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Overview of MAX IV beamlines
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FemtoMAX(2015)

Ultra-fast processes in materials

NanoMAX(2016) .

Imaging, spectroscopic & scattermg with nanometer resolution

BALDER (2018:

X-ray absorption spectroscopyr-srtu and time resolved

BioOMAX(2016).%

VERITAS (2016)

RIXS with unique resolvrng power and momentum resolution

HIPPIE (2016) 2 ¢

High-pressure photoelectron spectroscopy

Angle resolved photoelectron spectroscopy
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Beamlinetimeplan
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Beamlinetimeplan
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Timeresolvedexperiments(<100fs)

Nano/microdiffractionandimaging
X-ray absorptionspectroscopy
Proteincrystallography

RIXS

Highpressurephotoemissiorspectroscopy
. ARPES £

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Phase ¢ 7 beamlines
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Phasedlac 6 beamlines
Phasedllb ¢ >2 beamlines



Beamlinetimeplan
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SAXS

Imaging; STXM, CXI
Photoemissionspectroscopy
RIXS

XPEEM
Gasphasespectroscopy
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Phasd ¢ 7 beamlines

Phasdlac 6 beamlines

Phasedllb ¢ >2 beamlines



Beamlinetimeplan
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Imagingtomography
0 Diffraction
0 SAXS

0 Micro-crystalprotein crystallography

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Phasd ¢ 7 beamlines
Phasdlac 6 beamlines

Phasedllb ¢ >2 beamlines
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A 4 beamlinesvith external or
expert users in 2017

A 2 beamlines have commissione
optics & are finishingndstations

A 3 beamline is about to
commission opticsvith
endstationsmostlyin 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, smalkource, low divergence

Energy resolution Spatial resolution

Detector plang
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Optical design

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

A Simulations are typicallgone by beamline projecimanagers with assistance
of experts in various simulation software:
A Rayc ray tracing, Rami Sankari
A XRTc ray tracing &vavefrontpropagation: Konstantin Klementiev
A MESH ray tracing and heat loadalculations: PeteBondhauss

A Output:

Beamline layout

Shape & type of optical elements
Min. slope errors & roughness
Spot size, beam divergence etc.
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Optical desigr; soft Xray beamlines

A Standardized design criteria
A cPGMg blazed and laminar gratings
A 8beamlines

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

/ Exit slit

Undulator . - J \ '
2.475 m long EPU with . 6/ ’," ”
95.2 mm period length f :

for variable polarization. -

Toroidal mirror (M1)
Collimates the beam

vertically and focuses i ) ; |
Plane mirrors (M2) & 2 plain ‘

the beam horizontally at {

gratings, Monochromator
cPGM is used to select photon energy

the exit slit.

Ellipsoidal mirror (M4)
Focuses beam at the
sample position
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Stability ¢ optical systems

4

0 Stiff (highspringconstan) & light (low masg: higheigenfrequencies

0 Design process ieollaborationwith vendors
Mirror chamber: FMB

L (Prototype)
=
o FEA112Hz
g Measured:95Hz
FEA119Hz
Gratingmonos: Toyama Measured:100-120Hz

Stability responsible: Brian N Jensen MAXTV



Gratings H7RB
Helmholtz

Blazedand laminar gratingfom HZB are used at all 8 soft Zentrum Berlin
X-ray beamlines at MAX IV

19 nm
0 nm

Substrates
A Plane &curved
A Slope errors <0.08rcsecsubstrates

Specifications:

A Blaze angles: 0.5¢ 6 degrees
A Line density: <100¢ 40001/mm
A Length: 120¢ 300mm

A Energy <5-2000eV

A

Coatings: 40nm Ay Rh

Technology Center for
OpticalPrecision Gratings, HZB



Gratings- design N\ ]
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Example 1: = Vil \ [ oeo0 2 17des

G2 2NJ daRingFodhé BLOCHeamline: R 7 i A\

A Blazeangle: 2 degrees § ool I Nl ]

A Line density: 800 I/mm ZaHiE R SiiliIRESE:

A Length: 140 mm ; | NG

A Energy 10- 1000 eV 1 (IR

A EME 1E4 S

A Flux: 1E13ph/s » Proton energy (V)

Example 2: 028 m—— %E%mm

High energy resolutioat low energiesat the , ox : — iz

BLOCH beamline: -

A Blaze angle: 6 degrees £ y A=

A Line density: 2400 I/mm B

A Length: 140 mm oosf = =

A Energy: 10-200 eV - —

A EME 1E5 D e

A Flux: 1E11ph/s

Simulations by Rami Sankari /\/\{Aée[\/



Highenergyresolution (VERITAS)

0 RIX$eamline
0 Energyrange250¢ 1600eVat 3 GeV ring
0

Team:
i Marcus Agake(Uppsala U)
i Conny Sathe
I ShihWen (Winnie) Huang
I Nial Wassdahl




Highenergyresolution (VERITAS)

