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1 Status of the European XFEL

The European XFEL

European

XFEL|Project, Challanges, Expected Performance

3.4km

The European X-ray laser project XFEL
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Burst repetition rate 10 Hz

Burst length 600ps

#bunches per burst 2700

Bunch length (compressed) 2-180 fs (FWHM)
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1 Status of the European XFEL

European

XFEL | Current timetable...

Initial commissioning of linac, to bring electron beam in first
undulator (SASE1).

Bring X-ray FEL beam to XHEXP.
Continue commissioning of accelerator.
Initial commissioning of X-ray beam transports and instruments.

Reach full performance of accelerator.

Development of X-ray beam transports and instruments towards full
performance.

Regular operation
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1 Status of the European XFEL

European

XFEL | European XFEL (schematic)
3.4 km total length
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1 Status of the European XFEL

European

XFEL | European XFEL: a gigantic construction site (2011)

XS1 Dec 2010
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1 Status of the European XFEL

European

XFEL | Experiment Hall infrastructure, October 2014
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European XFEL

Casting of final floor:

European

XFEL |} Floor was cleaned / polished / coated.
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1 Status of the European XFEL

European
XFpEL Undulators and Photon Beamlines
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European XFEL

European

XFEL ]| Experimental Hall Infrastructure
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1 Status of the European XFEL

Status of hutch planning + construction:

European

XFEL | Infrastructure Experimental Hall
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1 Status of the European XFEL

European

XFEL ] Laser location in the Experiment Hall
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1 Status of the European XFEL

The European XFEL

European

XFEL | Many Laser Systems available
Optical Lasers WP-78 — Max Lederer & HIBEF UC

Experiment Hall Types of experimental lasers:
MID HED
SASE 2 PP TUNE PP TW
SHOCK PW
U PP-type |
high rep-rate
U2 SEUV.. . mid-IR, THz
HE/HI-type
\\M (Terawatt):
SASE 1 FXE SPB «:SOfs >1Hz, 100 Terawatt—class laser, Ti:sapphire
PP MAL TUNE PP MAL TUNE SHOCK (high energy):
. 3 100J ... kJ-class ns-laser, exponential ramp
SCS SQS BW  (Petawatt): « Baseline
SASE3 | pp MAL TUNE PP MAL TUNE "3 30fs, 1Hz, Ti:sapphire | 4 HIBEF User
Consortium
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Status of the European XFEL

European

XFEL ] The suite of instruments at European XFEL
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1 Status of the European XFEL

Experiment Hall

European

XFEL SASE3 Hutches
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European

XFEL

SQS Scientific Instrument

T. Mazza, A. de Fanis, H. Zhang, M. Meyer,
European XFEL GmbH

TDR_2012: nhttp://www.xfel.eu/documents/technical _documents

“Small Quantum

European XFEL Systems”

Molecules Clusters



SQS Scientific Instrument

European

XFEL | Scientific Applications at SQS

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

High intensities:  >105 W/cm? — Non-linear phenomena
Multi-photon processes

Short pulses: 2 - 100 fs — Ultra-fast dynamics
Pump-probe experiments

— Extremely dilute targets
Processes with small cross section

High flux > 1012 photons / pulse
> 101° photons / sec

Spatial coherence — Coherent Diffraction Imaging

European XFEL

High repetition rate: — High data collection rate
< 27000 pulses/ sec Multi-particle coincidences
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SQS Scientific Instrument

European

XFEL] 1) Multi-photon multiple ionization : Atoms

Multi-electron system: Xe

JJ(FLASH) = 13.3nm Sorokinetal., PRL 99, J(LCLS) =0.8nMm  Rydek et al., Nat.Phot. 6,

213002 (2007)
—_ 858 (2012)
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|P(Xe2l+) =5 keV Xe 35+ (25 keV!!)
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SQS Scientific Instrument

European

XFEL] 1) Multi-photon multiple ionization : Atoms

Multi-electron system: Xe

JJ(FLASH) = 13.3nm Sorokinetal., PRL 99, J(LCLS) =0.8nMm  Rydek et al., Nat.Phot. 6,
hy = 934 213002 (2007) 858 (2012)

277?77
What are the important processes: Direct or
sequential ionization?
Can we disentangle the individual steps?
Are there competing / interfering pathways?
Role of intermediate resonances?

