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Neutron Scattering

incident scattered
beam beam 2
Neutron =
Source E ) ) E

Sample

Detector ToF, Energy transfer, A, ...

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 Clastic |
neutron and the sample. I Neutron
Inelastic (/ Scattering |
%‘ Neutrqn )
We can learn about the g | Seatenne RUEEIOESHER
structure of the sample by I Scjt‘ieﬁ;‘g .
determining how much ' '
energy was exchanged. i | 7

0
€—— Energy transfer —>

(Neutron energy gain) (Neutron energy loss)
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Current Instruments

Most current instruments measure the double differential scattering
Cross section:

520' __— Proportion of scattered neutrons

0OOF —— Per energy transfer
‘ Efinal - Einitial

Per solid angle¥’>
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Need to monochromate the neutron beam to determine E; ...,

Pre-Monochromator Beam Post-Monochromator Beam

Cumulative Intensity (a.u.): 1.22e-14 Cumulative Intensity (a.u.): 2.89e-16
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Need to pulse the beam to determine Time-of-Flight (ToF) = E;, .,

Pre-Chopper Time-of-Flight
pper T I8 Post-Chopper Time-of-Flight
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Intermediate Scattering Function

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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Neutron Spin Echo

Pros:

 Can use polychromatic beam
(neutron flux 111 ©)

* High energy resolution
* Can measure long

L 18 i WY, "ii\iingeroev\‘\‘&n\y 118
Cons: e

e Small detector area

* Requires beam
polarization
(neutron flux | || ®)
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Neutron Intensity Modulated Spectrometer (NIMS)
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Neutron Intensity Modulated Spectrometer (NIMS)
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Disk Chopper

Rather than pulsing, the NIMS chopper creates
a triangle wave profile.

Intensity-Modulating
Chopper (IMC)

10 Pre-Chopper Time-of-Flight
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Intensity (a.u.)
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Scattering Sample

Incoherent
Sample -

After quasielastic scattering, the neutrons’
kKinetic energies (velocities) are spread out.

<— Disk Chopper
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Final Detector Tof Betector {7 ;

Differences in neutron velocities will smear the Incoherent | =
i : Sample —™— .
triangle wave shape over time. . |
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Intensity (a.u.)

Data Analysis

We can measure the Fourier components of the ToF smear to obtain

the Intermediate Scattering Function, [(Q,t).
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Single-Chopper Setup - Review

Pros Cons

* Intensity modulating instead * We don’t know AE (but we
of pulsing (neutron flux 11 ©) don’t care)

* Wide detector range  Still have to monochromate

« No polarization or magnets the beam (neutron flux | | ©)

needed (neutron flux 11 ©)
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3-Chopper Instrument Configuration
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5-Chopper Instrument Configuration

| T U U U U W W
! { | ] \ \ \ \ \
| | 1 1 \ \ \ \
\ \ A
Jl J | | | \ " "‘ il \ \
| \ \
\ \ \ \ \ \
[ [ | Ji \ 1 \ \
| ‘ | \ '\ | '\ \ \
I ' 1 \ I: “1 \ \\

| | l I‘ I“ \ l*. ‘II“'- I‘\“.
: ~Anere -\ Neutron
Dlslﬁ hopper-llsﬁ W W VA W

\ \ \ “"‘ I“'\
\ \ \ \
\ \ \ \
| L L L\ \ Source
] ! » : :
1 \ | \ \ \ \
| \ \ \ \ \
"f‘l
/
/
/
/
/
/
/
:} |
‘.J' .
/
{ 7 / -
/ / f f [ ‘ | '
.’ / / ‘.‘ | f | |
/ / / / |" \‘ \ ‘

/ ! L 'I‘ I‘J 'I I ‘ \
‘I / | | | \
I/ f | |

/ [
ToF/Detector | | |
/ [ | |

/ / [ f | [ [
; ."' Irl ,'I I\' : I |
/ / If | I |

{ / | { [ |

/ | f |

/ / / [ # | ‘
/ ,i' 'f HI { [ I
’ / / / [ |‘ | \

/ / / / | [

i ( { |

/ / / I I ‘ |



CENTER FOR
NEUTRON RESEARCH

Multi Disk Choppers

The multi-chopper setups still create the
triangle-wave profile.

Intensity-Modulating
Choppers
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Multi Disk Choppers e DikCroppes

ble

‘ i | -
Instead of monochromating the beam, we use the A | 1
disk choppers to modulate the wavelengths. e Velocity Sel
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Multi Disk Choppers More wavelengths 2 more flux!!

Modulated Beam Monochromated Beam
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Methodology

McStas

Q-

* Design/construct —

instrument .

e Simulate instrument
operation .

* Qutput raw detector
data (# counts) .

MATLAB

Import raw data

Validate McStas
functionality

Extract I(Q,t), signal
to noise, error bars

Plot processed data
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File  Edit  View

