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SNS-NSE, BL15 Overview 0 JULICH

FORSCHUNGSZENTRUM
Ultrahigh resolution spectrometer for characterizing

slow dynamics of soft condensed matter @
nanoscopic and mesoscopic scale o Certe for Neron Scece

Detects neutron velocity changes < 10-°

SNS-NSE was built and operated by FZJ until April
2020, currently in transition to ORNL

Versatile Neutron

The first NSE spectrometer at a pulsating source

The first NSE spectroscopic design based on n/
superconducting technology ﬁiﬁéﬁé
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The only NSE spectrometer with magnetic shielding National Laboratory




SNS-NSE Instru
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s main SC caoils,
precession actively shielded
‘ g field integral J=0.56Tm
| moderator cold-coupled
hydrogen
neutron guide Ni coated
hxb 4 x 8 cm?
wavelength system of 4
© selection choppers
wavelength 2A <A< 14A
frame BW 3.6A — 2.4A
declination 350
angle
max. scattering | 29/42/56/79°

angle

conf. dependent

sample size 30 x 30 mm?
derat le dist ) 30x30 cm? 3He DENEX detector mu metal shielding, analvzer SUDEIMIMors
mc; i’g or -Ziampzi IS ;gce. - 32x32 pixels shielding factor 137 Y P
samplen]’ deten::{or dirgt,ancg'] TOF up to 99 channels (typical 42) - echo phase stability

S>4m ’ > d ~ 0.07A for @ 42 TOF chan. temperature TFS: -80+375C
range Cryo: 5K : 650K
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SNS-NSE Instrument Team

Piotr Adam Zolnierczuk (Instrument Scientist)
Mary Odom (Scientific Associate)

Laura-Roxana Stingaciu (Instrument Scientist)

Over the past three years:

Wei-Ren Chen, Instrument Scientist
Malcolm Cochran, Scientific Associate %OAK RIDGE
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Scientific Mission and Impact

NSE Research Areas (2019)

Chemistry -
General 18%

Thin Film
Magnetism 24%

Life science 18%

Soft Matter and
Polymers 41%

* The SNS-NSE instrument is used to

answer scientific questions in a variety
of fields like soft-matter research,
biophysics, materials science,
chemistry, complex fluids, and is
particularly suitable to unravel slow
dynamical processes and molecular
motions at nanoscopic and
mesoscopic scale.

NSE -- Institution Types (FY 2018)

Foreign
16%

US Academic
68%
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GU Program Quality and Beam Time Usage

NSE -- General User Proposals submitted and run
NSE -- General User Acceptance Rate

78%

54% )
MA
I. . . .- . CY-2015 (CYV-2016 CY-2017 CY-2018 CY-2019

% ) Ve B )
CY-2015 CY-2016 CY-2017 CY-2018 CY-2019 =@=="9 of Submitted Proposal that Receive Beamtime

B GU Proposals Submitted  ® GU Proposals Run

NSE Subscription Rate by CY

NSE - Days Requested and Days Run 706%
474%
63% 138%

2012 2014 2016 2018 2020

147 230 144 « Subscription Rate, 7-year
Hﬂ average (nr. of requested

CY-2015 CY-2016 CY-2017 CY-2018 CY-2019 dayS/ nr. of available days):

359%
W Days Requested ® Days Run
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SNS-NSE Beamline Productivity

Other 2017 2018 2019
NSE’s

Total Publications: 56
Instrument H-Index: 12

Publication Impact: 12%
publications with a high impact
factor (recent 3 years)

Results from use of multiple
instruments: 45%

Unique authors 2017-2019: 98

NSE - Experiments by CY

2019 I 12
2018 I

2017 I 1 3
2016 I 12
2015 I 1 3
2014 I 10

2013 I 12
2012 I 11
2011 I 10

2010 NN 5

ILL - IN15
CHRNS -NSE 10 13 18
FRMII - NSE 8 7 11

NSE Publications by CY

2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
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SNS-NSE Software DrSpine

= Data Reduction For Spin

research papers

M)