EEEEEEE
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|P(Xe21+) =5 keV Xe 35+
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1 SQS Scientific Instrument

European

XFEL] 2) Multi-photon multiple ionization : Cluster

Size dependence of multiple ionization in clusters

Krypton Charge State
36 2520 15 10 5 1

LCLS: 1.5 keV,3 mJ

averaged _
spectrum :
(300 Shots) s Kr-cluster
. AN _
; _M _— lon - TOF
= spectroscopy
Single shot, £ | Imaging

single cluster —_MM%

spectra
‘ -
9) Principal investigator:
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1 SQS Scientific Instrument

European

XFEL] 2) Multi-photon multiple ionization : Cluster

Size dependence of multiple ionization in clusters

Krypton Charge State
36 2520 15 10 5 1

averaged o T LCLS: 1.5 keV, 3 mJ

spectrum 2777
(300 Shots)

Dynamics of internal energy transfer:
What are the mechanisms?

: New collective phenomena?
Single shot, ~ £ Are there size-dependent processes?
single cluster B
spectra e

Principal investigator:
: = Christoph Bostedt
1 19 (LCLS)

m/q
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SQS Scientific Instrument

European

XFEL | 3) Ultra-fast molecular fragmentation

Molecular Dissociation Dynamics

Landers & Dorner

PRL 87 (2001) Coincidences:

Carbon K-Shell 8
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SQS Scientific Instrument

European

XFEL | 3) Ultra-fast molecular fragmentation
Molecular Dissociation Dynamics

Landers & Dorner

EF:’RL 87 (2001) Coincidences:
Auger-e Carbon K-Shel electron — ion —ion

10 eV Calalals

C* What is the temporal evolution:

Are there transient states?

Is there site selectivity?
?7?7?7

XUV O+ _ prn
' polarization %%

fs-d MmICcS
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SQS Scientific Instruments

I
European
XFEL | General Layout of SQS Scientific Instrument

PP Laser SQs Lase
.-'."-; : . r

Experiment Area
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Status of the European XFEL

Soft Coherent Scattering (SCS, Andreas Scherz):

European

XFEL

Study of solid state lattice, charge, orbital and spin structures

Resonant X-ray Diffraction and Coherent Diffraction [baseline]

Single-shot imaging, time-resolved resonant x-ray diffraction and x-ray photon
correlation spectroscopy in forward-and backscattering geometry of charge, orbital

and spin structures

SCS group: A. Scherz, M. Izquierdo, Robert Carley, Jan T. Delitz

Nanoscale spin reversal by
non-local angular momentum

Single-shot imaging of
nanoscale magnetization

a b
om  Sample
Co polarizer . .
FFT
M A
<7 FEL pulses

507 —  at778.8eV,

E co L3 edge @

Wang, Zhu, Wu et al. PRL 108, 267403 (2012)

\
E

C. Graves et al. Nat. materials 12, 882 (2013)

Speed limit of the insulator-
metal transition in magnetite

S. de Jong et al. Nat. materials 12, 882 (2013)
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1 Status of the European XFEL

European

XFEL ] SCS: Single Shot X-ray Holography

Using Fourier transform
holography, obtain real-space

a
image of magnetic domains.
R ) Diffraction from a single x-ray
pulse (~5 mJ/cm?).
om Sample
. We can combine this with pump-
Co polari : .
° ':;’;"?% probe techniques to make time-
60° riel, puises resolved movies!
v — at778.8eV,
‘\ Foldedge Single shot imaging threshold Ne atomic laser
E
HIGH RESOLUTION > Ne hollow atoms
Wang, Zhu, Wu et al. PRL 108, 267403 (2012) l
v
' 1011 1013 I 1615 I 1617 1019 I
W/cm?
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1 Status of the European XFEL

