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What is the pairing mechanism behind high-temperature superconductivity?

vt AR R HL T -RCR L

E AR KEY AR, JEat 100872

E-mail: litao_phys@ruc.edu.cn

2016-02-01 Yitfi, 2016-02-03 471, 2016-02-03 $£5Z, 2016-03-02 R4 i & 32

[E 5 A SR B2 4 (11174364 [E] N R K 2:F 58 3 45 BE Bl

fi%e

HiRAEFETNETRANGEEEEZVEFRF N EZNRE. ZLA0FEHAE, AMILEE

KRG T R BT R RS R TR E IS iR, BRI R R E GRS RN A
KMEM, AEZEGRBRRAGERRILZARIN — RIIREWEER, AR NEANE. Bk
A Ji] L Sk A T3 AR TR R BN 5 B R IR AR R L o - R R T

Rl mEMERE, B, ERR, Kk

B RE—FEENZWE TS, BT IR
() 1 WM 2 AR AR SR D X DA S T
X PR 5 SR 2 S B I — i - W A — Bl 2 5K
H 19574 BCSHEL X BRIS $ 1 LIk, & — EH & H
fift 8 T L G 0 FE Al R R T BT HIL R A A T B
SEH T IRR R TR, (HE) HAT AR, X EEHLH]
ARG B S50 1Y S

8 5 B JC X AL ] A% B 5 43 A 3K 20 L ) A X6
TE A58 13X B AH B OB 7 . e TR AR R & PR
A, AATE Gl o 30 = 1A A SE 56 1 E BH & IR
AR T SR TR . 514 5BCSH 21k
AL, e T A S A A X sl A A R R TR
-7 A AR R BLE . D& T3 — S B B TR 4 ok
A F AR HOR R AR, S2 R P, (S R
JE RN, iR S R R B O R A A R 2
S 3Tl 2 590 2 B sl B v AR FRC ) 3 R R AN S
HE5FEFHHE, M5 EFIERR A SER
PR B EAER. [FIRS, H A B X i R AR A
= Waala o & A (0] i

TSR T T DA A TR AR R P s R T
FRCST A d E EE AE ARREX R R AR  RE A OR

FI T TR SRR 2 25 B R A B A0 748 4. RS
BUEE R Y], il SRR S S AR A B
A S BRIk 7, T LK I B9 A O il S AT R A
I JE AT 0 35 A 22 ). o HG v e O SR ) 2 B v
AR A B SR R T B g FRATTAT LR
FHBCS FHIE HE S 1 4 P fifp S B Tl ok v - B0 e 3
P 23, i B — PR, A B o RA T 200 2
LUR I NSRRI

A,
A, ==>T(k—k")—£,
‘ ;( 5@

FErP T () h S BRI 7& A% 18 A O AR,
IEHTFRRE AR (), IFHAEG=0=(r, mib
KB K. E, =& + A7 2l T UERLT 1Y UK BE AL
WYX — T, ZOENARE R T EC, AcS Ao
RHAMRMATS . s b] i, X EWRE i B
KA RRAT AR s 2 8], AR K AR AR —H a5 L.
SRt — 25 2% 1 A TR ORI R, R4 d- T
P X R E— . R, R S 6 I G ik
Y v TR 3 A 1) P BC X BT d- B U, o 38 4
S5 B T ik s 1) PR 1 T X AL R — A SR D B SCE

SIAHRA: 2. SIE SRR B T EOGHLE. R, 2016, 61: 1148-1150

Li T. Pairing mechanism of the high temperature superconductors (in Chinese). Chin Sci Bull, 2016, 61: 1148-1150, doi: 10.1360/N972016-00147

© 2016 (HpIERIE) Atk

www.scichina.com  csb.scichina.com




M7 —J5 W, Ed-PHEFEAPRET, BCSH TH T
K22 IS AR AE S BRI Ok B REME Bk v, T e
RE B LR JE i i e Y EL O s, 1 ik 7 X L Y
BCSAHI+ A7 HA I M e

C(kng)=2[1- 00t Bl |
2 EkEk+q

TEBER b, 7 A <O, WIS g 1Y) Tk v K
32 F AR . R S B RO B AE © 48 O K g AR
LA SRR TR 2 — P 2T

PRk, RS 58 i S 8k i i v O A v i S A HE
FBE X E— n] REAY ML, (0 BE R BRI TS o
GRS I R o A A RO L. R, X —
AL A4 AT 5 A S B A At T v - 75 1 HIL ) A4 S 1A
R, WBREH A B SOK TR AR R S LB R
THEEMZL. R, XIFARIET il AR
XEHLH BB TS L 2L, Wl TR e — 5 Sk
HPRR. NI, 56T Ml SR G PSS IR &
PER IS AR N IR S AR S T i kAl 2 . BCSHE
T B AR T LASE it R v i S I R 1 TN B -
fik, R ph TR SRR A A, AN RE4R At e i
PR EAT o SE BE A, T HE AN REAl A 5 T fE It
WG KH — RIV AT . X H W P KA
Py B AL, DAy B A g 3l R S P R T P R B
(8 37 - JRy I ook, LR AT Rk — i 4R B
T SR P R SR R S A LG R

e i S P P A O R BT X $ 13 B8 T LR B
o3 9 L IO BE B DX I RE B X P R 4y AE B R RERR
DX, RO S8 3% WA A rp B0 S Bk ok 9 B B iR T
3% 28 T A, A L DR DX Al D3 7 P K DU A
o7 b 52 A L S — 2D AT R B, kA K
P AE Bl 25 18] (4 JR 0 A A7 o i) DL VR —A4
JRy R S ZR G Al AT, (AR B FL
PG A B AR 3K T IR A ) ol A 114 s B K % A
FEHATAE T 25 1 il SR . 3 — T il

