5
(EUCAS2017) microwave devices based
on High-Tc superconducting
films
Electronic Structure of $rER/RE
o o 27 B<F#5  APS March Meeting 2017.03.13-2017.03.17  ZrTe3 from Angle-Resolved o
Quantitative Determination Photoemission Spectroscopy =&
of the Pairing Interactions e
20 APS March Meeting 2017.03.13-2017.03.17 for High Temperature e
Superconductivity in =&
Cuprates .
International . .
Conference on Nematic order and its
International Workshop 28 =HE Advanced Materials 2017.08.27-2017.09.01  fluctuations in iron-based mER , BA
on Strong Correlations Laser ARPES on 2017 superconductors
08 and Angle-Resolved . High Temperature
2l Photoemission AR A Y Superconductors and s, BE
Spectroscopy (CORPES Topological Materials
17
) International SPICE on the ‘Bamboo’
29 Ok Conference on Neutron 2017.07.08-2017.07.15 thermal triple-axis XA , §E
_ Scattering 2017 spectrometer
Aot Gontte Laser ARPES on R
22 nop 2017.06.26-2017.06.28 Unconventional !
on Unconventional Superconductors =H
Superconductivity P
Itinerant spin excitations and #E/RE
30 B{F  APS March Meeting 2017.03.13-2017.03.17 superconductivity in BaFe2- ;El
International Research State-of-the-Art Laser s xNixAs2
School and Workshop . ARPES on High Temperature ~/RS
= on Electronic Crystals VLB 27 L DR Superconductors and 35
(ECRYS 2017) Topological Materials
International Electron doping effects on
31 Z2F  Conference on Neutron 2017.07.08-2017.07.15 the spin spectroscopy of KA , #HE

HBESERERLRE » 201751k

Scattering 2017

BaFe2-xNixAs2
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Effect of Nematic Order
on the Low-Energy Spin

HERRR

Recent progress on the

3 i _ N — = =< A\ _ 3
32 3XR March Meeting 2017.03.12-2017.03.18  p) e L Y e m 1 2 B BSERERSHESN 2017.0625-2017.0627 (i Glide superconductor L&
BaFel.935Ni0.065As2
3 Nematic Quantum Critical BRI/ Fom e 5 =
33 s o MarchMeeting  50170313-2017.0317  Fluctuations in BaFe2- MARR 2 = o FHPESEBSFAM  0170800.00170823  EOERIAEESHHRS iz
xNixAs2 XE ES ARz AR
Spin-triplet superconducting
TWhoerIZi:grsglr?A El state in doped topological
: ) insulator CuxBi2Se3 = =+ BTIAEEEFEMHE ) BN AEBESHRS ;
34 FBEX gg:;clﬁr;ohf/lggrerglzt:g 2017.01.13-2017.01.17 and unconventional KPP, BE 3 B OA pperpmge 2017.10.14-2017.10.15 HOR FIE R i
Spintronics superconductivity in
p Rb2Cr3As3
. Spin-rotation symmetry
International School . j . A
on Topological Science breaking and triplet N - A Tuning superconductivity in .
35 RBEIER and Topoloaical 2017.02.13-2017.02.18 superconducting state in the  &=&B, AKX 4 ERF B=ERRSIESIN 2017.06.24-2017.06.27 FeSe-based single crystals B
Matterg 9 doped topological insulator and films
CuxBi2Se3
SIITHEEL T i CEeR] Superconducting (Li,Fe)
36 BEE . breaking and triplet ERRR A P X g\t : .
X March Meeting 2017.03.13-2017.03.17 superconducting state in e 5 BE FEHNEEEBSSIN 2017.08.20-2017.08.24 OHFeSe Film of High Quality KiE
per 9 - and High Critical Parameters
CuxBi2Se3
Igot‘:l;gf;inoc”ealon Topological superconducting 2017EEREYESES E:lf:ﬁl;e gfr)g?‘::;f?sde‘j
37 FBEI R T . . 2017.06.09-2017.06.13 state in CuxBi2Se3 revealed KR, HAX 6 ] » R RS 2017.09.08-2017.09.10 Superconductors for FREB
prollogieel [¥is Tl by NMR BEFE2W Basic Research & Possible
Science 2017 y L
Applications
. International workshop
38 gpEpe Questfortopological 54174704 90170721 O ToPOlogical States and b5, e 7 W% BISESREESIENSE 2017.0411-2017.0414  SAEAFIERSTHER i
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superconductivity

Phase Transitions in Strongly
Correlated Systems
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2017.06.3-2017.06.05

2017.06.24-2017.06.27

2017.11.17-2017.11.20

2017.08.20-2017.08.24

2017.08.20-2017.08.24

2017.08.20-2017.08.24

2017.08.20-2017.08.24

2017.11.10-2017.11.12

BRI AR ER S

Ce-113 RIS ERRIHE

=B S55E N AREN

BT ESEFHSIMERIRT
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The KITS 2017 Forum:
New Horizon in
Condensed Matter
Physics

2017 Workshop on
Frontier Research at
High Magnetic Field

The 3rd National
Conference on
Condensed Matter
Physics

14th National
Conference on
Superconductivity

Forum of Science and
Technology Frontier of

"High Temperature
Superconductors” ,
Scientific Meeting Hall
of CAS

FERF RS F e R
RLVTFEZAFLES
REERS

%IE%EIE@%‘—?KEE

e

2017.08.20-2017.08.24

2017.03.27-2017.03.29

2017.06.03-2017.06.05

2017.06.24-2017.06.27

2017.08.21-2017.08.23

2017.09.28-2017.09.28

2017.11.05-2017.11.09

2017.08.20-2017.08.24

SRR SRR N BN

Laser ARPES on

High Temperature
Superconductors and
Topological Materials

Laser ARPES on

High Temperature
Superconductors and
TopologicalMaterials

Quantitative Determination
of the Pairing Interactions
for High Temperature
Superconductivity in
Cuprates

Introduction to

High Temperature
Superconductors and the
Forum

Laser ARPES on
High Temperature
Superconductors
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FhEEEFFIENY

BEHERSESW

2017.09.07-2017.09.10

2017.06.24-2017.06.27

2017.06.25-2017.06.27

2017.11.25-2017.11.26

2017.06.24-2017.06.27

2017.08.20-2017.08.24

2017.11.01-2017.11.03

2017.06.24-2017.06.28

BRI AR R
RS R

Electronic properties of
several new topological
quantum materials

A Unified Phase Diagram for
Iron-based Superconductors

Cu3Zn(OD)6FBriF# 78k
S5

Spin driven nematicity in
122-type iron pnictides

BREBESA PR BIEIRE

11 2B BB SRR R e
IRiE

The shift of the quantum
critical point in slightly Cr-
doped non-superconducting
BaFe2(As1-xPx)2
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34 FBERK
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Beijing Forum for
High Temperature
Supercnductivity

$E "BieEsSELE
R Eieia
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BLEEERRTYIES
FRIFRICIR

2017 FREWPIEF2RK
FEARRW

2017.06.25-2017.06.27

2017.10.01-2017.10.03

2017.04.10-2017.04.14

2017.11.24-2017.11.26

2017.08.20-2017.08.24

2017.11.17-2.17.11.19

2017.09.07-2017.09.10

Spin excitations in 112-
type iron pnictide
superconductor

EFBiERINCu3Zn(OD)6FBr
{REEEER A

Gapped Spin-1/2 Spinon
Excitations in a New Kagome
Quantum Spin Liquid
Compound Cu3Zn(OH)6FBr

R HRERNZ A RERRAT
BleF

Structural phase transition,
precursory electronic
anomaly and strong-
coupling superconductivity
in quasi-skutterudite
(Sr1-xCax)3Ir4Snl13 and
Ca3Rh4Sn13
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EHFESESHENE
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2 *BERT BSIRENRAZRS EESEE=SA 2017-2022
3 5 M HEMEFEXGFETUERS R 2015-2018
4 B AIP Publication China Advisory Board Member 2015-2017

_ | | EswEER

FsS %3 EERIER HASS {EHA
1 BRI Superconductor Science and Technology e 2011.06E%
2 BRI International J. of Modern Phys. B and MPL RE 2010.05&%
3 BT Journal of Physics and Chemistry of Solids R 2016.05&%
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Prof.Wei Ku

Prof. Shin-ichi.
Uchida

Prof.Venkat
Selvamanickam

Prof. Frank Steglich

Prof. Rafael
Fernandes

Prof. Valerii Vinokur

Prof. Alejandro V.
Silhanek

Can high-temperature superconductivity be an
entirely different beast within our reach?

Road to Higher Tc Superconductivity

Recent Advances in High Temperature
Superconductor Tapes for Electric Power and
Magnetic Applications

Heavy fermions: Interplay between Kondo
entanglement, quantum criticality and
unconventional superconductivity

Nematicity and beyond: emergent electronic
states in iron-based high-temperature
superconductors

Vortices in superconductors: All the physics in a
single grip

A tutorial introduction to electromigration and
its applications to superconducting circuits

Shanghai Jiao Tong University

University of Tokyo

University of Houston

MPI for Chemical Physics of
Solids

University of Minnesota

Argonne National Laboratory

Université de Liege
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Fs REA REE

1 Prof. Yi Zhang NMARKRESSQUIDR S

Magnetism and spin-orbital coupling in the

2 Dr. Devashibhai Adroja spin-chain systems A3MM’ 06

Emergent Electronic Orders in Iron-Based

3 Dr. Ming Yi Superconductors

Fromnano-structured superconductors to

4 Prof. Yosef Yeshurun o S
commercial high-current applications

Tuning superconductivity and spin-orbit
interaction across the phase diagram of (111)
LaAlO3/SrTiO3 interface

5 Prof. Yoram Dagan

Flux Penetrations and Thermomagnetic
Instabilities in Three-Dimensional
Superconducting Nanostructures

6 Prof. TsuyoshiTamegai

Experimental probing of quantum criticality at
7 Prof. Aviad Frydman the Superconductor-Insulator Quantum Phase
Transition

Resonant Inelastic X-ray Scattering study
of Magnetic Excitations in high-Tc cuprate
superconductors

8 Dr. Yingying Peng

Direct visualization of degeneracy and vortex

9 Prof. Joris Van de Vondel T
ice in nanostructured superconductors

Fs REA RSB

EfrE{ESEAS

A

Shanghai Institute of
Microsystem and Information
Technology, CAS

Rutherford Appleton
Laboratory

University of California,
Berkeley

Institute of Superconductivity
and Institute of Nano
Technology Bar-Ilan University

Tel Aviv University

University of Tokyo

Bar Ilan University

Polytechnic University of
Milan

KU Leuven
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NMR evidence for a field-induced quantum spin liquid and gapless excitations in
-RuCl3

LB TMHIIBERR

EEAFIHISERR

ERiR SR AR S LN
XmonQubitAIRICEFISLINTT AR N
BRI S R

AR AR R R R EE AR 7 USRI A

Electronic Structure and Pairing Interactions of Bi2212 Measured by New Generation
Laser-Based ToF-ARPES

Charge Density Wave Effect and Splitting feature on Three-dimensional Fermi Surface
of ZrTe3 by ARPES

FESRHMARIZr Te SHIW Te 209 D HHECARPESHIFE

KT ITEEER_MENEY (TMDC) W2 EEZHIARPESHT

RIS MEX ST R AT R EREE F A RHA R RO

kR E et BaFe2S 3R BB IS

SHEESAIEEEE

Topological spin excitations in a three-dimensional antiferromagnet
Neutron spin resonance in 112 type iron-based superconductor
Neutron diffraction study in ThFeAsN and Cr2GaN
BABFARRFHIESRE

E—HCrEBESMEIRER

BRI RHIE1T-TaS2-xSexiB S B =

MBHEE AR LR R A RS AR MR A SES B
Fel+yTel-xSexlmFREBRZREAIAR

FrEdKondofat& Al Y bPtASHIRLIE IR LA A SEIE B IR LT R TR S ST
RN GEERAE FAIMRERFAIES
SREHBEMEH(CaFel-xPtxAs) 10Pt3AsShAYEIE (K- 1B SIELS
Pr2CuO4iE S ERRAYBIE LAR FBmNE I RAVEAZR

National lab for Superconductivity « Annual Report 2017 | 61

HBESERERLRE » 201751k



EFRS{FESZEARZR

e Organizing Committee:
FDEFRZIN

Chair:Prof. Zhong-xian ZHAO
Chairman of Academic Committee,

International Symposium National Lab for Superconductivity

on Frontier of Superconductivity Research (VII)
Co-Chair:Prof. Xingjiang ZHOU

O ptl ca I S pe Ct rosco py on Director, National Lab for Superconductivity
U nconven ti ona I S u pe rcon d U Cto rsS Co-Chair:Prof.XianggangQiu

National Lab for Superconductivity

Program and Abstracts

Secretaries: Prof. Beiyi ZHU, Ms. Linggian WANG

National Lab for Superconductivity
Institute of Physics

Chinese Academy of Sciences
Beijing 100190, China

Tel: +86-10-82649167

Fax: +86-10-82649167
October26-29, 2017 Email: nlsc@iphy.ac.cn

National Lab for Superconductivity
Institute of Physics, Chinese Academy of Sciences Brief Schedule:

Beijing National Laboratory for Condensed Matter Physics Friday, October 27
Registration and Opening (M-building Room 234)

Scientific program
No.8, 3rd South Street, Zhongguancun, Haidian District,
Beijing 100190, China Saturday, October 28
Scientific program
11:50 Closing remarks
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Scientific Program

(Each presentation includes 40 minutes talk plus 10 minutes Q&A)