European

XFEL SCS Instrument

Permanent Beamline Components Interchangeable Endstations / Detectors

I @ ﬁ
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1 Status of the European XFEL

curopean || T11GN-ENErgy Density instrument (HED)

XFEL | Ulf Zastrau and Group

mUltrafast dynamics and structural properties of matter at
extreme states

Highly excited solids -2 laser processing, dynamic
compression, high B-field

Near-solid density plasmas -> WDM, HDM, rel. laser-
matter interaction

Quantum states of matter - high field QED (future

upgrade)
50 . NS
ol u
s o u
- 3
. B = a
= i ¢ | llisions: scattering, lonizatian, ¥ .
w T 1 ® eofirmation =
00X | ' = 0l
e "::"\_I}‘Ké / I filamentation \ . "M..:\‘ e i!"'ﬂl
_F.-ﬁ" 5 | °

Compression
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1 Status of the European XFEL

European

XFEL ] Capabilities at HED — strong drivers available

Three optical lasers

14 Hydrogen phase diagram Pump-Probe (pp) >1017 W/cm?2
SR spherical 0.2-3 mJ, 0.2-4.5 MHz, 15 fs
compression
103 4-100 mJ, 0.2—-4.5 MHz, 800 ps
>
i radiatively High-Intensity (HI) >10%°W/cm?
® heated foil
s 102 3J, 30 fs, 10 Hz on sample
%;_ High-Energy (HE)
e 101 100 J, 2-15 ns, 10 Hz
|_

~3X compression, ~10 Mbar
DAC set-up (static compression):
dynamic and double stage DACs
Pulsed magnet
10-2 | 1 | | | ~50 Tesla (10 kbar, 1GPa)
10= 10 101 1 101 40 109 Isochoric XFEL heating

>101! phot, <pm, > 101° W/cm?

100

10-1

Density (g/cm?3)
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1 Status of the European XFEL

XFEL | HED Experiment (EXP)
100TW diags.
Timing ) _, -
) \ 11.4m ]
. <] ;

TooTW | =0
Laser j -
transp. | \|

— Vacuum

chamber
DIPOLE | 6.5my .
100J/ns :
transp. : DAC & SAXS/imaging/
: / ‘ pulsed magnet XAS detectors
Beam split & |/ — (retractable) (| (it HIBEF)
optical delay (HIBEF)
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1 Status of the European XFEL

European

XFEL | MID Mission (Anders Madsen Group)

The Materials Imaging and Dynamics (MID) instrument aims at the investigation
of nanosized structure and nanoscale dynamics using coherent radiation.
Applications to a wide range of materials from hard to soft condensed matter and

biological structures are envisaged
(1** MID workshop, Oct 2009 (@ ESREF, Grenoble)

'*'*~

X-Ray holography

Hi-res techniques
Self-seeding...




1 Status of the European XFEL

XFEL

SRF Multi-speckle approach

o X-ray version of DLS

A. Madsen, MID

X-Ray Photon Correlation Spectroscopy (XPCS)

series of
speckle patterns

(I(t)I(1,))
L)) (1))

Average over ensemble of pixels

2
g (t.0) =

(e.g. constant Q region) and/or time

Applications:
Study of structural dynamics

in soft- and hard condensed matter

A. Madsen ef al.,
New Journal of Physics 12, 055001 (2010)



1 Status of the European XFEL

European

Design of MID Components

Differential pumping section

Side-view, exp. chamber and long arm

LB TR L TEUER IR LR LT R TEE B b T R TR ST I

: i + e £= — =3 = — - P
i | . i ' s S ——
oy i
v

Diff. pump section out for tender

Finalize 3D models of chamber/arm/detector stand by summer 2015



1 Status of the European XFEL

SPB Mission: Image single biomolecules

European

XFEL | (Adrian Mancuso group)
Structure of a molecule -> function

Structure allows, eg, Rational Drug Design,
Understanding of human biochemistry.

