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A Universal Scaling Law for Tc in Unconventional Superconductors;
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Some Theoretical Issues on High Temperature Superconductivity (/=&
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Understanding the pairing mechanism of  unconventional
superconductors remains a core chal- lenge in condensed matter physics,
particularly the ongoing debate over whether the related effects caused by
electron-electron interactions unify various unconventional superconductors
(UcSs). To address this challenge, it is necessary to establish a universal
quantitative relationship for the su- perconducting transition temperature
(Tc), which can be directly obtained from experiments and correlated with
microscopic parameters of different material systems. In this work, we
establish a relation: NCP kBTcx = o-U, where a = 1/(16m) is a universal
constant, Tcx is the maximal transition temperature, U is the effective
electron-electron interaction, and NCP(c« (£0/a)D) quantifies the spatial
extent of Cooper pairs (£0) relative to lattice parameter (a) in D dimensions.
We confirm it through meta-analysis of over 500 experimental datasets
(covering 187 compounds from 14 UcS families). It is crucial that the
universality of the scaling law holds on four orders of magnitude in Tc (0.08-
133 K), accommodating and extending two existing scaling laws (Uemura’s
and Homes’). In addition, the discovered scaling relationship indicates the
existence of a maximum Tc* determined by the minimum NCP, providing a
benchmark for theoretical and experimental exploration of high-temperature
superconductivity.
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Seeing Quantum Many-body Chaos

The emergence of the arrow of time in quantum many-body systems
stems from the inherent tendency of Hamiltonian evolution to scramble
quantum information and increase entanglement. While, in principle, one
might counteract this temporal directionality by engineering a perfectly
inverted Hamiltonian to reverse entanglement growth, such a scenario is
fundamentally unstable because even minor imperfections in the backward
evolution can be exponentially amplified, a hallmark of quantum many-body
chaos. Therefore, successfully reversing quantum many-body dynamics
demands a deep understanding of the underlying structure of quantum
information scrambling and chaotic dynamics. By using solid-statenuclear
magnetic resonance on a macroscopic ensemble of randomly interacting
spins, we measure the out-of-time-ordered correlator and validate key
predictions of scramblon theory, a universal theoretical framework for
information scrambling. Crucially, this theory enables us to isolate and
mitigate errors in the out-of-time-ordered correlator caused by imperfections
in the backward evolution. As a result, this protocol uncovers the anticipated
exponential behavior of quantum many-bodychaos and extracts the
quantum Lyapunov exponent in a many-body experimental system for the
first time. Our results push the fundamental limits of dynamical reversibility
of complex quantum systems, with implications for quantum simulation and
metrology.
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[1] Z.W. Wang, S. Dong, PNAS 120, e2305197120 (2023)

[2] J.J. Zhang, B. Yakobson, S. Dong. Phy. Rev. Lett. 134, 216801 (2025)
[3] J.J. Zhang, Z.W. Wang, S. Dong. Sci. Chin. Mater. 69, 3195-3200 (2026)
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Jianpu Wang has been a professor and president at Nantong University
since 2025, has also held the position of professor at Nanjing Tech University
since 2013. He has been awarded the National Science Fund for
Distinguished Young Scholars (2017) and selected as Changjiang Scholar
(2018). His research interests are organic/perovskite semiconductor devices
and device physics, aiming for display and energy applications. He worked
as a research engineer at Samsung Electronics in South Korea from 2003 to
2006, developing OLED displays using ink-jet printing technology. From
2006 to 2009, he carried out his Ph.D. studies on organic
semiconductor/inorganic nanocrystal devices at Cavendish Laboratory,
University of Cambridge. He was then a postdoctoral research associate
studying organic magnetic field effect at Cavendish from 2009 to 2013.

