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1 M GRAPHITE #| HIGH-T,.: % /&1t 0-BONDING ELECTRONS 2

1 M graphite %] high-T.: 4 J&ft o-bonding electrons

A1 B EEA N A Z D SRAREAR T, TRSRITE N sp® o O AEWIFALT PO .
IRREAL E 22 p. TR = 1. PESE graphite 58 C-C LM 5EH IR B UK RERCM B
H

I

o

graphite: o band filled and deep, 7 band near Ep.

mE R T “How to turn graphite into high-T,. superconductor” FJ#Z.CoAN & 541 _FHE A
SRR BT, T2l : RERibR o AR ENEEE? Hadd B RalE MgBa. MgB,
B honeycomb layer 2%{b) graphite-like %54, {H B-B [N o band ZEid 2 Kfedk , 74E o-hole, Ff
R ZUREA B-B bond-stretching phonon.,

(filled o bonding band —  partially filled o bonding band at E |

‘strong covalent bond + metallic carriers + strong electron—phonon coupling = potential high |7

XA B Gao-Lu-Xiang & NG #2157 Te M—MAPEHR TS, 248 o-bonding bands
A TKEER, B H 14 @ik o-bonding electrons, MgBso. #4) borocarbides, hydrides J&iX 4%
P& i AR TE A

2 AN EB T cuprate BRI
et e ) -

Hole doping lifts the bonding state to the Fermi level, leading to high-T, superconduc-
tivity. Antiferromagnetic fluctuations enforce the metallization and relieve the lattice

instability induced by metallization. Cu?* spin and O 2p hole form Zhang-Rice singlet.

EATEA R R, (HAREE S @ REH e B F M. Cuprate A2 MgBe X155 KHK o-band
metal, [fj4/2 charge-transfer Mott insulator, Bk Cu?t 34 3d°, #7G S = 1/2 Jal HjiE: B2
SN FHEINEA 2p, HliE, HE5H0 Cu BHEE Zhang-Rice singlet,

1

1
Cu?t : 3d?, quadS = 2’ O 2p, hole: § = X

‘ Cu spin + O 2p hole — Zhang—Rice singlet, Siot = 0. ‘

XYM cuprate FRAERIT T E 2 AR bonding electron, il j i K F 5t P ARG
Zhang-Rice singlet FI{EH2IE =4 Cu-O M NN — AR, HXATHERSE LM
B KA -



3 CUPRATE %248 %44 £ 4221 3

3 Cuprate il 500 G s
3.1 AREWIAN) rigid-band metallization

ISR cuprate Ui “hole doping #% bonding state 73| Er”, 25 1RPAAIX &l 2 K1)
NIPEREH 2%, SEbn b, cuprate YRR E charge-transfer insulator, 5297 K1 2 REAE BT
JEEREBR . Fermi arc. Jayl B gy s E#A L, MAZH B band crossing.,

F—AWERNE . Cuprate PEIEAMREEH b ERZA47 24 Hubbard/t-J #ALRHE, i)
AR Cu 3dy2_y2 55 O 2py, 2py HI=AFE5H?

3.2 d-wave Pk} kHRR
SCHG b, cuprate ) 3 SEC IR E

A(k) ~ cos ky — cosk,.

S B 1 A 3 R BURV R 24450 . 8580 “o-bonding 4 RML” 1R RS T strong
electron—phonon coupling 5## s-wave 1%, {H cuprate FTEMERENT A dy2_yo-wave,

BAMERNE . B IR A EAER 4 R RE R R E N d-wave pairing? j& RVB., %2, spin
fluctuation. charge fluctuation, 42 intertwined orders [{j&E{A %5 H?

3.3 Pseudogap #1247

Underdoped cuprate 7£ T* PAF i3 pseudogap. A SBERTAY & B IRt +h, B BRI
S EAH Ha4 ] 5B JL (] SR 5 . Pseudogap iA¥:ff Fermi surface reconstruction. charge order,
nematicity . BB PDW sl HAh R -

= AMMIR8E,  Pseudogap & preformed Cooper pairs. 3adt/F. 48E T, B2 doped
Mott insulator [)Fr8 4 J@FH?

3.4 Strange metal Afl 2 mbwjth ?
Cuprate IEHSHEZ AL, EEAEMW Landau quasiparticle, AF & KI5

p(T) ~T.

XFf T-linear resistivity ZE{PEIMRALIR, H#FN Planckian dissipation HEEG] 1. [0 8FET
SR ICIR A RIS R A HAE 4%, Hris Al i TR

HMUABERE . {14 strange metal B REFUERLT, AHITRREER) T-linear U7 &
&7 K H pseudogap endpoint )& F Il F k% ?
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3.5 Charge order, stripe, nematic, PDW J&B AL EN K ?

IIAE B EEOR O 2 BRL 4l “competing orders”, T2 “intertwined orders”., Charge order A
REE B 2 T, AT REZ Al —9R RIALHI B H 287~ 5 stripe 1 PDW £ 2 W] fig 2 i x) 5 i
T S AE I A T =

S HAMERS ., Charge order/stripe/PDW 25 Te WITed& . M, BB HNA B 125 0]
HEFEA?