Echo Experiments

Macro Template
(or instructions how to generate a template macre

clear all
% JOURNAL OF Efficient data extraction from neutron time-of-flight oo b
:"; D iy spin-echo raw data bins tof custem 410 16 22 30 38

o === zcod data
1S54 1i00-57F o == set paths for resolution, sample, buffer

P. A. Zolnierczuk,” O. Holderer,® 5. Pasini,” T. Kozielewski,“ L. R. Slingdciu" and M.

dat th /SHE/MSE/IPTS-22xmx
Monkenbusch®* =

! read resoclution data

read s933x.echo 5933x_echo as res 18R
*Forchungeentrum Kilich GrbH, NS Outstation, Chak Ridge, Tennesases, USA, “Forschungseentnam Jlich GmbH, zead s933x.echo Aas res '9a
Received 15 May 2019 OGS MLE, Garching, Germuany, "Fomschungseentrum jdlich GmbH, JCMS-1, Milich, Germaey, sl gD, Ouk Ridge zead =033x.echo =933x.echo as res f11a
Accepted 2 Augusa 2019 Matsanal Labaratory, Ok Ridge, TN 37811, LISA, *Comepandence & mail; m bl uelich de ! read samplel data
read s934x.echo s934x.echo as sam tfac 0.9x L5
read s934x.echo as sam tfac 0.9x LEEN
Neutron  spin-echo spectrometers with a  position-sensitive  detector  and read 5934x.echo 5934x.echo as sam tfac 0.9x  !11A

Elitgal Iy Th, Peoiten, Ok Rilge Matiial

operating with extended time-of-flight-tagged wavelength frames are able to
Latwwatany, LISA

! read bufferl data

collect a comprehensive set of data covering a large range of wavevector and zead s935x.echo =935x.echo as buf ‘e
2 " : N - . . . read =935x.echo as buf 198
Fowrier time space with only a few instrumental settings in a quasi-continuous resd =935x.echo z935x.echo as buf  '11A

Keywords; nearon span echo; NSE: spallation

way, Extracting =] ontained in the raw o annoi .
iy ey ay, Extracting all the information contained in the raw daia and mapping them « —— process data

1o a s le physical space in the most efficient way is a challenge. This aricle match all
reports algorithms employed in dedicated software, DrSpine (data reduction for £it all

spin echo), that achieves this goal and yields reliable representations of the
intermediate scattering function S{Q, r) independent of the selected “binmng’.

Report — ready in
minutes

Supporting imformation: this antscle has
supporing idormadion ai poumals.wcr ongl)

April 2019

2 T R AT Ry~ T T T T T T T T T T T m e T e m e T e T e T e T T
This is a general guide to access the most common commands for drSpine data
reduction software. For additional commands please see drSpine help by typing
command ---> help into drSpine environment or ask the Instrument Scientist

1. Log in to Neutron Sciences Remote Analysis Cluster (on Windows)
- https://analysis.sns.gov/

— press Launch Session button

— use ORNL user credential account details

terminal, with the same ORNL

raw data are uploaded and stored in /SNS/NSE/IPTS-XXXXX (your own IPTS
Do not work in this directory, is overwrite whenever new data are

3. /SNS/NSE/shared/ is a shared users directory
Your local contact will place here any data reduction; it will be named with
the appropriate IPTS number; you can work here and modify as you like

4. We recommend best create a folder for your data reduction in your Home user
directory and work there
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Sample Environment

: Temperature Forcing System
— Fast sample change
— < 0.1°C accuracy across the range
— Sample container ramps from 0°C to 150°C within 8 minutes

- Janis Cryostat 3.5K — 650K . g ‘ .
* Light Cell = A |

— Allows adaptation of photosensitive samples §
— Delivers 30 - 1700 uE ; 4
— Operated remotely

* Tumbler
— Stir samples during the collection of NSE spectra :
— Rotates from < 20 to > 800 rpm with temperature stability < 0.2°C g%

« Humidity chamber with non-reactive atmosphere
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Ancillary Equipment and Upgrades

« Shorty mode of operation option

* New bender polarizer (f.r. 72.8%, f1.16.9%)

* Neutron camera improved software for real time positioning of the sample

« Upgrade of cryo-furnace heating elements and sample can for reaching
temperatures below 5K

* New upgraded sample holder for Temperature Forcing System (TFS), for better
insulation and improve beam transparency

 New heater arm for TFS

» Testing new CAENels power supply

* New mechanical holders to host grazing incidence cell

« New mechanical holders fabricated to manually adjust alignment of crystals into
NSE spectrometer