NS

Solution-processed light-emitting diodes (LEDs) are attractive for
applications in low-cost, large-area lighting sources and displays. Metal
halide perovskites can be processed from solutions at low temperatures to
form crystalline direct-bandgap  semiconductors  with intriguing
optoelectronic properties, such as high photoluminescence yield, good
charge mobility and excellent color purity. In this talk, I will present our
effort to boost the efficiency of perovskite LEDs to a high level which is
comparable to organic LEDs.*®] More importantly, organic LEDs are
difficult to maintain high efficiency at high current densities due to their
excitonic nature and low charge mobilities. Low temperature solution-
processed perovskite LEDs demonstrate remarkably high efficiency at high
current densities, suggesting unique potential to achieve large size planar
LEDs with high efficiency at high brightness.
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(IR S a=F
Massive excitation spectra in quasi-one-dimensional Antiferromagnets
Sr/BaCo2V20s;

L R
Novel quantum liquids in 1D: From Tomonaga-Luttinger to Luther-Emery
Liquids

Confined spin kinks in spin-1/2 quasi-one-dimensional (1D) Ising
antiferromagnets are extensively investigated for emergent massive quantum
field theories, particularly the paradigmatic E8 symmetry framework. It
remains unclear whether sharp experimental spectral peaks arise from
integrable E8 field theory or microscopic nonintegrable couplings in real
materials.

This talk first briefly reviews confined and deconfined spin kink
physics. We then present a systematic many-body perturbation theory to
analytically calculate the spin dynamical structure factor (DSF) of confined
quasiparticles in quasi-1D antiferromagnets Sr/BaCo2V20g, with results
consistent with experimental data. At low energies, the DSF-- captured by
short spin-kink Green’s functions incorporating multi-spin scattering--
faithfully reproduces sharp E8 spectral modes. Though these modes align
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with E8 predictions, the theory fails to replicate measured DSF spectral
weights by neglecting multiparticle scattering from intricate intrachain and
interchain couplings. Our formalism provides insightful descriptions of
confined spin kinks in realistic spin-chain materials and supports dynamical
property analyses for nonintegrable experimental systems.
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Recent Progress in Thermal Metamaterials: A Review

This presentation highlights recent advances in thermal metamaterials,
focusing on work by the speaker’s group since 2022. Starting from the 2008
proposal of transformation thermotics and the thermal cloak, the field has
evolved into diffusion metamaterials, enabling novel control of heat, mass,
and energy transport. Key achievements include experimental
demonstrations of thermal cloaking, topological corner states, Willis
coupling, multi-temperature  metaterraces, and intelligent active
metamaterials. Foundational reviews on diffusion metamaterials, controlling
diffusion with metamaterials, topological thermal transport, and topology in
diffusion metamaterials are also summarized. These developments bridge
physics, engineering, and materials science, offering pathways for thermal
protection, energy conversion, and intelligent heat management.
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& B AR NG Cn (A A — B, WIF 5045 S 0 B R 47 ] LA 1) B
AARMIMETR IR T B e, MrES st Kitaev #48HH SZE
FNFEE KRN EF AR . FE, AR T — DR R G-
Kitaev-# SRz 45, 1IFBH Bk 1 Bg i 1 mT LR AE A 8] 2 10 &1 E el
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PRSI B T SR B R NI dx2-y2 F1 dz2 BN HLIE, LUK O
) p B, T, JAMEE T LasNiO7 FIXUZPELIERR (4 il
FERD) A Ae TR 1L SUERAR (& O-p ) , FRAH TN T
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LasNisO10 3 7 T HILHFFT, KIL Ni-dz2 Ui 7 2 K 10 i 7 p i
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PR R W E 2 B R KRBT R HNMEAR R, (RAEREHT
HIL Dirac #E, FHiFEFH ISR, {f SHG FoME®L — N =
P DA RIS IE )RR B, %3 5E = SR 3T Dirac HE B
T, JFEEHTHNTIIRES. @A EY B Dirac B8, ATHERT
SHG 1455 5 PR . W2 M PR LR, JEM Dirac T HHA
ROF RS A IR . AR R, B RIERN PRI 5
WANG R SE A, AT OS2 A 4T AN AR LR 1 O S B FR AL ROR 1R,
FH SIS ERM Dirac #m M MR IRAL AT LI (1) SHG 15 5.
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OV ERRAS TN . fMi7E Science. Nature. PRL Z5EE %L ik
KT 2L, Google 51 15000 &%, H KT 40, HfhE S KK
WannierTools ¥4 AFH 4RSS B2 T B, k5 Hiid 2900
Ko

