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Three accelerators to produce
X-ray radiation of highest quality

Linac — Linear Accelerator
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R3 — 3 GeV storage rin
Welcome to the Je fihg

world’s first R
fourth-generation wa N/

synchrotron light 2/
Source! | SPECIES _,-f"'z/ ' @ .

MAXPEEM FinEstBe AMS

SPF FemtoMAax

FlexPES
ManohlAax
Verit
. DanhAX
Microh AX
Bioh AX
LinaAC
" o ” ’
I Heamines in operation P e
. f CoSAXNS 4 . ForiiAX
== ® m Opportunities for new beamiines ”: =

A. Robert et al., "MAX IV Laboratory”, Eur. Phys. J. Plus 138, 495 (2023)


http://www.maxiv.lu.se/

MAX IV is a user facility
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INDUSTRY-CONNECTED BEAMTIME HOURS IN 2023 BY TYPE OF ACCESS AND INDUSTRY SECTOR
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Imaging

Displaying structural and electronic
details with nanometric resolutions in
2D and 3D

P ) |—

Scattering & Diffraction Spectroscopy

Determining the 2D and 3D Determining the electronic
structure of materials with structure and chemical state of

resolution down to atoms materials — and its relationship
to structure

We illuminate with x-rays
— and we measure x-rays or electrons

Science at MAX IV



Beamlines
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SPECIES

FlexPES
MNanoMAaX

DanMAX

MicroMAX

e Beamlines in operation
e CoSAXS

Soft X-rays
~ surface and sub-surface information

Hard X-rays
~ bulk information and buried interfaces

16 beamlines in operation
covering a broad X-ray energy range from 4 eV to 40 keV

3 beamlines in TDR phase
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Some science examples
— scattering and others




In situ characterisation of the mechanical reponse of materials by
simultaneous SAXS/WAXS and digital image correlation (DIC)
@ CoSAXS

Sample: 1 mm thick polycarbonate

P. Mota-Santiago et al., J. Appl. Cryst. 56 (2023) 967



In situ characterisation of the mechanical reponse of materials by
simultaneous SAXS/WAXS and digital image correlation (DIC)
@ COoSAXS
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DIC: shows local deformation

(not the stronger deformation at the material
boundaries; point towards high-straing zones at edges)
WAXS: shows degree of orientation of the PC fibers
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P. Mota-Santiago et al., J. Appl. Cryst. 56 (2023) 967



In situ characterisation of the mechanical reponse of materials by
simultaneous SAXS/WAXS and digital image correlation (DIC)
@ CoSAXS
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SAXS measurements at different loadings:
no variation in scattering intensity,
no sign of a void volume change
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Diffusion Bonding 321-Grade Stainless Steel: Failure and
Multimodal Characterisation @ FlexPES, MAXPEEM
(+ SEM (EBSD, EDS), STEM, tensile tests)

What’s there?
@ Spectroscopic characterisation at RT
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|. Lazar et al., Microsc. Microanal. 30 (2024) 192




Diffusion Bonding 321-Grade Stainless Steel: Failure and
Multimodal Characterisation @ FlexPES, MAXPEEM
(+ SEM (EBSD, EDS), STEM, tensile tests)

What happens at high temperature?

400 °C 700 °C

X-ray absorption spectroscopy-photoemission electron
microscopy (XAS-PEEM) images at the Ti L-edge on a steel surface at
four different temperatures

|. Lazar et al., Microsc. Microanal. 30 (2024) 192



Sintering in seconds, elucidated by millisecond in situ diffraction

@ DanMAX
(a) Full-contact sample configuration Ultrafast high-temperature sintering (UHS)
Steel
| ‘:'ff""d“ M | « Sintering with heating rates of ~104 K/min

—30mm___ || « Sample embedded in carbon felt
: =— EI 1T  |s hypothesised to bypass grain growth/coarsening

i e s - s phenoma during nanomaterial sintering

Graphite felt SEip

@8mm, h1.5mm

(9,) @imeiadwa]

Aarhus Rapid Ohmic Sinteriring
(ARQOS) setup used at DanMAX

Biesuz et al., J. Eur. Cer. Soc. 44 (2024) 4741,
published under a creative commons license

Shyam et al., Appl. Mater. Today 35 (2023) 101960


https://doi.org/10.1016/j.jeurceramsoc.2024.01.064
https://creativecommons.org/licenses/by/4.0/

Sintering in seconds, elucidated by millisecond in situ diffraction
@ DanMAX

Sample: SrFe;,0,4 Nanocrystalline powder
Heated to 1373 K @ 150 K/s
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|dentified pahses:
SrFe;,044 (hexaferrite)
a-Fe,05 (hematite)
Shyam et al., Appl. Mater. Today 35 (2023) 101960 Fe;0, (magnetite)




