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Magnetic Neutron Scattering
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The scattering cross section is proportional to the
Fourier transformed dynamic spin correlation function
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Alternating spin-1/2 chain "interpolates"
between gapfull and gapless quantum magnet
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* For J,=J, have gapless uniform spin-1/2 chain

* For J,>>J, have independent spin-1/2 pairs
with singlet-triplet transition at A=J,

* Experimental questions:
*When and how does continuum develop from
resonant gapfull spectrum?
*What are finite T properties of magnet with A=J



Sum-rules
-and the Single Mode Approximation (SMA)

— _ 1 igld-d") — Q=
7| dew S(G.w) —ﬁ%ﬁ S.S, > = 8(q)

. 2 1 S BT
hzja) dw S(q,w) = _EW%J@ <S.[§. > (l—cosq [ﬁd —d))
When a coherent mode dominates the spectrum:
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Then sum-rules link 8(q) and €(q)
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Parameters extracted from
low temperature data

* Parameters in a variational dispersion relation
£(q)=J, =32 J;cosq i
J, = 0.442(2)meV -intra dimer exchange

J, =0.102(2) meV -in chain inter dimer exchange
J, =0.012(2) meV  -out of chain inter-dimer exchange #1
J, =0.0182) meV  -out of chain inter-dimer exchange #2

*Equal time intra- and inter-dimer correlations:

<§0§671 >inter /<§O I—_S;go >intra - 004(8)
*Relative strength of incoherent double scattering process



Parameters extracted from
finite temperature data

*8trength of intra-dimer correlations

(5,05, )
0L T
*Overall renormalization parameter 7(7) for inter-dimer
terms in variational dispersion relation:

@) =J, ~n(T)3 2 J, cosg L

*Parameters in variational q-dependent damping

['(g) = ro(T)-l_%rl(T)COSq L,
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Temperature dependence of
singlet-triplet mode
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Conclusions about the
magnetism of copper nitrate

Zero temperature excitation spectrum

Coherent triplet mode whose contribution to

8(Q.w) is accounted for by the single mode
approximation

Weak triplet pair band separated from the
coherent triplet mode

Finite temperature excitation spectrum

T-dependence of intensity accounted for by
independent spin-pair model.

Damping and band-narrowing develop with
activated temperature dependence



End Notes

There does not appear to be a theory which
can account for magnetism in the limit
relevant for copper nitrate:

k,T=A=J

With the advent of high power spallation
neutron sources complete mapping of

8(Q.w,T) is now possible. Especially for low
Dimensional magnetic dielectrics.



