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Scattering cross section & S(xw)
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Detailed Balance
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S(x ) & correlation functions
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We measure a time and space fourier transform of the interaction potential
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Fluctuation Dissipation Theorem

D (t)= %<[QK (t), Q.. ]> s linear response function
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<Q_KQ_K (t)> = <QKQ_K (—t + |,6‘h)> Trace is invariant under cyclic permutation
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First Moment Sum-rule

D (t)= ij d a)e_ia’tS(Ka))(l— e_ﬂh“’) Fourier transform

athK(t]tzo = Ia)da)S(Ka))(l—e_ﬂh”) Time derivative evaluated at t=0

= ZdewS(Kw) Use detailed balance
1 . : : .
. Use this result from interaction picture to
Q=50 Derive 6,0, 1) .

jhwhde(Kw) = —%<[QK,[Q_K,H]]> First moment sum-rule

To learn it’s significance look at interaction potentials: Nuclear then magnetic
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Neutron-Nuclear interaction
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For free atoms H =) 2|:/I

can readily compute double commutator

%<[QK,[ _K,H]]> =— (hrc) > J-ha)hda)S(Ka)) = (ZII\(/I)Z Recoil!
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Neutron-electron spin interactions

n,=—y——6 Neutron is spin-1/2 magnetic dipole y=1.913

V (r) =—, - B(l‘) Dipole in inhomogeneous field from sample

B(r) _ _ZV X(fo g/uBSQn X ’Zj B-Field from partially filled electron shells
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Magnetic correlation & response function

S (Ka)) = %J‘d'{e_iwt <Sf s’ (’[ )> time and spatial FT of 2-point correlations
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Weakly interacting dimers in Cu(NO;),2.5 H,0O

0.08} Cu(NO3),* 2.5H0 4
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G. Xu et al. PRL (2000)
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“‘Guessing” S(qw)
When a coherent mode dominates the spectrum:
5(d, ) ~ S(6)5 (e - £(a))

First moment Sum-rule links S(q) and &(q)
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Spin waves in ferromagnet
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Spin waves in antiferromagnet

g FeF, Dispersion relation
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Two-particle continuum scattering
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Summary

m Nucl. scattering g(m) j dte 'y’ < mRne—iK-Rn'(t)>

m Magnetic Scattering S (m = j dte ™ (s¢'s”, (t))
m Detailed balance S(K’—w):e_ﬁhws(— K, 0))

1 7'(ko)
1-e ™ g

m Fluctuation dissipation S(k@)=

m Know your sum-rules and happy scattering!
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