-;y‘,OAK RIDGE

National Laboratory

Time-of Flight Wide-Angle Neutron §

at S EXPANS

Proposed Instrument Characteristics and

New Science Opportunities

Changwoo Do

Neutron Scattering Division
Oak Ridge National Laboratory
Feb 18, 2021

ORNL is managed by UT-Battelle, LLC for the US Department of Energy L% US- DEPARTMENT OF

+/ENERGY




Neutron Spin Echo Spectrometer

. ngh energy resolution (~1 neV)
Slow relaxation in polymers
ch « Bending in amphiphilic membrones
Source  -NOPPET « Fluctuations in soft colloids
Selector « Dynamics in spin glasses, critical magnetic fluctuations, emergent
Polarizer excitations in quantum magnetism

Main coil
« Neutron’s spin precesses in

e the field B1 and B2
B2 « Neutron's energy change
| can be observed from the
polarization of the beam
« Intermediate scattering
function, S(Q,t)

Main! Flipper
coil Analyser and
detector

« Achieving higher energy resolution by high field integrals

Flipper

Image from Gardner et al. Nature Reviews, 2, 103 (2020)
Image from Dissertation, Marcus Henning, Eberhard Karls Universitat TGbingen (2011)
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Wide-Angle Neutron Spin Echo Spectrometer

Precession field by
Anti-Helmholz Coll

‘ ’ Magnetic field direction

FOAK RIDGE 556! P Fouquet, G. Ehlers, B. Farago, C. Pappas, F. mezei, J. Neutron Res. 15, 39 (2007)




Wide-Angle Neutron Spin Echo Spectrometer
SPAN, HMI

ide-angle detector &

spin Scattered neut

1

Incoming neutron

WASP, ILL

« SPAN at HMI (Germany) , reactor closed
« WASP at ILL (France) , the only Wide-angle NSE

Nothing like this in U.S.

% OAK RIDGE i P. Fouquet, G. Enhlers, B. Farago, C. Pappas, F. mezei, J. Neufron Res. 15, 39 (2007)
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Collecting Data with Wide-Angle Neutron Spin Echo

Wide-Angle Neutron Spin Echo

S(Q, t) « Limited in resolution (longest possible Fourier time)
« Simultaneous access to wide-g ranges is possible

_ Conventional NSE f Wide-Angle NSE
1014 with- monochromatic neutrons 1014 with- monochromatic neutrons
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STS + Wide-Angle Spin Echo Spectrometer : EXPANSE

+ Time-of-flight source (STS) will enable ~4 A wavelength band
« Assuming 60m from the source, 15Hz a
« More than a single Fourier time per pulse

2,
« Ex) For 0.27 T.m field integral,
« 4-8A wavelength band: 3 ~ 26 ns ‘ / / / %
« 8-12A wavelength band: 26 ~ 87 ns

« Collect data over wide-Q ranges
simultaneously

] % Growing size of markers represent increasing « Collect data over ranges of Fourier times

1024 statistics and not the time-momentum space simul’rcmeously
] coversss 50, t) . Statistics of each data point grow
£ Sl fogether with time
qJ ooooooooooooooooooooo
£ 10%; Crltlriiiiiiiiiiin 0 66.7 1333 200
o 1 S \ Time (ms)
g ool ~4A wavelength band

i Wide-angle detector array + .
Wa\g/’elength band y * Opens a new opportunity for NSE for
1 time-resolved experiments
10~

ot 1e0 Time scale will still be limited (~hour)

QA1)




STS + Wide-Angle Spin Echo Spectrometer : EXPANSE

« Expand the capability by another level
« With the high-speed Fermi chopper, instrument can be used as a
direct-geometry inelastic neutron spectrometer S(Q, w)

Dynamics of deuterated water Energy resolution 10-300 peV

Incident energy range 0.5-9 meV

Use of polarized neutrons for
Distinguishing

Energy Transfer (meV)
N
0]
=)
|

Fermi chopperj\\

(in-n-out)

Coherent dynamics
and
Incoherent dynamics

(sjiun *gte) Ajisuaju

incoherent

Energy Transfer (meV)

gle detector arrays

0.5 1.0 15 2.0 2.5 3.0
QI (A1)

SPALLATION Arbe et. al., Phys. Rev. Research 2, 022015(R) (from LET, ISIS)
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EXPANSE at STS

Ideal beamline for EXPANSE
ST-22

t

Building north

90 m Instrument Building

Tube moderator
(better cold neutron flux)
Average brightness (n/cm?/sr/A/s)
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EXPANSE at STS

¥

« Collect data over wide-Q ranges simultaneously
« Collect data overranges of Fourier fimes simultaneously

We expand the capability of the instrument by adding a direct geometry
inelastic mode to measure S(Q, )

NSE mode Direct Geometry mode

Wide-angle detector arrays

spin
I

Incoming neutron

Fermi chopper H

~ Wide-angle detector arrays
« Spin-Echo mode: $(Q, 1)

¢ 0.05A1<Q<3.5A7and 30 ps <t<90ns (using 4-12 A wavelength range)
« Direct Geometry inelastic mode: S(Q, w)
« Energy resolution 10-300 ueV with incident energy range 0.5-9 meV
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EXPANSE at STS

Available 4-16 A

wavelength

Wavelength band ~4A (15 Hz) 3

Incident beam <l15°

divergence

Maximum field 0.27 Tm

integral

Detector solid 180° x 2.5°

angle array of He3 tube
detectors

Momentum 0.05-3.5 Al

transfer range

30 ps — 90 ns (using 4-12A)
Energy resolution

10-300 peV

Incident energy range
0.5-9 meV

Corresponds to
0.1ps — 100ps

Fourier time range

Direct geometry
mode

or

energy E (peV)

correlation length (A)
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