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Neutron Scattering

Tells us about the geometry and dynamics of the sample at the 
molecular and atomic levels.
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Quasielastic Neutron Scattering (QENS)

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

3

Elastic 
Neutron 

Scattering

Quasielastic
Neutron 

Scattering

Inelastic 
Neutron 

Scattering



4

The Disk Chopper Spectrometer (DCS)
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Most current QENS instruments directly measure the energy transfer.
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Current Instruments

∆E = Efinal – Einitial

Requires knowing:

• Initial energy of every neutron

• Final energy of every neutron

Hard!
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Pre-Chopper Time-of-Flight

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

Neutron Flux ↓↓↓ 

Pulsing 
Choppers
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Pre-Chopper Energy

Need to monochromate the neutron beam to determine Einitial

Neutron Flux ↓↓↓ 

Monochromating
Choppers
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• The average Disk Chopper Spectrometer experiment is ~5 days

• Researchers request ~2.5 times more instrument time than is 
available (oversubscription)

• 60% of requested beam time is unavailable!

Time Constraints…



9

Another thing…

X-ray spectrometer Electron spectrometer

Neutron spectrometer

• Neutrons are expensive! 
• $5,000 per day  $25,000 per experiment!
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A Small Upgrade
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100x faster!

Intensity-
Modulating 
Choppers

Experiment time:  5 days  1.5 hours



Instead, we can obtain the exact same information about the 
sample by measuring the Intermediate Scattering Function.
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Intermediate Scattering Function

Fourier 
Transform

Each individual
∆E = Efinal – Einitial

Combined effect of 
all energy transfers



Pros:
• Doesn’t pulse the beam 

(neutron flux ↑↑↑ )

• Doesn’t monochromate beam  
(neutron flux ↑↑↑ )

• High measurement resolution 

Cons:
• Small detector area           

(neutron flux ↓↓↓ )

• Requires beam polarization               
(neutron flux ↓↓↓ )
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Neutron Spin Echo

Neutron Spin Echo 
at the NCNR
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Neutron Intensity Modulated Spectrometer (NIMS)

Continuous
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Instead of pulsing, the NIMS chopper creates a 
triangle-wave profile.

Intensity-Modulating 
Chopper (IMC)
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Intensity-Modulating Chopper Intensity Modulating 
Choppers



Quasielastic scattering causes the neutrons’ 
energies (velocities) to spread out.

Sample
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Scattering Sample
Sample



Differences in neutron velocities will smear 
the triangle wave shape over time.
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Smearing
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Instead of monochromating the beam, the 
NIMS choppers modulate the wavelengths.

Velocity Selector
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Wavelength Modulation Intensity Modulating 
Choppers

Intensity-Modulating 
Choppers
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Each wavelength peak is broadened in the same way by the sample. 
 Each peak causes the same time-of-flight smearing.
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Wavelength Modulation

Sample



We can measure how much the Time-of-Flight profile smears at 
different chopper speeds  Intermediate Scattering Function.
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Data Analysis



Code

Monte-Carlo Simulation
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Simulated 
Detector Data
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Monte-Carlo Simulation of NIMS
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NIMS   vs   DCS
Same sample (100 μeV), same experiment duration (1 hr), 

same neutron source, same instrument geometry, same detector.

Energy Transfer (meV)
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FWHM Fit: 86 ± 9 μeV

Relative Uncertainty: 0.11

Resolution: 24 ueV

DCS

Fourier Time (ps)
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FWHM Fit: 97 ± 1.1 μeV

Relative Uncertainty: 0.011

Resolution: 100 ps ≈ 10 ueV

NIMS Compare 
Uncertainties:

0.11

0.011

ଶ

≈ 𝟏𝟎𝟎x 
faster!

Uncertainty ∝
1/√measurement

10x lower uncertainty 
100x better measurement
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NIMS

DCS

• ~100x faster than 
DCS!

• No polarization or 
magnets needed

• Wide detector range

• Can easily switch 
between DCS / NIMS

• Easy to add to 
existing DCS 
instrument

NIMS 
Overview
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