October 27, 2017, Friday, M234, IOP

Chair: Prof. Nanlin Wang

Institute of Physics, Beijing

09:00- 09:05 Zhongxian Zhao Institute of Physics, Beijing Welcome Speech

Institute of Physics, Beijing
Brief Introduction to National

09:05- 09:15 Xingjiang Zhou Institute of Physics, Beijing Lab for Superconductivity and
the Symposium
University of Tokyo Physics
09:15- 10:05 S. Uchida University of Tokyo of Josephson Plasma Modes in

High-Tc Copper Oxides

10:05- 10:30 Break & group photo

Chair: Prof. Rudi Hackl

Light-induced new collective

10:30- 11:20 Nanlin Wang Peking University modes in La, ,Ba,,.CuO,
superconductor
Fermi surface development with
11:20- 12:10 Setsuko Tajima Osaka University doping and the superconductivity

in the pseudo-gapped state in
the high T cuprates

12:10-14:00 Lunch

Chair: Prof. Wei-Sheng Lee

Light scattering on electronic
Walther Meissner Institute and magnetic excitations in
unconventional superconductors

14:00 -14:50 Rudi Hackl

Raman scattering in FeSe-based

14:50 -15:40 Qingming Zhang Renmin University of China superconductors

15:40-16:00 Break

Chair: Prof.Thomas Timusk

X-ray studies of CDW and

16:00 -16:50 Wei-Sheng Lee Stanford University excitations in high-Tc cuprate

HBESERERLRE » 201751k

Ultrafast Quasiparticle Dynamics
in Single-Layer FeSe/SrTiO3
and (Lijg,Fe,,)OHFe Se

16:50 -17:40 Jimin Zhao Institute of Physics

0.84 0.98

\

17:40 - Dinner

Scientific Program

(Each presentation includes 40 minutes talk plus 10 minutes Q&A)

October 28, 2017, Saturday, M234, IOP

Chair: Prof. S. Uchida

Search for the mechanism of

09:00-09:50 Thomas Timusk McMaster University superconductivity using optical
spectroscopy
Light scattering from correlated
09:50-10:40 Yuan Li Peking University electrons: a glimpse at symmetry-

breaking mechanisms

10:40 -11:00 Break

Chair: Prof. Yuan Li

Infrared Spectroscopic Studies
of the Phonon Dynamics in Iron-
based Superconductors

11:00 -11:50 Xiang Gang Qiu Institute of Physics

11:50-12:10 Summary & Closing remarks

12:10 -14:00 Lunch

14:00-18:00 Lab Tour

October 29, 2017

Free discussion

64
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International Symposium
on Frontier of Superconductivity Research (VII)

Optical Spectroscopy on Unconventional

Superconductors
Beijing, China, October 26 - 29, 2017

The National Lab for Superconductivity at the Institute
.. of Physics, Chinese Academy of Sciences, Beijing, is a
national premier base for superconductivity research in
China and an important hub for academic exchange
among domestic and foreign scholars in this field.
. Aiming to strengthen international scientific exchanges
f’\ and  collaborations, the  National Lab  for
Superconductivity has decided to hold "International
Symposium on Frontier of Superconductivity Research"
once a year.

This seventh symposium in 2017 will focus on
“Optical Spectroscopy on Unconventional
Superconductors”. Leading experts will provide
overview, personal experience, latest results and future
perspectives on optical spectroscopy studies of
unconventional superconductors, including cuprate
superconductors, iron-based superconductors and other
unconventional superconductors. We hope to make the
Symposium informative, stimulating and fruitful,
particularly to young scientists and graduate students.

List of Invited Speakers

Rudi Hackl (Garching, Germany)
Weisheng Lee (Stanford, USA)
Yuan Li (Beijing, China)
Xianggang Qiu (Beijing, China)

Thomas Timusk (Hamilton, Canada) . i

Setsuko Tajima (Osaka, Japan) ETZ..E’“ f;:?:;:;gou EZEZ’ZI(Zaﬁhﬁ’;ffpéﬁiii“iilﬁiﬁfEZWS
Shinichi Uchida (Tokyo, Japan) ST e s e
Nan-Lin Wang (Beijing, China) Lo e U o S

Bei-Yi ZHU Ling-Qian WANG E-mail: nlsc@iphy.ac.cn
Tel : +86-10-82649167 Fax: + 86-10-82649167

Qingming Zhang (Beijing, China)

Jimin Zhao (Beijing, China)

A

i

QO @ |G
@ |®|®

@ FLEESHRRMLEMRCIERNES
@ FLEESHRRMICERSIERINEGR
O HtEBESARINEERCIERNEGR
@ FLEESHRRMLEMRCIERINES
® FLEESHRRMICERSIERINEGR
©® FHtEBESARINEERCIERNEGR
@ FLEESHRRMLEMRCIERINES
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S SEBESIEKRREE.

. FFANRE M YILa2-
198744 , 2008EE b FrhERHAS: (44K ) , 2008Z2013EAE R 1 msEmE T S8 20129-2017.6  xCexCuO4+SHBEEIEN  DEZASEE
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S B I

g

B FRINER
BHERIRRER
Combi-Laser MBE
System

HEXELRX
¥FPMultiple
temperature zone
tube furnace

STX-12028&NIG
ZetEINLSTX-1202
Diamond Wire Raw

Sgeipmuffle

furnace

RRBHAZESYIE
MEZRS (PPMS)

{EEE M AT
HMEIE{LFTIR

spectrometer

BRIESETTARER
#tPulsed Laser
Deposition

ERITRENERE | BEEATLUARI800°C , EREZ3*107-8Torr,

To grow oxide films.Temperature can be 800°C. Base pressure:3*10/-8Torr.

BTFEKASER , TS REZALUAEI1*107-10Torr ; AR RETESSME
t ; RIS IINUER | EKIBERERTLUAZEI1000°C ; EEB/ERHEED | AILIE
20~30Pafy&EE FETI(E ;

Focus on growing combinatorial films. The basal pressure can reach 1*10~-10 Torr;
we can put six targets in the chamber at the same time; The substrate is heated by
the laser, and the temperature can be up to 1000°C; A high pressure RHEED is also
equiped and it can work well at 20 ~ 30Pa.

ALUER—MSFAREX FTRERER |, REFMRERER, %K 7.5KW ; &5TL
{ERE : 1200°C, AXRERT (BEEKE ) 60*1650mm

To grow samples under the same atmosphere at different temperature zones
simultaneously. Power: 7.5KW, the highest working temperature: 1200°C, the size
of quartz tube (diameter*length): 60*1650mm

FEAIR, ThEE : IEIRIMEL. HARSE : (1) TIEI2ER<0.45mm (2) Z YilHEaEE
0.01lmm (3) KFEITIEFEEHEADHIER 0.01° (4) YIEIRATHRT 300mm*300mm
Main application and function: Cutting crystal materials ~ Technical parameters:
(1) Cutting wire diameter <0.45mm (2) Z, Y axis precision 0.01mm (3) Work platform
rotation resolution 0.01° (4) Maximum dimensions of workpiece 300mm*300mm

FEMIR. IR : BTEEMAMRS. SASE: (1) TREEE <1200°C (2) FHEE=R
1~15°C/min (3) IE=EBE+1°C

Main application and function: prepare targets. Technical parameters: (1)
Temperature range <1200°C (2) Heating rate: 1~15°C/min (3) Temperature
controlling precision +1°C

WE(TRRMHZ THIEEE (R-T, V) FI#ME (#IHE ) . &XH#7 - 7T, iRESEE :
2-300K

Measuring the electric characteristics and magnetic properties under low
temperautre and high magnetic field.

BEETSMEIORAT AN ST N E JRESEE © 5-300K , JEESEE : 10-12000i5#
measuring the reflectivity of condensed matter. Temperature range: 5-300K;
Spectrum range: 10-12000cm-1

10

11

12

13

EERREN

W& ESIntegrated
system with HP/LT/
MF

=EIEEH7
EZEFIntegrated
system with
rotating magnetic
fields

S E R E R
ETwo-stage high
pressure and high
temperature press

MPMS-XL1

PPMS-9

TINFRBREER
¥PInfrared heating
floating-zone
furnace

ikl

RSN RAR XA IBAIHF. P=100GPa, T=4K, H=9T,
Exploring for new superconductors and related mechanisms, P=100GPa , T=4K,
H=9T.

REMMEESARERY AR, P=100GPa, T=4K, Hc=8T, Ha=Hb=2T,
Exploring for new superconductors and related mechanisms, P=100GPa , T=4K,
Hc=8T , Ha=Hb=2T.

FtARlEaRE . P=20GPa , T=2000K
New material synthesis, P=20 Gpa, T=2000K

TR REEESMEIMeissnersRLNIE; iRE:1.8-300K; #i7: 0-1Tesla; EH
: 0-1 GPa; #3795 (ULFINEE): <4mQOe

Magnetic property measurement system; Temperature range: 1.8-300K; Magnetic
Field: 0-1 Tesla; Pressure: 0-1GPa; Field uniformity: <4mOe within 4cm scan

ZINREER M ETNE (FERE \ B R\ B8%%); Fiit7: 0-9Tesla; [£77: 0-2 GPa;

Multiple physical property measurement system(Resistance/VSM/thermal power);
Magnetic Field: 0-1 Tesla; Pressure: 0-1GPa; Field uniformity: <4mOe within 4cm
scan

FFERKSEARAINET INARITIRE BRI | WEERTIERR D B
Crystal growth of various functional materials which can be heated by infrared
radiation; especially useful for incongruently melting materials.
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EEETHAEMRETIR
#UHV magnetron
sputtering system

iy SR AT ERS
RN PR RS
Ultra-low field
nuclear magnetic
resonance/
magnetic
resonance imaging
system

EESETHETRER
®E&UHV electron
beam evaporation
system

BRI ST IR
Z5tPulsed Laser
Deposition System

K13-4158Yfi s
S ERHEEDRIBKH
BOGTRRER K13
415 Pulsed Laser
Deposition System
with High-Pressure
RHEED

BT MSIND, AIBRERAENEAINREESZER |, FRaINR , BRIt TR
Wesd. PSR T ATE SAR LR RN R AR RIES. RIRE=HFT
1E-9mbar , WEREEHIHIZMSTIE | HRATTIAE400RKE.

used for sputtering of Nb, Al elemental or nitride single/multi layer thin films.
Substrates can be heated during sputtering, reactive sputtering is available under
Ar/N2 mixed atmosphere. Films deposited were mainly supplied for research

about superconducting nanowire single photon detectors, microwave co-planar
transmission line resonators, and so on.

base vacuum better than 1E-9mbarr, double DC or RF magnetron sputtering source,
substrate holders capable of heat up to 400 centi degrees.

BT HRO0TERMES FARHIIRR G | AT TR FRIFID, BheEhi) B aiE
ME. I TEESRIANSIR SRS R F T LA,

MEHIAE7OT , RACHIHLIZAMT |, BANERRHIIRIEFIRLL12/mIX, —HE1R
FIEDHIER ~ Imm,

Development of a new generation NMR/MRI system under ultra-low field in O

T range.FID, Spin-echo and J-coupling spectrum can be obtained with high SNR.
2D imaging reconstructed by direct back projection or filtered back projection.
Furthermore, T1 weighted images using magnetic nano particles as contrast agent
can also be obtained.

Measurement field ~670T, pre-polarization field ~34mT, signal to noise ratio of
single shot FID spectrum measurements ~12/ml water. Spatial resolution of filtered
back projection imaging was about Imm.

RTFERAFIAGEIRLAN B S8 TR,

B F I ERPREZS/92.0E-6Pa , Hi¥=EZH6E-4Pa, EctgTelemark281E8FERZER
:J? 41Hi|% BRAINESKW , Sx K E-10kV, EiEModel880FREMHAIEHNL.
RATTSHEEEE TR,

Used for deposition of Al and Au films. The system is used for making
superconducting qubit samples via double-angle evaporation technique.
Deposition chamber background pressure lower than 2.0E-6 Pa,Load- lock chamber
background vacuum 6E - 4Pa, Equipped with a 4-pocket Telemark281 electron
beam source of 8kW , Model 830 deposition rate control,double-axes rotating
sample holder .

TSR IR R AR A KN TR BRI DR | SCUNSEIEE
ERSREERE .

FEIMRERSFT5.0'10-5 Pa ; EF-BFRIMEEERS40 KV , =ZRESSK, HRE
SURTATE, HEROIMPEERIAERI00E | e, AIRAEEANE, 10bitRESIE
RERS , REFEST50Hz,

For the in situ monitoring of the growth process and growth mode of functional
oxide thin films and heterostructures, and the realization of unit-cell control of the
film thickness.

minimum pressure of the system: <5.0°10-5 Pa; electron energy: 1-40 keV; three-
stage diffrential pumping of e-gun; heater temperature: up to 900°C in oxygen
environment, manipulated with 3 dependent degree of freedom;4 targets at the
same time;10 bit grayscale image collection system with sampling frequency 50 Hz.

BT SHTHRE BRI S REERVE KR SERT IENBIEAE KA RS, | LIRSERE
ENRRERERET. TRIRREZTFF5.0'10-7 Pa , StaibEBFIGINEEE30kV ,
—RENSE, HRIRASEERERIES | HENE. HRANMEETARR
900 , MiE. AIRIATEE4NEE, 12bitAREHIERER R  RERE=T50HzZ,

For the in situ monitoring of the growth process and growth mode of functional
oxide thin films and heterostructures, and the realization of unit-cell control of
the film thickness. background pressure of the deposition chamber: <5.0"10-7
Pa,Maximum electron energy of the RHEED system: 30 keV, two-stage diffrential
pumping of e-gun,heater temperature: up to 900 °C in oxygen environment,sample
holder manipulated with 5 independent degrees of freedom,fully automated 4
target carousel,12 bit grayscale image collection system with sampling frequency
>50 Hz.

