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High-Temperature Superconductors
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Neutron Scattering

Neutron
Source

Detector

Neutrons: neutral particles
Right wave length, 1 Ǻ
Sensitive to magnetism
Penetrate deeply

Wavelength, 4000 to 7000 Ǻ

Travel!



Neutron Scattering with a Triple-axis Spectrometer

if

if

kkQ
EE

−=

−=ω

BT7, National Institute of 
Standards and Technology

Elastic: Ef = Ei
Inelastic: Ef ≠ Ei

Ei , ki
Ef , kf



Magnetic Peak

Elastic Neutron Scattering
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What do we know so far?

What are superconductors and why are they interesting?
Conductor+Super; Huge application potentials. 

What to study on high-Tc superconductors?
Interplay between magnetism and superconductivity.

How to study the magnetism?
Use neutron scattering techniques.

Then, can we start?

Where is the crystal?



Crystal Growth---Floating-zone Technique




Crystal Growth---Floating-zone Technique

Wen et al., J. Crystal Growth (2008).



Other Measurements on the Crystals

Science (2008). Nature Physics (2010).

Science (2009).

Nature Physics (2009).



Static Magnetic Order in La2-xBaxCuO4
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Static Magnetic Order in La2-xBaxCuO4
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Peak intensity: measure of the order strength



Magnetic-field Effect

Wen et al., PRB (2008).

La2-xBaxCuO4, x = 0.125



Zn-doping Effect
La2-xBaxCu1-yZnyO4, x = 0.095
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Iron-based Superconductors
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Se content, x
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Wen at al., PRB (2009).

Fe1+yTe1-xSex, Static Magnetic Order
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Elastic and Inelastic Neutron Scattering
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FeTe0.5Se0.5, Resonance
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FeTe0.5Se0.5, Resonance

Wen at al., PRB Rapid Comm. (2010).

Dynamic spins promote 
superconductivity 
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Magnetic fluctuation appears to be an 
important ingredient for the high-Tc
superconductivity. 

Conclusions

Lots of things remain to be done...
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