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Presenting Diffraction & Imaging Division




PhD (2004 - 2007): 'Magnetic and structural properties of thin films and nanoparticles studied by scattering
methods’, University of Aachen / Research Center of Jiilich

PostDoc (2007 — 2010): Condensed Matter Physics & Materials Science Department at Brookhaven
National Laboratory, Supervisor: Prof. M. Aronson

Instrument Scientist (2011 - 2016): Spallation Neutron Source at Oak Ridge National Laboratory,
NOMAD diffractometer

Lead Instrument Scientist (2016 - ): Jiilich Center for Neutron Scattering at Research Center of Julich,
DREAM diffractometer

Neutron Diffraction Scientist (2021 - ): Neutron Scattering Systems at European Spallation Source

Adjunct Associate Professor (2023 - ): Department of Materials Science and Engineering at Uppsala
University

Head of Diffraction & Imaging Division (Feb., 2024 - ): Science Directorate at European Spallation Source

h-index: 34, i10-index: 61, 80 publications
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Tranche 1: DREAM, ODIN, TBL
Tranche 2: BEER, MAGIC (tbc)
Tranche 3: HEIMDAL



Division’s goals @

Gradual transition to Science

» Work closely with NSS to complete the construction of the instruments

« Work closely with DMSC, Sample Environment, User Office Support to
prepare for hot commissioning and first science

» Continue engaging in-kind partners and STAP into preparation for the
first science

 Continue hiring instrument staff (MAGIC, DREAM, BEER)

 Ensure smooth integration of first in-kind scientists into the instrument
teams (DREAM, BEER)

* Integrate IOEs into the instrument teams

 Support instrument teams in transitioning from a construction project to

a science facility



T B |_ Cold commissioning completed : Q4, 2024

ESS Test Beamline

» Characterization of the ESS moderator
system

» Proton beam stability/Moderator
stability

» Spatial distribution of neutron beam

» Characterize neutron spectrum

» Pulse-shape of cold-thermal neutrons

Control hutch

h"”:l, A, Tl

End Station(Zone 2)

Detectors and data processing systems
Sample (e.g. single crystal) alignment
Simple imaging and diffraction
experiments
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shutter
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How we want to do it? @)
Principle \[’Camera obscura’ ] &

K : /iZD image of the moderator is obtained the detector\
Wavelength Select|on\ by "pinhole camera concept’ and allows to study

intensity distributions at different neutron energies

10 10?
”

Blocks

unwanted \
Upgrade from MARK-I (initial) to MARK-I radiation

(neutronically optimized) moderator Double-Disk /

Bunker Cave

Chopper + Wall \
Monolith Pinhole Measure the
Moderator Wall Assembly Heavy Detector pulse shape
Heavy Shutter posh
‘ Collimator -
/ I -

| | | | | | | Beam Stop
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Test beamline (TBL): Detectors @

/ n G E M Detector uniformity measured by

recording data with a PLE rod

(isot‘ropic scatteringin 4pi) ‘ / \
Detector nGEM 3 He PSD tu bes
Type Micropattern 1bar/10bar
Neutron converter B Y M
Area (mm?) 100 x 100 > P
Time resolution (ns) 15 e R
Spatial resolution (mm) 1
Efficiency @25.3 meV (%) 10
Peak count-rate capacity 4.6 Mcps

\Effective peak count-rate 180 keps teSted at J-PARC and ISIS

N—

/ Scintillator \ " Beam Monitors |/~ Multiblade )

TPX3cam (LumaCAM) * In bunker (moveable, 5% efficiency)

* In cave (moveable, 5% efficiency)

©
o 3¢
objective = g
CMOS lens N O o
+ gated
intensifier /
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B E E R Cold commissioning completed : Q4, 2026

Engineering & Material Science Diffraction g@\{i @ @

Experimental cave o

Y Control hutch

Neutron ‘ | ~
guide E02 1) N
—

-

Ne.utron Sample tower & §
guide D03 >~ detectors
//
Heavy
shutter Choppers g

* In-situ and in-operando experiments close to the real
conditions

ChopDers * Fast strain scanning with a new multiplication technique
cascgge * Phase analysis of multi-phase and composite materials
BWI * In-situ texture or microstructure evolution

« Multi-scale characterisation
* Long term experiments



Sclence case

process optimization

characterization

Materials
steel, Al, Mg, Ni, ﬁ Q
TiAl, composites, ...

safety control and
model evaluation life prediction

16 mm thick slice cut from a used railway rail

Ti-44Al-7Mo alloy (at%) quenched
from 1200 °C

——




E | M DAL Cold commissioning completed : Q1, 2027 I RS
Hybrid Diffractometer: Combined Diffraction and SANS and Imaging IF,_ @

Diffraction cave

PAUL SCHERRER INSTITUT

Thermal & cold guides

——

SANS cave Real time chemical synthesis

Fast chemical reactions and kinetics

2D Rietveld neutron powder diffraction
In operando fuel cells and batteries
Texture studies

Magnetic materials

Superconductor materials

In-situ catalysis

Single crystal diffraction of small samples

Nanoparticles and core-shell structures

Hutch

Thermal
neutron

chopper

Heavy shutter

x

TO chopper

Cold neutron choppers

SANS tank (full scope) 10



Sclence case

By combining diffraction and SANS HEIMDAL
probes an extended g-range of
103 AT <qg<15A"7

This enables studies of chemical and physical
processes as they happen rather than attempts to
combine data from several instruments recording
almost identical processes.

