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Neutron Scattering
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Tells us about the geometry and dynamics of the sample at the
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Quasielastic Neutron Scattering (QENS)
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The Disk Chopper Spectrometer (DCS)

Time-of-Flight
Detectors

Disk Choppers

Neutron
Source

] ] Sample
Current instrument Pulsing Monochromating

| at the NCNR Choppers Choppers

ey (N, EER—




CENTERFOR
NEUTRON RESEARCH

Current Instruments

Most current QENS instruments directly measure the energy transfer.

Energy Transfer

AE=E E

final ~— ™initial

Requires knowing:

Initial energy of every neutron

Final energy of every neutron

==t = Hard!
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Need to pulse the beam to determine Time-of-Flight (ToF) = E;, .,
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Need to monochromate the neutron beam to determine E, ...,
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Time Constraints...

* 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!
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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

10

Experiment time: 5 days = 1.5 hours

100x faster!
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Intermediate Scattering Function

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

Energy Transfer Intermediate Scattering Function
[ ! T ! ! ' ! ' I LI 1.0 — R R
—~ 6F Each individual
3 L
o 5 AE = Efnai— Einitial 0.8r
> | 7
G - Fourier o o6
g, g
€ s Transform %
c T £ o04r
S o C— S Combined effect of
E = 1 f
g . 02~ allenergy transfers
° 04 02 00 02 o4 T T T

Energy Transfer AE (meV) Fourier Time (ps)



CENTERFOR
NEUTRON RESEARCH

Neutron Spin Echo

Pros:

* Doesn’t pulse the beam
(neutron flux 111 ©)

* Doesn’t monochromate beam
(neutron flux 111 ©)

* High measurement resolution ©

Cons:

e Small detector area
(neutron flux ||| ®)

* Requires beam polarization
(neutron flux ||| ®)
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Neutron Intensrty Modulated Spectrometer (NIMS)
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Time-of-Flight
Detectors

Intensity-Modulating Chopper ERE =SSmnns

Source Choppers

Instead of pulsing, the NIMS chopper creates a 7 LT
triangle-wave profile.
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Time-of-Flight
Detectors

Scattering Sample ERE =s=aRRSER

Source Choppers

/7 J/\. :
Quasielastic scattering causes the neutrons’ /' TN
energies (velocities) to spread out.
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Time-of-Flight
Detectors
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Differences in neutron velocities will smear ' m U
the triangle wave shape over time.
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Wavelength Modulation i
Instead of monochromating the beam, the 11IF L
NIMS choppers modulate the wavelengths.
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Wavelength Modulation

Each wavelength peakis broadened in the same way by the sample.
- Each peak causes the same time-of-flight smearing.
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Data Analysis

We can measure how much the Time-of-Flight profile smears at
different chopper speeds =2 Intermediate Scattering Function.

: - Intermediate Scattering Function
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le  Edt  View

P Format: McCode with text headers
# URL: http:/ /s mccode. o

McStas

L) g
# Creator: McStas 3.5.1 - Sep. 16, 2020
# Instrument: IMS old.instr
# Neount: 1600008
# Trace: no
"
nus_peirods=10
# type: array_1d(1860)

# Param: detector_angle=d5
source_divergence=le-007
# Source: INS (IMS_old. fastr)

D D chopper_period-10
e t e C t O I a t a # Param: source_lambda_d=1e-9a7
# component: final_10_monitor

sample_gamna-0
ram: e

# Date: Wed Jul 38 11:71:21 2025 (1753888881)
# position: 1.0253 @ 4.5253
# title: Time-of-flight monitor
# Ncount: 1990909
# Filename: final 10_sonitor.dst
# statistics: Xe-8081.74; dX-287.47

: Hax=3.79078e-031; Mean=1.44767¢-031;

¢-028 2,78499¢-031 289587

t
# yvar: (I,1 err)
# xlabel: Time-of Flight [\gns]
# ylabel: Intensity
# xlimits: 7483.35 8683.35
# vordables: t I Ierr N
7517.551208 2.749725063¢-033 1.052309863e-033 7
7518.751408 1.551167098-032 2.567503772e-033 41
7519.951408 3.85305d67e-032 3.61357006-033 78
7521,151408 5.809486828¢-032 5.206276898e 033 137
7522.351408 8,2358322392-032 6.230491493¢-033 199
7523.551408 1.1613004920-831 7.79414698¢-033 246
7524.751408 1.337256592e-031 8.315109881e.633 279
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Monte-Carlo Simulation of NIMS
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NIMS vs DCS

Same sample (100 peV), same experiment duration (1 hr),
same neutron source, same instrument geometry, same detector.
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Overview NN

- ~100x faster than I ———— - — RV N
DCS! e | | W 7 AN VL W 6

* No polarization or
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* Wide detector range /]l [ ; [N W WK
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