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hRIXS spectrometer and XRD /

CHEM experiment station
in operation since 2022
enabling backscattering geometries and
reflection
Resonant Inelastic X-ray Scattering
Resonant Elastic Scattering / XRD
and their extensions to
Nonlinear X-ray-Matter Interactions

Two color X-ray pump-probe
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hRIXS User Consortium spectrometer
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Heisenberg RIXS Spectrometer at the SCS instrument

High energy resolution
AE Cu L edge: At =

E/AE ~ 10,000 resolving power

132 meV 30 fs Elastic line

Cu L, edge Magnetic excitations in
M

cuprates
at Cu L3 edge

High energy phonon branches
at O K edge

High temporal resolution

Intensity (arb. units)

80 fs x-ray pulse stretching
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Heisenberg RIXS Spectrometer at the SCS instrument

High energy resolution

Static RIXS from thin-film La,CuQO, at Cu L, edge: E/AE ~ 10,000 resolving power

Magnetic excitations in

. _ (a) ° 82;257020 (b) E'fiticelégi cuprates
= | | at Cu L3 edge
% : g High energy phonon branches
! = at O K edge
s £ High temporal resolution
t% 5 é 80 fs x-ray pulse stretching
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J. Schlappa, et al.,
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Heisenberg RIXS Spectrometer at the SCS instrument

Ni L ;-edge: 1.0 x 103 ph/s on sample

NiO: energy map

60 s acquisition time
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High energy resolution
E/AE ~ 10,000 resolving power

B8 Magnetic excitations in
cuprates
at Cu L3 edge

®8 High energy phonon branches
at O K edge

High temporal resolution

80 fs x-ray pulse stretching
@ Cu L3 edge

High Throughput

Up to 1 MHz repetition rate
or 4,000 FEL pulses /sec
or ~1 x 1013ph/s
J. Schlappa, et al.,
J. Synchrotron Rad. 32, 29 (2025)
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XRD experiment station and hRIXS spectrometer

,X—fayg; optical Laser

‘H —‘

Photon energy 0.25 (0.45 SA3) —1.5keV Detector TwoTheta + 180 deg <1 prad
Combined resolving power Up to 10.000 (mono HR) Sample Theta + 180 deg <1 prad
3.000 (mono LR) Sample Kappa + 30 deg <1 prad
Transmission ~10° Sample Azimuth + 90 deg < 0.0002 deg
Scattering angle 65 — 145 deg Sample X, Y, Z +5 mm 0.5 um

Default: 125 de
- d Sample Temp 16 K- RT
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Chemistry Sample Environment

CHEM Chamber Jet in Operation See Talk Of
Benjamin van Kuiken

Time-resolved RIXS studies of
chemical systems

Liquid-jet sample environment

1 | European XFEL
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Upgrades
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Availability of Variable Polarization at SASE3: new opportunities for tr-RIXS

included in user calls for 2025-|

Polarization mode LH/LV/C+/C-
K-Range 9.59 - 3.38
Photon Energy Range [keV]

@8.5 GeV 0.163 — 1.137
@11.5 GeV 0.299 - 2.082
@14 GeV 0.443 - 3.085

@16.5 GeV , 0.615 — 4.286

European XFEL

Article
Chiral phononsin quartz probed by X-rays

946 | Nature | Vol 618 | 29 June 2023

https://doi.org/10.1038/541586-023-06016-5  Hiroki Ueda'?™, Mirian Garcia-Fernandez?, Stefano Agrestini®, Carl P. Romao?*, Jeroen van
den Brink®®, Nicola A. Spaldin®, Ke-Jin Zhou® & Urs Staub™

Received: 20 January 2023
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ARTICLE OPEN '] Check for updates
Probing magnetic orbitals and Berry curvature with circular
dichroism in resonant inelastic X-ray scattering

Michael Schiiler ('3, Thorsten Schmitt(&* and Philipp Werner®

npj Quantum Materials (2023)8:6
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Detector upgrades SASE3:  Pulse trains @ 10Hz L

Train-resolved detector: In operation since 2024-I 7.\ l
= Marana-X t

B Back-illuminated CMOS Up to 400 pulses
B Pixel size 11 ym (22.5 mm chip size)

— @1.1MHz

-~ No dead time for readout
- Lower data noise due to analysis by train
- Improvement of temporal resolution

Pulse-resolved detector: Under development
=2 Jungfrau
®¥ Thin entrance window, iLGAD
B8 Rectangular pixels (trixels): 25 ym x 225 ym, resolution of few um
®¥ Rep. rate up to 1 MHz, storage of 16 frames

-~ Inter-train resolved data, potentially pulse-resolved

—~ Higher spatial resolution
I B Y European XFEL
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JUNGFRAU for hRIXS: commissioning in 2024-1I

Inter-train resolved data:

Nino Duarte (European XFEL)
Viktoria Hinger (PSI)

FEL: 1128.5 kHz, RF: 174us, 112 pulses in [7 on, 5 off] pattern
JF int: 8.30us, (front 1.00us, back 2.00us) dead: 2.33us

PPL: 12 off, [7 on, 17 off]g

— JF FEL pulse FEL empty PPL
(IJ 2l5 SIO 75 160 1‘25 15;0 1%5
time (us)
(IJ 1|0 2'0 3I0 4|0 50
time (us)

Was used to collect part of user data
Still under analysis

European XFEL

Strixel: charge sharing and interpolation:
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New pump in-coupling scheme, including THz at XRD See Talk of

Generation and in-coupling of THz pump (commissioning) Robert Carley

Installation of in-coupling mirror at short (2 inch) distance, intrinsically stable with inner
mechanics (up to now 2m focal distance using LIN chamber)

Additional options for selecting pump wavelenghts (use of OPA more fe@,sible)

65°

hRIXS travel

BNA

800nm, 15fs, 1mJ, 113kHz 1}5/
1 | European XFEL
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Upgrade SASE3 Monochromator

Longer high-resolution monochromator grating: 150 I/mm, 350 mm

Will improve combined energy resolving power of RIXS experiments by
about factor 2 (currently limited by monochromator to 10,000)

Will increase monochromator transmission

See Talk of
Natalia Gerasimova

1 | European XFEL
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hRIXS upgrade towards higher photon energies: tender x-ray range

SCS instrument delivers photons up to 3000 eV
Current operation hRIXS: up to 1500 eV

Tender x-ray range challenging due to lower throughput,

however radiation yield higher than for soft x-rays

3500

operation range
P g upgrade
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Thank you!

Contact: scs@xfel.eu

Sign-up for SCS newsletter to stay informed about
upCOmIng CaIIS: O 8 nhttps://www.xfel.eu/facility/instruments/scs/index_eng.html B %

Keep up with us!

Receive the lastest news about the SCS instrument
! . . : M By clicking on the 'subscribe’ button, you confirm that you are 16
directly into your inbox! years or older and consent to your email address being used to send

you the newsletter.
Notes: You can revoke your consent at any time with effect for the
future using the unsubscribe link in the newsletter or by sending an

email to . Our data protection information is

available on the

I B Y European XFEL
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