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Status of MAX IV

The MAX IV accelerators are fully operational, 14 beamlines are able to take X-ray light, and 12 are
able to serve users. However, the pandemic continues to prevent normal operations. MAX IV
entered a "warm shutdown" state on 18 January due to the strained situation in Skane in early
2021, during which only staff needed to keep the facility secure were allowed on site and everyone
else was required to work from home. General user operation and most on-site project activities
were suspended during this period. Design work, documentation, planning, and programming were
least affected by the shutdown and progressed, but projects requiring on-site work or physical
interventions were significantly impacted. Combined with the suspension of beamline operations,
these project delays resulted in some delays to delivering experimental capabilities and beamlines
to users.

MAX IV began a gradual restart of activities in March, where access by MAX IV staff to the
Laboratory was slowly increased (“restricted operations” mode). This made it possible to restart
some operations and a number of projects requring on-site activity. Beamlines previously in
operation were prioritised, beginning with the BioMAX beamline operating in remote access mode
only. Preparatory work for projects depending on the summer shutdown, where suspension could
mean a delays of up to a full year, were also prioritised. The MAX IV Central Project Office was
instrumental for moving the project portfolio forward during this period with the very limited
number of staff allowed on site.

Starting in April, implementation of new procedures, supported by risk assesments, enabled more
staff to work on site safely, remote access or mail-in (RA/MI) operations on additional beamlines,
and more project activities. As part of a planned gradual reopening of beamlines to users, MAX IV
is restarting RA/MI operations on one beamline on each of the 1.5 and 3 GeV rings each week, with
the goal of resuming RA/MI operations on all beamlines able to serve users by autumn. Pandemic
conditions are not expected to abate for the nxt few months, so users and visitors will continue to
be denied access to the MAX IV site until September at soonest. All experiments during this period
must be performed by remote access, mail-in service, or a combination of these two modes.

Appendix 1 lists the status of individual beamlines with techniques currently available to users on
beamlines in operation and estimated dates to deliver planned capabilities for beamlines in
commissioning or under construction.

Science impact and outlook

The scientific output of MAX IV continues to accelerate, with 40 papers registered through the first
4 months of the year. Of note are high impact papers published in Nature Communications, ACS
catalysis and Carbon on results from HIPPIE, Nature Comms and Cell Chem Bio papers from BioMAX,
Nature Comms and PNAS papers from Bloch, and Nanomaterials papers from NanoMAX. The
beamlines on the 1.5 GeV ring are also publishing high-level papers, such as a paper on Dirac band-
splitting in TaSes from Bloch appearing in Physical Review Research. A demonstration experiment
at FemtoMAX on protein serial crystallography (Jensen et al., J. Synch. Rad. 2021) shows the
possibilities of this beamline. Together with 10 Hz operations, the potential of FemtoMAX for time-
resolved studies is becoming visible.

Appendix 2 lists 2021 publications to date. Registered MAX IV and MAX-lab publications are
available at https://www.maxiv.lu.se/science/publications/.

MAX IV beamline status — May 2021 1



DNR: STYR 2021/1143

Appendix 1
Current status of individual beamlines

Status of beamlines at MAX IV

May 2021

Table of Contents — Appendix 1

Current status of individual bEAMIINES........covieieiiiieeeee e e 2
21 Lo 1= TSROSO PP 2
BIOIMIAX .ttt ettt bbbt bbb a e n et e r e renr s 3
BIOCK 1.ttt e s 3
COS XS ettt e e e e e e — e e e e e s e e et e e e e e aa e e e e e e e ne e e e e e nrneeeeeeaan 4
DANMAX ..ottt 4
FEMEOIMIAX .o 5
FinEstBeAMS
FIEXPES ...ttt ettt ettt ettt et e sttt et e s et e et e e s aee st e e saeeesb e e s st e eabeeenee ek e e nat e e beenheeenbeesateenbeenneeereenn
L0 1 G 6
HIPPIE et e s e e e e s s b a e e e s s e e e e s raa e e e s 6
IMIAXPEEM ...ttt ettt ettt ettt et e e s st e e e e s et e e e s s mnn e e e e e e e nrn et e e e s e nnnn e e e e e e nnnneee s 6
T 0T R 7
NANOMAX. ..ot 7
SOTEIMAX .ttt ettt et b e st e bt e st e e s aee s st e e bt e st e e bt e e abe e bt e e bt e bt e e abeeeateenreenbeenates 7
SPECIES ..ttt et a bt 8

VERITAS ..o sa e 8



MAXTV

LABORATORY

Current status of individual beamlines

111 - MAXPEEM 112 - FinEstBeAMS

317 — HIPPIE
v

110-Bloch A

SPF — FemtoMAX

108 - SPECIES

107 — FlexPES ~

303 — NanoMAX

Key
User Operation

\_308 - Balder

"\_309 - ForMAX

Balder
Balder is in general user operation.