4 M 245 % m tensor network 5 neural quantum state ?

A R ] S e TR RESE R B2 3 WP R LR 5 A . RS E AL S K
Z PRI B A
W) = Z Coponlor---on).

— M Coyon ATEEZ 715 Tensor network AYREARE A PRS2 45, BN ERK
TR K. i MPS:

CO‘l"'UN =Tr [ATIAgQ cee A(]TVN] ]

tensor network does not approximate Hilbert space blindly; it approximates entanglement styucture.

Area law 2 H AL
Sa~104],  mot Sa~|Al

MPS FE—Hefl i) PEPS Jg “H4EffE) MERA/TNR Nij3E—254 entanglement renormalization
JidkE coarse graining.,

5 Disentangler: j¥§EEREeUgs, miALRPimify 5 71k
MERA/TNR H1[{) disentangler & Jajls i 25 w:
uwlu = 1.

ERHFRZTE coarse graining Z BISE A EARA S, (AR i EEE T

local entanglement —» less entangled variables £oarse 819 renormalized theory.

X HLE) “disentangle” AN BEPE ML KR IRSAL M-I . Rl disentangler A2 IR AL
g5 ARG . I, RS A BERTA BRI E JRek 7Y 56 4y 4o
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6 Neural Tensor Network State: DNN {f 47284y disentangler

%5 felt TAER) X gAE Y, 248 deep neural network 5 tensor network 454 . 45T
vINS A]§EFE variational TNS; Tiifthag# LB PRI L 1452 vTNS, Bl Neural Tensor Network
States,

HEE A AR 5 A

(o) =Pa(5), G = fo(o).
X H fy /& deep neural network, {EFZE{l—4> learned disentangler; ®,4 #2 tensor network/back-

flow tensor network, F >k 4 it B A0 AR B 11 ) S 24 2

Biobsr 1.

DNN: extract nonlocal correlations and disentangle, TNS: compress residual entanglement.

5 MERA #JJEi7g disentangler AN[A], neural disentangler i %A & A% Jaytek 75 28 4, 12
ARy ARLMER) . T RAHT SR R AR RE TR . PRI E TR —Fh TR entanglement

preprocessing.,

—4

7 Ji—Jo iR IR 2 0& benchmark ?

PRI vINS /v TNS 5 Ji-Jo B8, Hg S5 &k

H:lesi-Sj-i-JzZSi-Sj, Ji, Jo > 0.
(i) ((i7))
YHEGE:
Ji : Néel AFM, Jo : stripe/collinear AFM.

2 Jy/Jy ~ 0.5 B, BRI ERZE S, ARG, il QMC 4 sign problem, HIE R
Y ik A LA 4

SR, SRR 1B

Jo/J1 < 0.5 Néel R KFET
Jo)Ji ~ 0.45-0.6 fZFEMERIS: spin liquid, VBS, DQCP 4 &
Jo/J1 > 0.5 stripe/collinear [z &k

mE4l vINS 1Y claim J&: 7F Jo/J1 = 0.5 W3z, DNN+MPS/back-flow TNS 1] PATS
FMRAKAAS 0 RE, HAEA BRI SHRE FE %] spin, dimer. plaquette correlation # 5 power-law I
W, HIEAWHEHKRETE VBS KET, FISCHE gapless quantum spin liquid E{%.

i LRI . Ji-Jo PIEARTA R GHE A, AR DMRG. PEPS. VMC, NQS. vTNS
TAERTHE4r 5372 +F gapless spin liquid. plaquette/columnar VBS, &}, Néel-VBS deconfined

quantum criticality. FIEA-A% TP HOSCIE G5 R BEIAR N IRAT IUERR , TR R




8 ML P L& —ILE 6

8 it MiAR I G — Pl
ISR A IR S9EF] neural tensor network, FEEERA: (HAZ.OH S

| FRAEHIREE I, HHGENFRESE. |

TERPR T
graphite/MgB, :  o-bonding electrons — metallic carriers;
1 cuprate JZf:
Cu spin + O hole — Zhang—Rice singlet;
TR T

DNN disentangler
%

. . . . TNS .
physical spins renormalized variables —— compact wavefunction.

FirPA, o-bonding EG A& cuprate BY5EEEMLE], (HE5RIE T o8 M RE & R E; Zhang—Rice
singlet HIFFATTIXA 8 REFE TR B 5 P B IR RE &2 & H H 5 tensor network /neural
disentangler M@K 2t § i I TR,

WAk 15 I dp B iZ P18 JLA [ i
1. £J81k o-bonding electrons J&# £} 1T heuristic, 21 PARCH E IER microscopic pairing

mechanism?

2. 7f cuprate H', Cu-O o hybridization 5 Zhang-Rice singlet {{)x %, &% L AR T., &
e H AR — LY K i

3. Pseudogap. strange metal, charge order/PDW Y d-wave superconductivity 2 [f] 5| Ji& & 54+ |
PEA, A2 RUE?

4. Neural disentangler & B E] TYH EWAYEBEE, 82 52— EauEEfRREmAS 4
SR

5. Ji—Jo 1 Jo/J1 ~ 0.5 HifEIAH, FISRE gapless QSL. VBS, A% DQCP?
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