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Magnetic excitations in cuprates

B. Keimer
MPI for Solid State Research

Open experimental questions:

1. generic & materials specific aspects

2. systematics with layer sequence,
doping (— overdoped regime)

3. Incommensurate spin dynamics: 1D or 2D?

4. origin & bulk nature of superstructures

New approach:

neutron and x-ray scattering from
small, perfect crystals
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Antiferromagnetic YBa,Cu,0q
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Resonant Mode in YBa,Cu,0,

YBa,Cu,;0-, 40 meV spin-flip scattering
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spectral weight near gq=(m,t) comparable to
antiferrromagnetic magnons in YBa,Cu,0,



Resonant Mode in Bi1,Sr,CaCu,Og,
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* resonant mode present in Bi,Sr,CaCu,Og,,

— quantitative comparison with ARPES, tunneling
e broadened due to disorder
* mode energy decreases in overdoped state

H.F. Fong et al., Nature 1999
H. He et al., Phys. Rev. Lett 2000



Resonant Mode in Single-Layer Cuprate

co-align ~350 small crystals to within ~ 1.5°
— sufficient volume for inelastic neutron scattering
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Resonant Mode In Trilayer Cuprate

Bi,Sr,Ca,Cu;0,,.,
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Doping Dependence
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Mean Field Theory: Bilayer Superconductor
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Overdoped Y, Ca, ,Ba,Cu,0,
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T-dependence

E =43 meV, even E =35 meV. odd
4600 200 —r—T—T—T—T—T
2 4500 2
c c
: £ 1900
D 4400 0
g £ 1800
3 430 N
& £ 1700
2 4200 0
2 2
£ 4o} £ 1600
4000 ~—rtmr— L 1500
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

T(K) T(K)



Intensity(cnts/280s)

Optimally doped YBa,Cu;0q g:
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Underdoped YBCO

 normal state intensity decreases rapidly with
Increasing doping

» onset of spectral weight anomaly
at T, forn>ng,
at higher temperature for n < ng,
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Summary: Even/Odd Modes
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e split by bare J | in overdoped regime
higher binding energy for multilayer materials

 With decreasing doping, extrapolate to
optical/acoustic magnons in AF insulator



Spectral Weights of Even & Odd Modes at (rt,7)

renormalization of y4(q,®) by interactions:
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New Look at Optimally doped YBa,Cu;O g
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Optimally doped YBa,Cu;0 g5
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Summary

 Locus of magnetic excitations in
YBa,Cu;04,, La, g75Bag 125CUO,
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— “universal” magnetic response of copper oxides?
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Magnetic Response of High-T_

Superconductors
YBa,Cu,;0q ¢
£ “universal”
response
strong damping
by quasiparticles
(m,m)  q T=T,
La,; g:Sry1sCUO,
E
(m,m) g

— Morr & Pines, PRL 1998



Mean Field Theory

renormalization of y,(q,») by interactions:
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e superconducting gap required for true collective mode
» can weakly damped collective mode exist in ,,pseudogap“?



Spin Excitations of Coupled Stripes
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Spin Excitations of Coupled Stripes

constant-energy cuts

&0 meV 200 meWV
-30 [
- -30
\\ 20 20
\ 1':' \ l[]
0 0

55 meV 160 meV

\ -30
20

\ 10

0

120 meV

,\\

(m.2m) 6meV  (2m.m) 105 meV

- (g

(0.7) (m.0)




counts/15 min

Incommensurate Spin Excitations: 1D or 2D?

~95% detwinned mosaic of YBa,Cu,;0 g (T,=90K)
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Intensity (cts/16 min)

Intensity (cts/11 min)
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Map of Magnetic Spectral Weight
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Underdoped YBa,Cu;0¢
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Summary: Untwinned YBa,Cu,0,,,

Anisotropic two-dimensional spin excitations
Inconsistent with static arrrray of stripes

Origin of in-plane anisotropy of intensity/damping?

» c05%(q,d/2) intensity modulation rules out
direct contribution from CuQO chains

* in-plane Fermi surface anisotropy?

 quantum nematic phase?

e relationship to checkerboard charge order?

Possible complications:
e charge/orbital order on chains

 OXYygen ordering



X-ray diffuse scattering inYBa,Cu,0q,,

optimally doped YBa,Cu;0; 4, (T.=92.3 K)
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Doping and material dependence
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i (181K

e superstructure depends on oxygen content,
not on doping level

e not observed in materials without oxygen defects



Temperature dependence

[ntegrated Intensity [arb. units]
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Conclusions: X-ray diffuse scattering

 0Xygen superstructures are material-specific
aspect of real lattice structure of YBCO at all
doping levels

e reported anomalies at T~ not confirmed
(Islam et al., PRB 2002)

e 0Xygen ordering has to be taken into account
when interpreting phonon anomalies

— correlations between oxygen vacancies in
other high-T, cuprates?



