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Magnetic properties of the neutron

The neutron has a dipole moment
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The transition matrix element

The dipole moment of unfilled shells yield inhomog. B-field
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The magnetic scattering cross section
Spin density spread out =) scattering decreases at high K
F(q) :Js(r)exp(iq-r)dr
The magnetic neutron scattering cross section
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Un-polarized magnetic scattering

Squared form factor Polarization factor

Fourier transform Spin correlation function



Magnetic neutron diffraction

Time independent spin correlations mm) elastic scattering
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Periodic magnetic structures ) Magnetic Bragg peaks

d_o- - > (27[)3




Simple cubic antiferromagnet

Real space




Not so simple Heli-magnet : MnO,
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Diffuse Elastic Magnetic Scattering

Magnetic Coulomb Phase in the
Spin Ice Ho,Ti,0;,
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Understanding Inelastic Magnetic Scattering:

Isolate the “interesting part” of the cross section
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The “scattering law” is defined as
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For systems in thermodynamic equmbrlum S“ ( a)) satisfies sum-rules
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Weakly Interacting spin-1/2 pairs in Cu-nitrate
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Sum rules and the single mode approximation

When a coherent mode dominates the spectrum:

S(q,0) = S(q)d(ho - &(q))
Sum-rules link S(q) and &(q) :
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Spin waves in a ferromagnet
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Spin waves in an antiferromagnet
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Continuum magnetic inelastic scattering

Inelastic scattering is not confined to disp. relations when

v a thermal ensemble of excitations is present

v q and /i@ do not uniquely specify excited state
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S”(k,w) & the generalized susceptibility
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Compare to the generallzed susceptibility
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They are related by a fluctuation—dissipation theorem




Polarized magnetic neutron scattering

Specify the incident and final neutron spin state
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Non spin flip:
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Polarized neutron scattering
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Summary

 The neutron has a small dipole moment causing
scattering from electrons

 Magnetic scattering is similar in magnitude to
nuclear scattering

« Elastic magnetic scattering probes static magnetic




