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Neutron Scattering

Neutron scattering is a powerful method of probing the geometry 
and timescale of molecular, atomic, and spin motions.
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Quasielastic Neutron Scattering (QENS)

QENS → small exchange 
of energy between the 
neutron and the sample.

We can learn about the 
structure of the sample by 
determining how much 
energy was exchanged.

3

Elastic 
Neutron 

Scattering

Quasielastic 
Neutron 

Scattering

Inelastic 
Neutron 

Scattering



Most current instruments measure the double differential scattering 
cross section:

𝛿2𝜎
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Proportion of scattered neutrons

Per solid angle

Per energy transfer
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Current Instruments

Efinal – Einitial



Need to monochromate the neutron beam to determine Einitial

Neutron Flux ↓↓↓ 
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Cumulative Intensity (a.u.): 1.22e-14
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Cumulative Intensity (a.u.): 2.89e-16



Time of Flight (µs)
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Need to pulse the beam to determine Time-of-Flight (ToF) → Efinal

Neutron Flux ↓↓↓ 

Conventional 
Disk Chopper
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Alternatively, we can obtain the exact same information by 
measuring the intermediate scattering function, I(Q,t).
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Fourier Transform
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Intermediate Scattering Function



Pros:
• Can use polychromatic beam 

(neutron flux ↑↑↑☺)
• High energy resolution
• Can measure long 

timescales

Cons:
• Small detector area
• Requires beam 

polarization               
(neutron flux ↓↓↓ )
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Neutron Spin Echo



Neutron Intensity Modulated Spectrometer (NIMS)
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ToF Detector



ToF Detector

Neutron Intensity Modulated Spectrometer (NIMS)
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Time of Flight (µs)
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Rather than pulsing, the NIMS chopper creates 
a triangle wave profile.

Intensity-Modulating 
Chopper (IMC)
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Disk Chopper

Time of Flight (µs)
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Disk 
Chopper
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After quasielastic scattering, the neutrons’ 
kinetic energies (velocities) are spread out.

Sample
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Scattering Sample
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Post-Sample Energy Distribution

Incoherent 
Sample
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Final Detector Time-of-Flight

Differences in neutron velocities will smear the 
triangle wave shape over time.
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Smearing

Final Detector ToF Detector



We can measure the Fourier components of the ToF smear to obtain 
the Intermediate Scattering Function, I(Q,t).

I(Q,t)

Fancy Math
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Data Analysis
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• We don’t know ΔE

• Still have to monochromate 
the beam (neutron flux ↓↓ )

(but we 
don’t care)

Pros
• Intensity modulating instead 

of pulsing (neutron flux ↑↑ ☺)

• Wide detector range

• No polarization or magnets 
needed (neutron flux ↑↑ ☺)

Cons
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Single-Chopper Setup - Review



3-Chopper Instrument Configuration
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Detector
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5-Chopper Instrument Configuration

Detector



Time of Flight (µs)
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The multi-chopper setups still create the 
triangle-wave profile.

Intensity-Modulating 
Choppers
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Multi Disk Choppers

Time of Flight (µs)
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Initial Beam
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Instead of monochromating the beam, we use the 
disk choppers to modulate the wavelengths.

Velocity Selector
Intensity-Modulating 

Choppers
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Multi Disk Choppers
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More wavelengths → more flux!!

>
Modulated Beam
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Multi Disk Choppers
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*10-5
Monochromated Beam



• Design/construct 
instrument

• Simulate instrument 
operation

• Output raw detector 
data (# counts)

• Import raw data
• Validate McStas 

functionality
• Extract I(Q,t), signal 

to noise, error bars
• Plot processed data
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Methodology



Code

Monte-Carlo Simulation

Detector Data
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McStas



Raw 
Data

Math!!

Final 
Data

McStas 
Validation
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Matlab



Fourier Time (ps)

I(Q
,t)

 / 
I(Q

,0
)
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1 Chopper, monochromatic
Normalized ISF vs. Fourier Time



1 Chopper, monochromatic
Normalized ISF vs. Fourier Time
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3 Choppers, polychromatic
Normalized ISF vs. Fourier Time



5 Choppers, polychromatic
Normalized ISF vs. Fourier Time
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• Optimize instrument parameters
• Distances between components
• Sample / beam sizes
• Divergence
• Δλ/λ  (incident wavelength spread)

• Figure out Signal to Noise ratio

Variable Distances

Neutron 
Source

width

θ
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Next Steps



1-Chopper Setup

Signal to Noise Ratio vs. Fourier Time
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5-Chopper Setup



Special Thanks!
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