Resolution contributions:

v . - . . 13
0 Source sizediffr. limited) 107 Pa——— B = 10000 3
i oy
O (slopeerrors ofthe) optics _ SING
@ N~—T
v . —= 12 S~
vt 10 . I A WY A ISvYSY A \"
o Sit size 5 E OmeV. @ 500 e\ Ss=
0 Mono: (moderately highresolution,  § N
. =]
highflux, small spot S \3
0 Gratings 1200 I/mm & 2400 I/mm TR =10000C \
1010
. . 500 1000 1500 2000
Early commissioning results: Photon cnergy (eV)

0 Approx. 30000
MAXTV



The VERITASpectrometer

A 10 m long, Rowlantype

A >35 000resolvingpower

A 980mm longcollimatingmirror to increasecollectionefficiency

A 2 cylindricalgratings

A MCPbaseddetectorwith 2D DLDreadout( 150 pgime resolution)

Parabola

MAXTV
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Highspatialresolution (SoftiMAX) Karina Thanell

Jorgschwenke

Imagingbeamline

. SFY aArai Sy -20mm((CXly o{ ¢ -
Energy range: 2762500 eV
Firstusers 2019

Twobranchlinedor:
,
,

ScanningransmissioiX-ray Microscopy(STXM)
Ptychography{STXM)
FourierTransformHolography (CXI)

K Giewekemeyeret al., OpticsExpres4.9, 1037(2011).

Resonansoft X-ray scattering(CXIl)



SoftiMAXCc optical design

M1 cylindrical vertical collimation
M2 plane deflecting
M3-STXM toroidal (STXM) hor and vert focusing
M3-CXI cylindrical (CXI) vert focusing H - .
M4 plane elliptical hor refocusing SI m U | athnS by.
M5 plane elliptical vert refocusing Top View . °

optical hutch A Karina Thanell
cPGM collimated plane grating monochromator
PG plane grating . .
s Exit s A Rami Sankari

zone plate ES M4 M5

| A Konstantin Klementie\
T \\@ STHM A WalanGrizolli

| 24 ¥ 38 43
| 288 408 43 462 48 Using:
| JQ Ray & XRT
| s [y == 5
p— = o |
(I I — | {‘ I STXM
t e zp
where to put FZP? Side View

what is the result if finite beam emittance?
what are the coherence properties?
how to isolate the coherent part? MAXTN
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Simulations by:
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Highspatialresolution Ulf Johansson
Gerardina Carbone

(NanOMA» SebastiarKalbfleisch
Alexander Bjorling
Ulrich Vogt, KTH

Undulator ~ Angle defining aperture & CVD diamond filter An d ers Mlkkel S en’ LU

/ﬁ Vertically focusing mirror - 25.2 m

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

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

main building
. Nano-focusing zone plate

~ ..~ Sample position 85 m

< _— Detector

Optics enclosure ~— Nano-focusing KB-mirrors

in main building Q\_ ) — Sampi position 98 m
_ ) \\\‘\-\, ~ Detector
0 5¢ 30keV(3rd-17th harmonic Experimental station 1 (ES1) 4

in satellite building T
from undulator) T~

~ Experimental station 2 (ES2) T ,
6 SSATunecoherence flux for KB, i atelte buiing o

ZP and differenvavelengths MAX N/



Amplitude
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NanoMAX- KBendstation

| Experimental station 2

A Hyperpolishednirrorsin KB
configuration

= A Focalspot: 46200nm

A Sampleholder. Goniometer<5 kg

A 2D pixeldetectoron robot arm

A Fluorescenceetector

MAXTV



Ptychographyat 9.5keV

Beam properties close to focus

Scan 42

Sample plane Focal plane
el L

Spot size and

phase
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NanoMAXCc first user results at KBndstation

pm

Nano wires: Jespa#/allentin NanoLund

Lund University

Amplitude
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Directresolution: XRF map:

Preliminary 2econstructions:
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HIPPIE

Source EPU5S3
Energy 110¢ 2,000eV (LP)
Resolving 30,000¢ 40,000
power
Flux (500 mA) >10%2@ R =10,000
Spotsize 50 x 50um?

Catalysis cell

Pump Pump Pump

Retractable sample
compartment

v v v

Pump Pump Pump

Andrey Shavorskiy
Beamline Manager

Jan Knudsen
Beamline Scientist

Suyun Zhu
Research Engineer

Joachim Schnadt
Spokes Person




HIPPIE AP XPSndstation

0 GeneralPurpose/Catalysis cell available

0 Electrochemical/Liquid/Jet cell testir2§18

0 ARXPSup to 30 mbar (N2jested

0 Gasdosing system for up to 8 individual gases and the

mixtures

0 4 user groups so far, more to come in 2018 !

«— Gas out ————
Sample
—» Gasin [ — ")

v

Pump

v

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

T

MAX TNV



HZB Helmholtz

Zentrum Berlin

ESRF

MAXTV



