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Outline

* Evolution of the spin excitation in the high T, cuprate
(Bi,Pb),(Sr,La),CuO,s (Bi2201)

* Interplay of charge order and phonon in stripe-order cuprate
La, ¢ Eu,,Sr,CuO, (LESCO)
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Origin of unconventional superconductor?
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e Superconductivity emerges in proximity to antiferromagnetism.
e What is the role of spin excitation to SC?



How does spin excitation change with doping?
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e Low-energy spin fluctuations disappeared in the heavily overdoped regime.
------ Supporting spin fluctuations mediate the electron pairing in high-Tc superconductors.



Magnetic excitations persists across the whole phase diagram

Dispersion, linewidth and intensity of the magnetic excitations.

b

(1/2,1/2)

300 - - - - -Acoustic magron dispersion

- - - -Optizal magnon dispersion
— it

Erergy (e

“l0,0) | (1/2,0)

® This challenges high-
,“ # 1 HH# energy magnetic fluctuation
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"l Qoo E mechanism.

Dispersions and spectral weights of paramagnon (damped
spin excitations) closely similar to those of magnons in
undoped cuprates.
M. Le Tacon et al., Nat. Phys. 7, 725 (2011). M. P. M. Dean et al., Nat. Mater. 12, 1019 (2013). M. Le Tacon et al., Phys. Rev. B 88, 020501 (2013).



Doping/Momentum evolution of magnetic excitations
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Y. Y. Peng et al, Phys. Rev. B 98, 144507 (2018).



Magnetic excitation along [1,0] direction
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Fully polarized RIXS measurement of OD11K (p=0.21)
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Doping dependence of undamped frequency and damping
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Doping/momentum dependence of paramagnon propagation

KA Propagation frequency=\/ undamped frequency? — damping?
- UBISK
= 049 (o) Propagation frequency | -¢- op3ik

- - ODI 1K

0.8

. :El:,llglln (c)-1.4
g 0.6 _E%%; d r*(r;w 12 - . . .
R S =3 1o Collective Spin Excitation
20l 22 o el
. Sy \ 0.4 . . .
M.Minola et al., ! 1o Incoherent Spin Excitations
PRL 119, 097001 T = \ |
0.0 Lt APEPETETIN RPESN | PRSI SR A S 0.0

.0 L
0.00 0.05 010 OJS 0.20 025 0.30
hole ddping p

(2017)



Numeric: 3-band Hubbard model

Determinant quantum (0.25.025) (0.5.0) 00) (025.025)
Monte Carlo (DQMC) @ (b) T
06 02 04
o & 03 g
S oo O Y o . £
& el E
E. Huang, . e & Peloo 0.6 g
Stanford University ) “%“ S =

<
= o
|

S(Q.o) (arb.unit)
o

X @ ERI © " (0.5.0)
0 y | 0 1 L I 1 1 I L 1 I
(0.25,0.25) (0.5,0) (0,0) (0.25,0.25) 0 03 06 09
Momentum (r.L.u.) Energy (¢V)

With doping, the intensity of S(g, ®) decreases,
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Doping/momentum evolution of paramagnon dispersions
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Doping/momentum evolution of intensity
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 RIXS: spin intensity is constant with doping.
1 INS: spin intensity decreases with doping

Upon doping the spin fluctuation related to SC is

concentrated around Q,=(0.5, 0.5).
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Summary

 Spin-flip nature of paramagnon persists up to heavily overdoped region.

« Upon doping the spin fluctuation related to SC is concentrated around
QAr=(0.5, 0.5).
 Electron-phonon coupling strength is enhanced near CO regime.

Thanks for your attention!
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