WEBE ML

ARG W SeFh 4 Be A B8 2 AR SR MRS A 5 B R T A
Ao B, AR HIR I EANE S R, T db A b A I R
A WA SR RE U Z AR R R, FEII N Berry AHAL
Berry %, Chern #5 Z. b N EEEZOMS . fEILIERE |, A
-4 Wilson loop 77 i tnrl e i i 5 o 4 A5 U ek B007E 2 i 25 ) i e A
Rz e A, M PR HAE M N Sk . PR a 8 DL
mn X AR PE LR P A PR
MEWHE baJE, i s S mIrR s — R T R, N ENE R
Z RS T . Wannier bR BRI B KR AR S ST (AP . DA
WannierTools #AF9f, i 35t B an M WannierTools 15 22 1H
A, HFE K. Wilson loop. Berry #i. Weyl &, nodal line BLK
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FEMNFE RS ESRTR, FERIN R SR WitR
Ny AN ST 4G . B 7R INRE T RN FS AT T 2
KTFHEW, REALRRZAHIMIETE K (TopMat.org), %2
THEORIL T Z M h = AR, Wikd e &8 NasBi. AR
NS Fe(Se,Te). —H K1 CoSi M 744254k Ta2Pd3Te5 2%, 24
JLRF SCIE T 100 255, #5IH 2 i &, NN HIKT 54, 2019 &
BB N IR R AR ME 2 R BRE H 5RHE SO B U RS . R
6 B Bt PEIE 2019 4F B Hr [ A KRR R R |, 3R18 2020 4R
IUPAP(C20) )it H I H TR K K>, 2023 FZE K HRR L —
A (BETD , 2024 SR ERFEBE ERHE R

Wi e Z o~ EE A TopMat /44

The recently developed theory of Topological Quantum Chemistry
(TQC) establishes a direct correspondence between momentum-space band
representations (BRs) and real-space orbital characters, providing a robust
framework for diagnosing topological phases and obstructed atomic limits.
In this talk, I will first provide a brief overview of the evolution of topological
materials. | will then delve into the fundamental principles and applications
of TQC and symmetry indicators, highlighting how it has driven the
discovery of novel topological insulators and semimetals. Finally, I will offer
a practical guide on computing the irreducible representations of electronic
and phonon bands using "IRVSP/IR2TB," and showcase the "BRdecomp”
and "TopMat" computational tools available at https://www.topmat.org.
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P SRR HFO2 B8k 18k i DL R heE Rk v I S5 AR R
WH, R ALTFE T W REES . AEITREERS S L . HE
Y e PRy 1% A W TRICE 72 v b s 7 b P =2 P U= N PR T e
B, THD R R 1A 2R (R ATL 8 2 = 35 R B R0 7 S /K RUFE b [R] I A 3 I 1
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SRS HE-as AR G, TR R AR . B e A HE BRI (R SRS
ERMACK SR, o8 4 2 B TR R SR At 1B i 5.

AR B Ja R R R 22 Bk ALTHERLRO A DT ] MR SR BN E )
PIEL 2R 5 Al R A, B — RO T TN E 17 22 W) BRI W 15 )
RN, AR B A T PR DI AE E e 758 BRHAF Al it
SUHEME T IhRES AR BVE BT DR 2R — PR B . A RO A
PLES 2 I S B 2 REERAA LA &, HE2 8k Al TR B0
B TR IR R B TR
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30. R
w4 JBst

LK o R 27 e K

W R B KK R LA SN, BRSNS E IR 5]
HFRIFFEIE NIE#H . 2000 F3R K25 1574, 2003 43R0 5
K57, 2007 453K A R ek 70 A4 B 18 5. 2007 4E &2
2010 “FAE H A ZRALK =& @ B 78 Fr NI 1[5 0 7T 2010 4F &
2018 FAE H AR FREF AWML E AR /5. ot iR, B EAEWE 5T
T KIHMHRANEE FARBIRH L, CFF (Physical Review Letters)
(Physical Review B) % [EFra144 SCI AT K FIL L 80 ke . W T
BBl R S A T R R B £ SRR A 9T A AT AT H
Z NS = PAS R S T s E D BB N= aa  N T Bei i
EDH . SR E R E DR FEE A (20200 . HARJE
FREFF AN BRI (2011) AT H A 7 REWF FEA LI St R Ab BT 5T