Photons (X-rays) allow depth information
from intact systems.

Single Particle Imaging seeks to image
molecules and structures that are unable to
be imaged by other means. These are
structures < microns in size and include
membrane proteins.

Review: A. P. Mancuso, et al, J. Biotechnol. 149 (2010) 229-237
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1 Status of the European XFEL

Nanocrystallography: between single molecules

European

XFEL ] (SPB) and everyday crystallography ( - SFX)

Extends the scope of XFEL imaging (i.e. class of possible samples
broader than macromolecular crystallography)

Has first been demonstrated at LCLS, USA (Chapman, et al.,
Nature, 2011)

The measurement shown required > 3 million LCLS pulses (~1 day)
The European XFEL will produce that many pulses in about 2 min

[ 3 -
iy ot .-Ir g .
200 v, Il : i
il T it o
7l - e -
b P e S |
Liquid jet : _:-‘-*ﬁ;yv___ : s e . g
S TN Rear pncGD
=i \‘%'-:'—L_‘ 4 -
L'BY"ra"'l v T K“‘*‘ﬁ-_,_t; [z = 584 mm)

W0 5
Interaction Front pnCGCD
point (2 =68 mmj

Chapman et al., Nature, 2011

FEL Nanocrystallography perhaps opens crystallography to a
broader range of samples that form small, but not larger, crystals

Workshop: Future Research Infrastructures: Challenges and Opportunities
Christian Bressler, European XFEL



1 Status of the European XFEL

FXE: Towards a High Speed Molecular Camera

European

XFEL | Christian Bressler and FXE Group

GOAL:
Record a Movie with a Suite of Simultaneous Smart Cameras:

LS XES || XAS XDS
<400 fs

<

150 fs

150 f
i 800 fs

rd

\
\

)

I
€N

7
<400 fs

150fs

- Camera for electronic orbital changes

- Camera for spin state changes
- Camera for internal structural changes
- Camera for involved external molecular interactions
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1 Status of the European XFEL

Femtosecond K 3 XES on [Fe(bpy) 5]%*

European

XFEL | First Observation of Intermediate State

a T 1
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a 7065 . 3) Liquid jet  X-ray fluorescence . e 0.3
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time delay (ps) - W ! ; !
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Status of the European XFEL

European

XFEL ] Combination of x-ray techniques: added value!

X-ray diffraction mX-ray absorption (XAS)  EX-ray emission (XES)

(XRD) B empty states (DOS) B sensitivity to fine
_ . B |ocal symmetry structure of excited
= atomic positions m bond length /neighbours electro_nlc states
= |attice vibrations ® short-range order W e.g. spin states
(acc- & opt.
] 1o 3d [~44—
phonons) 1o Ko np G
= long/short-range | |} EXARS " )
order ] XANES il
] 1s2p

X-Ray Photon Energy /eV

7050
Enerav (eV}
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1 Status of the European XFEL

European

XFEL] A model complex: observe the invisible

Photo-excited electron transfer in metallo-complexes

= Ru(ll) > Ru () XAS, XES, optical

= Co(lll) > Co (I) XAS, XES, optical

* VR & e transport XRD, optical “esrsmmmms mmm—m o
Visualizing the non-equilibrium dynamics of

Co (”) HS =2 LS XAS’ XES photoinduced intramolecular electron transfer with

femtosecond X-ray pulses

Sophie E. Canton'*, Kasper S. Kjaer®3*, Gybrgy Vankd?, Tim B. van Driel?, Shin-ichi Adachi®, Amélie Bordage*,
Christian Bressler®, Pavel Chabera’, Morten Christensen®, Asmus O. Dohn8, Andreas Galler®,

Wojciech Gawelda®, David Gosztola®, Kristoffer Haldrup?, Tobias Harlang’, Yizhu Liu', Klaus B. Maller®,
Zoltan Németh?, Shunsuke Nozawa®, Matyas Pépafa, Tokushi Sato® ", Takahiro Sato'f,