19

20

21

22

23

24

25

S

BRI TSR
FHtPulsed Laser
Deposition System

BlueFors BF-
LD-250cRa e
#;8¥1BlueFors BF-
LD-250 Cryogen-
free dilution
refrigerator

BFRZIRERS
Ion Beam Etching
System

MIZE ST Network
Analyzer

ZINREEIEN
Multifunctional
Ball-Wedge Wire
Bonder

BEEiRsRE

cuum Bake System

HTS ch|p dlcmg
machine

RTHESMESIHECRWEE, ERERTIFT5.0x10° Pa ; t+ma 79tk
2%, IPVEREENAEEC10008.

For the growth of cuprate and other oxide thin films. backgraound pressure lower
than 5.0x10- Pa, silicon heater temperature over 1000 °C in oxygen environment;

BESEFIETHMERIONE | BFNFMEFCFEA MR
7mK,100mK&ISTHE=RATF300uW , 20mKESIHZRAF13uW,
For measurement of Josephson junction based superconducting quantum circuits,

R RICEENT

including quantum state manipulation, coupling to cavity or other quantum system,

entanglement, readout, and so on. Base temperature less than 7 mK, cooling
power: >300 uW @100 mK, >13 uw @20mK.

ZUtREFRIAR | 2R © /NF0.05um,

Etching various materials by ion beam, Etching line width: less than 0.05um.

MEFK —IRMNESE , SRESeE : 45MHz~26.5GHz,
Measuring S- parameters for 2-port microwave network,
Frequency range: 45MHz~26.5GHz

e O RSIEEETR | EIELFEXYER : 15mmx15mm,
Bonding the electric devices and chips,
X-Y range by Manipulator: 15mmx15mm

FEEZFETINAIMG , IPNEE : Z=E—600°C
Heating devices in vaccum, Heating temperature: RT-600°C

BSERGATIE , IEEE @ 0.1-400mm/s
Dicing HTS thin films, Dicing speed: 0.1-400mm/s
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BN AD
R F RN
vacuum ultra violet
laser ARPES

ETREINAEHIE
REABEDHHIMA
DHNRERNE D HHE
EEFRaERFIVUV
laser-based spin-
and angle-resolved
photoemission
spectrometer

BT RTREREED
HrEsROREINED LR
g?ﬁ%%%ﬁ‘éi%{%ﬁ
|

VUV laser-based
ARPES using Time-
of-the-Flight
Electron analyzer

MLAT MR EFEFEERNE, ()IEXKEFAR, IS EESHMHECHENES
1K, FEREEBRRMTEL, BER TS (2) MR BIRER FEEHE (3)(R4EMRIAIAUKE
B, (4) IR R AR MR A,

1. EERMEZEFFT1IX10-10 Torr , SCFRATIAZI5X10-11Torr ;

2. HE =RV EIRIR# TR/ F10mGuass , iAF]0.51mGuass ;

3. BFREBDHTRIIRERE D IR ~1 meV , RIEBEDHHE~03E ;

4. BRI ETEIEERE ( 3% , 385 ) TRIER | RARZUSH  FaEREE
fEF15K , iX%9.2K ;

5. RINMFEFHER 6.994 eV (K NL77.3 nm) |, TIEIHZ ~ 0.5mW , BEiAE
1.59mW,

Electronic structure measurements on the following materials (1) strongly
correlated electron systems, such as high Tc superconductors and other newly
discovered superconductors, giant magnetoresistive materials, heavy fermion
systems; (2)magnetic materials and spintronic materials; (3)low dimensional
systems and nanomaterials; (4) Dirac fermion materials and topological insulators.
laser : output wavelength 177.2nm; average power,0.5mW; tuanble linear and
elliptical polarization ; Spectroscopy:vacuum,5X10-11mbar;residual
magnetic,0.51mGuass;6 axis manipulator work well; sample temperature, 9.2K ; best
energy resolution 1meV, angle resolution 0.3 degree.

MLATREFRFEMATNE, (LXSEERBKE AR ISEESHHIECHENNES
1, EHEEBREMTRL, BT 2) MM HFIBIRR L (3)(RUEMRIFIGKE
BIF,  (4) KA 2R AP RARIMASRIK,

B EWHIRL177.2nm |, FEYTHERL.24mW, BRHRESEE 12.06ps 120.1MHz , R
RIRTS | ZelRiRERMBERIRAIVE, (X . E=E , 4.5X10-11mbar; ERERFIE ,
0.96mGuassHREEANY , N EBELER , HRREEEK. BIEEEDSH#ER2.5meV
Electronic structure measurements on the following materials : (1) strongly
correlated electron systems, such as high Tc superconductors and other newly
discovered superconductors, giant classical magnetic resistivity materials,

heavy fermion materials; (2)magnetic materials and spintronic materials; (3)

low dimensional systems and nanomaterials; (4) Dirac fermion materials and
topological insulators.

laser : output wavelength 177.2nm; average power,1.24mW;pulse

width,12.06ps; tuanble linear and elliptical polarization ;
Spectroscopy:vacuum,4.5X10-11mbar;residual magnetic,0.96mGuass;6 axis
manipulator work well; sample temperature, 9K ; spin energy resolution 2.5meV

MUAT R EFEFEERNE. (D)IRREKBE AR, ISEESMHFECHENES
K, ERLEERRITRL, BEKFMRE, ) HEMEIFIBIEE MR, ) R4 RIFNGK
B, (4) KA 2K AP RARIMASRIKR,

B BHIRIKL77.2nm |, FPIHRAA.47uw@250.6KHz, BRHESEE 8.4ps EEEHTR
250.6kHz , {RIRIRZ | LelmiRERMBERIRAIVE, (X : E=E , 2.5X10-11mbar;EER
Rt , 0.81mGuassHEREERIN , NN BHELEE , #RREEE.3K,

Electronic structure measurements on the following materials : (1) strongly
correlated electron systems, such as high Tc superconductors and other newly
discovered superconductors, giant classical magnetic resistivity materials,

heavy fermion materials; (2)magnetic materials and spintronic materials; (3)

low dimensional systems and nanomaterials; (4) Dirac fermion materials and
topological insulators.

laser : output wavelength 177.2nm; average power,44.47uw@250.6kHz;pulse
width,8.4ps; repeat frequency,250.6kHz; tuanble linear and elliptical polarization ;
Spectroscopy:vacuum,2.5X10-11mbar;residual magnetic,0.81mGuass;6 axis
manipulator work well; sample temperature, 9.3K ;

29
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34

35

FEFREEELET R
BN R FREIE
{ARPES based on
tunable UV laser

"R
F=HENY
"Bamboo"Thermal
Neutron Triple-axis
Spectrometer

CyberstarytZZX
BRPCyberstar
Optical Floating-
zone Furnance

ZIRIENERSR
Physical Property
Measurement
System ( PPMS)

R EHRIE (YA
HBSHIANMR
spectrometer and
supconducting
magnet

MPMS #METIE
F%iMagnetic
Property
Measurement
System

PPMS &
YIMENE RS
Physical Property
Measurement
System

SLATH R EFEFEEITNE. (O)XERXEE AR, IS EESHRIECHEES
K, EREFEREMRY, BB TS, (2) MM RIFIBEIER FEMEL 3) (RN
BE,  (4) IR 2R F AR ARG IR,

B IR 175~210nm , EHIHERL.16mW@193nm, BOHEEE 1.65ps EEHIER
80.49MHz , fmiRIA7S | LlmiRIREERIRAIE, &Y : E=E , 7.2X10-11mbar; R
Flt# , 0.51mGuass;FmiERY , IMBEHRELER | HRR(EE3.58K,

Electronic structure measurements on the following materials : (1) strongly
correlated electron systems, such as high Tc superconductors and other newly
discovered superconductors, giant classical magnetic resistivity materials,

heavy fermion materials; (2)magnetic materials and spintronic materials; (3)

low dimensional systems and nanomaterials; (4) Dirac fermion materials and
topological insulators.

laser : output wavelength 175-210nm; average power,1.16mW@193nm;pulse
width,1.65ps; repeat frequency,80.49MHz; tuanble linear and elliptical polarization ;
Spectroscopy:vacuum,7.2X10-11mbar;residual magnetic,0.51mGuass;4 axis
manipulator work well; sample temperature, 3.58K;

BERSHIERIABEME R FRETAR | TEBEMETRBEIERMREMASTARER.
HEASE : RniBEL*1078n/cm 2/, BEESEE 7~65 meV , ZiESBE <9 A1, #
FRIAE : {iE4~300K,

Applicable for inelastic neutron scattering research on condensed matter, especially
for the spin and lattic excitation in the materials .

Flux : 1*10A8n/cm”2/s , Energy Transfer Range: 7~65 meV , Momentum Transfer
Range: <9 A*-1;Sample Environment: temperature 4~300K.

BMEMAY. SERFKIEREER, SE0~100bars , JEE <2400BKE.,

Single crystal growth of oxides and alloys,
Pressure:0~100bars, Temperature: <2400°C

SRS ASEYIMIE  BE1.8 K~400 K , B5 0~9T,

Measurement on resistivity and heat capacity, Temperature 1.8 K~400 K, Magnetic
field 0~9 T.

ZHSHRNE |, 12T, 15T
NMR measurement, 12T, 15T

EraERIDCRABENEFACHHERNE |, #3%5:+7.0 Tesla
400K ,

Field:+7.0 Tesla, Temperture Range :1.9K ~ 400K, DC Susceptibility measurement
and AC Susceptibility measurement

IBEXIE:1.9K ~

FERTEE. /R DGR, Lk, PMES. BUHE. HASNINE. #i7 : +9 TR
E : 0.5K~ 800K

Field : £9 T, Temperature: 0.5K ~ 800K.

For performing Resistance , Hall Effect, magnetic torque , specific heat , thermal
transport , magnetic torque , rotater and so on the measurements.
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R-TEEFRUE
EStResistant
Measurement
System

18kWAEEER)
RXGILATENNY
18kW Rotating
Anode X-Ray
Diffractometer

UltimalV 3kW X&%
278 UItimalV
3kW X-Ray
Diffrctomete

FEENIE | iRESEE:5K ~ 300K,
Temperture range:5K ~ 300K, Resistant measurement.

MRS, RN EEDHT  RIRSEUSIHIE | BREDHT . Rietveldid
1&g, BRSO , SRRE | BIRIME.

RAHINER: 18kW , EHIE: 20 to 60kV , BFEF: 10 to 300mA |, (YL 6/26 , Jf
A2 185mm , #RIEE: (AMFIHELES , BiEMHE - R.T-1000°C , {RiEMH4 : 10K-RT,
FERERE © =0 ~ 360°

Phase identification, Crystallite size, Quantitative analysis, Precise lattice parameter
determination, Percent crystallinity, Rietveld refinement, Film composition,
Crystalline perfection, Epitaxial relationship between substrate and thin film.
Maximum rated output: 18kW, Rated tube voltage: 20 to 60kV, Rated tube current:
10 to 300mA, Goniometer: 8/26, Goniometer radius: 185mm, Sample stage: The ¢
axis of film measurement attachment : 0~ 360°, Detector: Scintilation counter, High
temperature attachment: R.T-1000°C, Low temperature attachment: 10K-R.T, Thin-
film attachment: @= 0 ~ 360°).

LMFRATET DT « MERMEDHT  BR/NART , BEDTT | RIESEIEHRE  SRED
#r , Rietveld#&(g ;

2BIRDHT « ER , BIREE  REERE | BEEE

BAEIHINER : 3kW , EHE : 20-60kV , EHJE : 2-60mA

AL : 6/0 , MENHER : 285mm , BRE :Z: -4~+1mm, x:-5~+95°, ¢ : 0~
360°

IRMES - [NMRITE%ES , D/teX Ultra—4EEiEiRinIEs,

Bife : RIXHENENE , REEAG0.4mm,

1. Powder dirraction: Phase identification, Crystallite size, Quantitative analysis,
Precise lattice parameter determination, Percent crystallinity, Rietveld refinement;
2. Thin film analysis:Composition, Thickness, Interface roughness,

Density;

Maximum rated output: 3kW, Rated tube voltage: 20 to 60kV, Rated tube current:
2 to 60mA, Goniometer: 8/6, Goniometer radius: 285mm, Sample stage: Z : -4 ~
+1mm, X : -5~ +95%@ : 0~360°

Detector: Scintilation counter, D/teX Ultra high-speed one-dimensional detector
Attachment: Micro-area measurement attachment, $0.4mm point-focus mode

39

40

41

42

LIRS

SmartLab ( 9kW )
B HXEIEAT

54 SmartLab
(9kW) X-Ray
High-Resolution
Diffraction System

STX-1202£835)
ERIAZLTIEI

STX - 1202 fully
automatic diamond
wire cutting
machine

BV-HTRV 70-
250/18%EFEN
Bridgman furnace

Ikj-LcEE 7RI
#Lkj-1c Ar ion
plasma etching
machine

ikl

LRI DT - ARIED T, BRI , EFEDTT | RIESEISIHRE  SRED
# ; Rietveld#&{

2EREDT e BIREE | S, REEEE | SREE  BREE , M.
BAMHINE | 9OkW , EEJE : 20 ~45kV , BEE : 10~200mA , Y : 6/6 , N
42 - 300mm , #ERE 1 Z: -4~+1mmy :-5~+95°, @ : 0~360°, Rx, Ry : -5~
50