First general users for XES and XRD experiments are delayed due to the warm shutdown and Covid-
19 travel restrictions, which impacted installation and support work.

e XRD First General user Q3 2022
e XES Spectrometer First General users Q3 2022

Techniques available to general users

X-ray absorption spectroscopy (XANES and EXAFS) in transmission, continuous scanning down
to 30 sec/EXAFS

X-ray absorption spectroscopy (XANES and EXAFS) in fluorescence with 7 element SDD,
continuous scanning down to 300 sec/EXAFS

Techniques available to commissioning experts
X-ray Emission Spectroscopy (XES), expert mode with limited angular range

MAX IV beamline status —May 2021_Appendix 1 2



MAXTV

LABORATORY

BioMAX

BioMAX is in general user operation.

Techniques available to general users

Data collection at fixed energy between 6 and 19.5 keV, detector distance between 126 and
900 mm, beam focus of 20x5 microns or 50x50 um and defining aperture of 5, 10, 20 or 50 um
Automated sample mounting and dismounting from UniPucks, 29 puck positions in dewar
Sample temperature 100 K; room temperature with or without humidity control available for
manual mounting only

SAD and MAD experiments

Automated data integration, scaling and merging. Offline remote access for manual data
processsing.

SX experiments using HVE-injector (High viscosity extrusion injector), fixed target scan using the
MD3

Element identification by X-ray fluorescence
Remote data collection
Fragment-based drug screening

Bloch

Bloch is in general user operation.

First general users for spin-ARPES experiments are delayed due to the warm shutdown and Covid-
19 travel restrictions, which impacted installation and support work

e Spin-ARPES First General users Q3 2022

Techniques available to general users

High-resolution angle resolved photoelectron spectroscopy (ARPES), using deflection based
analyzer or 6-axis manipulator

Linear vertical or horizontal polarised light from EPU, with energy range 10-1000eV (peak flux
and resolution 15-200eV)

Online Scanning tunneling microscopy (STM), 50K - 300K

MAX IV beamline status —May 2021_Appendix 1 3
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CoSAXS

CoSAXS is in general user operation.

First general users for WAXS time resolved experiments are delayed due to the warm shutdown
and Covid-19 travel restrictions, which impacted installation and support work.

Techniques available to general users
Solution/soft matter conventional SAXS & bio SAXS
Sample environment: Baseline configuration, heating stages, user implementation

Techniques available to commissioning experts
Time resolved experiments

WAXS

XPCS

Advanced sample environments: rheometer, heating stages, microfluidics, stopped flow,
magnets

DanMAX
The powder X-ray diffraction (PXRD) station is being commissioned.

First expert users and first general users are delayed due to the warm shutdown. The procurement
of the Imaging end-station is underway and installation is planned in mid-2022.

e First expert users: Q3 2021
e First general users: Q4 2021

Techniques available to commissioning experts
X-ray powder diffraction

Time resolved studies
Low temperature studies
In situ battery set up

2D PXRD mapping

Total scattering

MAX IV beamline status —May 2021_Appendix 1 4
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FemtoMAX
FemtoMAX is in general user operation with 10 Hz.

Techniques available to general users

Scattering set-up (SAXS, WAXS) in-vacuo sample environment

Crystallography and grazing incidence X-ray diffraction.

Excitation 400 nm — THz radiation.

Time-resolved X-ray induced fluorescence measurements.

Time resolution is 500 fs for scanning measurements (work ongoing to improve), <200 fs for
single-shot.

FinEstBeAMS
FinEstBeAMS is in general user operation.

First general users for the solid state end station are delayed 3 months due to the warm shutdown
and Covid-19 travel restrictions, which impacted installation and support work

e Solid End-station First general users: Q3 2021

Techniques available to general users

High-resolution photoelectron and Auger electron spectroscopy of gaseous samples. (GPES)
lon time-of-flight mass spectrometry of gaseous samples (GPES)

X-ray absorption of gaseous samples, measured in the total ionyYield mode (GPES)
Photoluminescence spectroscopy of solid samples in the wavelength range 1.4um-200 nm
(PLES)

Measurement of photoluminescence excitation functions at fixed emission wavelengths as well
as reflection spectra from polished surfaces of solid samples. (PLES)

Temperature dependencies of luminescence properties of solid materials in the temperature
range from 10 K up to 350 K. (PLES)

Photoelectron-photon coincidence (PEPICO) spectroscopy of gaseous samples (GPES)

X-ray photoelectron spectroscopy of surfaces and interfaces in UHV (SSES)

Angle-resolved photoelectron spectroscopy of 2D materials and condensed matter physics
(SSES)

MAX IV beamline status —May 2021_Appendix 1 5
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FlexPES

FlexPES is in general user operation.