It can also be useful when examining both types of
data are required to determine the next step in the 10!

eutrons/sec/steradian]

experiment. 2107 mv
10} :

103

. . 00212 0.0283

Energy Materials; Hydrogen storage materials, '
batteries, fuel cells, thermoelectric,... q [1/A]

Intensity

103 102 [ P =7

Hierarchical systems; Catalysts Cement, bone,
biominerals, magnetic materials,...
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M AG | C Cold commissioning completed : Q4, 2025 (TBC)
Polarised Diffractometer for Magnetism

Control Hutches

* Dedicated instrument for full
polarization analysis

« 8T diffraction magnet

Experimental C

MigR«FR.N OoB Guide

Polarizer =

. )
“ == Beamline
FE Choppers Shielding
&
Heavy Shutter

PARL SERRRAIR IRRINRT

Il - DT Seondt

Polarization P
Analyzer Detector B

&

W2 Sample station

Guide
wrsronics Detector A
frrame

XYZ polarization ¥ JULICH

PAUL SCHERRER INSTITUT

SESIE @

O

rohée
Laboratoire Léon Brillouin

l) JULICH

Forschungszentrum

High polarised intensity
Larger Q-range
Flexible resolution
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Novel metals and insulators

W. Witczak-Krempa et al
Ann Revi Cond Matt Phys 5 57
2014

spin-liquid quadrupolar

h'llott spin-orbit coupled
ins.

Mott ins.
U/t
Weyl

semi-metal top.

simple
metal or o i
band ins. D
or semi-metal
A/t

AQ ~1072...

MAGIC proposal

small moments S=1/2

small crystals

LW -"

high resolution
107347

small (hetero) structures

Frustrated magnetism

spin-liquid Superconductivity
Loop current order

P. Bourges PRL 96 197001 (

0’0 O

Chirality
PRX 12 021029 202

Spin-lce model
dipole e o &
monopole $

Foe fFa Sibille, Nature Physics 2020

Fennell, Science 2009

quadrupole

altermagnetism

new phases / spintronics
PRX 12 040501 2022

Energy

lurii Kibalin & Arsen Gu
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HE

M. Valldor
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Molecular magnets

S. Farokhipoor et al Spin densities

Nature Materials 515, 379 (2015)

spin anisotropies

PRB 2019
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hydrogeneous materials

Na- batteries



O Dl N Cold commissioning completed : Q1, 2025 TI.lTI UL SCHERRER INSTITUT

Optical and Diffraction Imaging with Neutrons b BE @
MUNCHEN

Experimental cave Beam stop

feedthrough

Out-of-bunker guides
& shielding
Bunker wall ,I

1

In-bunker guides

 Spatial resolutions down to the pm-range * Fuel cells

« Engineering materials * Magnetism

* Geo-science  Soft matter and biology
« Paleontology * In-operando studies

* Energy materials « Variety of imaging techniques (full scope)
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High societal impact early science @

N IE IR NN CE NP EE b @ N 2023 Lund’s cathedral will celebrate

e RCIERLINGR IS its 900t anniversary from its
Augustins) in Friborg (CH) with foundation

a recessed plate with a cross.

Some discussion already started with
the responsible persons (including ESS’
user office) for collaboration and for
samples

Similar experiments already performed
at existing facilities = low risk/high
reward

Neutron Imaging is a well established

Organic Objects diagnostic technique for such use
| Fragments ? cases
Mannes et al. (2014) Archaeometry,
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High societal impact early science @

Vasa ship, Stockholm (1628)

Famous ship that sank in her
maiden voyage

Recovered in 1961
Constant preservation efforts

NI could help visualizing the
corrosion of the bolts or the
swelling in the wood
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High societal impact early science

Medium resolution: phase fraction mapping of steel

Impossible to predict now what will
the trending topic be in 2-3 years
from now.

Conversely, if | have a killer
application already now, | can
perform the same experiment, with

more reliability, at an existing source

We need to keep being active in the
field

Focus on the strengths of ODIN -
medium resolution

Additive manufacturing of metal is a
hot topic now, so it can be expected
to still be interesting by BoT

Strain (pe)

Polatidis et al. (2020) Materials

0 o ‘A-‘\

Position (mm)

Morgano et al. (2020) Additive Manufacturing

o
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D R EA M Cold commissioning completed : Q1, 2025

Diffraction Resolved by Energy and Angle Measurements % , @

* Powder diffraction

» Flexible high flux/high resolution
« 2D Rietveld data/PDF/nm-SANS/Polarized Sample vessel Detectors JU LICH
° Superconductors — Forschungszentrum
e Multiferroics
Weak moments
» Orbital ordering

Experlmental caves

» Charge ordering =
» Energy materials
* Magnetic nanoparticles
« MOFs
« Li, H materials = iy
* In-operando (=
=
Choppers
Control hutch & sample
BC T0

PSC preparation lab

Neutron Guides & Shielding

Heavy shutter

| Inside the bunker ]
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2'0".‘ 40 60 ;: 1(':0 120 1:'to
20 (degs.)
Nanostructures

magnetic nanoparticles
core-shell structures
self-assembly

synthesis

many novel samples come in np

powders Mag netlsm ﬁ
single-cry: S @
; \ ¥ \ ¥
nanopart Ba, K FeAs, o b J— 33
alloys £ wF o] '] Weak moments i ¥ orbital ordering
liquids —y é L 1 phase diagrams of B 9 J charge ordering
z % l “aslwe®  superconductors . g 7 O distortion
o e e W multiferroics ¢ ® 1 magnetic exchange
i : ; : \ ¥ A\ ¥
2.5 3.0 3.5 .....Q................Q
d (&)

Large Unit Cells

MOFs
thermoelectrics
molecular sieves
H, - storage

Third-party funding:
Polarized (cold) neutrons +
nm-SANS detector

S

& RéntgenAngstromCluster
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