NFTYE : CBOYGEE , Ge(220). Ge(400)

256 PSA, Ge(220)

FRZS : [NMRITERES | PILATUS 100K 4RSS

1. Powder dirraction: Phase identification, Crystallite size, Quantitative analysis,
Precise lattice parameter determination,

Percent crystallinity, Rietveld refinement

2. Thin film analysis:Composition, Thickness, Orientation, Interface roughness,
Perfection, Density, Strain/stress;

Maximum rated output: 9kW, Rated tube voltage: 20 to 45kV

Rated tube current: 10 to 200mA, Goniometer: 6/8, Goniometer radius: 300mm,
Sample stage: Z : -4~ +1mm, x : -5~+95° ¢ : 0~360°, Rx, Ry : -5~5°

Incident side: CBO, Ge 2-bounce and 4-bounce monochromators

Recieving side: PSA, Ge 2-bounce

Detector: Scintilation counter, Pilatus 100K two-demension counter

BT LLEE : 0-5m/saliE , #8 ; IEILEIS : <150m ; YIEILER : <0.45mm ;
YE{TEZ - <300mm , 28 ; Z4TR2 : <300mm , BE ;Y. Z HATRERE
0.01mm ; T{EE%EA : 0-360° , £##R0.01° , R ; BFEIAEEENZR , W&
R, BE. WE EEEESE,

Cutting speed: 0-5 m/s,adjustable & digital display; Total cutting length: 150 m or
less; Cutting wire diameter: 0.45 mm or less; Y axis stroke: 300 mm or less, digital
display; Z axis stroke: 300 mm or less, digital display; Y and Z feeding precision:
0.01 mm; Workbench Angle: 0-360°with resolution 0.01°, digital display; Used

for cutting different materials of varied hardness, such as crystal, ceramic, glass,
ceramic honeycomb, etc;

FEIRE : FIBHESSHR TNEERRR ; NS | BESHMRIFTRESEE
1800°C , AR , H&miEE1450°C , &ANHFAXE250mm,

The BV-HTRV is as a special crystal growing furnace according to the Bridgman
method. The melted material moves through a decreasing temperature gradient
and forms a single crystal.

Technical specifications: with 250 mm heated length up to 1800°C in an inert gas or
1450°C in vacuum; equipped with a pre-vacuum pump.

Er-EikeE , REIFARBE, BTN EREFAIM.
Updated domestic made old equipment.Used for argon ion etching after UV
lithography.
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FHEMIDASN B m. RotEs - £Fa) (EIREGHE ) ; SRR  &AS" x 5" ; &
FRY : RKBERRAEYT ; HFRNE : 350WEIMNT ; AR : 4.25" x 4.25" ; HRgS
M <+3% ; HERKK © 350 ~ 450nm ; 365nmIEERIRE : 15~20mW/cm2 ; I3RS
FE : lum ; JeZIDHER - lum (lumEXZIER , E=SIRM=ERS ) | YazEr | BS,

MDA-400M¥¢ZIAN, | T, 43l |, it ( Proximity ) ; EZS-RE#%50 @ X, Y: 10 mm, Theta: £5°,

43 MDA-400M Mask Krean MIDAS system. Type: Fully manual (Mask Aligner); Mask size : up to

Aligner & Exposure | 5" x 5"; Substrate size: piece to 4" dia;UV lamp & Power: 350W & power

System supply;Uniform beam size:4.25" x 4.25";Beam Uniformity:<+3%;Beam wavelength:
350 ~ 450nm;365nm Intensity: ~30mW/cm2;Alignmentaccuracy:1lum;Process
resolution:lum@1J1um PR thickness with vacuum contact;Process mode:Soft, Hard,
Vacuum contact & Proximity;Substrate chuck moving:x,y,z & 6.

(EFAXSIELIRAR HAIXEILRGT R GERE R |, WURITSIIS | B XX EATEI AT HT |
EINERRENE, ARG RE AT N BIECR/)N - 143,52 x 96,04 mm ; 1EHBR SRS
18] : 1Z=270-205% ; 1EHIRT FRIBESEE : 10:1 ; XSSERREEEA/N : 0.7 mm ; X§9&iRER
INEE : $EIB108F | $5#E3x 108 F ; =mMANEES | R/RyIEEESEEI+28° , iRE
0.001° ; 360° e IKIRZ0.001° ; X/Y/SEHUSEE £10 mm , ZSEAMFEEES mm,
44 PSLEEATEHMYPSL Irradiate single crystal samples with X ray to observe the diffraction points,

X-ray Laue systems | through which the crystal strucutre and orientation can be determined.CCD size:
143.52x96.04 mm; Exposure time: 1 ms - 20 minutes; Gain range: 10:1; X-ray
spot size: 0.7 mm; X-ray source minimum flux: molybdenum target 108 photons,
tungsten target 3x 108 photons; Three axis goniometer parameters: Rx/Ry rotation
range +28°with 0.001 °error; 360 ° basement rotation error 0.001 °; X/Y direction
displacement range +10 mm, Z direction 5 mm.

2017 FFIBIRE 4R

HEMEBRFEFESETER RS

Combined epitaxial thin film fabricating and vacuum

transfer system

FREGINEBIRFIE RS | MRFRESESERING  BEREREAD HRITREBIIBRNmINIRE , SSHE
FEARBFEMERELSRIE. BREZT1¥107-8Torr,

Upgrading the combinatorial epitaxial thin films fabricating system. It can transfer the gradient-component
samples with high quality to the relevant advanced test equipment and realize the continuous characterization

of electronic states and structures.Background pressure:1*10/-8Torr.

HBESERERLRE » 201751k

W E TS IR R R

Double room magnetron sputtering deposition

system
EREBFEMIRAVER RIRE=<1.3*10"-6Pa

Growing metal or other kinds of films Ultimate vacuum<1.3*10"-6Pa

H 32 SU5000# 37 & S 3 B F B 55

Schottky Field Emission Scanning Electron
Microscope SU5000

BB ZrO/WHESHER, ; IMEREE : 0.5~30 kV ; BMEEE : (FIEET ) 0.1~2.0 kV ; &K : >200 nA, Bie%
PRI IR FIRNIES |, S EgTIRFAT8THRNIEE (EBSD ) , iXRFAEE(YL.

Electron gun: ZrO/W schottky type; Accelerating voltage: 0.5 ~ 30 kV. Landing voltage: (deceleration mode)
0.1 ~ 2.0 kV; Maximum beam intensity: > 200 nA. With a high resolution top secondary electron detector, an

electron back scattering diffraction detector (EBSD) , and an iXRF spectrometer.
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AESNEL )

HRT3RRIER

e s

mT BT FHEOBRAEAS
R EIRRIBR

1. PRIBERKEFEEMFR
BRINES (ST : ZtH)
2. FERZFERKF2016—2017FERFF4E
fEFsEEE © 3K
SIFSAERR . BE
St XE. M. BER. IRE. BN, @8,

. iE. THIE. Ereod. O, B,
FH. Eit

3. ExXE®

BINE. NEE

4. HEMNZREMEARFAKEEZEREL

BIELL. (AKS, B, WD, Dehih. S

8. HER=ZREMEMRRIAIKEEEREK

T, BER. G5 XBE. ST KXR. TME. THE T BRER. FE. EEm RPE

XU, EXTT. EEfB. F. BEAN. RIEF, XI5, B0 2. X5 =S8R BR 58, &
By, SRk, BB, EFA. BEE. TR BFU EBE BR. KE. BE

FH R A iE

| | wmmEm

HfEiz— :
FE W Fh ET BY AN AL 58 3 B0 B 2 S0 00 W A0 2 iR

EEREREER UM ERRENE. ATEEENASERINESRRAE , FEIECHTS
EREENASEERINBEFENE , AIEAERNXIINAKR)FENRIRE. EaSET KA
AR FIL AT RERNGIRZRF , NTISERSEEMYIENS N SHBRFERE. EERTEER
SIERTEBRELYIRERS , TGRSR E— IR, BT ERFIRETE | EETRIBIEN
ERGEAERSEIAI R BB A , NTTARREELIREEARIANRE EENTINE FEleER
RN, 5, AT EEIEER T A e ER— P FERA |, FIRERER ARk RAbEERRRIA
N, NSRS FRIMERTEIR, THEERSERETIARSY | GEEHEERICREFZhEER
BE THRIN AR,

EER , MIEARBRLEEMIEEM TIEE , AR ASHEEGRISIEEETEAg (111) 7
L. RIEFHEFMIARE , EEEAg (111) WK EFTLUEZRSTED , BIEExTEE1x1ERAI3x3
M (V3xV3)R30oFEM, BTEIERIAL , EECKIERR LFE  XMERT | EERRTREMN
FEEMIREBAFFEEMNNFE. CANIREMEETFEINER | BIEURSHERESAg (111) Z
EREE(ERB I RERBRIAIKAS TR, X NAAIES , BAFXIEERE F SR ERUA RS

=g
Fo

PRBEMEARE / IRRRSMEERIRE (F ) BSERERLRERAXTARANELED
i, XER. Y. BARREMESEKENEERERLIRERIEARANETERERFEE A
BOMRAD IR TREERA | F5RERILCFArun Bansil SIBCHRESIE , RFEMFR rAg (111)
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R EAIKAY (3X3) EEERIEBFEN |, R T BEESAg (L1 ) EE(FRF SR —F KR Fetssty | EH%%};E— .
BB T KT EEP IR e ARRAIFIE.

TET , FEAG(L1L ) AR KIEERE ( 3x3 ) BRIl TSR T4 - 7Ag (111) ZrITe5HBEiESLifshitzZ88 T LI Z ERFd AR
SRR — Ao R A AP ST S4E | Eeh SRS en T M (EL) . H—SHss
M, RIS AATR (E2) | BASEEOEs = RENEaS (E3) . BT
R T RASTARE TR | B IR S B A AR PR SRR S0 (

4) , ENEFREEERFHTEFESY , EEINGRIC R BRI S, DXWEBSE , oJLSE N B HHET0ERLEE | RERIIATNT S BRI Zr Te ANH  Te JEREIE- BRI FETIH—/Nas
ZEkArse RIS (E4H ) . &, HEEEIEREN LT , BRI RGN ERTRESE, REFSHAAMX—S2E

EHEMTHE  BEER—ERE—EMAREE, 5k, EFHRIMIEHARINESEAIR T —X
WERRIMEEIR, PN =FER. IVRFEREERHHRE TSR, A, SIUEstR—45h
IMESIK ( BETFBEIRERBSK ) (REHRD , EX LERRRTHRESERHIE T ZRIATMHIHgTe/CdTe
MInAs/GaSbEFE. Eitt , SHFAGRIRBRIREEIR —HEnIMES TR TREMARMS B be
BFENALAEE. &iE, BiSitEME | 2E0ZrTey/ HfTe 2 KBEFNE T BIEERIARL | TR
PFEERIMRIPRIASES. RV ZrTes/ HfTeATRELTRSSIRIMESINSHIAR | FEEREEBAVE/ |
ZrTes/ HfTes5AJBERHRSSHRIMAGINE T RIINES(IK , FFEIRES ENEEER/NG I 8EESIXMA

FE(3x3)EEME/AQ(111) FIER BRI/ XU FetEeEt | RIVH—LIFRIBRFE. B, XKL
SEFAETAQ (111 ) MAENXUEMRMIL , XSEICHSAR M EREEESNAhENXKRES
NIMKAIREREARR., BR , % (3x3 ) ENMITRIZSEEEHE | (BLie EFgAMNE. X%
IR HIIEAG (111) MERXIAR LA (3x3) EHEHENXIKS , mATIBRARIRFET
459 (3x3) fEE , thARRRIFET4EAg (111) , MEREEEFRNER. BRI EEARE
RRRX MR S ORGSR |, F B L SLIO AR R — I HE AR RIEIC TS ERI A,

R T AR R TR Fi T S E T A S0 B S B B — R A S 7T | B RS — R B TLE MEZE. EIETS5IRTAEXRTZrTeILRHR , EXNEBINREINARRDE , IREEL. SHHHH
AR RIAOE B FRIREF - AU RIS E51E, IR IX IR Se SR BN |, &5 7 ARKIEIEH] PR FREEXIZrTe B FEARNERNE | NEREEFRIEERIUMEIMERREEER Y.

