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Experimental investigations on the nickelate high-Tc superconductors
Meng Wang
School of Physics, Sun Yat-Sen University

Since the discovery of superconductivity at 80 K in single crystals of LasNi,O7 at pressures above 14.0 GPa,
extensive efforts have been made to understand the properties of the bilayer nickelate system at both ambient and
high pressures. CDW, SDW, structural transition, strange metal behavior, orbital dependent correlations, etc. which
are profound in copper oxide and iron-based superconductors also present in the pressure-dependent phase diagram
of LasNi»O7. They may be related or irrelevant to the superconductivity of nickelates under pressure. Currently,
many questions are open. In this talk, I will briefly introduce the discovery of the superconductivity in LazNi,O7
and discuss the research progress in nickelate superconductors.
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Ectopic-Pressure effects on vortex dynamics of TiZrHfNb medium-entropy alloy

Lina Sang*
Tianjin University of Technology
Medium and High-entropy alloys ((MEAs-HEAs) superconductors—a new class of functional materials—can be
utilized stably under extreme conditions, such as in space environments, owing to their high mechanical hardness
and excellent irradiation tolerance. We performed a systematic study of the pressure effect on the superconducting
transition temperature (Tc), critical current density (Jc), irreversibility field (Hirr), upper critical field (Hc2), the
magnetic relaxation and flux pinning mechanism in TiZrHfNb medium-entropy alloy. We found that Tc and Jc is
significantly enhanced under ectopic-pressure, and the Hirr line is shifted to higher fields. The vortex creep rate is

strongly suppressed and the pinning energy is very significantly increased by pressure.
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Study of vortex glass-liquid transition and superconducting properties of single-crystalline boron-doped
FeSe0.5Te0.5
Jie Zhang', Jens Hinisch?, X.S. Yang*3, Yu Feng*, Yong Zhao>*
1. Chengdu University of Technology, Chengdu
2. Institute for Technical Physics, Karlsruhe Institute of Technology, Hermann-von-Helmholtz-Platz 1,
Eggenstein-Leopoldshafen, 76344, Germany
3. School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, China
4. Guangdong Provincial Key Laboratory of Extreme Conditions, Dongguan, 523803, China
5. College of Physics and Energy, Fujian Normal University, Fuzhou 350117, China
6. Fujian Provincial Collaborative Innovation Center for Advanced High-Field Superconducting Materials and
Engineering, Fujian Normal University, Fuzhou 350117, China

We report on the superconducting transport properties of B-doped FeSe0.5Te0.5 single crystals grown by the
self-flux method. The structure and superconductivity of these samples were carefully analyzed using X-ray
diffraction, scanning electron microscopy, and electrical transport measurements. The crystal structure owns the
same tetragonal symmetry as PbO. The B-doped samples show a more significant electronic anisotropy in the
superconducting state. Microstructural analysis shows that B-doping of FeSe0.5Te0.5 increases the Fe content in
the single crystal samples. B-doping decreases Tc slightly, resulting in lower irreversibility lines. This work revealed
the physical effects of B-doping in FeSe0.5Te0.5 superconductors and inspired a way to regulate the
superconductivity through elemental manipulation.
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Large asymmetric anomalous Nernst effect in the antiferromagnet Srlro.sSng203
Dongliang Gong
Key Laboratory of Applied Superconductivity, Institute of Electrical Engineering, Chinese Academy of Sciences,

A large anomalous Nernst effect is essential for thermoelectric energy-harvesting in the transverse geometry
without external magnetic field. It’s often connected with anomalous Hall effect, especially when electronic Berry
curvature is believed to be the driving force. This approach implicitly assumes the same symmetry for the Nernst
and Hall coefficients, which is however not necessarily true. Here we report a large anomalous Nernst effect in
antiferromagnetic SrlrosSng 203 that defies the antisymmetric constraint on the anomalous Hall effect imposed by
the Onsager reciprocal relation. The observed spontaneous Nernst thermopower quickly reaches the sub- pV/K
level below the N’eel transition around 250 K, which is comparable with many topological antiferromagnetic
semimetals and far excels other magnetic oxides. Our analysis indicates that the coexistence of significant
symmetric and antisymmetric contributions plays a key role, pointing to the importance of extracting both
contributions and a new pathway to enhanced anomalous Nernst effect for transverse thermoelectrics.
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Disorder-broadened phase boundary with enhanced amorphous superconductivity in pressurized In2Te5
Yi Zhao', Tianping Ying?,Lingxiao Zhao',Juefei Wu!,Chuizhen Chen?,Yanpeng Qi*!
1. Shanghaitech University
2. EBLE B BT T
3. TRMHIRE

