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Lecture Plan - Day 2

• X-ray & Neutron Scattering - Basics

• Inelastic scattering 

• Time and Frequency domain measurements

• Inelastic X-ray Scattering (Frequency domain – High 
Q, High Energy)

• X-ray Photon Correlation Spectroscopy (Time Domain
– Intermediate Q, Low Energy)

• Inelastic Neutron Scattering including Backscattering 
Spectroscopy (High Q and High Energy, Coherent and 
Incoherent Scattering - Frequency domain )

• Neutron Spin Echo Spectroscopy (NSE) (Low Energy, 
High Q , Coherent Scattering and Incoherent 
Scattering - Time Domain )
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X-ray & Neutron Scattering - Basics

• X-rays interact with 
the charge in 
atoms as well as 
with the magnetic 
moment

• Neutrons interact 
with atomic nuclei 
as well as with the 
magnetic moment 
due to spins of 
unpaired electrons
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Properties of Neutrons
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Properties of X-rays
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Synchrotron & Neutron Sources in 

the World
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Scattering Cross-Sections
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Scattering of X-rays & Neutrons
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Scattering Cross-Sections
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Scattering Cross-Sections

Coheren

t Part
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Now, N(r) is the nuclear (basically atomic) number density 

So, the structure factor S(q) can be defined as 

For Neutrons and 

For X-rays
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Inelastic Scattering Cross-Section
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Summarise

• The intensity of elastic, coherent neutron sattering is 
proportional to the spatial Fourier transform of the Pair 
correlation function, G(r).

• The intensity of the inelastic coherent neutron scattering 
is proportional to the space and time Fourier 
transforms of the time dependent Pair correlation 
function G(r,t) - probability of finding a particle at r  and t 
when there is another particle at r = 0 and t = 0.

• The intensity of the inelastic incoherent neutron 
scattering is proportional to the space and time Fourier 
transforms of the time dependent Self correlation 
function GS(r,t) - probability of finding a particle at r  and t 
when the same particle was at r = 0 and t = 0.
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Inelastic Scattering

• X-rays – can be both 

spatially coherent & 

Incoherent – Scattering 

always coherent

• Neutrons – Always 

spatially incoherent –

Coherent scattering 

originates for materials 

with structural order or 

spin-isotopic 

homogeneity

• X-rays – Mainly originates 

from Compton scattering 

(single component atomic 

system)

• Neutrons – originates 

from  variation of isotopic 

composition as well as 

spin fluctuation (I+1/2 or 

I-1/2)

Coherent
Incoherent



19-Jan-10 17E. Burkel, Rep Prog Phys 63, 171 (2000)



19-Jan-10 18

Inelastic Scattering Techniques –

for Glass Dynamics

• X-ray photon correlation Spectroscopy

• Inelastic/Backscattering X-ray 

Spectroscopy

• Inelastic Neutron Scattering

• Neutron Spin Echo Spectroscopy
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Synchrotrons.. Fun place …

ESRF, Grenoble, France
APS, Chicago, USA
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XPCS-Basics

Speckle
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Coherence Length and Contrast

2 20
0( ) exp / 2

2

I
I x x x

It is generally convenient to assume the source has a 

Gaussian intensity profile

One can then define a coherence length 

2

R

This characterizes the distance over which two slits would 

produce an interference pattern, or more generally the length 

scale over which any sample will produce interference effects.

A more rigorous theory can be found in e.g. Born and Wolf 

G x( ) exp x
2
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Longitudinal coherence 

e.g. the number of wavelengths that can be added 

before the uncertainty adds up to a full 

wavelength.

Can also be viewed as a coherence time Tc = /c

( / )E E
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How Practical is it to Make X-rays 

Coherent?

Consider a point 65 meters downstream of an APS 

Undulator A 4

x y
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10~ 3 10 Photons/Coherence Area

Ge 111
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XPCS-Basics

Observation of speckles depends on the spatial and temporal 

coherence of the source. The degree of spatial coherence of 

a slit-shaped source is defined as 

a is the slit width.

The spatial autocorrelation of speckles

The speckle contrast 
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Speckle Patterns 

Silica Aerogel Nanoparticles in Polymers
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Examples of some typical time 

correlations
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Experimental Aspects
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Setup for XPCS at Sector 8 of the APS

Reflection

Transmission
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Applications of XPCS

How a liquid becomes glass on cooling and heating

Lu et al, PRL 100, 045701 (2008)

Silica nanoparticles in Water-Lutidine near critical binary mixture
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Applications of XPCS

Dynamics of Nanoparticles in supercooled liquids (Propanediol)

Caronna et al, PRL 100 055702 (2008)

TG = 170K
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Applications of XPCS

Nanoparticle motion within glassy polymer melts

Guo et al, PRL 102, 075702 (2009)

TG = 275K
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Applications of XPCS

S Srivastava et al

t
AtQG exp),(1



19-Jan-10 34

Applications of XPCS

S Srivastava et al

t
AtQG exp),(1
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Applications of XPCS
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Inelastic X-Ray Scattering (IXS)
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IXS - Examples

Sette, Science 280, 

1550 (1998)

Boson Peak in Silica
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IXS - Examples

Sette, Science 280, 1550 (1998)

Boson Peak in Glycerol

IXS spectra of Glycerol
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IXS - Examples

Scopigno, Sette, Science (2003)

IXS spectra of Glycerol
The parameter is a property of 

the glass phase as extracted from

the IXS measurement.
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Neutron Scattering - Sources

Willis & Carlile, Experimental Neutron Scattering, OUP (2009)
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Neutron Scattering - Sources
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Neutron Scattering - Sources

NIST Guide HallNIST Guide Hall

NIST Guide Hall
Reactor
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Neutron Scattering - Sources

NIST Guide HallNIST Guide Hall

Spallation Neutron Source, Oak Ridge
Spallation
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Neutron Scattering - Sources

NIST Guide HallNIST Guide Hall

Spallation Neutron Source, Oak Ridge

High Resolution Backscattering Spectrometer @ SNS



19-Jan-10 45

Inelastic Neutron Scattering

• Reactors – Triple Axis Spectrometer –

Scan to get Energy and Momentum 

Transfer

• Spallation sources – Time-of-Flight 

spectrometers – Either Fixed incident 

energy (Direct) or Fixed Scattered 

(Indirect)

Willis & Carlile, Experimental Neutron Scattering, OUP (2009)
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Neutron Spin Echo Spectroscopy

F Mezei et al, Neutron Spin Echo Spectroscopy, Springer (2003)
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Neutron Spin Echo Spectroscopy
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Inelastic and Quasi-elastic 

Neutron Scattering
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NSE - Examples

Neutron Spin-Echo study of Dynamic Correlations near the Liquid-Glass Transition

Mezei et al , PRL 58 571 (1987)
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NSE - Examples

Neutron Spin-Echo investigation on the dynamics of polybutadiene near the 

glass transition

Richter et al, PRL 61, 2465 (1988)
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INS - Examples

Russina, Mezei et al PRL 84, 3630 (2000)
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INS-Examples

Zorn et al, Soft Matter 2008
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INS-Examples

Zorn et al, Soft Matter 2008
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INS-Examples

Bussellez et al JCP 2009
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INS-Examples

Bussellez et al JCP 2009