LI EROSHETND I , OREEPHTE FIISRAVA TN FEEE T &,
PERZEIEARAT/ICRRRSYIEERINE (F) BXINRRE , SEUKRAKHRRAERE

AR TIEAETDREIPNASE [ PNAS 113 (51), 14656-14661 (2016) |. AREFT{EE R TAFRERIFEERLTHARESHE , E2013FHE AT T EfrgaB&TESRINEDEH VT EEF
IEREARSESE RS S SRR SRS RE, BEEDTTRRNE N PR CRD PR FROERR. ZAREBRNRI_ENETHEFEMER. SR

NEDHE. ARNIEEFRIFZMEINZE LR (BL),
X TE3ESE - http://www.pnas.org/content/113/51/14656.full.pdf
IZIAFERXIERARRRAMAAETEKE. ETRE. silFaIRK. UNREXIHREIELTE

REE. mEHEFA , FIBULET THARFREES RIS OPEDCAD YRR FREERA , BES
758 BAR/NAETESBRENSTBRARRHTIECSE , SIMEEMRRMREB TEXREHITHERS
18 . RGeS T ZrTe A7 BB F I R AR EANE IS,
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LIRS T BRERZrTefIZERKESMFBEHEN (E2) , KIMZrTe ABRARIZEREE (2 -
4 eVA)  HEFMHBENESARY, EXERMERIISHNNBOEEN , FHHR T HERENE
T (E3) . EEE FEKEFUNT , RE\EZKE ; BERERNFE , sEFRSESEN B
FI135KRT , ZARBEIEIFATSHMNTHRIPR ; IREMREIHET , ZoREENFESTT | THBFEEKA.
XULERRIAEZTe; AFEREIESMILiIfshitziE3 (B4 ) . mBAizLifshitzf8T 5ZrTe NS RE RN
Rz, BEAAMIERE T ZrTe; R HIRAYFB R BEIE AR Bt 2L EUE B fRIEEIRE _E T RUSEEE.,

A, SERAMNT S SH BRI, MEEREAIHE , SRR/ , BINENRITERE
MRgBXA (B3 ) . EREBITFE—HRXEFRT , WNE T /E—ERRETHEMZERE | AR
N TEICTSHIREZTe PEIBHIMRIPRIASE (ES ) . XEERFR , MEREREERERMN |
ZrTes B MSSIRIMBSIRERIGIMBSMAETRIES., BREERKE2KT , SHSNHZEAIHERIIA
=, MEHRPRENEIN R ERIMEGRRESHIKA S BEEET | WRZrTe kARG T554$H

XA TAEERIUET ZrTes hFERREE SLifshitzi#£3 |, R T KALR—BL TSRS
MR EEIETARNEIR. BRGHT ZHZrTeA5SHB O PR FRERILEE | Bi5 T RMZrTe A
. AI{EAfEahEFBhe/RNAIH—SAAASEIRNA | LARIHRIMEZAERAR | =M TEERY
1%’%\0

X—HRREAEFEILERNature Communications_E [Nat. Commun. 8, 15512 (2017)
l. BETEBIExREARRFESSE (11574367 ) , BHEER (2013CB921700,2013CB921904 ,
2015CB921300 ) FiRlIZEFsEB ( XDB07020300 ) IE&EE SRV AAD.

FEF* T E4EHE  https://www.nature.com/articles/ncomms15512

HRER= :

EHE 8 HE R A+ #1Cu3Zn(OH)6FBri B i
B 5 BEFRRY B EF

ETFEIeRAERERSYREFZRIES CARE SRS, BHEENRIEEP W. AndersonfE70FHLEIR
IR, SO ARSI ARLNNANNS BESISR. ERIIR S LRSI SR FRIE S A
FEHOSKIEA | MEIERIMEn BRI E P ST ERFIIRCERSREA. X HERTH
EEMSEAINT  CRNCENSHE FETRINLNEFEIGRIFINES. FAERSHINTAILT Biekik
XEEFERARRPAEEENEFHUE , REDRLEENERRETIRE-ZERIMEt AR T EARIGAI AR
RS EFELT. BISINERT | BISRAHE TR RETIHERESE. BT HRHINFIRREE MU e |
BIERA AR AL NE T BRI R,

BAB Kagome (EH ) REABEKR#EAME  EURINEBFERRANSES. BT,
ZnCus(OH)eCI2 (Herbertsimithite)2—FX{RE AEZHY Kagome BIEEFBEIRRIIIT. NTHRRES
FENEFEIRRK , MRS HE#IkagomeRiEBeA R EY). BEFE—REHE , XiE, S0NE
MEFFIXIEZEATRS 7 — MR Kagome EAEREILHEAMAR} , Cu;Zn(OH)sFBr ( Phys. Rev. B 92, 220102
(2015) ) , XMFEFIherbertsmithiteZ:ll , #88 —4tkagomefd¥mE. B2 , CuZn(OH)FBrEEHEXI(E
BRSNS (EkfD , herbertsmithitef9—#tkagomefFFEEABCETR , MCusZn(OH)FBrAI2AASTH
8) , ALRNEFFRATHERRD,

=i, FERFEYIERFA/ARERSYIEERSIRE (5 ) EXOIASFHMRE. ARERFR
RAINER T CusZn(OH)eFBr, ¥BEFRTABEIRITFEA ( SCO9AE ) HIFHEIMARRBEIT T ZHEIRIATT. X
TER—MECHISIOENSIERIEEGIF | BRI EFENERIR | YIERSCO8EFHRMF?R ;
TO3HHZFHZRIAFRR | EERFFHEIIRIANBEAENFRIAR RS INAN THFRE. HREA
W, ZMHEEBS Herbertsimithite fRIUERAGERIKHAEEIER (J~17 meV ) , ZATRAEET ( 50mk )
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ROFNELENNENETHIHAEFAZAL | 283CuUsZn(OH)FBri2Kagome E&EEFEIERAITHAEURIE
4, BIECFINMRIUE | SAREINIEE 7 BRI/ 2B BiEF AL,

Ell: (a) CusZn(OH)FBrliRE , EIARICURFHRIHMENZnRFIEN | RHERRIKagome CuRF
THERIR. (b)) CusZn(OH)sFBr {iFtEl , EikKagome EEEMTHI W, fE7NIOFRIFL , JLIFRF , &
[EF Herbertsmithite , £ Cu;Zn(OH)FBrh , AT FRFAIRHILRES REES , Kagome EIRAIENE
BEFRRTLABHRINE],

WE 1R~ , CusZn(OH)sFBraEikiY Kagome &t& , Kagome EIHENEL/2 BICURFHIRL , RFAILL
BN EE R GHIEE/ERRIIEM KagomeRBi&IERY, BILER, W ERNDENERRES0 mKES , RFEMR
RN ( BARSKHEE/EFRRIEETE200K ) ,

BFCusZn(OH)FBrhf FRFIZEH1/281E , MEATNZHIHRIERE—MNE. AESFSE
EIZIBEEAIRND | REBEE AR ISR, TLUEMRAIHerbertsmithitet i -PRIRFZBEIRAT1/2
MR ZFRIGEREN , HIS NURE | TR R. Eit , EAEHerbertsmithitetZ#-HXLNZ]
T EleRER | (BREDHEIEAAEEIEL/ 2R EEBNE. SR , CusZn(OH)FBrAPIRFEENINIER
IR TR e. SLRERER , ETHN , REEE ~7 K Ehests | MRICRFREEHS
&, X ElERERS ARSI/, TIREREREHAZ AR | 1BIaRMN T RFEHHLIETTRUARRIBE
ETH. YTEMH@ER , EoTsRREIEALINEERT ( magnon ) . MER2PRIEIEBHHTEER , £
CusZn(OH)FBrep | REAITTEUAZBDEL/ 28] , BITFE D EBEIERIEIET ( spinon ) .

BEEEREFBIERIK | FFEEHE1/285eMspinon JTEA , BZ238 ( BToric code ) FRIMNFAIE
FEIERFREILES. XEEERMHTNRT 226N FEFBiefifnS— MEERFF. XN
HR—RAE , EZETEFRRETHIIZH4E | Herbertsmithite BI&RLA , Stanford XA Young Lee
HIEREEZSIEEZARSWNHNE (8852017 Gorden Conference on Topological and Correlated
Matter, 2017 KITP Conference on Order, Fluctuations, and Strong Correlations: New Platforms and
Developments ) . #$NFIECHICIA ARREIE TFBeAIS/ I \NISUE | thRGEIXIRASRE SO (Chin.
Phys. Lett. 34 (9) (2017)), S/N\RIEHFEES XTI T/ERIEEMAW AR ;- Just like the direct discovery
of fractional charge, the discovery of a totally new fractionalized neutral spin-1/2 excitation is a very
exciting result. ( IEAIfEEFoEERSN HFEENESELAIER , ERSMNEEH M EEEHELEIE
12898k , BRTaSARENER ) . HREAITCusZn(OH)FBrAYfEEECIONLUFIIRSITE | [EFERE
RNTE.

XINTESEITRIFER (2016YFA0300502 , 2016YFA0300503, 2016YF0300300 , 2016YFA0300802
& 2015CB921304 ) , ERBARFESEZ (11421092, 11474330, 11574359, 11674406, 11374346 &
11674375 ) , RI=BrsSB ( XDB07020000, XDB07020200 & XDB07020300. ) IHEEESAVRE].

E§EE ;- http://cpliphy.ac.cn/10.1088/0256-307X/34/7/077502
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psEHRIY -

BB FRFIERITER T ¥ SmB6HH
KRR

d

SmB; 2 FHEE60FFIFIATARIIE AR ( Kondo ) Lt EY , ES AERNERERFE—
BEEEXBRYEUEARN— EE R, TEEESRINREE AR SHESSHENEBRESE
SmBHRIKRI , EEEFHNAAFTRR., &b, FERERYIEAR/ICRRRSYIEERIRE (F)
BELREINRARRESEIFERL T SmBARE FENHN—RFSFEUNERERSITREESMEF
TR ARSI BLEETRIES " FFIHERIBAERENEARRIRE TMEEFRSERRANNSE
, EEESGT—MAMIEN "R MSEE | RIEREFERmRERM SMB FHESIESHEF
REEEETFRINENSREL | XESERNNE M B HNSRUPRIBRTEANE, TR e+
HBESMBFNYbB EABEXFAIINSHTER . X—#HWmLL "Puzzle maker in SmBg: accompany type
of valence fluctuation state” J9@{FE/Key issue reviewSEA&Z=fEReports on Progress in Physics (RoPP
80, 112501, 2017) k.,

EAMRARHRETIEFERWAIETERTM ( SREERIKEES ) SYEFMENIERTR. #)
BARRREFURARKFEMBHIZIEERI ce KFHTEEHIRSE  JIMMAFZ. FiskBIRBRHINISHRE
SmBFNYbBEARF Mt TH—FRFSE FEIE. #H. HallELANSERZEESIXROFIRESMRNF
ERROtD R AR AT BSISEICERANRN DT, TEXISMBAMRKIREREHRRFAI , 7£4 GPafESIFSMB.&
ETHEESREFSIHIEEERRFTHNEFSEE , BB TSMB(E4 GPaEN TEESEIFEKRIA
ERFRRAGIKEIFIC. LHh , EIFR T SmB, PR ERINRESERAIRE I SNSEMUAIRTERERLE |
FHEHTBEEETRRNBFSENE. Hall RN EEEMEEDEURIRRER, FEXISMBAISHRLEY
YbBFARS , KT ENFESHEEFSE-F BB BSENEFEE , FELS GPafyENTERE!

T 5SmB AR FESF A IXGI IR KGEFAIYbE F 2N BISIMEINERIEE | RS TIZEITYbB,
HMTREMIVHE. HIREH THRVBSIERTRERIRT YbAId-AE , FERATEER— M RIUTFSmBAYA
INAREASHE, XEERLIQuantum phase transition and destruction of Kondo effect in pressurized
SmBg , Pressure-induced quantum phase transitions in a YbB; single crystalfPressure-induced exotic
states in rare earth hexaborides/9fE 735&Z=7E [Sci. Bulletin -2017 , PRB ( R ) & Editor suggestion
-2015%0RoPP -2016] k.

ZERLATAES TREEEER ( No.2016YFA0300300, No. 2017YFA0302900 ) , #£Z ( No.91321207,
No0.11427805, No. U1532267 ) #19#&{BeB25cSIME ( XDB07020300 ) &R, 7 LB Rt EReRr
B RSB R TeRk T = EXRDANIRIISLLS,

MR TIREE
http://iopscience.iop.org/article/10.1088/1361-6633/aa7e3a/pdf
http://iopscience.iop.org/article/10.1088/0034-4885/79/8/084503/pdf
https://journals.aps.org/prb/pdf/10.1103/PhysRevB.92.241118
https://doi.org/10.1016/j.scib.2017.10.008
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HRERT

MEdERESFEPEINFIRTERS

EFESEIRMEARINEZNST. et EES2ETSAAERERFS ( REHEAR ) sk
Mpy. Bt , AL ERIS0FE , SIRESHHRIMAETESETEXBIETHRER | MRZIIEEIIEERIA

R

R, PEREEEYIERFE/ACREESYIEE RSO (5 ) AERAFRA ( SC094E ) FEEIFR
REAFI YRR LSRR RHIIRRE | BUXSIEBSABI,ST,. La,CuOAIAFAIN , THESH
MPEIERRESEER , RCEIRE SR KERAEERAFS. ERARESHE | SRR
SEEFZATHEEFRNERRS, HRENEARR  BEEREFSHIRFEEREREFSInFRE
AOEESEEH |, FEEHORFRI LTV , RIEEERFREO.IAMILHR. MH , S EFENEEREE
BRHUBIRER, RNIRIUETR T BEE-EESTNERFR | MARESRESHEIRE THFNE. HR
BIRAEN | FZ20ZF AINEHRER LB EICH BRI A R IR 2 R SRS /.

EEMYERESPERESTRARE(77TKNXENIIES | HELTRIUEX (4. 2K FHEFESAE |
HWFFEEE 18 , ATAktiGmEL. TER. EFUE. BHEp#HAS. B  SRESHEERNS
2 \MBES TR, EERNESHE  BSHIZANERS ( BXRS ) B2 TRorE
f#. MEEESHRESSAIAER. BWHz—2BSHE EAMSHERRERER , BERSNEE—AEHBOH
SEEMBEEKRT. EERRRERHILRTIOTHRRI , AR EL0 P OIREIXMEER. AlTERE
WA, ERSRIERER R RESIEE ST IRARRR,

XM RIEHENature Communications EA#HAR T ( Nature Communications 8, 1267
(2017); DOI: 10.1038/s41467-017-01465-9 ) , BsREBISHANWKFKawasakitE AR EEDE
HRAOMERHRHERKEASEMINERN. ZBHKawasakitFE—FE. XMLIEBEITRELED
( No.2016YFA0300502 and No. 2015CB921304 ) LAR BARIZFARES ( No. 11634015 ) AY7H+.

