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- Soft X-rays at the European XFEL

- Scientific Instruments in the Soft X-ray regime
SQS Scientific Instruments
SCS Scientific Instruments

 Infra-structure

optical laser, diagnostics, add-on equipment, time line
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Soft X-Ray Instrumentation

European

XFEL ] European X-ray Free Electron Laser

Scrlesug Hosten | Hembury 78.1 % of tunnel boring completed
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Soft X-Ray Instrumentation

European

XFEL | European X-ray Free Electron Laser

Construction.site, Schenefeld

M. Meyer, NSO at FLASH, October 13, 2011




Soft X-Ray Instrumentation

European

XFEL | Electron and Photon beam transport systems

Undulators at the European XFEL

SASE 2
tunable, planar .
3 - 25 keV __— ¢
electrons
—
0 e tunable, planar tunable, planar
17.5 Gev 3 — 25 keV

730 — 3000 eV (17.5 GeV)
SASE 3: 470-2600eV (14 GeV)
260 — 2000 eV (10.5 GeV)
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Soft X-Ray Instrumentation

European

XFEL] Les Instruments Scientifiques

Small Quantum Systems (SQS)

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

Spectroscopy and Coherent Scattering (SCS)

- Structure and dynamics of nano-systems and of
non-reproducible biological objects

SASE 3

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European
XFEL | Photon energy ranges
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European

XFEL | SASE 3 Undulator

Pulse widths
Pulse energy
Peak power
Average power
Beam size

Rep. rate

Soft X-Ray Instrumentation

General Soft X-Ray radiation parameters

2-100fs Coherence time 0.3-1.8fs
0.2-11.0mJ Bandwidth 0.25-0.7 %

50 — 120 GW Number of photons 0.1-2x10%
3-300W Average flux of photons 0.3 -5.4 x 108
40 — 80 um Average brilliance 0.03 — 2.6 x 102

10 Hz (2700 pulses in bunch train)

Parameter Unit

Bunch charge pC 20 100 250 500 1000

Pulse duration (FWHM) fs 2 9 23 43 107

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European

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

= direct beam -  Small Quantum System (SQS)
= monochromatized -  Spectroscopy @ Coherent Scattering (SCS)
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XFEL

SQS
"Small Quantum Systems”
Scientific Instrument

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

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? Non-linear phenomena, multi-photon
Short pulses: 2 -100fs Ultra-fast dynamics, pump-probe
High flux > 10'2 photons / pulse Extremely dilute targets,

> 10" photons / sec Processes with small cross section
Spatial coherence Coherent Diffraction Imaging
Soft X-Ray photon energies Threshold phenomena

C(1s)=290 eV, N(1s)=410eV, O(1s)=560eV

International Workshop: Aarhus, Denmark, October 29 - 31, 2008
Trieste, Italy, December 16 - 17, 2010

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European

XFEL | Two-color studies

Example: Two-color Pump-Probe

Optically induced electron interferences in the angular distribution

Auger lifetime similar to optical cycle
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Soft X-Ray Instrumentation

European

XFEL | Ultra-fast processes

Diatomic molecules Complex Molecules

Ulirich et al. , ASG MPI Heidelberg
Photoelectron

A Angular Distribution Diffraction KES

Particle injection pattern _:i
\ T
L
20 FEL pulse 5
5 OL p :
5 - f‘
4—0 * —>
XFEL A* B
AB Position and time-sensitive
ion detection ion time of flight
Inter nuclear separation g R(A—B)

complete characterization =
multiple coincidences

coincidences: ==m) high (> kHz) repetition rate

molecules "fixed-in-space"

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European

XFEL|] SQS end-station

Gas phase targets: Particle analyzers:

- Molecular beam (atoms & molecules) - High-resolution TOFs
supersonic jet, effusive jet, cells
- High resolution X-ray spectrometer

- Cluster beam (mass-selected)
- Magnetic Bottle Electron Spectrometer

- Nano-particles, Nano-crystals,
bio-molecules - Velocity-Map-Imaging
(aerosols, liquid jet)
- Reaction Microscope

- Thomson Parabola

= AQS (Atomic-like Quantum Systems) Chamber
- * NQS (Nano-size Quantum Systems) Chamber

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European
XFEL | SQS end-station
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Soft X-Ray Instrumentation

European

XFEL|] SQS end-station
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European

XFEL|] SQS end-station

NQS - Chamber

(side view) (front view)
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European
nlan
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Soft X-Ray Instrumentation

European

XFEL ] Optical Laser (M. Lederer)

Intra-Burst: Collaboration DESY, European XFEL, CFEL

« 2700 pulses

* fintra-burst =0.1...4.5 MHz ,Burst Energy“: N

« 1mJ per pulse at 1MHz ,Burst-Power": ... 1kW

* Teywuw = 10 ... 100fs ,Average Power®: ... 10W

« =10 fs jitter (rms)

