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Outline

« RIXS tutorial and scientific opportunities
« Experimental considerations

* The proposed instrument




RIXS publication rates
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Valence-Core X-ray Spectroscopy
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Examples
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Resonant X-ray emission
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Resonant Inelastic X-ray Scattering
UFFSALA (RIXS)
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\ Inelastic scattering cross section

(Kramers-Heisenberg formula):
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Valence band Features of RIXS spectra:

« Site selectivity

« Symmetry selectivity

* Probing of low-energy excitations
« Sub-natural width spectra

v g « Ultra-fast dynamics
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Review: J. Nordgren et al., in Handbook of Solid State Spectroscopy,
Springer 2006, Ed. W.R. Wi




Site and Symmetry Selectivity In
Resonant X-ray emission
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Analysis Capability of RIXS for Cu
compounds
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K. Kvashnina, et al, J. Phys. Cond. Mat. 19, No. 226002 (2007)




Elementary Excitations In
UPPSALA Strongly Correlated Materials
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For original work, see e.g., S. Butorin, et al., Phys. Rev. Lett., 77, 574 (1996)
For excellent review, see L.J.P. Ament, et al., Rev.M od..Phys., 83, No.2 (2011)
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Experimental setup for RIXS
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European

AFEL

The SQS - Scientific Instrument at the
European XFEL

M. Meyer, European XFEL GmbH

Atoms

“Small Quantum

Systems” ?

Molecules Clusters

Joint Instrumentation Seminar, November 11, 2011
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I - 505 Scientific Instrurnent
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XFEL | Photon beam transport systems
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M. Meyer, Joint Ingtrumentation Seminar, Movember 11, 2011
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European

XFEL ] Scientific Applications

SQS - Small Quantum Systems —

Investigation of atoms, ions, molecules and clusters in intense fields and
non-linear phenomena

High intensities: =10" W/cm?
Short pulses: 2 - 100 fs

High flux = 10'2 photons / pulse
= 10" photons / sec

Spatial coherence

Soft X-Ray photon energies

Non-linear phenomena, multi-photon
Ultra-fast dynamics, pump-probe

Extremely dilute targets,
Processes with small cross section

Coherent Diffraction Imaging

Threshold phenomena
C(1s)=280 eV, N(1s)=410eV, O(1s)=560eV

M. Meyer, Joint Instfrumentation Seminar, Movember 11, 2011
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European

XFEL | Optical layout of the beam transport system (H. Sinn)

» direct beam -  Small Quantum System (SQS)
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SQS end-station
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M. Meyer, Joint Instrumentation Seminar, November 11, 2011



Pump-probe experiments with RIXS
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Thin sample

FEL pulse

Laser pulse 7




Non-linear processes in
FEL beam interaction
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Cylindrical mirror imaging RIXS

Cylindrical mirror

Detector

Cylindrical grating
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Soft X-ray grating spectrometers

Detector
VLS spectrometer

\

=~
VLS grating
Detector
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Rowland spectrometer

Zero order

Negative order

sin ¢ — sin ¢’ = nA/d CLS grating
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Spatial resolution for cylindrical mirror

Cylindrical mirror - resolution @ 150 pm detector resolution
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Principle of Wolter Microscope

Wolter, H. 1952, Annalen der Physik (6. Folge) 10, 94
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Comparison Cylindrical mirror — Wolter pair
@ 150 um detector resolution
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it Outline of 1-D Imaing RIXS Spectrometer
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= Imaging detectors for Soft X-rays
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|ISsues:

Resolution - <50 um

Sensitivity at various incidence angles
Speed — 220 ns pulse separation

Back thinned CCD
MCP with various read-outs
Pixelled silicon devices with on-board memory
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Striped Time Delay Detector

= Multi-channel

plate (MCP)

) Delay line
WA anodes

v A

time

start-pulse

T1. stop-pulse

42. stop-pulse
At, ‘

Current pulse
from MCP
Amplifier Amplifier
and CFD 3 i and CFD
ignal i ¢ >
' 1 i -
Reference 3*10'm/s | 3"10"'mis
s
= Start pulse
S ¥ s
Stop 1 TEERe Stop 2

1 Time difference between stops = 2'S/c

Surface Concept Company

64 X

Fast DAQ




Temporal resolution - Wolter optics
UPPSALA @ 150 um detector resolution
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Temporal resolution vs. time window at 150 um detector resolution
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Photon Energy Resolution
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Photon Energy Resolution
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Other Applications of 1-D Imaging RIXS
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e Spectroscopic imaging
— Non-homogeneous samples
— Graded sample composition

* RIXS maps




RIXS Maps
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: RIXS Map Recordning by 1-D
UNIVERSITET Imaging Spectrometer

Homogeneous sample

Dispersed photon beam

Position coded RIXS




~ | Vertical to horizontal dispersion
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