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Goal

* Neutron Scattering + sum rules = single
particle spectrum




Neutron Scattering
in Helium

“fast” neutrons: atows do not have time to move

Neutron sees potential: ok

V= /dr’U(r —rp(r")
Vie = Ukp—k

Ferwi’s Golden Rule:

i = 27|Uq|*(pgp-q)0(w) K2 k2




Neutron Scattering
in Helium

Static Structure factor
S(q)

Ferwi’s Golden Rule:

Tyt = 27|Uq|*(pgp—q)d(w)




Helium

Pose Condensate:
Single particle spectrum = phonon spectrum

Only long wavelength redistribution of particles = phonons




Helium

Bose Condensate:
Single particle spectrum = phonon spectrum

More formally: single particle spectrum hybridized
with phonon spectrum

Q has overlap with '\</*

Petermining phonon spectrum determines single particle
spectruwm




Pynawmic structure
function

Density response function:

(a.8) = 2 (o, (1), oy )

— @ S(q,t) — S(—q, —1)]
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Meaning of dynawmic
structure factor
S(g,w) = % / d3r / d3r' / dte =)+t 500 1) o(r! 0))

Measures density fluctvations at frequency omega
and wave vector (

Petailed Balance:  S(g,w) = ?S(q, —w)

S frequency of phonon
with momentum q
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Zero T

1 . T
S@w) =3 [ dr [ @ [atemH et i 0, 0)

Measures density fluctvations at frequency omega
and wave vector (

Petailed Balance:  S(g,w) = ?S(q, —w)

S frequency of phonon
with momentuwm q
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Sum Rules

2Imx *(q,w) = S(q,w) — S(—q, —w)
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f-suwm rule
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LS often defined with a factor of V -- since it is extensivel
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Limited Accuracy: Spectral function has more
structure




Inelastic Neutron

Scattering
ok

Neutfron sees potential:

VH= /dr'U(r —rp(r")
Vie = Ukp—i

k

Fermi’s Golden Rule:
ressanE=ziligale Z| < flo—glt)|*2m0(w — (B — Ey))
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Fluctuation-Pissipation
Theorem

2Imx *(q,w) = S(g,w) — S(—¢, —w)

Dissipation ~ Eneray  Energy
out in
Collective Scattering

Mode expt




Kecovermg Static Limit

q=k' -k
q ]{7,2 k‘2
Ww=—-—— —
2m  2m
Swall angles: :
g1 ~ k6 2hespul ]
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Ikpr = |Uq|2 Z| < f|P—q|i>|227T5(w = =
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zero unless w ~ cq

o k@\/l + (%)2 ~ k6 (1+ O(c/v)?)




Recovering Static Limit

Lp—p = |Uq|2 Z‘ = f\ﬂ—q|i>|227T5(w — (&y — £y))
f

q~ kb

Integrating over all momentum transfers and energies
reduces fo

[y ~ /dwF - S(q)