* New stretching device for polymer samples in the beam

* Inventory of all equipment, parts, tools, and supplies for transition
*OAK RIDGE

National Laboratory
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Research Highlights

* Dynamics of Phospholipid Membranes beyond Thermal
Undulations

« Osmolyte Interactions in Intrinsically Disordered Myelin
Basic Protein

* Inner Dynamics of Crosslinked PNIPAM Microgels with
High Crosslinker Content
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Dynamics of Phospholipid Membranes beyond

Thermal Undulations Scientific Achievement
The reported mean squared
Transient Trapping displacement shows a 1%

dependence in the pico-to-
nanosecond region, that points to
another process beyond the well-
established model of thermal
membrane undulation of Zilman
and Granek (ZG). Comparison to

.4

(Ar(t)),, (A%

- MD associates the observed low
L - exponent with a non-Gaussian
0.1 1 10 100 . . _
t (ns) transient trapping of the lipids.
The Proposed mechanism of transient Significance and Impact
trapping and mean square displacement The study shows that friction at the
(Ar(t)*2 )N as a function of Fourier time. interface  between water and
_ liposomes plays a minor role. The
Research Detalls _ _ center of mass diffusion of
The molecular dynamics of unilamellar liposomes and transient trapping of
liposomes was investigated and compared lipids define the range in which the
to MD simulations ZG model can be applied.

Sudipta Gupta, Judith U. De Mel, Rasangi M. Perera, Piotr Zolnierczuk, Markus Bleuel, Antonio Faraone, and Gerald J. Schneider, J.

Phys. Chem. Lett. 9, 2956 (2018)
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Osmolyte Interactions in the Intrinsically
Disordered Myelin Basic Protein

Larger motions Reduced internal friction ~ Scientific Achievement

It was shown that the
relaxation time and amplitude
of internal motions in myelin
basic protein (MBP) increase
upon urea denaturation
leading to synthetic polymer-
like behavior of the unfolded

entropic &
spring &g

denatured MBP %®

softer

~ potential : prOtein-

Significance and Impact

Energy landscape of intrinsically denatured This work sheds light on the
Myelin Basic Protein exhibits a softened, functionality of MBP in the
shallow energy landscape (lower left) leading myelin  sheath ~membrane
to the characteristic mechanical behavior of surrounding nerves, yielding
an entropic spring with large amplitude information  important  for

: understanding demyelinating
motions. diseases.

L. R. Stingaciu, R. Biehl, D. Changwoo, D. Richter, A. M. Stadler, J. Phys. Chem. Lett. 2020, 11, 292-296 (2020) DOI:
10.1021/acs.jpclett.9b03001
% OAK RIDGE
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Inner Dynamics of Crosslinked PNIPAM

Microgels with High Crosslinker Content
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Scientific Achievement
Dynamic Light Scattering, atomic force
microscopy and Small Angle Neutron
Scattering were conducted and related
to neutron spin echo spectroscopy data.
A link between structural and dynamic
features of the internal polymer network

was made:

obtained by
feeding approach

A dominance of the cooperative
cooperative density dynamics with a
simple Q? dependence in dense core
microgels

A Zimm-type dynamics in microgels

continuous monomer

Judith Witte, Stefan Wellert, .. .et al., Soft Matter, 15, 1053 (2019),
https://doi.org/10.1039/C8SM02141D
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Future Instrument Development Plans

* Power upgrade: new system manufactured by CAENels offer
stability, resolution, and operational flexibility

v mid-scale proposal submitted

v purchased started for off-the-shelf units Z
* Install upgraded chopper 1 disc (carbon fiber)
« Analyzer upgrades

» Software improvement for data acquisition - EPICS

« MORE sample environments --- based on users input
— Electric Field Cell
— Pressure Cell
— Rheometer
— Furnace 1000 °C
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Overall Summary & Vision

 The NSE technique is in high demand and has the potential
for increased throughput

« SNS-NSE is in high demand and constantly overbooked

« With the recent technical upgrades, new and improved data
reduction software, and the development and integration of
more  accessible sample environments  SNS-NSE
Instruments becoming more intuitive for expert and novice
users alike

Our NSE Vision is a “Neutron Spin Echo Center of
Excellence @ ORNL” within the next 5 - 10 years, with two
high resolution NSE spectrometers, with complementary
characteristics separated by scientific applications.
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THANK YOU
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