As an empirical tool in materials science and engineering, the iconic phase diagram owes its robustness and
practicality to the topological characteristics rooted in the celebrated Gibbs phase law (F = C — P + 2). When
crossing the phase diagram boundary, the structure transition occurs abruptly, bringing about an instantaneous
change in physical properties and limited controllability on the boundaries (F = 1). Here, we expand the sharp
phase boundary to an amorphous transition region (F = 2) by partially disrupting the long-range translational
symmetry, leading to a sequential crystalline-amorphous-crystalline (CAC) transition in a pressurized In,Tes
single crystal. Through detailed in-situ synchrotron diffraction, we elucidate that the phase transition stems from
the rotation of immobile blocks [In,Te]?", linked by hinge-like [Tes]* trimers. Remarkably, within the amorphous
region, the amorphous phase demonstrates a notable 25% increase of the superconducting transition temperature
(T:), while the carrier concentration remains relatively constant. Furthermore, we propose a theoretical framework
revealing that the unconventional boost in amorphous superconductivity might be attributed to an intensified
electron correlation, triggered by a disorder-augmented multifractal behavior. These findings underscore the
potential of disorder and prompt further exploration of unforeseen phenomena on the phase boundaries.
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Pressure-induced superconductivity with Pauli limit violating upper critical field in Ta-Te granular
nanowires
Lingxiao Zhao,Yi Zhao,Yanpeng Qi*
Shanghaitech University

Nanoscale superconductors present exotic properties compared with their bulk isomers. In the cases of few-
layer 2D superconductors and some kinds of superconducting nanowires, the upper critical field («Hc2(0)) is much
higher than the corresponding bulk materials. In this work, we have synthesized the Ta-Te granular nanowires.
Superconductivity is induced via high-pressure modulations in these nanowires. The superconducting temperature
T. and Hc2(0) is about 4 K and 16 T under high pressure, two times beyond the Pauli limit. The combinations of
transition metal chalcogenides' elemental compositions, nanowires and high-pressure modulations have succeeded
in realizing a large #Hc; (0) in the Ta-Te nanowires. Our work demonstrates that the Ta-Te nanowire is a possible
candidate for applications in high magnetic fields, and it also provides an ideal platform for further investigations
of the mechanisms between nanowires and large (Hc2(0).
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The Role of Pressure and Coulomb Interactions in the Phase Behavior of Perovskite Nickelates
Songyuan Geng, Haoxiang Li*
Hong Kong University of Science and Technology (Guangzhou)

The recent discovery of superconductivity in perovskite-phase nickelates has sparked widespread interest in
these strongly correlated materials. Superconduc- tivity only emerges under high pressure, which triggers a
structural transition toward higher lattice symmetry. Understanding the electronic structure changes caused by this
transition is crucial for comprehending this novel class of super- conductors. Using angle-resolved photoemission
spectroscopy (ARPES) and first- principle calculations, we investigated the electronic structures of the three-layer
Ruddlesden-Popper phase perovskite nickelates, La4Ni3010 and Pr4Ni3010. Our results reveal a universal flat
band structure of dz2 orbital character, pinned near the Fermi level, even under drastic structural transitions driven
by exter- nal pressure (P) and Coulomb interaction (U). In contrast, the dx2—y2 band undergoes a gradual shift in
band mass, following changes in P and U. Contrary to many density functional theory (DFT) calculations, our
findings suggest that lower-pressure phases benefit from a smaller Coulomb U (= 1-1.5 eV), while higher crystal
symmetries require a higher U (=4 eV). The potential Fermi insta- bility driven by the d2z flat band and
the dx2—y2 van Hove structure indicates an intriguing interplay between the electronic structure and lattice,
potentially playing a crucial role in superconductivity emergence.

D16-27
Bal22 2kEA8 AR E TR F Fe-As MHIIF= AR EIENLH]
DVIRE. ERRE. b, B, EMER. SKIF. DATH*
o Rl B o TR ST

SEHE Bal22 BRI FRL SR TEREY) 32 H T 5 A SR N, RETRIE N T 2T SeEL A
P AN L A A K LUK TR R FHIG SR FE ? 25T Bal22 8 S AHAE S B ARF A A BT, B DAJGIE4E il
R G o A BRI SR ] el SR AL S 36 T 4l 5 2 R ERAE T 30, RG] 1 Bal22 AHEEE T B
AHLEAALHI[1], BAREdE. P &ERBOCI R E R MHT-CLSM) LI 45- B B AL 8, 4]
BT Ba(Fe092Coo.08)2As: i FAAKEFE L FE T Fe-As AHRI ™ AEMRAENLH] . G55 RS-, #iE
i, Fe-As AHRVR T Bal22 M-SR IE R 534k, FATARIUAE LA SR E S A2 T Fe-As UM EERE 52
"L — FeAs + FeAs" HI"L — FeyAs + a-Fe" P iy SO MAZ ], AERE v I 38w LA S 28RS ) 22 o3 i
"L — Bal22 + FerAs + FeAs". AHEFTILS 1 RAMZH SURIGER T L B2 18] O AL RO0R 2 0T 22 1) 1 3 WA ) ok [
AT, 4 Bal22 BARHEEE T2 LR A Se B R