NEJHE - http://www.nature.com/articles/s41467-017-01465-9

HRER

AR SN G —1aE

BH2008F#ARBILIK , BEED 20 A REIRICIBRRCISIE LS B | BfI5iRatk
EESK, ATHEBSHREFAILSHEBCSIEESIRICTISAY40 KRZTER=IRIR , EfiRENIBESA—
EFFINSEESHKE , HESHY IR DRESARMESYER S UREE LAIBEER.

I ZFRAR , MISBANERUYESRES BT ERS R R ERHE SR B TR
1§, NIFE— M EAIEE. NTHREBSAMS , BHME "8 EEERuKHYE  BARILERE
SHEES—ERENZRT) , BINEHAEREF. SNEERNMERTULIESHEBESELE., ESAM
LIEREROR B REANHERS "8 A5EZREAESHEN | H—PErRmMysEHiES.
FRFRNSEES , BETEHRENBEFSEE | BARBRKEFNRE | SRRV EHREAEYE
179, Bt , SEEAHEBSAYIRERIS—ZE | LN BYBESN ERIEHA | BoatEESHIRRR
NERZ—.

=, PERFGRYIERFRA / SRS E R LI = () SCEFAEmT N & S ih EH THIEEEIT
73, WAREHEH REAISRERIETESCEIEEET T IHFEAR | RIR KA FAERI TR IER
B, XERGEBSIIHESATIABT AT RS SCEANRERE. BALE— Mi—AISREBSIAE
B, HHESEETEARGEEEHE | ZBAEBRANE FHE MRS HIET R,

(FENEFRRRSEBSEIEE , AT URMERGHEF. BEBEUEEFaIHE=5ER
NEZERHE (BL), HPEFEyEENERGPENHTREBESANEEITRIERBE 7S , THEES
AR RFabEA BB FSMR. SRS, BSHEIE=E2ZRANEHRXR  2EE%
EESHINIERNXE, REERLUREBSATHAERK | (BB FRIHESRRS RSS2 FER.
SC8IF AR T IR IR AR —EE T EEEE R VR ENRNERE | S TR FE5IE K
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EHTIFEREERNE | FERER 7 H7 e AR R SHhE B SEMZIE R (Physical Review Letters
117, 157002 (2016)), @IFM/ZHENELLLL, 122, 11, 111, 112ES N SEEBSANRTIER | it
MERIIFE—REDETNER , RESFFR , ERFIERCRERRE T AETRERRE-MER
kA (B2). flt, TLUEN—TEEEHA,  BTFEARFEKERE. FESARINE  ZEEE
HEIHERIBIES AN, TNSEBSHNESSERHEM |, R— MNEEEROEIMHREXR | B : mFREHR
3R, HRERHMREES, XESI0 FEIREREHEA A/ NS S YIEEEER. SREHFRZIEEER
B, R EFIRFRR  [EFUNRESZESEN (B3). Hit, FITTUMNIE EEN—THEEY
RSREBSERHPC) , EEERANEFHERIRGSHIETIRCE. BISEREIIRCE |, ST LAMNGIER S5
MHRLRESEESHEN (B4, ZH—BFSEENEY , MERARSRERSHRPERIEFNIET
ARBT NN | WHEEESHIEBRREAEERETR. FaHiR | X—HETAT 5
BRI EESMARL | gLiFeAs,  "1111" (ARFENMESKIE , IIETFeSetfE , LIRAES
A9Cu, Cr. MnisZYURES, X—I{EAZFMEPhysical Review Letters 119, 157001 (2017),

EARRTIERSCOARAFTHIAT (TR , HPRFIBCERINEEEMAEIE 450 , SC8E
RUXUERE. 5. KNR. #EFR. k. BEREFS57ZzIF. EBREEHESHREAERNRF 7%
MIESEFRTEIEE  PRIGYBEFIISEL. RS, FMEERIEITEAZIMFT. HFR. REAF

R TR DR,

ZRFIAR TSGR T RBBE%ES ( XDB070000, XDPBO1) . $#lrE{ER. RHXERI73ME
(2015CB921300 ) . ERERAKITXI (2017YFA0302903, No. 2016YFA0300502 ) . ERBERE}
FHEE (11674406, 11374346, 11374011, 11305257, 11674372, 11421092, 11574359, 11522435,
11774401) . ExRBFTAHIFIERIS.

HRERT :

ERE 4 Ta—Nb-H-Zr-TiTE B 5[E H T8
SHEREERN LI

BEE SRS E20HCIOFAETHARIFREESHRNER MELHN. SHaSBERAMIALS
RFCEGAEFRFHRITTRAR . FFESMTRERE RN LEXMS RN EE R BRI EENER
K, Bz ERMREES. SRESESHERIMNFRAIMERE  MREAEGRE. MFHSETM
MRSFMRIRTZRIIMNS | EAMNENBRSERE. I5F , EREEROISERNATEBEETa-Nb-
Hf-Zr-TiRI 7ESEY , EEEE-EEHE ERNHIRHIE ST,

&, FERZEDERRA/ICRRRTYEERIRE (5 ) BSERERTHREHEARRA.
BTEFAAMINBARBREEE SEHITRAZ CavalSHRASE , WHIEHNERESHES
(TaNb)o6,(HfZrTi), 55 # ¥ RSB SEMHT T RENRUBEEAR. KMNZeaSEENTEESARSFNR
EZHENBSEY : 7£515190.6 GPa HEIISEEMRHRSHEE R -BE MBS EEEMEWINS
BIEfTA (HA) |, MEENEANESEENEBSHERETHRI. E LS RhEERSES
XRDILE4ESRZRABAED6 GPaRIENT , HERAMARIRESE ~ 28 % , (EIRERELIEE., ZIARERKA
(TaNb)o 67 (HIZITi)o s E SR SAMER R Er £ B MR RS S EEREERE SR,
ZRMAMNESZ T MPFIRSLRASN T |, B AR E SRR T HIstie iz,
5N, EHENTEES EERIRR TIRIGIESHHEIEESRRE T MREESS, ZIMARERK
RIEEERIZRT) [PNAS 114(2017)13144] L, NaturelHZIRpLSRIER Research Highlight #2E LA

“Super-squeezing can't crush this superconductor's powers” ARMHTIRIE.

ZINA RIS E) T RHEER ( 2017YFA0302900 , 2016YFA0300300 , 2017YFA0303103) , E&ZF
(91321207 , 11427805, U1532267 , 11604376 ) F1##IpxBESIME ( XDB07020300)AY55E,

XTI IEhEE
http://www.pnas.org/content/114/50/13144. full.pdf
https://www.nature.com/articles/d41586-017-08237-x
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PRI B FIL &SR BEI BT B B 5K
ER&EERFRARE

1R9BEF | ERRERARMASHEREF | PERZRYIRARATX S SR RIK2016 FEERE
EREFRAR, PERFRRK. RABCEELAREERTARRERE  ARRRAFIANAR ELAHRY
EMREEE.

R

i

TERRFERAREE R EM TR B ER L
ER&ERFRARE

EH , £EBRWREIER. PEIERFERKRERREERTARERS | SRR RIk20165

BRESRESHEARBANTRKPERFFK
“+ZAH” RUTEERE

Ri

1A5H FEMZRAA TFEWERSET. WA, 3 +28" RHRSEMNGRAHT TR
Z. BT "SCESEBSAAREN (BBAKRR : XEE. PRMIE. EfR. BER. 58 ) REFERZ
Bt “+—H" RHEBERS  BEURK. XIEFRICEENBRERS SRR THRIES.

SR SREREIBA IR R R 8 S TERR BT /BB AN ARHX A R £, BElfES | £Bit1257HA3R
IEEFRER,

REMDEIE, FHEER. BiLE—HEH
B — 1R EAERR A B

1R198T™F | HERHPRAERIC. BFEERE. BichFE—FiCHE—TREMIEMEERATERS
Bebr ERXENR , ACRRHP B R R TELARR AR AR, YEEMATREEES , REHIC. BIFTKH)
1], BIFTK. REEIBIC. LERICIEREEEI,

HE BB ERTIRG2016 FERRSRIFRALRTHARINE | ST T HRIIK , XY
WhiRE) T X EROAETEFRNS RGN | FHTE T &R R RASENAE L. BEERIHERICSHE
RHHRIR OFRGS | BB BTSSRI TIE . ARERESEIARITIECHDE.

ERmBERREE. EARBFEZERENR
%%him?l%%ﬁﬂ%ﬁﬁx\%ﬂﬁﬁﬁ
RFIRE K BARFR

1A9BEF | EXRIFRARMASHEREF | PEREEGAIRAFATE S R T RIR2016 FEERER
SRR | YRR "HREETMRERESEEENEFF RRREREARFEEFE, 1818 , 1t
REEXRE, ItEMEERARBIAE R R FERFRYIERRTAKREE | SRR+
EREEFYBERARSEE O, BRBENTEQFRHMFE T HEIARSRIEE |
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BEERELATLTUEZBF017EFFZARAKRSEEN
REAREREE_REMFEEIN

2017F1A11-12H , BSERERLREBH 7201 7FFARREENEFAAZRSE RS, FE
N7 REGEEEEESHAN=TRAFERRES" .

HEESIHEFAAS L, BESLREFAZRSTEXEEHRIBORDE | TREFEFRTIHATRA
FARREZRMLRESRINENE T 2017FEARFRHINE. BSLREZSRAATBSLREFAE
SERNLRELNTERS T2016FERINEML T, FAZRSZRARNSMESRE | THEHES
LE2016FEMFELIF. ERAFNNESLRENFS TIEAR LR EREPAARZMATEREAMNA 73K
IR,

jl

‘141

=
R

2017FMEEINRASEBESAAKN=1TRF , BSLRE=EFLIAEDT "KRESEE
SEII=1TRFEERES" . BXIEEERRES  AEAR "SEESHTHRES" MTEE
R, BEINEESRESHNAIIESERERLRERRIINE. tMSHINATESIREFARR
SEEXEERIRINEREN2016FEEREBMFARAR | FRERSANTEEX SRR S FHRIHEST
RELNMBSHAFIINHRSETRENSE. ERES L, BEAFNEIBHR. YMIEFNRSERLT. &
R TATRIEMRR. RAFNREZ RT/ESERRETRARRD NE T X TERESHAARIEE
. e, RN AEMSSE N HGRARS. BRAMRENRS | TSN BERAmERSM |,
IRETETER  TAREBI300A. EESHRESERITNCHRT , YIEFEREAK. EEFRKTEUK. &£
Effbit. KBIERLT. miskkt. EEREIR. BHTHIR. KRR, HECREIR. TRMER. R
YR, BHRFARR. HRorARRENESRESANERERIISEITRE SIS | XERRTET R
FRS. 2NMEXSBSSO=ERIRKRAHED , BNEERRIRRAISFFHT.

BUEFAZRRSB RSWHESERTER. LREFERNTARRAEFLRESEME 7 LNER

BITE, BEEFRRERSIMERIICR T2016FNTIERRIRKEE, ERIBSLRERNTIE
BT TEESE. ZERMEMGESILHREHRHESNER , BilEIHE—SHRREIMENAR. AZ 3RS
7= BBARSES D, RIAROEIFTRE NS ERE TIPS ERATEIN.

KRSWSNEBEESLRELWNITE. BELREFAZRETOER. SNFAZREEZRE
ERERKRT (FRAR) . REZhT (BRAR) . KnERT(FEREAE). TRkt ( PRibAEE
AT) . REASBE (PRIBRCERT) . REEHEEE (ItRKXF) . HFEREE (EBEXE) . BXIHARR
(FRIBTEETIRT) . EfMER (IEEAE) | BHFEER (ItEIWeAE ) . KEFHEX (IIAZFE) . £
TEHIR (IBEARE) . APERER (FEARKE ) . HWEER (FEARAE) . WREHiR (ITK
F) . FTEREE (BRAF) . HIEFHE (BT ) | KHER (BEXE) . BEgRER (AR
F) . BEEHER (BREAR ) URMEFESRL. 8RR, HiAMARIIERZARRSE.

BELLBIRR B ER B B+

1A258 , FEMFRRK. RAPICAE\TEARYEEMEEXEERT , AELREHRATE.
YIERTAMSERMS | REFIC. BFTKIME, BIFTK. REFEIFIC. LEBICIMEERE.

BEAB IR SRR 2016 FEERESHARARERTR R | FREEE SR —RFEIIE T
FRIBGRE  BSFWIATFNAREDRE , MESEEREAMIEFRSEIRET. &5, A&
KIFSIAE 7B R RIS |, TIBHERRESF. XEERIEEUSRMTEREERTANX
DR  FARTERE CRARS D AREE SR AIN BREE CrINE.

National lab for Superconductivity « Annual Report 2017 | 101



102

HBESERERLRE » 201751k

EEHHEIER . BEEREHCT N —1TR i) ¥E
PR Tkt

2017518258 TF | 2 EBPEIER. RHREBEBRKAN—ITREWMIERER2RID P ER Fhehk s
5, AFRREERIRRE R I BARE AR AR, ERMNERARB T O AZERKREER , AR
LR RIRES | RELETN , PERFREIRRKKE  KRAMBEIBKERT | IHMERELEIHAFR
e, YIEERRATKEEMS , REBIC. BIFTKIMY , BIFTK. REEIBIC. LEPICITEREREIA.