Sintering in seconds, elucidated by millisecond in situ diffraction
@ DanMAX

Compositional change Change of texture
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MAX IV
Annual Report 2023
with Science Highlights

ADVANCED MATERIALS

A promise realised for memory storage with

antiferromagnetic spintronics
PEE

In the realm of device memory applications with spint,
m ve signific y faste S

microscopic magnetic moments creates zero net i

, antiferromagnets are a promising advance

emna gnment of their

Research led by Johannes Gutenberg University
Mainz in Germany explored the so-called current
pulse driven Néel vector rotation, performing a
current pulse induced manipulation of the orien
tation of the axis along which the alternating
magnetic moments of the antiferromagnet Mn Au

ENERGY MATERIALS

e
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on at the SPECIES beamline have been extended by

ADVANCED MATERIALS

Unusual electron pairing gives clue to high-
temperature superconductivity

tudied the antiferromagnetic electron-doped high-temperature super
-known model systems with strongly interacting

sorates are wi
al phenomena, including unconventional superconductivity.

e

materi-

Revealing structural degradation for Li-ion
batteries optimisation

Improving the performance of Li-ion batteries by reducing degra-
dation is a highly sought aim for expanded commercial use. Scien-
tists at the Technical University of Denmark (DTU) performed an
operando study of four prototype NMC811/5i-Gr SAh multilayered
pouch cells (manufactured by Cidetec), a type of Li-ion battery. They
endeavoured to understand the behaviour of Si-Gr (silicon graphite)
anodes in conjunction with NMC811

1 cathodes.

JanMAX b use
anode lithiation/delithiation, ani
across the cell

2D-map the bat

d volume expansion

The tests provided information about structural changes during
intercalation/deintercalation and spatial lithium inventory, and its

nte te L 4 signif

T ac
y

ADVANCED MATERIALS

opens for applications

f seem to
lemselves
onductiv-
ma dating
tiferromag
‘e the key to

o Temperature

low energy
components.

CATALYSIS

Way forward for studying 2D antiferromagnets

Protective layer preserving catalyst material
for energy conversion

teps towards
velopment of a mical applt
cations. They hav ocatak
and found how a nicke! oxide coating, NIOx, can protect the surface
against corrosion in harsh conditions:

ts convert photons to electrons and holes,
rgy Into chemical, One example is photo-ele
ere the catalyst ma sorb light t

tion and sp rrelation coupling effe 5
through optical routes. Moreover, an interlayer
exciton-magnon coupling is observed in the
two-dimensional heterointerface of monolayer
semiconductor WSe, - few-layer antiferromagntic
The result opens up for further
investigations on using two-dimensional antifer-
romagnets for opto-spintronics or antiferromag
net-based quantum Information technologies.

1sulator VPS

Two-dimensional antiferromagnets were just
recently discovered and seem to be promising
materials for information storage devices. They
have been challenging to study because they do
T ave a E ent. The difficul-
of detecting the antiferromagnetic order and
manipulating the correlated magnetic coupling
behaviour has been a seemingly insurmountable
barrier, limiting their further applications.

gnetic r

INSTRUMENTATION

Phot Py

a novel photocatalytic setup. The instrumenta-
tion allows the study of solar radiation-driven
processes by combining external

with the Al

S mea: ents, In

ando experiments can be carried out with the
setup under mbar pressure ranges, which often
approach realistic scenarios in either industry or
nature. The development of the setup is the result

ation between MAX IV and the L

sity of Ouly, Finland.

As a case study, we have Investigated the photo
catalytic hydrogen evolu eaction, which is a
promising technigue for harvesting and storing
alar epergy into chemical energy and has been

Photocatalytic setup for in situ and operando Ambient
Pressure X-ray Photoelectron Spectroscopy

Download the report




A Swedish Research Infrastructure:

User Facility that provides access to modern X-ray analytical tools.

Researchers come to MAX IV in two principal ways:

Access to MAX IV

Peer
reviewed
access

Open to all users (academic, industrial) for free via a peer-reviewed proposal system
based on scientific merit. Two (2) proposals calls per year.
Users agree to publish results, using open access.

Always discuss with the beamline scientists while e “poes
preparing the proposal ! -

Proprietary
access

Proprietary users pay MAX IV (at cost-recovery for the operations) for the time used and own

their results. N\@ﬁ\/




Always discuss with the beamline scientists while
preparing the proposal !

