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Neutron Scattering 
Part 1: Theory 

Reiner Zorn 

Jülich Centre for Neutron Science 
Forschungszentrum Jülich 

  
●  Why neutrons? 
●  Static (elastic) scattering 
●  Dynamic (inelastic/quasielastic) scattering 
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Scattering probes: cross sections 

Scattered by 

Wavelength λ 

Length scale d 

Neutrons 

nuclei 

irregular 
dependence on 
isotope 

0.1…1 nm 

0.05 nm…50 µm 

X-rays 

electrons 

preferential 
scattering by 
heavy atoms 

0.05…0.2 nm 

0.03 nm…50 µm 

Light 

fluctuations of 
refractive index 

400…700 nm 

200 nm…500 µm 
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SANS classical example 

How can the structure of a 
single polymer chain in a melt 
be studied? 

Isotopic Labelling: 
 
Scattering contrast with 
negligible chemical difference 

Polystyrene: [Schelten et al. 1973] 

Ω
 
σ d d 

]Å10[ 13 −−Q

Fit with Debye function: Validity of 
Flory‘s theory 

DH 3.74 6 ffm .67 mbb = += −
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Elastic and inelastic scattering 
G S HR SGD CHEEDQDM D ADSVDDM D RSH MC HMD RSH R SSDQHMF

Elastic scattering 
●  scatterers are (assumed) fixed 

in space 
●  no energy transfer 

Inelastic scattering 
●  scatterers are moving or moved 

by neutron 
●  energy transfer 
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Elastic and inelastic scattering 

Elastic scattering 
●  scatterers are (assumed) fixed 

in space 
●  no energy transfer 

●  Evidence: 
◆  high mass mscatterer >> mn 

◆  NV SD ODQ STQD kBT << En 

◆  QXRS NQ F RR

Inelastic scattering 
●  scatterers are moving or moved 

by neutron 
●  energy transfer 

●  Evidence: 
◆  low mass mscatterer ≈ mn 

◆  GHFG SD ODQ STQD kBT ≈ En 

◆  HPTHC NQ F R

G S HR SGD CHEEDQDM D ADSVDDM D RSH MC HMD RSH R SSDQHMF
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Scattering probes: energies 
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Energy of x-rays is often 
too high to detect 
inelastic scattering. 
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Neutron scattering from static systems 
(elastic scattering) 
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The scattering triangle (elastic scattering): Q vector 
RSH R SSDQHMF MN DMDQFX SQ MREDQ E' = E, λ' = λ, k' = k 

GD R SSDQHMF SQH MF D HR
HRNR D DR  

42 sin sinQ k π= θ = θ
λ

2θ 

k' = 2π / λ' 

k = 2π / λ 

Q 

:NTQ D

.DSD SNQ

M X CHEEDQDM D k!�k SSDQR
R D Q VHSG CHEEDQDMS λ%θ N AHM SHNMR

QFD MF D
NMF V D DMFSG

R MF D
RGNQS V D DMFSGb
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Structure factor 
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Continuum picture 

How does the scattering look like for a scattering continuum? I.e. if 
●  the scatterer is continuous (magnetic moment of unpaired electrons
●  HMCH HCT R SSDQDQR M MNS AD QDRN DC ENQ FH DM Q
:,5: :, : 2 / distanceQ << π
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Mesoscopic description, scattering length density 

Is this good for anything in practice? If we know the position of each atom 
(crystal), no. But if we only have a ‚mesoscopic‘ description, yes: 

ρ(r) 

ρ0 
   !ρ(r)

r 

This is an acceptable approximation if                               (small-angle 
scattering, reflectometry).  

2 / distanceQ << π

Generalisation to mixtures of scatterers: 

( ) ( )
2

3

1

d
d exp i ( ) ( )

d
 with 

N

b b j j
jV

r b
=

σ = ⋅ ρ ρ = δ −
Ω ∑∫ Q r r r r r

ρb is the scattering length density (dimension: m�2). 
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The second way to derive the differential cross section 

●  The scattering originates from particle pairs (except for i = j). 
●  Only distances between particles matter, not their absolute positions. 
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Pair correlation function 

H QNR NOH SVN%O QSH D CDMRHSX
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Alternative definitions of the pair correlation function 
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Form factor of a sphere 
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Form factor of a sphere 
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Form factor of a sphere 
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Guinier approximation 

NQ MX EHMHSD%RHYD O QSH D NMD M T SD SGD Q CHTR NE FXQ SHNM
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Form factor of a sphere 
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Porod law 

2HFG Q ADG HNTQ NE SGD ENQ E SNQ
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