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Philip W. Anderson:

More is different (1972)

(19

..., at each level of complexity
entirely new properties appear, and the
understanding of the new behaviors
requires research which I think is as
fundamental in its nature as any other.”

“Emergent phenomena”

P. W. Anderson, Science 177, 393(1972)
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"to trace a possible difference in the vanishing point (of
resistivity) of Pb and Uranium Pb (Pb-206 isotope).
Regarding a difference of vanishing point temperature
for isotopes, it seemed not impossible that the
occurrence of the superconductivity might be

influenced the mass of the nucleus"

H. Kamerlingh Onnes and W. Tuyn, Comm. Leiden 160a
(1922)




Schematic of the electronic

Schematic of the electronic entropy of a superconductor
specific heat of a superconductor

* A sharp jump at 7 from the linear behavior of normal quasi-particle C,,

* Below T it has an exponential behavior C,, ~ e!77 5o the system

condenses into an ordered state with an energy gap per particle ~ 1.5 kT




Landau’s Fermi Liquid theory (1957)

A particle-hole excitation:
an electron jumps from a
state below £ to an empty

one above it

Lev D. Landau (1908-1968)

A 4

electronic states spill over £,
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"for the discovery of macroscopic quantum mechanical
tunnelling and energy quantisation in an electric circuit"
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VoLUuME 21, NUMBER 26 PHYSICAL REVIEW LETTERS 23 DECEMBER 1968

METALLIC HYDROGEN: A HIGH-TEMPERATURE SUPERCONDUCTOR?

N. W. Ashcroft
Laboratory of Atomic and Solid State Physics, Cornell University, Ithaca, New York 14850
(Received 3 May 1968)

eek endin
VOLUME 92, NUMBER 18 PHYSICAL REVIEW LETTERS 7WMAY2(1)0%1

Hydrogen Dominant Metallic Alloys: High Temperature Superconductors?

N.W. Ashcroft

Neil William Ashcroft Laboratory of Atomic and Solid State Physics, Cornell University, Ithaca, New York 14853-2501, USA

Donostia International Physics Center, San Sebastian, Spain
(Received 29 December 2003; published 6 May 2004)

T.= 0.8560,exp(-1/N,V)
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20155, EESEAFFRRY
M. I. Eremets ZIH.S{ES

BAXRSERIRT
T. = 203 K (-70 °C)

O 2015 H,S, 7.~203K@150-170GPa
Drozdov et al., Nature 525, 73 (2015)

O 2019 LaH,,, 7,~250K@170GPa
Drozdov et al., Nature 569, 528 (2019);
Somayazulu et al., PRL 122, 027001 (2019)

M. Somayazulu R. J. Hemley M. Eremets
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“Woodstock of Physics”
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“Woodstock of Physics” “Woodstock Festival of Rock&Roll”
1987, APS March Meeting in NYC 1969, Woodstock, New York

The Society added a last-minute session to their annual meeting to discuss the new research in superconductors.
The session was scheduled to start at 7:30 PM in the Sutton ballroom of the NewYork Hilton hotel, but excited
scientists started lining up at 5:30. Nearly 2,000 scientists tried to squeeze into the ballroom. Those who could not
find a seat filled the aisles or watched outside the room on television monitors. The session ended at 3:15 AM, but
many lingered until dawn to discuss the presentations.




* P. W. Anderson:
It 1s pretty much a solved problem by his RVB theory.

* R. B. Laughlin:

It 1s such a complicated problem that we will never be
able to solve it.

* Shou-Cheng Zhang:
Is there really any big problem to be solved?




e Others:

Yes, there are big questions (such as the super high 7. values). They remain to be the most mysterious
phenomena in modern physics. We believe that they will be eventually solved beautifully, just like what
we have done for conventional BCS superconductivity.