Hub FAEH (2010)

WEME SRS

BRBLP AR B AT 5 i R R R, R ARTHRE . R
H e B 1 AR A R . <RETS SEIL IR Bk MK k7 VR
(Science) #1125 MEERIA AL —. RE HEEIER BRI
21K Crlz. CraGepTes <5 O SER R B, EELfE BRI T =,
RS re iR PR~ S A AT B R

AR g =RV AR B Bk S IR R . RATA
SO CORIRETEATRE A, S G5 PR IR B TE S R R e S R AN Sy
RISEALL, $R T 2 AT E LR BT T AR B A AR SR
SRS T4 98 — 4k CroGeoSes CroGeoTes T HIERAZHAE T, ) HLR
JESRT B IR ML B L E[1-3]: BkEL/ARML R R A R TR AR B
MEME BB FERE-EFUEE, KA 4R SA4-6]: K —4Etk
Hil ez J 2 it MoK ol A K X 24T RER, TR RgRE T =
IRRHLAFAR[T] SR ek R SR AN LA B 1V R ST 145 2%
PEp SRR BB AR FE[8,9];  BRHEAT R 3 1 H Bk BB 24 N
S WKL A BT SR AL 7B R [10]. Hor, AR 6 R B
PER BB TS CAE CroGeoSes M43 2 SEIR I IE3],  $2 iy Ml 17k 2% oLk JE
ST i BLUR P AW IR A S 86 SCRF[9]. BEAh, il A A B 3
JRASHE FC i — 20 40 e 1 ARLERLVEAD R R 4R L [11] . X825 R ONIE

DI s SRR O T RAT M RMA R BRI

WNLiy

226 3CHk:
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31. FHEH
w4
LK

WNLiy

AN NN 27 1

TLIMIME R AR LTI, LR E BRI, LA @R
AR BT BT RN, TLI538 333 MR IR ANA T F: Nk, 11754
“ONRANA @IE w2 IRNA S TLIRE T LA E AR kN
WEFLAURIS [ MORHEIR T N ISR s AIs S 2a s e R
BG5S oe; AR A R (Y R s AR AEREPEDRL (T
T EFFERER BRREEEIH 6 T, T8 S — sl i iEE
7E Nat. Commun.. PNAS. Adv. Funct. Mater.. Nano Letters. Phys. Rev.
B AR AT SCHR S 70 R, RN SClmk 5118 3¢ (fh5] 300
UL BRI 4 ) o BT IORY . S P ARk R A 35 3 g
REFVT I

REFEMIER: MERLERIS BT S A R

EAENEER IS 28, RIFEME RIS, BTk
BV BT B, O N T RERESE L MRRE
Wt R ER B A5 U . TR JTRENS B 35 U I 1 Tel e . HLT A A
FREARE, B SEMAAR. BT EN . TR R SRR A,
R 5 5N ME LA AE R s A AL & 9, JF P A e e - AR R
B EIERRE . BERE TR LT R TS K1
PP RIHAWI IS, AIRZFAS . YRR AL A
RIVFrohse Rt ¥ EE g e, LaK, MES MEEEE. &
PREEFITI vl R TSR D RS U5 IR R R e, e I L
FUIE ARG SRR IR R 1B K Oy scls S HR IR ERL & . BB T 5
RE VLT FIHERE A Brva s, DADRL A% 55 BT AT IR TR PR A 1 B
B e T B AN 7T .

AR A AT A, SR IS P FS SEA S T RT FUROT
HARMNHAIET ) WETTRE LTI E SRR S, 8 SR 54
B RaEtE . ety LY S AR e BER RGN s —
VERBET S BRARGE R T . ARG SE VR M 5 30 S A TR S A5 BN
WHRITE, FHEEERNBERRE. BT A RIS 35 A
WEFC, AR R E R . TS S S VR R ORI,
TR IS BRAE A TN . HT AR B MU S PR R T K ORI 7T
dhfe, W AR A R ) BT S R AR R DU AR .
SR IhREM B SRR, R E s RS mE & E. A
TR RS IR Y, eI AR 5 oh HO U 58 E
B filt
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