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CMR Materials

Magnetic ordering (FM, AFM)
Charge ordering

Orbital ordering

Jahn-Teller Distortions
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R/R(300 K)

Transport Properties Abruptly Respond to
Increasing Dopant Concentration

X = 0.5 pellets x=0.5 crystal
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I-M transitions 0.5 < x < 0.6 may indicate small
region of charge-ordering, but no direct evidence
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What does the polaron look like?
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Polarons via single-crystal diffuse scattering
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Measure 6 independent phonon velocities (3-axis INS).
Determine elastic constants (C,;,C,,,C;3,C53,Cy4,C)- T
Calculate eigenvectors/eigenvalues of continuum DM. ,(:9

1

Calculate diffuse scattering (quadratic in the forces).

!
Bl

Fit the forces against the experimental data. & e
Integrate the displacement expression. 2
Determine temperature evolution of local structure. l‘



Polaronic + TDS scattering
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Experiment vs. Calculation (300 K)

Calc. Calc. + Noise Experiment
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JT polarons: A 3D local structure model
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FIG. 1. (a) Orthorhombic and (b) tetragonal structures of
YBa,Cu;0;_5. In the tetragonal structure (b) the different atom
symbol for the O(1) site is used to indicate that this site is not
fully occupied.



A/F and S/C....What else?

Pseudogap (Campuzzano
et al. 1996; Rossat-
Mignod et al. 1993; Basov
et al. 1995,2002)

Stripes ( Tranquada et al.
1996; Zimmerman et al.
1998; Kapitulnik et al.
2002; Emery et al. 1999;
Zaanen 1999)

Incommensurate Spin
Excitations (Mook et al.
1999; Arai et al. 2000;
Yamada et al. 1999)

Orbital Magnetism
(Varma 2001; Chakravarty
et al. 20010




Using 65 KeV X-Rays to look for Lattice
Modulations in YBa2Cu306.63 (Tc=60K)
(Z.Islam et al. Phys Rev. B 66, 092501 (2002))




Temperature Dependence of
Diffuse Peak Intensities
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YBa2Cu306.92 ( Optimally
doped Tc= 91.5K)
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FIG. 4. Top panel: Temperature dependence of saperstroc-

tare peak and Huang =cattering. The average of the two
Huang scartering peaks = displaged.



Conclusions

* For manganites in the PI phase Jahn-Teller
polarons have been demonstrated to exist.
Analysis of the Huang scattering reveals
symmetry of distortion, related to d-orbital
orientation.

* These polarons form a correlated but short-
ranged ordered striped phase [q=(0.3, 0,1)]




*Both underdoped and optimally doped YBCO
show short range (fluctuating?) lattice modulations
along direction perpendicular to chains.

*For x=0.62, periodicity =5a; for x=0.92 periodicity=4a
*Correlations 1involve roughly 5 unit cells along a-axis
and only the Cu-O chain planes, the CuO2 planes

and the Barium layers.

*Correlations increase as T decreases and appear to
Saturate below Tc.




