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Overview of MAX IV beamlines
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FemtoMAX (2015) .=
Ultra-fast processes in materials
NanoMAX (2016) .
Imaging, Spectroscoplc &' scattering with nanometer resolution

HIPPIE (2016)

High-pressure photoelectron spectroscopy

BLOCH (2017) &

Angle resolved photoelectron spectroscopy

FinEstBeAMS (2017)
Estonian-Finnish Beamline for Materials Science 5 E

SPECIES (2017) 12. CoSAXS (2018) - v MicroMAX
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Photoelectron Spectroscopy and NEXAFS Coherent Soft X-Ray Scattering, Holography... Paper and pulp
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Beamline timeplan
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Time resolved experiments (<100 fs)

Nano/micro diffraction and imaging

X-ray absorption spectroscopy

Protein crystallography

RIXS

High pressure photoemission spectroscopy
ARPES !
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Phase | — 7 beamlines
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Phase lla — 6 beamlines

Phase Ilb — >2 beamlines



Beamline timeplan
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SAXS
Imaging; STXM, CXI

® Photoemission spectroscopy
RIXS
e XPEEM

e Gas phase spectroscopy

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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Phase Ilb — >2 beamlines



Beamline timeplan
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e Imaging; tomography
e Diffraction
e SAXS

® Micro-crystal protein crystallography

2011 2012 2013 2014 2015 2016 2017 2018 2019

Phase | — 7 beamlines

Phase lla — 6 beamlines

Phase Ilb — >2 beamlines
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e 4 beamlines with external or
expert users in 2017

e 2 beamlines have commissioned
optics & are finishing endstations

e 3 beamline is about to
commission optics with
endstations mostly in place

3 GeV Ring
46.76 mA  Delivery: Decay
53.84 h

NEXT INJECTION:

1.5 GeV Ring
1.42 mA Delivery: Decay
0.00 h

NEXT INJECTION:

MAXTV



Low emittance: high flux, small source, low divergence

Energy resolution Spatial resolution

E]  Fraunhofer (far-fieid) diffraction Detector plane

on resonance Small spot with low
f/'\v« il divergence:

0.4 eV detunded

lluminated by a
phanar wave front

0.7 eV detunded

W Al

1.0 eV detunded
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Photon Energy Difference (hv, - hv,_ ) [eV]

RIXS Intensity

1  Fresnel (near-fiek) diffraction Detector plane

Micro diffraction w/
high resolution

PRL 104, 193002 (2010) Nat Phys 4, 351 - 353 (2008) WN




Optical design

The optics in MAX IV beamlines are designed to meet scientific design
targets while exploiting the properties of the MAX IV sources

Simulations are typically done by beamline project managers with assistance
of experts in various simulation software:

e Ray —ray tracing, Rami Sankari

 XRT —ray tracing & wavefront propagation: Konstantin Klementiev

e MESH - ray tracing and heat load calculations: Peter Sondhauss

Toroidal mirror (M3)
,);_] Focuses the beam
__pl¥ vertically at the exit slit.

Output:

<o = _ i, [t
e Beamline layout e el /{%th . /" @
. ek e A \ / P
* Shape & type of optical elements e } 4 7
* Min. slope errors & roughness P )

e Spot size, beam divergence etc. -



Optical design — soft X-ray beamlines

e Standardized design criteria
e cPGMs - blazed and laminar gratings
e 8 beamlines

Toroidal mirror (M3)
Focuses the beam
vertically at the exit slit.

Ellipsoidal mirror (M4)
y Exit slit Focuses beam at the

, sample position
Undulator :

2.475 m long EPU with i / ) _ g
95.2 mm period length f
for variable polarization. -

Toroidal mirror (M1)
Collimates the beam

vertically and focuses i ) ¥ | !

the beam horizontally at Plane mirrors (M2) & 2 plain -
R |

the exit slit. gratings, Monochromator 3 I

cPGM is used to select photon energy
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Stability — optical systems

e Stiff (high spring constant) & light (low mass): high eigenfrequencies

® Design process in collaboration with vendors
Mirror chamber: FMB

L (Prototype)
I=
e FEA: 112Hz
g nftp, Measured: 95Hz
FEA: 119Hz
Grating monos: Toyama Measured: 100-120Hz

Stability responsible: Brian N Jensen N\IAV\< |V



Gratings HZB.....

Blazed and laminar gratings from HZB are used at all 8 soft Zentrum Berlin
X-ray beamlines at MAX IV

Substrates:
 Plane & curved
* Slope errors <0.02 arcsec substrates

Specifications:
 Blaze angles: 0.5-6 degrees
* Line density: <100 -4000I/mm

e Length: 120 -300 mm
* Energy: <5-2000 eV
 Coatings: 40nm Au, Rh

Technology Center for
Optical Precision Gratings, HZB



Gratings - design
Example 1:
“Work horse” grating for the BLOCH beamline:

* Blaze angle: 2 degrees

* Line density: 800 I/mm

* Length: 140 mm

* Energy: 10 - 1000 eV
« E/dE: 1E4

*  Flux: 1E13 ph/s

Example 2:
High energy resolution at low energies at the
BLOCH beamline:

 Blaze angle: 6 degrees

* Line density: 2400 |/mm
e Length: 140 mm

* Energy: 10 - 200 eV
 E/dE: 1E5

*  Flux: 1E11 ph/s
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0.1

0.01
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Simulations by Rami Sankari



High energy resolution (VERITAS)

® RIXS beamline
® Energy range 250 — 1600 eV at 3 GeV ring

® Team:
— Marcus Agaker (Uppsala U)
— Conny Sathe
— Shih-Wen (Winnie) Huang
— Nial Wassdahl




High energy resolution (VERITAS)