MAXPEEM FinEstBeAMS
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Contacts: see beamline homepages
https://www.maxiv.lu.se/BEAMLINENAME



https://www.maxiv.lu.se/BEAMLINENAME

Always discuss with the beamline scientists while
preparing the proposal !

One more way to come to MAX IV

Sample Standard Accepting
Beamline . Measurement Max shifts
Feasiiity M proposals Access to MAX IV
Balder Yes Yes 2 Yes
BioMAX Yes No 2 Yes
BioMAX -
—Fra MAX No Yes 6 Yes
Bloch Yes No 6 Yes
CoSAXS Yes Yes 1 Yes
FemtoMAX Yes No 6 Yes
FinEstBeAMS,
Solid-state Yes Yes 6 Yes
Endstation
FlexPES Yes Yes 2 Yes
HIPPIE Yes Yes SF: 6 Yes
uiinied = SMS: 3
n of\ -
MAXPEEM Yes No 6 Yes | me(\‘-
MicroMAX Yes No 6 e e*pe‘
NanoMAX Yes No sf:\e““
SoftiMAX Yes No cces®: Yes
st @
SPECIES Yes Yes \ "2 -6 Yes
. (APXR e SMS: 3
Veritas Yes No 6 Yes

https://www.maxiv.lu.se/user-access/access-modes/fast-access/



https://www.maxiv.lu.se/user-access/access-modes/fast-access/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/balder/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/biomax/
https://www.maxiv.lu.se/beamlines-accelerators/science-initiatives/fragmax-biomax-fragment-screening-platform/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/bloch/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/cosaxs/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/femtomax/s/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/finestbeams/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/flexpes/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/hippie/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/maxpeem/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/micromax/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/nanomax/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/softimax/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/species/
https://www.maxiv.lu.se/beamlines-accelerators/beamlines/veritas/

Always discuss with the beamline scientists while
preparing the proposal !

If you're a potential user:
it’s always a good idea to team up with existing users
(if you don’t know any — ask us)

Access to MAX IV

Nyttiggorande av neutron- och Okat nyttiggdrande av
synkrotronljusanlaggningar neutron- och

synkrotronljusbaserad teknik

[\ Stanger 21 sep 2021 [ Stinger 12 sep 2023




SpectroWISE

Solid - solid Solid - gas Solid - liquid
E.g. high throughput operando E.g. catalysis, corrosion, E.g. batteri
solar cells, and advanced fuel cells, H, storage,
2 extreme temp. conditions

Tatm .08 : - :E::;
Hf"AX PES & Standard XPS
HAXPES i
-30 nm

Standard /
XPS-3nm /

HAXPES: vn!ﬂrmqrionf HAXPES:
| - | about functional interface information |
| HAXPES: functional | for wide pressure range

interface at extended
| depth ranges

about functional |
interface for thick liquid films

TomoWISE

Moving towards B
the future >

1

Rotation

* 3D reconstruction & visualisation 2D reconstruction

Quantification and analysis




Time-resolved materials tomography at many lengthscales

Sagr “!‘ -y

Detector
X-ra
b eangn Rotation i
stage l

* 3D reconstruction & visualisation
* Quantification and analysis

X-ray sources

Energy range

Monochromators

Focusing optics

Detection system

Beam size on sample
Tomography acquisition rate

Flux @45 keV

[ X-ray projections
e

n TomoW!ISE operation modes

Sample rotation: o = 0°->180°

Zoom-in, zoom-out nanotomography, spot ~200 x 200 nm?

2D reconstruction L Nanofocus
\—‘ = s P J il ﬁ\ =
cPMU wouable Uil St == sample
as: e Detector

4 ® _

— T High-speed parallel-beam

...... 7 @ microtomographyh

] Detector

BT q

L g H P‘ e B Hj

3-pole - \
n"d'slanon

2m 24m 27m a5

) y-tomo er
Wide-beam tomography, field of view up to 45 x 4.5 mm?

(i) Cryogenic permanent magnet undulator, 14 mm period, 2.0 m magnetic length
(if) 3-pole wiggler, 3 T maximum field

20-65 keV

(i)  Multilayer monochromator

(i)  Double-crystal monochromator
(iii)  Filtered white beam option

Multilayer Kirkpatrick-Baez mirrors
Scintillator + microscope

200 x 200 nm? — 45 x 4.5 mm?(h x v)
Up to 1 kHz

Up to 104 ph/s/mm?