12" International Conference on Materials and Mechanisms
of Superconductivity and High Temperature Superconductors

| Bafjing 2018 | August 19-24, 2018  Beijing * China
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“Doping a Mott Insulator: Physics of
High Temperature Superconductivity”
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Lev D. Landau (1908-1968)

emergent

Landau Fermi Liquid Theory

A particle-hole excitation:
an electron jumps from a
state below £ to an empty

one above it

“dark matter”
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Signatures of superconductivity near 80 K
inanickelate under high pressure

https://doi.org/10:1038/s41586-023-06408-7
Received: 13 April 2023

Resistance (€2}

Hualei Sun'’, Mengwu Huo"’, Xunwu Hu', Jingyuan Li', Zengjia Liu', Yifeng Han?,
Lingyun Tang®, Zhongquan Mao®, Pengtao Yang®, Bosen Wang”, Jinguang Cheng®,
Dao-Xin Yao', Guang-Ming Zhang®** & Meng Wang'*

m

Fun 1 (cBN)
P (GPa)
— 0(500 x /)
— 10
— 2.6

“laok

— Ll L L J
50 100 150 200 250 300
Temperature (K)

Resistance (£}

=

i

=1

=
o

2
m

2
=

Run 2 (KBr)

/jf

7

g
/ T
T:T: m}////

o
P (GPa)
— 188 —22.2
25.6 291
332 —372
43.5

L s L L i |
S50 100 150 200 250 300
Temperature (K}

Temperature (K}

Hualei Sun ef al., Nature 261, 493 (2023).

- LagNi,0,
S1-1 (DAC)
20.5 GPa

Orthorhombic 3 l ‘

o
o

_ Tgﬂsai T2 Strange metal
+ CAC
FMA o

@
(=3

[+2]
o

Semiconductor

B
o
Superconducting volume fraction at 8 K (%)

]
=1

Ningning Wang et al., Nature 634, 579-584 (2024)




=/E FRPIHBEBES - 4310

W e mmm @ L SIS
I4/mmm 6 AT 52 € T, Sl

O T.83 @ T, S4

L Bulk superconductivity

@ [ ]
=] v
vevy
4 B A SRS
50 60

Yinghao Zhu, ef al., Nature 631, 531-536 (2024) Enkang Zhang et al., Phys. Rev. X 15, 021008 (2025)

Also see:

Hirofumi Sakakibara et al., PRB 109, 144511 (2024)
Qing Li, et al., Chin. Phys. Lett. 41 017401 (2024)
Mingxin Zhang, et al., Phys. Rev. X 15, 021005 (2025)




=ETESRPHERES - 5311

DC Moment (10 emu )

DC Moment (10 emu)

=4
o

o
)
T

=
o
T

=1
(8]
T

o
o
T

-
o
T

=5
o
T

SF =53.7% (FC)
SF =74.5% (ZFC)

——ZFC @ 22.8GPa
——FC @22.8GPa
——ZFC @ 0GPa

+— FC@ 0GPa

10 Oe
1

—e—FC-10 Oe
—e— ZFC-10 Oe

PTM:He

25.9 GPa
SF =42.5% (FC)
SF =69.7% (ZFC)

40

60 80 100
T (K)

(o)

()

’5‘-
=
[}

© -

o
=
[}
E-
S

=

o-

o

DC Moment (10® emu)

N
o

w
o

o
o

-
o
T

o
(&,
T

N
o

N
3
T

w
o

@
ol

LasNi;O,

==
o
T

=3
[$)]
T

N
o
T

—e— FC-20 Oe
—e— ZFC-20 Oe

PTM:He
22.8 GPa

SF = 42.9% (FC)
- —--sF=728% (zFC)

40 60 80 100
T (K)

515K

—e— FC-20 Oe
—e— ZFC-20 Oe

PTM:He
25.9 GPa

SF = 32.9% (FC)
SF =70.0% (ZFC)

60 80 100
T (K)