%25 3k

193] 7 RIXS 9290 5 A7 g 0 SRR, ik 86 92 O B
e it B AR A ) R B v BB TR T AR E M A
TETHBAR Wl kb, BEER R 200 2
YA X0 HL B 22 3 B 28 A ook 5 18 Jie 7 0,
LI 28 3 e K s 55X 00 (B RS &R AR 20 A L
FH B AR TO . IR R R AT O A R T
Ty A7 B L 7 ook v i S LB TR T
A PRAL, RO AR AT R AR v A T R T AE B
X — R G B U ERAT M AR, B an 2ok M 5™,
WIS BEBUR B IR, s Rekink 4 AE . FE TR I g
B DX, T P Y AT R FEE T AR 3 8 e A BE 1 v E
R, HIX— B3 AE A BN XA — 31
Bl 7 7E AR A 25 (] B4 3 Ao F BT 20 A B — > AR AR IR
e C G Xt T K A R BB L X — S B
JHBAFAE S v i 5 P 0T ML ) X1 T G ri - 75 1 A
HAEFIPL A R 2 35 AR A (EUR ANy £ iR T
A&7 - Jey B O A AE SR B AR I Al S 54 T R
HUF SR, DURCE I — i b R S R S A RS S
FOBRHE Z M BRI L OGZR, AT IR — R TR Y
[ L.

Jay SR A K v Do) T 80 P K 7 A — S E
oI R T T A SR I A SR AR 3 — SR AR
W TE LR AN B e R AR R T A SRAORBE. BT A F
FELAFFH, L AR O f B e mT LA ] i 8 3 vy Yl 5
P H 7 B0 Jey S B RELA T O A i L AT, B R
i 3 v YL S A R T LA L R 5 R R A
K Z I — A AT AT B Y R i L R AR AR
A5 IS AE AT A sl b 3R W B PR R R AT TSR T
SRS AR R — AT 58 A i e ) fel

BN, T il R S A TEE X ATL ) Y O B PR A T B
il 15 R SR A S AR S 9 BB S S 2 TR 5%
. XA IR AT E SR A Y L — A ER AR
figp DR ) A IR B i R I — [ ) — A ]

AERAE.

1 Bonn D A, Dosanjh P, Liang R, et al. Evidence for rapid suppression of quasiparticle scattering below T, in YBa,Cu3;07_s. Phys Rev Lett,

1992, 68: 2390-2393

(U I " I ]

Scalapino D J. The case for dif pairing in the cuprate superconductors. Phys Rep, 1995, 250: 329-365

Kampf A P. Magnetic correlations in high temperature superconductivity. Phys Rep, 1994, 249: 219-351

Tsuei C C, Kirtley J R. Pairing symmetry in cuprate superconductors. Rev Mod Phys, 2000, 72: 969-1016

Fong HF, Keimer B, Anderson P W, et al. Phonon and magnetic neutron scattering at 41 meV in YBa,Cu;0;. Phys Rev Lett, 1995, 75: 316-319

1149



8 # 2016%F48 HFoe1ks F11H

10

11

12

13

14

15

Takigawa M, Reyes A P, Hammel P C, et al. Cu and O NMR studies of the magnetic properties of YBa,Cu30¢.63(7,=62 K). Phys Rev B,
1991, 43: 247-257

Sokol A, Pines D. Toward a unified magnetic phase diagram of the cuprate superconductors. Phys Rev Lett, 1993, 71: 2813-2816

Tacon M Le, Ghiringhelli G, Chaloupka J, et al. Intense paramagnon excitations in a large family of high-temperature superconductors.
Nat Phys, 2011, 7: 725-730

Norman M, Ding H, Randeria M, et al. Destruction of the Fermi surface in underdoped high-7. superconductors. Nature, 1998, 392:
157-160

Tacon M Le, Sacuto A, Georges A, et al. Two energy scales and two distinct quasiparticle dynamics in the superconducting state of un-
derdoped cuprates. Nat Phys, 2006, 2: 537-543

Valla T, Kidd T E, Yin W G, et al. High-energy kink observed in the electron dispersion of high-temperature cuprate superconductors.
Phys Rev Lett, 2007, 98: 167003

Rossat-Mignod J, Regnault L P, Vettier C, et al. Neutron scattering study of the YBa,Cu30g,, system. Phys C, 1991, 185: 86-92

Li T, Yang F. Variational study of the neutron resonance mode in the cuprate superconductors. Phys Rev B, 2010, 81: 214509

Yang F, Li T. Theory of the quasiparticle excitation in high-7. cuprates: Quasiparticle charge and nodal-antinodal dichotomy. Phys Rev B,
2011, 83: 064524

Pei J, Liao H, Li T. On the high energy spin excitations in the high temperature superconductors: An RVB theory. 2013, arXiv:1305.4834
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The pairing mechanism of the high temperature superconductors is one of the most important issues in the study of the
high temperature superconductivity. After the intensive investigation in the past three decades, it is now commonly
accepted that the d-wave pairing in the high temperature superconductors is driven by the exchange of the antiferromagnetic
spin fluctuation in the system. However, an open problem remains: how to understand the complex phase diagram of the
high temperature superconductors, especially the anomalous behaviors related to the pseudogap phenomena in the under-
doped regime. The key to the answer of this question lies in the local-itinerant dualism of the electron in these systems.
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