TomoWISE:

Tomographic imaging
of materials over
many lengthscales and
with temporal
resolution

TomoWISE technical design report (TDR)
funded by WISE
(Wallenberg Initiative Materials Science
for Sustainability)

Materials Characterization




HAXPES for the study of interfaces in materials

Solid - solid Solid - gas Solid - liquid
E.qg. high throughput operando E.g. catalysis, corrosion, E.g. batteries, corrasion,
solar cells, and advanced fuel cells, H, storage, electrocatalysis, harsh

electronics extreme temp. conditions conditions
[ W

f

b

1atm .0
HAXPES "+
Standard S \

XPS - 3 nm ’I‘ HAXPES
p

SpectroWISE:

o . W@ HAXPES (Hard x-ray
7 A /- photoelectron
J' spectroscopy) for the

about functional inferface Information
HAXPES: functional for wide pressure range about functiohal
interface ot extended At

ot | e study of interfaces

X-ray source In-vacuum undulator, 20 mm period, 3 m magnetic length . .
SpectroWISE technical design report
Energy range 2.1-15 keV (TDR) funded by WISE
Monochromator Double-crystal monochromator (Wallenberg Initiative Materials Science
Channel-cut high-resolution monochromator for Sustainability)
Energy resolution <400 meV (2-4 keV), <200 meV (4-15 keV)
S5  a.Design &Modelling
Focusing optics Horizontal first focusing mirror, Kirkpatrick-Baez mirrors for focus onto sample. 3
Bendable mirrors to allow for defocusing. %
Beam size on sample <3 x 3 pm? to >200 x 200 pm? ‘g
End station 1 UHV-HAXPES -
=
End station 2 1-bar HAXPES or electrochemistry HAXPES (exchangeable), or open port

Flux @8 keV Up to 10 ph/s







Accelerators |

1.5 GeV Storage Ring

e C=96m, &E-6nmrad -
Diffraction-limited X-rays at 16 eV LE-07

World-leading source of soft X-rays :

Enyzlpnrradl

1.LE-08 ¢

3 GeV Storage Ring
C=528m, E-328 pmrad
Diffraction-limited X-rays at 300eV
First 4™ generation storage ring e00 M N
60 600
Circumference [m]

oy .




Accelerators

1.LE-06

1.5 GeV Storage Ring

e C=96m, E-6nmrad =
o Diffraction-limited X-rays at 16 eV = LE-07 = ‘;‘;

« World-leading source of soft X-rays - : 3 3

g W S

5 =9

S 28
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3 GeV Storage Ring U 2

e (C=528m, &E-328 pmrad
>« Diffraction-limited X-rays at 300eV
« First 4" generation storage ring L £00 1 .
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Accelerators ©39Cen o @ 4%Gen

1.E-06 F
1.5 GeV Storage Ring
e C=96m,E-6nmrad =
 Diffraction-limited X-rays at 16 eV = LE07 | < 0
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Accelerators

1.5 GeV Storage Ring

e C=96m, &E-6nmrad
o Diffraction-limited X-rays at 16 eV
« World-leading source of soft X-rays

3 GeV Storage Ring

e (C=528m, &E-328 pmrad
 Diffraction-limited X-rays at 300eV
« First 4t generation storage ring

In 2016
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MAX IV

MAX IV

European context in 2016

NMABXANV

MAX IV 3Gev Ring: The first 4! generation synchrotron Source

Breaking down the emittance glass ceiling with world record emittance of 328pmrad

Horizontal Emittance [pm:-rad]

MAX IV
4 328’

A factor 3 to 20 better than « ALL |htsou'?ces



Accelerators

10keV X-ray beam: Extrapolation to 3rd Gen.

3" generation
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10 keV beam profile 20 meters from the source, same scale




Accelerators O 39 Gen ® 4 Ger
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Accelerators O 39 Gen ® 4 Ger
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Most 4th generation light sources will be fully operational by the end of the decade

By 2030 MAXIV



Accelerators

1.5 GeV Storage Ring

e« C=100m, E-6nmrad
o Diffraction-limited X-rays at 16 eV
o World-leading source of soft X-rays

3 GeV Storage Ring

e (C=528m, &-328 pmrad
o Diffraction-limited X-rays at 300eV
e First 4t generation storage ring
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Most 4th generation light sources will be fully operational by the end of the decade

Toward 2030 = MAXS



MAX 4Y

MAX 4V

Ensuring leadership of Swedish
research with X-rays for the next
decades

MAX 4Y — A ’surgical” upgrade of our 3GeV ring

Funded synchrotron light
source upgrades and
operating facilities
in 2030

Optics parameters for a candidate
MAX 4V [attice
Parameter | Value

Energy 3 GeV
Circumference 528 m

Bare Lattice Emittance <100 pmrad

Horizontal Emittance [pm-rad]
MAX 4Y
<100



Very welcome to MAX V!
Wwww.maxiv.lu.se

A special thank you to Aymeric
Robert for all his material!
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