—e— FC-10 Oe
—e— ZFC-10 Oe

22.8 GPa

51.5KMJ

—e—FC-10 Oe
—e— ZFC-10 Oe

25.9 GPa

R KERUERIPA

Mengzhu Shi et al., Nat. Phys. 21, 1780—1786 (2025)




w[E FRPIEEEESEIR

Article Article

Signatures of ambient pressure Ambient-pressure superconductivity onset
superconductivity in thin film La;Ni,O, above 40Kin (La,Pr);Ni,O. films

https://doi.org/10.1038/s41586-024-08525-3  Eun Kyo Ko‘“f, Yijun Yu'2#%, chaii Liu'®, Lopa B?latt‘, Jiarui Li::, Vivek Thamspvs' https://doi.org/10.1038/s41586-025-08755-z  Guangdi Zhou"*, Wei Lv**, Heng Wang'*, Zihao Nie'*, Yaqi Chen', Yueying Li',
: Cheng-Tai Kuo®, Bai Yang Wang'®, Yonghun Lee'?, Kyuho Lee'?, Jun-Sik Lee®, Haoliang Huang'?, Wei-Qiang Chen'?, Yu-Jie Sun'?, Qi-Kun Xue'***! & Zhuoyu Chen'**
- B A i s yu Chen
Received: 30 July 2024 Berit H. Goodge®, David A. Muller*” & Harold Y. Hwang'?™ Received: 16 November 2024
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SRR 125 QUESTIONS:
EXPLORATION AND DISCOVERY

Physics

AITH R RIG? FATAT AFIVEH B A K/NRIRSHE SHEG?

& Is there a diffraction limit? Can we make a real, human-size invisibility

?
T cloak’
) What is the microscopic mechanism for high- G FESETHERECRISERRIALT?
] temperature superconductivity? Are there any particles that behave
oppositely to the properties or states of

| RIS ATRIR R 47 e

" What are the limits of heat transfer in matter?
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Cuprate superconductors (faE)

[ron-based superconductors (k&)

Nickelate superconductors (GEE)

1. Better understanding of the origin of high-Tc pairing
| . 2. Predicting power of finding new high-Tc superconductors

3. Promoting large-scale applications
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Bay Ko 4FE2AS,

J. P. Hu and H. Ding, Scientific Reports 2, 381 (2012)

REREEmE

RERHAE S EE:

SieF

Nl
mli=

~ 400K
J, ~120meV
~ 130K

As/Se

® H ©
[ ]

As/Se

~ 150K
J,~ 45meV
~ 50K
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_ — - Linear spin wave fit
-~ @ aq
0.20 1% Yy

of
o o“o\.
o

b/

0.25 4 0.25 0.50 0.25
q,7 (h, h) (rlu.) q,=(h0)(rlu) q,=(h 0.5-h)(rlu)
4tg, 1 2

] = 57 G
(A+V)2'U,  20+U,

)
J, = 636 + 33 meV

J> =-10.3 + 2.3 meV
~ 10%

Mi Jiang et al., Phys. Rev. Lett. 124, 207004 (2020) H. Lu et al., Science 373, 213 (2021)
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Dipole-dipole
interaction

Fermi’s contact
. interaction

Orbital magnetic field
(“chemical shifts”)

Yanbing Zhou ef al., Phys. Rev. X (under review)

Dan Zhao et al., Phys. Rev. Lett. 126, 197001 (2021)
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La-4310 La-5311

4 Tpyfrom ¢
T - T 4 Tepy from dv Tow Torque

B Ty fom 47,7 : Ty He DAC S1
Tspw La(1)a /T, T © Toy(Nature, 631,531 (2024)) i Tow He DAC S2

*
* Tepw La()b 1T, T s O Ty (arXiv:2503.05176 (2025)) - : T He DAC S2
A Tgpy La(1)a linewidth B —— O Top (rKiv:2503.04400 (2025)) . To! He DAC 53
Tsow La(1)b linewidth S O T, (arkiv:2503.05176 (2025))
—0—Tpy Y. Zhang. et al.
O T.Y.Zhang. etal.

O 7TMrun1 J. Li. et al.