S5 3R

[1]Minghui Tang, Chiheng Dong, Zhongtang Xu, Cong Liu, Peng Yang, Chang Tu, Wenwen Guo, He Huang,
Chao Yao, Dongliang Wang, Xianping Zhang, Yanwei Ma*. Formation and modulation mechanisms of Fe-As
phases in melting-processed Ba(Fei.«Cox)2As; superconductor. Acta Materialia, 266 (2024) 119679.
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HER BT REBCO i 4% B 1 it /2 SR AL WL S5 R 75 SRR
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SR FE S i TR SR Ay A TR SR i o F45 I FoRl B2 5 ] 40 2% A4 Hh 1 TPH AW TR AT THOK AL R 45 2,
7E 80 wt% [l SR E LT, 77K KIS A B 1.22 W/(m-K) . I 55 2 B89 IR A i PR AR 44, T4 Ak
() AL = P35 v DA SE R B A, I B B BRI . AT B E A 38 PRI 1 2= R AT 3R N, 723
AR aEs i ol AT LB SE R, A S YBCO -SRI Z 524t 7 T RE.
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D16-36
Design, fabrication and test of the REBCO insert magnets with pancake coils for high-field all
superconducting magnet
Xintao Zhang* ,Huajun Liu,Fang Liu,Jinggang Qin,Chao Zhou
Institute Of Plasma Physics Chinese Academy Of Sciences

Abstract: In recent years, the Institute of Plasma Physics, Chinese Academy of Sciences (ASIPP) has been
committed on the research of ultra-high field REBCO magnets with pancake coils for all superconducting hybrid
magnets. In 2018 and 2019, 19.8 T and 24 T all superconducting magnets have been successfully obtained based on
the REBCO insert coils and 70 mm 14 T low temperature superconducting (LTS) background field magnet. In later
2020, ASIPP and Tsinghua University launched a new project to design and manufacture of 35 T all superconducting
magnet, which consists of a 15 T LTS background magnet and a 20 T REBCO insert magnet. We have successfully
constructed and tested the 20 T REBCO insert magnet at 4.2 K in self-field. After successfully achieving the goal
of 20 T magnetic field, the insert coils continued to charge to 300 A, and the maximum central magnetic field
reached 24.1 T. In the first test under the LTS background magnet, the highest central magnetic field reached 32.4
T, in which the magnetic field contribution of the insert coil was 20 T, and more tests are underway.
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D16-39
The Magnetic Field Impact on the Thermal Conductivity of Superconducting Niobium
Didi Luo*"’, Jing Zhang’
1. Institute of Modern Physics, Chinese Academy of Sciences

2. SEHEREIRRL A SRR R A LR =

Particle accelerators extensively employ superconducting radio frequency (SRF) cavities as essential
components. The performance of the SRF cavities hinges critically on the thermal conductivity of the
superconducting materials they are composed of. Previous research has thoroughly investigated this matter. In the
meantime, magnetic fields' influence on superconductors’ Cooper pairs significantly affects thermal
conductivity. With advancements in processing technology, the performance of SRF cavities has considerably
improved. This has led to a significant increase in the acceleration gradient within the cavities, resulting in a
magnetic field strength of almost 200 mT on the inner surface. This development has made the situation more critical.
Thus, a more comprehensive and systematic study is needed to understand better the impact of magnetic fields on
thermal conductivity and its effect on SRF performance. Thus, we introduced a thermal conductivity model for
superconductors, including a magnetic field correction in the thermal conductivity calculations. The study involves
theoretical calculations and experimental measurements of the thermal conductivity of small niobium samples at
varying magnetic fields and temperatures. A comparative analysis was conducted to assess the congruence between
the experimental results and our theoretical predictions. Finally, these results were used to estimate SRF cavities'
performance, thereby enhancing their overall efficacy and reliability.
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D16-P07
Electromechanical properties of SS/Ag and Cu/Ag composite sheathed Bal22 tapes under uniaxial strain
Xiao Liu*!, Hongjun Ma', Huajun Liu', Yi Shi!, Zhan Zhang', Yanchang Zhu?, Xianping Zhang?, Dongliang
Wang?, Chiheng Dong?, Meng Han?, Wenchao Li?, WenWen Guo?, Yanwei Ma?, Fang Liu!, Jinggang Qin'
1. Institute of Plasma Physics, Chinese Academy of Sciences, Hefei
2. Institute of Electrical Engineering, Chinese Academy of Sciences, Beijing, People’s Republic of China

122-type iron-based superconductors (IBS) have attracted extensive attention due to their excellent
performance. At present, Cu/Ag and SS/Ag composite sheath are mostly used to improve the mechanical properties
of the IBS tapes. In the future, the practical IBS tapes will also be made of high-strength metal sheath. So this study
has performed the tests of the Cu/Ag and SS/Ag composite sheathed tapes under various kinds of strain by the U-
shaped bending spring devices. Both types of tapes were still reversible even when the applied compressive strain
reached -0.55%. The reversible tensile strain limit of the Cu/Ag tapes were about 0.10%, while the irreversible
tensile limit of SS/Ag tapes reached 0.25%, which is very advantageous for their practical application.
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