Karina Suarez-Alcantaraf, Tadashi Togashi'2, Kensuke Tono'?, Jens Uhlig’, Dimali A. Vithanage’,

Kenneth Warnmark'®, Makina Yabashi', Jianxin Zhangm'*, Villy Sundstrém’ & Martin M. Nielsen®
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1 Status of the European XFEL

FXE Instrument: A Suite of Molecular High-

European

XFEL | Speed Cameras

SPB Transfer Tube
(< 250 mm diameter)

LPD

IPM3 BlU4
SA2 \ ‘t
_ o "«,/-; Sample Stack

Hamos Goniometer
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1 Status of the European XFEL

The European XFEL

XFEL | Covering several contemporary research fields

SPB/SFX:Ultrafast Coherent Diffraction Imaging of
Single Particles, Clusters, and Biomolecules

Structure determination of single particles: atomic
clusters, bio-molecules, virus particles, cells. 2 5oy s oo SN

. . _ ,_,,-—/"’Xia/g,(l;ser pulse
Materials Imaging & Dynamics

Structqre determination of nano-devices and
dynamics at the nanoscale. P
“Q'gg"'

Femtosecond X-ray Experiments Dat.a\‘rrn-e; Combined data set Reconstruction

Time-resolved investigations of the dynamics of
solids, liquids, gases

European

One pulse, one measur n

Biomolecule/particle injection

J
ST Noisy diffraction
patterns.

=
o

Combine many measurements 1. Theories of damage and imaging

Hard X-rays

High Energy Density Matter

Investigation of matter under extreme conditions
using hard X-ray FEL radiation, e.g. probing dense
plasmas

SQS: Small Quantum Systems

0 Investigation of atoms, ions, molecules and | .m.ensm
= clusters in intense fields and non-linear -
e phenomena _cx-féf::m) o W Ineog
ﬁ SCS: Soft x-ray Coherent Scattering/Spectroscopy :J:u : | I;::y:‘;‘r’n :
ks Electronic and real structure, dynamics of nano- ' L
72 systems and of non-reproducible biological objects —

Six “day-one” scientific instruments m?

(SPB/SFX: Mancuso, MID: Madsen, FXE: Bressler, HED: Zastrau, SQS: Meyer, SCS: Scherz)
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1 Status of the European XFEL

The European XFEL

European

XFEL ]| Several Detector Projects Well Underway

- WP-75 (M. Kuster) - Detectors for Day-1 of Operation o
Pixel ( ) y P | LPD

Size |
500 um

200 ym

75 um
90 um
30 um

] ] ] AL ] I L I ]
200 eV 1 keV Energy [keV]
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European XFEL

European

XFEL | FXE Heavy Equipment (Aug. 5 installation)

Workshop: Future Research Infrastructures: Challenges and Opportunities
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1 Status of the European XFEL

European

XFEL]9.6.2015: Laser hutches mostly done

Workshop: Future Research Infrastructures: Challenges and Opportunities
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1 Status of the European XFEL

curopean || 24:6-1 FXE-supports of robot tower + granite
XFEL | tables grouted.

Workshop: Future Research Infrastructures: Challenges and Opportunities
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1 Status of the European XFEL

—— 29.6.. Pontax + Berdel got parts for SPB
XFEL | experimental hutch delivered.

= = Sabel Il
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1 Status of the European XFEL

European

XFEL] 24.6.: MID-high quality floor was covered
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I - Status of the European XFEL

European

XFEL

XHQ building, construction started May 2014
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1 Status of the European XFEL

European

XFEL | XHQ building, Jan. 2015

Richtfest, 18.02.2015!
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1 Status of the European XFEL

European

Coming soon: Users at the European XFEL!
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1 Status of the European XFEL

European

XFEL] This means...

Scheduled down & maint . . Acc development X- ray development User program
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1 Status of the European XFEL

European

XFEL

...thank you for your attention!
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