Techniques available to general users

Beamline: Linear horizontally polarized light from LPU, with energy range 40-1500 eV. Spot on
sample both defocused (0.5-1.5 mm) and focused (from 50x15 pum to 150x40 um in different
end stations)

Surface- and material science (SMS) branch: High-resolution photoelectron spectroscopy (PES)
on solid samples using SES-2002 analyzer and 4-axis manipulator; X-ray absorption
spectroscopy (XAS or NEXAFS) using total and partial electron yield

Low density matter (LDM) branch: High-resolution PES on LDM samples using R4000 analyzer
with these sample delivery systems (samples must be approved by chemical safety group):

- Liquid jet setup for e.g. aqueous solutions

- Molecular jet source (continuous beam) for cold beams of atomic and molecular gases

- Gas cell for PES on atomic and molecular gases

ForMAX
Commissioning of ForMAX is delayed from Q3 2021 to Q1 2022 due to Covid-19 travel restrictions,
which delayed the insertion device site acceptance test.

e Start of commissioning: Q1 2022 (previously Q3 2021)
e  First expert users: Q1 2022 (previously Q4 2021)
e  First general users: Q4 2022

HIPPIE

HIPPIE is in general user operation.

Techniques available to general users

Catalysis Cell: APXPS of solid-gas interfaces up to 10 mbar, for catalysis and surface science
PM-IRRAS: APXPS and FTIR on the same spot up to 1 mbar for catalysis and surface science
Liquid/electrochemistry cell: APXPS of solid-liquid (dip-and-pull setup) and gas-liquid (liquid jet
setup) interfaces up to 30 mbar for electrochemistry, energy, environmental, and atmospheric
science

MAXPEEM
MAXPEEM is in general user operation.

Techniques available to general users
Soft X-ray SPELEEM (micro-LEED, PED, micro ARPES, XMCD microscopy)

MAX IV beamline status —May 2021_Appendix 1 6
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MicroMAX

The MicroMAX project timeline is delayed due to Covid-19 travel restrictions, which delayed the
insertion device site acceptance test and increased the risk for delayed functionality.

e Start of commissioning: Q2 2022
o  First expert users: Q4 2022
e First general users: Q2 2023

NanoMAX
The NanoMAX KB station is in general user operation.

Techniques available to general users

Scanning X-ray diffraction and coherent imaging in Bragg geometry
Forward ptychography and CDI

X-Ray fluorescence mapping in 2D

Forward ptycho-tomography (under development, not all samples are suitable, contact
beamline team to discuss feasibility before proposal submission)

Development of the NanoMAX FZP end station is on track.

e Start of commissioning: Q3 2021
e  First expert users: Q3 2021
e  First general users: Q4 2022

SoftiMAX

First general users on the STXM branch for are delayed due to an optics cooling leak, the warm
shutdown and Covid-19 travel restrictions, which impacted installation and support work. A
conceptual design report is being developed for the second branch.

e  First general users: Q4 2021

Techniques available to commissioning experts
STXM

Forward ptychography (basic)

XMCD Microscopy (basic)

XRF mapping

MAX IV beamline status —May 2021_Appendix 1 7
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SPECIES

SPECIES is in general user operation.

Project delays due to warm shutdown and Covid-19 travel restrictions has slowed progress towards
scope of the SPECIES RIXS branch and has had an impact on general user operation.

Techniques available to general users
Standard cell: APXPS up to 20 mbar for catalysis, oxidation studies, and surface science
ALD cell: APXPS for in-situ ALD experiments up to 20 mbar

RIXS using the GRACE spectrometer (emission energy range 50-650 eV, only linear polarization
horizontally and vertically). Solid samples only. LN2-sample cooling available, 4-axis
manipulator

VERITAS
Veritas B branch line (the open port branch) is in general user operation.

First general users on the Veritas A branch line are delayed due to optics cooling leaks, the warm
shutdown and Covid-19 travel restrictions, which impacted installation and support work.

e First general users (A branch): Q4 2021

Techniques available to general users
User roll-up at the open port branch. Only approved equipment (contact beamline)

MAX IV beamline status —May 2021_Appendix 1 8
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