HiNER R R TIRG20 L6 FERRSRIFRARFTHIRUIRE | ST T T FIIRE , XY
WiRE) 7B EROAETERNSMENR | FHTE T B R EB AR BATEINAIE . BRI AR SR
BERRIROFRNRNE | R NEH RS SRR | ARERRRIAIARIREE IR,

EEBSIELEAREZERSIRBEBRSE20165FF
STEIERRIRF B I

LEBSINEURAZRS (SAC/TC265 ) EARE2016FF2T 2017528 22 BEFRIBHIEHAT
B, #. ERRRSREEHATIASS | HPEETEERNENERZRS TR E—SEEEE
F , FERIEREVRREDAERLNEE , PRIGYEERIEXTS | LIRIERRFAIH FEbet. ¥R
A S SR ATt e 2 B E R L.

BRESNHAE-EESTEZESNBRIETFERS. AREXAEAESTREMMNNRE_BEZEREE
R, RERER , FHEHERMA TIER. F_BeEESEURAZREME31BRRNABMDAR. BX

TEERFER  BF7. KER. TUEFREIERR  FEEERFUPK , BEE. REZ. MRE. %
ForEal, MR E R EREE B EA T TRE,

FREAZRERINF—ETELNERR. AR TREES | BT A+ FEREL
TR ABRIS DA Z LAERIEAS S, MBI T RE221MERBMAVRE. SERBIAIH—ERE
SHPRIERTHER | ZFRET—ErESATEE T . AREESREN TEEaESIEH IR,

B ETEREERAM T IFER2003FE2016FTERE. F—EirEsa EESRTM IinER
016FFETIHRS | BmirEaTARN TGRS TSI T ERHH TR E.

HAREEFEEHEREL  APELSFAARNSXK | IECTIFEEINE. *EESrES
BH2003FR LAk , FEESHATRENSEM T KERITIE , ML TESIVERR, TBES IR
8, i TIERATIRGE , ERESISEX—MESHRRERERS. KINEENSR  2EESIFER
NIEEFREE TR MrRSTERHER , MU TIFRFNNES. HEELRERUEES , MUREE
PMREC TS, EEFREECHASN. YIERATREFERRRETEMSESINEC T F—E
REW , SESESHEXBESIVEC TIHET HATRERATIS. HFElRIA)N , BREEEBESNAR
ST EEETHR ERAE , IMRESREC TFRER, &ERRTIEY | MNAA st ERNE
2t TEHIEREY , HEIGENIE | SHESHHIITERATREEUES. REREF AR FHES MR
FBRBUIHREREHYARECHER | MESSANBIRIRIERRN | MWBESARECTIETRR 7.

EEREEIEEESINENRAZREE _BERSF RSN L , BETESIFEZESEE. B%
BAREAZFMRBETREN ; FEMRERBRSEAICR T TR | FX2017FHRERNSE |, LIRE
EFRIEC/TCO0 FIFAPHIARTHIHTTIHE.

SR SNATREEE | FEEFVENEEZRE IR E_SBIBKRTER | FRIBEERTRHRAE
BEELK  FEESITESEETAZRERYR  FEBESITESER. RIEC/TCOENTIFAAK
LRI | R RMSEREES.
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RERERLTRE “RitREAXR”

3318 , BRERMEDM "HRERIRME2016-20172WHFELARM" EFEAFIBR. YR
FK. PRIBIEFTX SR RGBS, "R EAAR" . REEAXEZREIZRK. FE
ROT—RIFEREEENTEE TR,

S EERRAEERNIRIITNER. BERAE. MEFIGKER. #R+—S WIS ¥TRE
F1UUBUSSHFRIEERRAIZRHEA.

“o L EBEMRIIEER SRS
ﬂiﬁ’b‘ﬁm%‘ RAR” EHTRINBF

HESERERLREFNIESHRINEERNCIZNE UREERIN . "HERESEISEEFAR"
F20175F10826- 29 BEIEFAINE . BSLREFAZREEEXTERER L. LREFERTIAR
RAESSINEENRARRIBERRSNER. SWHFIBIINGERIGE. MEOETIXSIEEEIE0E
NEFRARFENUIERESUIIHEESASIFENESAPRIERSL. SHEFSIESTESHT
TTHZRNAIRT

SWRIBEREERIMEES OEFAR TN IO ERMIRS | FENE TR EFRIEE S
AURRFR , DEMMERARAFEMFTBSAFRDPAZDBERR | IRE T HISHFHARAR | 775608
NEFREBSVEHRRNRR. FRAFHNUchidaiFZREHM 7 BREHAS. XREESWKS| TR

100RASMN , 2WHEISSFHARY , BRI T ROHIHEHR. HWRISIRAPINEIEERER R GERRESAE
REWDEEAIH IR S ERM T AEE ARSI S | A KIPERM T SR EFRATESH—SFS
M T fERA9ZEHL.

KRSV EREIRENERNINERE | EEHMERAFI Weisheng Leefdt , fEEWalther-Meissnerfift
ZIFFAIRudi Hackl#as , BARTAFAIShinichi Uchida#ds , IEZAMcMaster KEFHIThomas TimuskZ]
%, BARKIRAFSetsuko Tajima#iis , LIRCREILRAFNERMEEE | PEARAKFRKEHRHIE 5
HARFNZFRET | YIEATRELI =G RAR BB S0 = RAR RS,

BSERERIREN20ILFE , SFESHRNEN—EEEE , #—XESHRIEH
EfFitiz. 2011-20165FERINED TNEESHARRIGEIRSE : "FESARER" . "IHERESHNS
DHOCRFREENR" . "IHERESHFRTFEEHAR" | "HERESHIEERBERMEAR . "I
ERESIMIZNANAMRAR" «  "IHEFESIRTAINMRI SRIAR" . XEESERRCIRATTRE |
IEFER T ERINESTARAIZERSEIF , MYUSEHBSSLN=. WA KInEfRikss | k5T
ZERHECERAARFITERNRRES,
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Nematic superconducting state in iron pnictide
superconductors

Jun Li1'2'3, Paulo J. Pereira3'4, Jie Yuan1'2'5, Yang-Yang Lv1, Mei-Ping Jiang1, Dachuan Lu1,
Zi-Quan Lin®, Yong-Jie Liu®, Jun-Feng Wang®, Liang Li®, Xiaoxing Ke’, Gustaaf Van Tendeloo’,
Meng-Yue Li"2, Hai-Luke Fengz, Takeshi Hatano?, Hua-Bing Wangm, Pei-Heng wul8,
Kazunari Yamaura® 2-°, Eiji Takayama-Muromachiz'g, Johan Vanacken3,

Liviu F. Chibotaru? & Victor V. Moshchalkov3

Nematic order often breaks the tetragonal symmetry of iron-based superconductors. It arises
from regular structural transition or electronic instability in the normal phase. Here, we report
the observation of a nematic superconducting state, by measuring the angular dependence of
the in-plane and out-of-plane magnetoresistivity of BagsKqsFe,As, single crystals. We find
large twofold oscillations in the vicinity of the superconducting transition, when the direction
of applied magnetic field is rotated within the basal plane. To avoid the influences from
sample geometry or current flow direction, the sample was designed as Corbino-shape for in-
plane and mesa-shape for out-of-plane measurements. Theoretical analysis shows that the
nematic superconductivity arises from the weak mixture of the quasi-degenerate s-wave and
d-wave components of the superconducting condensate, most probably induced by a weak
anisotropy of stresses inherent to single crystals.

TResearch Institute of Superconductor Electronics, Nanjing University, 210093 Nanjing, China. 2 National Institute for Materials Science, Tsukuba 305-0044,
Japan. 3 INPAC-Institute for Nanoscale Physics and Chemistry, KU Leuven, B-3001 Leuven, Belgium. 4Theory of Nanomaterials Group, KU Leuven, B-3001
Leuven, Belgium. > National Laboratory for Superconductivity, Institute of Physics, and Beijing National Laboratory for Condensed Matter Physics, Chinese
Academy of Sciences, 100080 Beijing, China. © Wuhan National High Magnetic Field Center and School of Physics, Huazhong University of Science and
Technology, 430074 Wuhan, China. ’ Electron Microscopy for Materials Research (EMAT), University of Antwerp, B-2020 Antwerp, Belgium. 8 Synergetic
Innovation Center in Quantum Information and Quantum Physics, University of Science and Technology of China, Hefei 230026 Anhui, China. ° Graduate
School of Chemical Sciences and Engineering, Hokkaido University, Sapporo 060-0810, Japan. Jun Li, Paulo J. Pereira and Jie Yuan contributed equally to this
work. Correspondence and requests for materials should be addressed to H.-B.W. (email: hbwangl000@gmail.com)
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Temperature-tunable Fano resonance induced
by strong coupling between Weyl fermions and
phonons in TaAs

B. Xu2* Y.M. Dai®*, LX. Zhao', K. Wang1, R. Yang1, W. Zhang1, LY. Lid!, H. Xiao?, G.F. Chen'4, S.A. Trugman3'5,
1-X. Zhu35, A, Tayloré, D.A. Yarotski3, R.P. Prasankumar3 & X.G. Qiu'4

Strong coupling between discrete phonon and continuous electron-hole pair excitations can
induce a pronounced asymmetry in the phonon line shape, known as the Fano resonance.
This effect has been observed in various systems. Here we reveal explicit evidence for strong
coupling between an infrared-active phonon and electronic transitions near the Weyl points
through the observation of a Fano resonance in the Weyl semimetal TaAs. The resulting
asymmetry in the phonon line shape, conspicuous at low temperatures, diminishes
continuously with increasing temperature. This behaviour originates from the suppression of
electronic transitions near the Weyl points due to the decreasing occupation of electronic
states below the Fermi level (Er) with increasing temperature, as well as Pauli blocking caused
by thermally excited electrons above Er. Our findings not only elucidate the mechanism
governing the tunable Fano resonance but also open a route for exploring exotic physical
phenomena through phonon properties in Weyl semimetals.

TBeijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, P.O. Box 603, Beijing 100190, China. 2 Center
for High Pressure Science and Technology Advanced Research, Beijing 100094, China. 3 Center for Integrated Nanotechnologies, Los Alamos National
Laboratory, Los Alamos, New Mexico 87545, USA. 4 Collaborative Innovation Center of Quantum Matter, Beijing 100190, China. ® Theoretical Division,
Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA. © Associate Directorate for Chemistry, Life and Earth Sciences, Los Alamos National
Laboratory, Los Alamos, New Mexico 87545, USA. * These authors contributed equally to this work. Correspondence and requests for materials should be
addressed to Y.M.D. (email: ymdai@lanl.gov) or to R.P.P. (email: rpprasan@lanl.gov) or to X.G.Q. (email: xggiu@iphy.ac.cn).
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Robust zero resistance in a superconducting
high-entropy alloy at pressures up to 190 GPa

Jing Guo®', Honghong Wang>"", Fabian von Rohr<', Zhe Wang®?, Shu Cai®®, Yazhou Zhou®®, Ke Yang9, Aiguo Li¢,

Sheng Jiang®, Qi Wu?, Robert J. Cava®?, and Liling Sun®-<2

2Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China; PDepartment of Physics, University of Chinese Academy of Sciences, Beijing
100190, China; “Department of Chemistry, Princeton University, Princeton, NJ 08544; 9Shanghai Synchrotron Radiation Facilities, Shanghai Institute of
Applied Physics, Chinese Academy of Sciences, Shanghai 201204, China; and Collaborative Innovation Center of Quantum Matter, Beijing, 100190, China

Contributed by Robert J. Cava, November 1, 2017 (sent for review September 27, 2017; reviewed by M. Brian Maple and Maw-Kuen Wu)

We report the observation of extraordinarily robust zero-resistance
superconductivity in the pressurized (TaNb),e7(HfZrTi)o33 high-
entropy alloy—a material with a body-centered-cubic crystal
structure made from five randomly distributed transition-metal
elements. The transition to superconductivity (T¢) increases from
an initial temperature of 7.7 K at ambient pressure to 10 K at ~60
GPa, and then slowly decreases to 9 K by 190.6 GPa, a pressure
that falls within that of the outer core of the earth. We infer that
the continuous existence of the zero-resistance superconductivity
from 1 atm up to such a high pressure requires a special combi-
nation of electronic and mechanical characteristics. This high-
entropy alloy superconductor thus may have a bright future for
applications under extreme conditions, and also poses a chal-
lenge for understanding the underlying quantum physics.

superconductivity | high pressure | high-entropy alloy

H igh-entropy alloys (HEAs) are a new class of materials that
are composed of multiple transition-metal elements in
equimolar or near-equimolar ratios (1, 2). The diverse elements
in HEAs are arranged randomly on the crystallographic positions
in a simple lattice, and thus have been referred to as a metallic
glass on an ordered lattice. By applying this concept, many HEAs
have been found in disordered solid-solution phases with body-
centered-cubic, hexagonal closest-packed, and face-centered-
cubic crystal structures (3-6).

In many respects, HEAs display novel properties, including
ultrahigh fracture toughness at cryogenic temperatures (7, 8),
excellent specific strength (9), and superior mechanical perfor-
mance at high temperatures (10). In addition to their promising
mechanical properties, some HEAs also exhibit interesting
electronic properties: [TaNb];_(ZrHfTi), HEAs were found to
display superconductivity, for example (11, 12). The combination
of the promising physical properties found in the HEAs points to
great potential for application.