Resolution contributions:
e Source size (diffr. limited) 10" E— e 4
® (slope errors of the) optics . SING
-2 N~——T
. — 12 S~
° < 10 o = <
Slit size F E OmeV @ 500 e N £
e Mono: (moderately) high resolution, g N
. =]
high flux, small spot e SN \d
e Gratings: 1200 |/mm & 2400 |/mm “R=100000 \
1010
o 500 1000 1500 2000
Early commissioning results: Ploton cncrgy (eV)

e Approx. 30000
MAXTV



The VERITAS spectrometer

10 m long, Rowland type
* > 35000 resolving power
* 980 mm long collimating mirror to increase collection efficiency
* 2 cylindrical gratings
* MCP based detector with 2D DLD readout ( 150 ps time resolution)

Parabola
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High spatial resolution (SoftiMAX) Karina Thanell

Jorg schwenke

® Imaging beamline

® Beam size: 210 nm (STXM) - 20 um (CXI)
® Energy range: 275 — 2500 eV

® First users: 2019

e Two branchlines for:

— Scanning Transmission X-ray Microscopy (STXM)
— Ptychography (STXM)
— Fourier Transform Holography (CXI)

K. Giewekemeyer, et al., Optics Express 19, 1037 (2011).

— Resonant soft X-ray scattering (CXl)

MAXAN



SoftiMAX — optical design

M1 cylindrical vertical collimation
M2 plane deflecting
M3-STXM toroidal (STXM) hor and vert focusing
M3-CXI cylindrical (CXI) vert focusing
M4 plane elliptical hor refocusing
M5 plane elliptical vert refocusing
optical hutch
cPGM collimated plane grating monochromator
Pe plane grating M1 cPGM M3-STXM
ES exit slits
ZP zone plate

Top View

ES M4 M5

[
STXM

CXI

30 38 43
1 24 1 1 1 1l
T T T T 1
26 288 408 43 462 48
| JQ
= L
2 PG
st my = o) sow
I =
M2 zp
Side View

where to put FZP?

what is the result if finite beam emittance?
what are the coherence properties?

how to isolate the coherent part?

Simulations by:

* Karina Thanell

* Rami Sankari

e Konstantin Klementiev
e Walan Grizolli

Using:
Ray & XRT
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Konstantin Klementiev
Using XRT:
https://pypi.python.org/
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High spatial resolution UIf Johansson

Gerardina Carbone
(NanOMAX) Sebastian Kalbfleisch
Alexander Bjorling
Ulrich Vogt, KTH
Undulator ~ Angle defining aperture & CVD diamond filter An der S Mlkk el sen, LU

/ﬁ Vertically focusing mirror - 25.2 m

/ .~ Horizontally focusing mirror - 25.8 m
~— Horizontally diffracting crystal monochromator - 28.0

- Secondary source aperture (SSA) - 51.0 m
Optics hutch in
main building

T . Nano-focusing zone plate
. —~ .~ Sample position 85 m
— -~ Detector
.Optics' encllos'ure ~— Nano-focusing KB-mirrors
in main building &\ 2> ~— Sample position 98 m
'\'\\\” - Detector
e 5—-30 keV (3rd-17th harmonic Experimental station 1 (ES1) -
in satellite building I
from undulator) T~
\\"'«1
Experimental station 2 (ES2) T
® SSA: Tune coherence / flux for KB, i satellte building

ZP and different wavelengths AMAX N/



Fluorescence
detector
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NanoMAX - KB endstation

\(’

/
Al
‘niI y

| Experimental station 2

Hyperpolished mirrors in KB
configuration

Focal spot: 40-200 nm

Sample holder: Goniometer, <5 kg
2D pixel detector on robot arm
Fluorescence detector

MAXTV



Ptychography at 9.5 keV

Imaging of Siemens stars

Scan 42

Amplitude

Beam properties close to focus

Scan 42
Sample plane Focal plane
el L

of W\

Spot size and
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NanoMAX — first user results at KB endstation

pm

Nano wires: Jesper Wallentin, NanolLund,

Lund University
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Direct resolution: XRF map:

Preliminary 2D reconstructions:
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HIPPIE

Source EPU53

Energy 110-2,000 eV (LP)

Resolving 30,000 — 40,000 Andrey Shavorskiy Jan Knudsen Suyun Zhu Joachim Schnadt
power Beamline Manager  Beamline Scientist ~ Research Engineer Spokes Person

Flux (500 mA) >10'? @ R =10,000

Spot size 50 x 50 um?

Catalysis cell

g

Retractable sample
compartment

v v v

Pump Pump Pump




HIPPIE - AP XPS endstation

® General Purpose/Catalysis cell available
® Electrochemical/Liquid/Jet cell testing 2018
® AP-XPS up to 30 mbar (N2) tested

® Gas dosing system for up to 8 individual gases and their
mixtures

® 4 user groups so far, more to come in 2018 !

5
e ———————
v v

Pump Pump Pump

Ag 3d spectra inside AP Cell

EPU gap 25.16 mm
Energy 1487 eV

exit slit 20 ym
Analyzer slit 1.5 mm
Analyzer PE = 50 eV
combined R=6500

S

20 mbar (24 min) sample-cone distance 0.6 mm (2 cone dia)

O S

30 mbar (12 min) sample-cone distance 0.3 mm (1 cone dia)

20 mbar (3 min) sample-cone distance 0.3 mm (1 cone dia)

o

UHV ( 46 sec) sample-cone distance 0.3 mm (1 cone dia)

T T T T T T T 1
364 366 368 370 372 374 376 378
KE, eV

T

MAX TNV
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MAX IV Laboratory is a national research infrastructure
hosted by Lund University

e Accelerators and basic lab infrastructure:

\/ VINNOVA
e

Vetenskapsradet
® Beamlines
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Thank you!



