Neutron scattering study of iron
based high T. superconductors
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d Introduction of neutron scattering techniques

d Spin wave and magnetic exchange interactions in the parent
compounds of iron based superconductors

[ Spin excitations in iron based superconductors
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What are universal ?
What are material dependent?



Antiferromagnetism & supercondUctvIN

Cuprates
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Parent compound: antiferromagnetic
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Fe pnictides: antiferromagnetic
Semi-metals

Antiferromagnetism is universal !



Spin waves in the parent compounds of Cuprates
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Magnetic structures
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1. Orbital ordering

2. Nematic ordering

3. Biquadratic interactions
4. Fermi Surface nesting

5. Combination of local moments
and itinerant electrons

Wit (FKHERE)
BaFe,As,

L. X. Yang et al. PRL 102 107002 (2009)

/A

1,

/Stoner
Continuum

/- spin—waves

= |q|/k,



Discovery of K, sFe, -Se, (T.= 32 K)
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ARPES measurements on K, sFe, -Se,
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Magnetic and crystal structures of semiconducting K, gsFe4 ,Se,
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(] Found in different classes
of materials, both electron and
hole-doped cuprates.

U Intensity increases like an

order parameter below T..

O The energy of the mode
scales with T..
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(Ba,K)Fe,As, (T.=38K)
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BaFe, (N, ;As, (T,=20 K)
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Phase diagrams of isovalent doped iron based superconductors
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Damped resonance mode in Ba(Fe,_ Ru,),As,
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Summ-

a The iron-based superconductors exhibit a similar phase diagram to
those of the cuprates.

Q In the parent compounds of iron-based superconductors, the Fe spin
dynamics provide needed high energy scale (~200 meV) for the pairing.

a All parent compounds display a stripe AFM order with large in plane
anisotropy of the exchange coupling constants; such stripe AFM order
Is driven by exchange interactions between local moments and does
not necessarily only appear under Fermi surface nesting.

O Low energy spin excitations of iron-based superconductors are
dominated by a resonance mode.

Q No Zeeman splitting observed for the resonance mode.
a The resonance energy is proportional to the superconducting gap.

Q Resonance is damped when electron correlations are weakened.
Resonance may not be the only ingredient for pairing.
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