Pressure is one of the variables that can uncover unexpected
phenomena and properties (13-16). For superconductors in
particular, the pressure-induced enhancement of critical transi-
tion temperatures in copper-oxide and iron-pnictide supercon-
ductors (17-20), the reemergence of superconductivity in the
alkaline iron selenide (21) and heavy fermion superconductors
(22), pressure-induced superconductivity in H3S (23-25) and
elements (26, 27), are examples. Therefore, looking for new
phenomena in the superconducting HEA under pressure is of
great interest. Here we report high-pressure studies on the
superconducting HEA (TaNb) ¢;(HfZrTi)g 33, which has a crit-
ical transition temperature to the superconducting state (7¢) of
about 7.8 K at ambient pressure (11, 12). Our observations
demonstrate that this alloy exhibits extraordinarily robust su-
perconductivity—its zero-resistance superconducting state is still
achieved even at a pressure of 190.6 GPa, or almost 2 megabars
(1 Mbar = 10" pascal), a pressure like that within the outer core
of the earth. Such a superconductor with a highly robust zero-
resistance state, existing continuously from 1 atm to geological

13144-13147 | PNAS | December 12,2017 | vol. 114 | no. 50

pressures, is extremely unusual and is in fact unique to the best of
our knowledge. We attribute this surprising behavior to the
stable crystal structure of the HEA combined with the apparent
robustness of its electronic structure against very large amounts
of lattice compression.

Results

Superconductivity Under Pressure. Fig. 14 shows the temperature
dependence of the electrical resistance at ambient pressure for a
(TaNb)g ¢7(HfZ1Ti)o 33 sample. A sharp drop to a zero-resistance
superconducting state is observed at ~7.7 K (we define T¢ as the
temperature where the resistance changes from a finite value to
zero), consistent with the results reported in ref. 12. Applying a
magnetic field on the sample shows that its superconducting
transition temperature (7T¢) systematically shifts to lower tem-
perature (Fig. 14, Inset), as expected. Temperature-dependent
constant-current magnetic susceptibility characterization was
also performed for the ambient-pressure sample. As shown in
Fig. 1B, a strong diamagnetic response is observed starting at 7.6
K, indicative of a bulk superconducting nature.

High-pressure resistance measurements were performed for
four samples that were cut from the material used as the
standard for the superconductivity at ambient pressure. The
electrical resistance measurements for these samples were
performed between 4 and 300 K. Fig. 24 shows the temperature

Significance

High-entropy alloys (HEAs) are made from multiple transition-
metal elements in equimolar or near-equimolar ratios. The
elements in HEAs arrange themselves randomly on the crys-
tallographic positions of a simple lattice. In addition to their
excellent mechanical properties, one HEA has been reported
to display superconductivity. In this work, we report that the
Ta-Nb-Hf-Zr-Ti high-entropy alloy superconductor exhibits
extraordinarily robust zero-resistance superconductivity un-
der pressure up to 190.6 GPa. This is an observation of the
zero-resistance state of a superconductor all the way from
1-bar pressure to the pressure of the earth’s outer core with-
out structure phase transition, making the superconducting
HEA a promising candidate for new application under extreme
condition.
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Superconducting (Li,Fe)OHFeSe Film of High Quality and High Critical
Parameters *
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A superconducting film of (Liy— Fe,) OHFeSe is reported for the first time. The thin film exhibits a small in-plane
crystal mosaic of 0.22°, in terms of the full width at half maximum of the x-ray rocking curve, and an excellent out-
of-plane orientation by x-ray p-scan. Its bulk superconducting transition temperature T, of 42.4 K is characterized
by both zero electrical resistance and diamagnetization measurements. The upper critical field H.2 is estimated
to be 79.5 T and 443 T for the magnetic field perpendicular and parallel to the ab plane, respectively. Moreover, a
large critical current density J. of a value over 0.5 MA/Cm2 is achieved at ~20K. Such a (Lii—,Fe,) OHFeSe film
is therefore not only important to the fundamental research for understanding the high-T. mechanism, but also
promising in the field of high-T, superconductivity application, especially in high-performance electronic devices
and large scientific facilities such as superconducting accelerator.

PACS: 74.78.—w, 74.25.0p, 74.25.Sv

High-quality superconducting thin films take an
important role in applications and basic research of
high-T;. superconductivity. In both the aspects, iron-
based superconductors feature the merit of rich phys-
ical phenomena, high superconducting critical param-
eters (including the transition temperature T¢, the
upper critical field Hq.o and the critical current den-
sity J,) and small anisotropy.l'~'?l Much progress has
been made in the synthesis of iron-based supercon-
ducting thin films with high performances.[0:9:13-19]
Among them, the monolayer film of binary FeSe on a
SrTiOg3 substrate, showing an energy gap above 65K,
has triggered great interest due to its different elec-
tronic structure from the bulk material of FeSe and the
highest 7. for the iron-based family to date.[520—2%
However, the FeSe monolayer samples are very sensi-
tive to air and the promoted superconductivity fades
away quickly once the number of FeSe layers is in-
creased. These drawbacks make it difficult for most
measuring techniques to probe the nature of the high-
T. superconductivity and also hamper practical appli-
cations. Therefore, it should be put on the agenda
to attain a substitute that is compatible with routine
experimental measurements and is more suitable for

DOI: 10.1088,/0256-307X/34/7 /077404

applications.

The newly discovered (Li;_,Fe,;)OHFeSe (FeSe-
11111) superconductor,?”! with a comparable T, and
similar electronic structure to the monolayer FeSe,
turns out to be a good candidate. However, due
to the hydroxyl ion inherent in the compound, it is
impossible to obtain (Li;_,Fe,)OHFeSe materials, in
both bulk and thin film forms, by conventional high-
temperature synthesis methods. Most recently, by de-
veloping a hydrothermal ion-exchange technique, we
have successfully synthesized big and high-quality sin-
gle crystals of FeSe-11111.] In this Letter, we report
for the first time a high-quality single-crystalline su-
perconducting film of (Li;_,Fe,)OHFeSe, which has
been grown on a LaAlO3 (LAO) substrate by a hy-
drothermal epitaxial method.[*”) The high crystalline
quality of the film is demonstrated by x-ray diffrac-
tion (XRD) results, showing a single (001) orienta-
tion with a small crystal mosaic of 0.22° in terms of
the full width at half maximum (FWHM) of the rock-
ing curve and a uniform fourfold symmetry by the ¢
scan of (101) plane. The bulk superconducting tran-
sition at T of 42.4K is confirmed by both electrical
transport and magnetic measurements. Based on sys-

*Supported by the National Basic Research Program of China under Grant No 2017YFA0303000, the National Natural Science
Foundation of China under Grant Nos 11574370, 11234006 and 61501220, the Strategic Priority Research Program and Key Research
Program of Frontier Sciences of the Chinese Academy of Sciences under Grant Nos QYZDY-SSW-SLH001, QYZDY-SSW-SLH008

and XDB07020100.
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Electronic evidence of temperature-induced Lifshitz
transition and topological nature in ZrTes

Yan Zhang1'2'*, Chenlu Wangu'*, Li Yu'*, Guodong Liu', Aliji Liang1, Jianwei Huangm, Simin Nie!, Xuan Sun'?,
Yuxiao Zhang1, Bing Shen'2, Jing Liu'?, Hongming Wengw, Lingxiao Zhao!, Genfu Chen'3, Xiaowen Jia%
Cheng Hu"2, Ying Ding"2, Wenjuan Zhao"2, Qiang Gao"2, Cong Li'%, Shaolong He', Lin Zhao', Fengfeng Zhang?®,
Shenjin Zhang®, Feng Yang®, Zhimin Wang®, Qinjun Peng>, Xi Dai'3, Zhong Fang'3, Zuyan Xu®,

Chuangtian Chen® & X.J. Zhou'23

The topological materials have attracted much attention for their unique electronic structure
and peculiar physical properties. ZrTes has host a long-standing puzzle on its anomalous
transport properties manifested by its unusual resistivity peak and the reversal of the charge
carrier type. It is also predicted that single-layer ZrTes is a two-dimensional topological
insulator and there is possibly a topological phase transition in bulk ZrTes. Here we report
high-resolution laser-based angle-resolved photoemission measurements on the electronic
structure and its detailed temperature evolution of ZrTes. Our results provide direct electronic
evidence on the temperature-induced Lifshitz transition, which gives a natural understanding
on underlying origin of the resistivity anomaly in ZrTes. In addition, we observe one-
dimensional-like electronic features from the edges of the cracked ZrTes samples. Our
observations indicate that ZrTes is a weak topological insulator and it exhibits a tendency to
become a strong topological insulator when the layer distance is reduced.

TBeijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China. 2 University of Chinese
Academy of Sciences, Beijing 100049, China. 3 Collaborative Innovation Center of Quantum Matter, Beijing 100871, China. 4 Military Transportation
University, Tianjin 300161, China. ° Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190, China. * These authors
contributed equally to this work. Correspondence and requests for materials should be addressed to G.D.L. (email: gdliu_arpes@iphy.ac.cn) or to X.J.Z
(email: XJZhou@aphy.iphy.ac.cn).
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Unified Phase Diagram for Iron-Based Superconductors
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High-temperature superconductivity is closely adjacent to a long-range antiferromagnet, which is called
a parent compound. In cuprates, all parent compounds are alike and carrier doping leads to super-
conductivity, so a unified phase diagram can be drawn. However, the properties of parent compounds for
iron-based superconductors show significant diversity and both carrier and isovalent dopings can cause
superconductivity, which casts doubt on the idea that there exists a unified phase diagram for them. Here we
show that the ordered moments in a variety of iron pnictides are inversely proportional to the effective Curie
constants of their nematic susceptibility. This unexpected scaling behavior suggests that the magnetic
ground states of iron pnictides can be achieved by tuning the strength of nematic fluctuations. Therefore, a
unified phase diagram can be established where superconductivity emerges from a hypothetical parent
compound with a large ordered moment but weak nematic fluctuations, which suggests that iron-based
superconductors are strongly correlated electron systems.

DOI: 10.1103/PhysRevLett.119.157001

Iron pnictides share some common behaviors with many
other unconventional superconductors, such as cuprates
and some heavy-fermion superconductors, where super-
conductivity is achieved by suppressing the long-range
antiferromagnetic (AFM) order in parent compounds [1,2].
What we learn from cuprates is that all parent compounds
can be treated as Mott insulators and a unified phase
diagram can thus be drawn [3]. Superconductivity can be
obtained by either hole or electron doping, suggesting that
carrier doping can be directly associated with a microscopic
quantum parameter. These consensus in cuprates naturally
leads to the use of similar terms in iron-based super-
conductors, such as parent compound, electron, and hole
doping [4], despite the fact that there are many phenomena
querying these simple adaptions. For example, the ordered
moments of the AFM ground states in the parent com-
pounds of iron pnictides vary significantly [5—11], leading
to many theoretical efforts, but a consensus has not been
reached yet [12—15]. In NaFe;_,Co,As [16], filamentary
superconductivity can be found in the AFM parent com-
pound. The differences among these materials seem to
disqualify them as the parent compound, which has long
thought to be a Mott insulator [17-21]. Efforts to find such
an insulating parent compound have not met with much
success [22-24]. Moreover, achieving superconductivity in
iron-based superconductors can be done by not just carrier
doping but also isovalent doping [25]. It has been found
that chemical substitution leads to the reduction of elec-
tronic correlations in most systems [26], but the reason is

0031-9007/17/119(15)/157001(6)

unknown. These diversities for both parent compounds and
their doped materials make it hard to obtain a general
picture for the low-energy physics of iron pnictides as that
in cuprates, which seems to suggest that our understanding
of antiferromagnetism and superconductivity in iron-based
superconductors is not generic but material dependent.

A unique feature for the AFM order in iron pnictides is
that it is always closely accompanied by a nematic order,
which breaks the in-plane C, rotational symmetry of the
high-temperature tetragonal lattice structure while preserv-
ing the translational symmetry [27,28]. Similar nematic
order has also been found in cuprates but it is rather
associated with the pseudogap [29]. It has been shown that
the nematic order and its fluctuations may overshadow the
whole phase diagram of iron-based superconductors
[30-34]. Moreover, a nematic quantum critical point
(QCP) has been found in many near optimally doped iron
pnictides [31-34]. It has been theoretically suggested that
quantum nematic fluctuations may induce attractive pairing
interaction and thus enhance or even lead to superconduc-
tivity [35,36]. Therefore, nematicity should play a signifi-
cant role in both antiferromagnetism and superconductivity,
and a quantitative relationship between the AFM and
nematic orders may provide key information on the unified
phase diagram of iron-based superconductors.

Here, we perform a detailed investigation on the nematic
susceptibility of a variety of iron-based superconductors by
studying the uniaxial pressure effect on the in-plane
resistivity. The temperature dependence of the nematic

© 2017 American Physical Society
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Charge-density-wave order takes over
antiferromagnetism in Bi>Sr,_,La,CuQOg
superconductors

S. Kawasaki!, Z. Li2, M. Kitahashi!, C.T. Lin3, P.L. Kuhns® A.P. Reyes* & Guo-ging Zheng'?

Superconductivity appears in the cuprates when a spin order is destroyed, while the role of
charge is less known. Recently, charge density wave (CDW) was found below the super-
conducting dome in YBa,CusO, when a high magnetic field is applied perpendicular to the
CuO, plane, which was suggested to arise from incipient CDW in the vortex cores
that becomes overlapped. Here by ©3Cu-nuclear magnetic resonance, we report the
discovery of CDW induced by an in-plane field, setting in above the dome in single-layered
Bi;Sro_La,CuO¢. The onset temperature Tcpw takes over the antiferromagnetic order
temperature Ty beyond a critical doping level at which superconductivity starts to emerge,
and scales with the pseudogap temperature T*. These results provide important insights
into the relationship between spin order, CDW and the pseudogap, and their connections to
high-temperature superconductivity.
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