[ Format: McCode with text headers
# URL: http://ww.mccode. org

# Creator: McStas 3.5.1 - Sep. 16, 2024
# Instrument: IMS_old.instr

# Ncount: 1000000

# Trace: no

# Gravitation: no
# Seed: 330562425
# Directory: C:\Users\nos\Dounloads\1C_old\IMS old 20250730 112119
# Param: detector_angle=45
# Param: chopper_period=100
# Param: sample_gamma-0
# Param: nun_peirods=10
# Param: source_divergence=le-067
# Param: source_lanbda_d=1e-067
# Date: Wed Jul 30 11:21:21 2025 (1753888881)
# type: array_1d(1000)
# Source: IMS (IMS_old.instr)
# component: final_1D_monitor
# position: 1.0253 @ 4.5253
# title: Time-of-flight monitor
# Nount: 1000000
# filename: final_1D_monitor.dat
Xe-8001.74; dX-287.477;
# signal: Min-8; Max-3.79678e-031; Mean-1.44767e-031;
# values: 1.44767e-028 2.78499e-031 280587
# xvar: t
# yvar: (I,Ierr)
# xlabel: Time-of-flight [\gns]
# ylabel: Intensity
# xlimits: 7483.35 8683.35
# variables: t I Lerr N
7517.551408 2.749725063¢-033 1.052309863e-033 7
7518.751408 1.551167098e-032 2.567503772e-033 41
7519.951408 3.05385467e-032 3.61357006e-033 78
7521.151408 5.809486828e-032 5.206276898e-033 137
8
1
1
1

NT Example(Paraml=1,

Parameters...)
LUTE

7522.351408 8.235832239e-032 6.230491493e-033 190
7523.551468 1.1819084920-031 7.79414698e-033 246
7524.751408 1.337256592e-031 8.315109831e-033 279
7575 GR14AR 1 73SIRIRIR=-A1 O SAGIITAIIe-AI UK

B

D = TOF_monitor(Parameter
Paraml)

INSTRUMENT
COMPONENT A COMPONENT C

COMPONENT B COMPONENT D

Source Guide

TOF_monitor

Monte-Carlo Simulation

Chopper
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Signal to Noise vs. g(t) Period
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Tl Sort aen res sample - res sample
5(Q) @) g = g ()

MName Date modified ' T sample n

) ghes(Q) f I, (£, t) cos ZJTTE dt o 20 0 B0 B0 00
[E] Div_after.dat 7/30/2025 11:21 AM DATFile — 0 0 ) .

i — “sample T res n g(t) Period (microseconds) ; "
[E] Div_Before.dat 7/30/2025 11:21 AM DATFile 9o () fo I5é5(0, ©) cos (ZnTI) dt |- eoreteai s |
[5] final_10_monitor.dat T/30onnE ot Ak nAT T

it Vi s sample . n
L . ares I I (£, t) sin (211'—15 dt
|=l final_2D_menitor.dat | Format: McCode with text headers - 0 0 T 4
# URL: http://www.mccode.org - .
N sample T . n =
<l IMS_eld. # Creator: McStas 3.5.1 - Sep. 16, 2024 res
-ote o o e 9o ) [I Q) sin(2mpt) dt 3
IMS_old.instr 7y: § Neount: 1000000 =
[El Lam_after.dat 758 Souts S3086343 sample 2 sample 2 =
am er.da /. # Seed: 330562425
- - # D::e(tury: C:\Users\nos\Downloads\1C_old\IMS_old_20250730_112119 gT'eS (Q) [ n (Q)] + [bn (Q)] 'a-
[E] Lam_Before.dat ._'Z: :aramf detector_angle=45 _ 0 =
aram: chopper_period=100 = —sample
P: g 1¢ =0 =
D mecodesi e gEQ) (e (F + D (OF
- : source_divergence=1e-007
H 1ambd: 1e-007
=l post_chopper_1D_monitor.dat £ Date: Hed ol 30 11:21:21 2025 (1753888881)

> 3 000
2] post_sample_2D_menitor.dat e P ) 4 . . .

} # component: final_1D_monitor
=] pre_chopper_1D_menitor.dat [/5C [TEIEE AP O G.FED 100 0 102 03 104

# title: Time-of-flight monitor

T o, E N it: 1000000

[5] pre_sample_1D_monitor.dat 7/ ¢ Filenane: final_10_nonitor.dat t (ps)

# statistics: X0-8001.74; dX=287.477;

# signal: Min=0; Max=3.79078e-031; Mean=1.44767e-031;

# values: 1.44767e-028 2.78499e-031 280587

# xvar: t

# yvar: (I,Ierr)

# xlabel: Time-of-flight [\gms]

# ylabel: Intensity

# xlimits: 7483.35 8683.35

# variables: t I Ierr N avity algorithm audit
7517.551408 2.7497250632-033 1.0523098632-033 7 Dok YL

2.
7518.751408 1.551167098e-032 2.567503772e-033 41 —— — W
7519.951408 3.05305467e-032 3.61357006-033 78 — Superimer |
7521.151408 5.809486828e-032 5.206276898e-033 137 68
7522.351408 8.235832239-032 6.230491493e-033 190

1.

1.

1

7523.551408 1.181900492e-031 7.79414698e-033 246
7524.751408 1.337256592e-031 8.315109881e-033 279 o8
755 as1408

Data McStas
Validation

738IR1RIR6-A1 9 54937563%6-A3 UR
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1 Chopper, monochromatic
Normalized ISF vs. Fourier Time
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1 Chopper, monochromatic
Normalized ISF vs. Fourier Time

¢ McStas data
—Theoretical ISF
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3 Choppers, polychromatic
Normalized ISF vs. Fourier Time

¢ McStas data
—Theoretical ISF
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5 Choppers, polychromatic
Normalized ISF vs. Fourier Time

¢ McStas data
—Theoretical ISF
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NeXt Ste pS Variable Distances
* Optimize instrument parameters x

T Sampi —>
* Distances between components
./ <«— Disk Chopper

* Sample /beam sizes
° Dive rgence | . Velocity Selector
, A rysta

* AMA (incident wavelength spread) T [Moredhvemafor
* Figure out Signal to Noise ratio e
(j ,\9 ............................... I
Neutron " width

Source
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Signal to Noise Ratio vs. Fourier Time
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