Pump-Probe Laser Alignment Laser SQS Specific

1- 4.5 MHz rep. rate 100 kHz rep. rate * OPA (200 — 3000 nm)
0.2 — 1 mJ pulse energy 1 — 250 mJ pulse energy - variable polarization
10 - 100 fs pulse duration 30 fs / 1 ns pulse duration * THz radiation

< 10 fs synchronization < 10 fs synchronization * beam characterization

* pulse stretcher

Option: 800 nm, 100 kHz, 20 — 100fs, 10mJ

1030 nm, 100 kHz, 1 ns, 250 mJ

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European

XFEL | Diagnostics (J. Griinert)

FEL beam parameters for experiments

single shot/ "on-line" single shot/ "off-line"
1. pulse energy: = 1% (rel.) 5. pulse duration: AT =< 10 fs
Gas Monitor Detector (GMD) auto-correlator

_ . cross-correlation
2. arrival time: < 10fs

Reflectivity change (10 Hz), 6. spatial profile

extended beam on CCD
THz — electron streaking

7. temporal profile

3. wavelength: AL /A =107 _
N.N., THz electron streaking ?

Photoelectron Spectrometer

4. spectral profile: AL/ A =10
VLS-grating monochromator

8. beam position: 1 um
YAG screens

M. Meyer, NSO at FLASH, October 13, 2011
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XFEL

SCS
"Spectroscopy & Coherent Scattering”
Scientific Instrument

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European

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

= direct beam -  Small Quantum System (SQS)
= monochromatized -  Spectroscopy @ Coherent Scattering (SCS)

0.5 — 3 keV (optimized) | 30 — 50 pm
0.25 - 0.5 keV (reduced) i SQS2 1—-10 um
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European

XFEL ] sCS Scientific instrument

Spectroscopy & Coherent Scattering (SCS)

International Workshop: =

Villingen, Switzerland, June 2 - 4, 2009
Trieste, Italy, December 16 - 17, 2010

Energy transfer (eV

Spectroscopies (electron, photon) ey
Imaging, Dynamics & PCS: Bio & Nano Objects XFELpuse
- ample
| . D . & PCS M S t i M2 "{7 1st detector
maging, Dynamics : Magn. Systems o I
—
Scientific applications & experimental techniques: PN L . : E
_ _ . s x PP o
= Electronic and atomic structure and dynamics AL 7 B detector

2-D crystals

solids, surfaces, nano-systems, biological objects

= X-ray spectroscopy (XAS, XES, IXS, RIXS, XPS),
imaging (holography, CDI, XPCS); Pump-probe experiments

Variable polarization !!

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European

XFEL | soft X-Ray Monochromator (H. Sinn)

VLS (Variable Line Spacing) Grating

Side view
Exp.hall
Gl1, G2, (M4) M5 M6 hor. focus _
M1 M2
I
f S | | L
l -
” . |
| vertical exit
slits
Top view

fi | SCs

Wavelength regime: Spectral resolution: Temporal resolution:
0.5 — 3 keV (optimized) A/AN210 000 AT =100 fs
0.25 - 0.5 keV (reduced) (>30 000)

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European

XFEL | soft X-Ray Monochromator (H. Sinn)

Temporal Resolution
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Final defintion of parameters and layout (in progress):
H. Sinn, R. Follath, M. Izquierdo, J. Gaudin, S. Molodtsov,

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European

XFEL| Time-resolved RIXS

The liquid-liquid phase transition in silicon revealed by snapshots of valence electrons
M. Beye, F. Sorgenfrei, W. F. Schlotter, W. Wurth, A. Fohlisch,
PNAS 2010 107 (39) 16772-16776
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European

XFEL| Electron Phonon Interactions

Ultrafast melting of a charge density wave
in the Mott Insulator 1T-TaS,
S. Hellmann et al. PRL 105, 187401 (2010) S R
[ I""I”'z'I |RARLIRARLI T [ T | uJ '25-‘
1.8 mJ/cm
L | 26
L N\‘ _— 5 -27
::_. B Wk 2.1ps ;g, '
E | - < 2 " vl f
? "_/\j\/\ 0.3ps £ [ A
E \ 0605 av
L -1.5ps . . S E
/\/\NK " Ta 4f photoemission °*:
4 050F |
_I|||||||L—m— no laser hv = 156 eV 0455
-27 -26 -25 -24 -23 -22 , L P
E - Er (eV) 10"k ]
Femtosecond time-resolved - J |
10" =t | | | 1 | |

core-level photoemission spectrosccopy =~ z o z + & s w @

Delay (ps)

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European

XFEL[ Spectroscopy at LCLS
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JET
Eol: Time-resolved RIXS Laser table B rack room
2
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nlan
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XFEL|] Timeline

SQS Instrument https://www.xfel.eu/research/instruments/sqs

Conceptual Design Report
Technical Design Report

SCS Instrument
Conceptual Design Report

Technical Design Report

Installation in experimental hall

Ready for beam

April 2011
October 2012

Spring 2012
Spring 2013

mid 2014
mid 2015

M. Meyer, NSO at FLASH, October 13, 2011



Soft X-Ray Instrumentation

European

XFEL

European XFEL
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for your attention!
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