\
v 1
|
|
|
|
|
I

Dan Zhao et al., Sci. Bull. 70 1239 (2025) Y. Wang et al., Nat. Commun. (Under review)

Mengzhu Shi ef al., Nat. Phys. 21, 1780-1786 (2025)
Mengzhu Shi et al., Nat. Commun. 16, 9141 (2025) Mengzhu Shi et al., Nat. Commun. 16, 2887 (2025)
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Bin G EREESETRE BCS-BEC crossover in superconductors

]
!
L}
L}
1
nionic regime, Bosonic regime
L}
d Pseudogap

from non-condensed pairs

I
1
I
I
I

Q
| .
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e
L]
—
0]
Q
5
|_

Attraction =

BCS crossover region

L. Bozovic et al., Nature 536, 309-311 (2016) Q. Chen et al., Rev. Mod. Phys. 96, 025002 (2024)
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G, onset - o=
-

%%EE,?]‘% Charge
order

Spin

order

\1:":8, onsat
L

NS
g

1
I,

Tl
1‘ 0.1
Pc1

Hole doping, p

c2

B. Keimer et al., Nature 518, 179 (2015)
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YBa,Cu,;0,

d- wave vortex liquid onset

b ol ' ‘ . SRO CDW, onset
T. Wu et al., J. Ka¢marcik et al.,
Nature 477, 191-194 (2011). Phys. Rev. Lett. 121, 167002 (2018)

Bi2212

C

LY

Vortex halo: static and SRO PDW, Q/2 CDW, CDW,

P. A. Lee, Phys. Rev. X 4, 031017 (2014)
Z.Dai et al., Phys. Rev. B 97, 174511 (2018)
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o(r, 10meV

E. D. Edkins et al., Science 364, 976-980 (2019)




155 THIlab

&% O 155THIc

OC%
o}

' O
O O

Spin
fluctuations

= | S

[(TBA)] ﬁ'

[FeSe]

®F: OS5 eC eN oH




ZBESPPIEEDS

—HI B a 2D Kagome lattice of V atoms

Higher-order Topological
topology semimetal/insulator

Chern phase Majorana fermion

Topology

Skyrmion Superconductivity

Pair density

Spin chirality wave

e Electron ) C Tc | CDW
Flat band 2 Mg sm i Nematic/
| Diverse i correlation e

i CE 4 CsViSb,  931A 25K 94 K

o RbV:Sb:  9.07A 075K 103K

; wave
Quantum Mott

spin liquid insulator KV3Sb5 895 A 093 K 78 K

M K
Momentum

R. Ortiz et al., Phys. Rev. Mater. 3, 094407 (2019)
R. Ortiz et al., Phys. Rev. Lett. 125, 247002 (2020)
R. Ortiz et al., Phys. Rev. Mater. 5, 034801 (2021)
Yin et al., Chin. Phys. Lett. 38, 037403 (2021)

B.
B.
B.
. Q
Mazhar N. Ali et al., Nat. Rev. Phys. 5, 635-658 (2023)
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Tcow by NMR spectrum
by 1/T,T and FWHM
by NMR spectrum
stripe by 1/T1T
Sample B ow by NMR spectrum
by 1/T,T and FWHM
by NMR spectrum
by /T, T

nem

stripe

nem
stripe

stripe

Strange metal

Kagome phase

TSC, onset
TC,onse‘t gt
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Charge <] T omet by NMR tank circuit ® T,°"*' by Yu et al.
order o I~ O T, by NMR tank c?rcu?t e T by Yuetal
. [0 T, by NMR tank circuit

)
ch
L. X. Zheng et al., Nature 611, 682687 (2022)

Hole doping, p
L. P. Nie et al., Nature 604, 59-64 (2022)

B. Keimer et al., Nature 518, 179 (2015)
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high symmetry is good, cubic symmetry is the best
high density of electronic states is good

stay away from oxygen

stay away from magnetism

stay away from insulators

stay away from theorists.

Ok owh =

black is good (EfZE)

metalizing sigma-bonding is good
proximity to a critical instability is good
light element and 3d are good

high pressure is good

stay harmony with theorists

S O B D=



mimie S EHA RIS Sk

Room-temperature
Superconductors
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Experiment + Theory
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Copper Motor
21 MW, 150rpm, 6.6KV
180 tonnes
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» 8192 SINIS junctions divided into binary segments

» 64 microwave branches
» Reduced length of the microwave load

SINIS series array

DC blocking capacitors _resistive load

finline
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ground
plane
.
ip size: 17.5 mm x 10.5 mm

Junction areas:
18 pm x 50 pm
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