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XFEL | Brilliance/Spectral Brightness

FLUX OF PHOTONS IN UNIT SPECTRAL RANGE
(SOURCE AREA) X (BEAM DIVERGENCE)

Units: photons/s/mm?/mrad?/0.1%BW

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL ] Nobel Prizes to Synchrotron Radiation Work

1997 John E. Walker
Structure of F1-ATPase

2003 Roderick McKinnon
Structure of Cellular lon Channels

2006 Roger D. Kronberg
Structure of RNA polimerase

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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—— 3 Win Nobel for Ribosome Reqcarch

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg

Working independently and using, among other

things, the X-rays generated by powerful particle
accelerators and prodigious computer calculations,
the three winners and their colleagues succeeded 1n
mapping the locations of the hundreds of thousands

of atoms in the giant molecular complexes - - -
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XFEL ] Ribosome: the Protein factory of the cell =

From the home
page of Ada
Yonath

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL] Time Scales for Dynamics

Phase relaxation Molecules
electronic vibrations
transitions

Intramolecular vibra-

tional redistribution Electronic

Intermolecular energy radiation
transport lifetimes
10%s
10fs 100 fs 1ps 10 ps 100 ps Tns Time
Quantum kinetics Energy transfer to lattice

(carriers & phonons) Hot phonon effects

Phase relaxation Phonon propagation
interband continuum/excitons

Intraband and intersubband .
redistribution of carriers Solids

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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xploring the Configuration Space Landscape
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Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL|Tools for sub-ps structural dynamics

Ultrafast electron diffraction

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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Tools for ultrafast structural dynamics: x-rays

Laser-based: laser-plasma,
plasma-wiggler, HHG,...

Accelerator-based: N — &

Storage rings: "~ - ,
bunch-slicing, "\\’\\D\ o - =
bunch-rotation S e

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL ]| Wanted...A more brilliant X-ray source, with:

wavelength down to ~ 0.1 nm ==> atomic-scale resolution

LT oo ultrashort (<1 ps) pulses
1 \\\ _ 0(‘D)+0(>p)_600 ==> “mOIeCUIar movies”
o do .
ultra-high peak brightness o
==>jnvestigation of matter

under extreme conditions... 2 1s pulse (FWHM)

Ofls

transverse spatial coherence

==> jmaging of single nanoscale objects, possibly down to
individual macromolecules (no crystals)

Trieste, 06.05.2010

Massimo Altarelli, European XFEL GmbH, Hamburg
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%?Eri_ Fourth Generation: spatially coherent sources

Compression of electron bunches to ~100 fs preserving (or
even increasing) the brilliance and number of photons per
bunch is impossible in a storage ring configuration, where
the same electrons run through the undulators 10° to 106
times per second.

This can however be achieved in a single-pass machine
such as a linear accelerator, with suitable bunch
compressors.

In addition, in a linac, emittance € is NOT conserved, but €
= ye ~ const., with y = E/mc?2. It is then possible to reach the
condition in which g~A.

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL |Spontaneous vs. coherent rad. in Undulators

Spontanesous Radiation Coherent Radiation

M‘.CUO'\‘ EM -ON E' mbc"on' Es.*om' - N E?
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Optical Founglnhagmom
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XFEL] Oriain of Microbunching

IE““’ Electron trajectory
‘ = /’/

— Undulator axis

Radiation electric field has a small
E aq SiN & ~ E oy component parallel to electron

(0 . .
velocity, which can accelerate or
decelerate electrons
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Peak brilliance
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XFEL | Peak brilliance of X-ray Sources vs. time
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Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL ] Today’s state of the art

FLASH — Ultraviolet and soft x-ray FEL user facility in
Hamburg (down to A ~ 6.5 nm) 1072 Ph/pulse

SCSS Test Accelerator — Ultraviolet and soft x-ray FEL
user facility at Spring 8, Japan ( A ~ 30 — 60 nm)

First beam from LCLS (Linac Coherent Light Source), the
X-ray FEL using 13.6 GeV electrons from SLAC Linac,
Stanford, CA, on April 10, 2009 7072 Ph/pulse

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XEel | FLASH at DESY

’17(,.”};'.: .
. s

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg

The first SASE FEL
operating in the soft X-
rays, down to 6.5 nm

(+3rd, 5th harmonic!)
1 GeV Superconducting

Linear Accelerator
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RFgun 2 M1 M3’ I M4 M5 V6 117 L=30m
.1 undulators ; ,
Cs o — | ‘!| ponp— B (AW
llimato / FEL
Laser \ E=450 MeV S ‘ bypass ‘ experimental
area

300 >
m . . _

Jan 2005: first lasing at 32 nm
Auqg 2005: first user exper.

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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Xeel | FLASH at DESY

The first SASE FEL
operating in the soft X-
rays, down to 6.5 nm

(+3rd, 5th harmonic!)
1 GeV Superconducting

Linear Accelerator

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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FLASH Experimental Hall

»
Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL| Single-shot (~25 fs, A ~ 32 nm) imaging

. multilayer
‘ mirror

CCD camer

H. Chapman, J. Hajdu et al., Nature Physics 2,
839 - 843 (2006)

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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Reconstructed Image - 62 nm resolution

SEM of structure on mlied o
LRCON NANde b

2nd shot at full power

Reconstructed image - achleved
diffraction limited resolution!
Wavelength = 32 nm

H.N.Chapman et al., Nature Physics 2, 839-843 (2006)
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XFEL| Imaging picoplankton

PICOPLANKTON are the most

abundant photosynthetic cells in

the oceans (discovered in 1988) single shot R T
diffraction pattern

o DB
gl
13.5nm 4 7~ " \

L]

Y | 3
¢
4

~10 s \ i’
n \

This cell was injected into vacuum
from solution, and shot through the
beam at 200 m/s

J. Hajdu, I. Andersson, M. Svenda, M. Seibert (Uppsala)
S. Boutet (SLAC)
M. Bogan, H. Benner, U. Rohner, H. Chapman (LLNL)

Stanford

Linear
ccelerator
enter

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL | Laser generated harmonics at 32 nm catch up!!

PRL 103, 028104 (2009) PHYSICAL REVIEW LETTERS

Single-Shot Diffractive Imaging with a Table-Top Femtosecond
Soft X-Ray Laser-Harmonics Source

\ l\'.l‘-.:\lt‘.l D. Gauthier,” F. R.N. C. Maa ‘ M. Billon : 1-P ( .:lllllt‘\,: ) (i.!l'/t‘”.l.l M. Geleo .: (). Goben l J-| ”\'l;".".'..'
\-M. Pena.' H. Perez.' B. Carré.' E. Bourhis.” J. Gierak.” A. Madouri,” D. Mailly.” B. Schiedt,” M. Fajardo." J. Gautier,”
P. Zeitoun.” P.H. Bucksbaum.” J. Haidu.”® and H. Merdji' "

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL | HHG seeding demonstrated at SCSS test facility
LETTERS

INnjection of harmonics generated in gas in a
free-electron laser providing intense and
coherent extreme-ultraviolet light

G. LAMBERT" =3* T HARA®, D. GARZELLA', T. TANIKAWA®, M. LABAT' 3 B. CARRE' H. KITAMURA=#
[. SHINTAKE 4 M. BOUGEARD', S. INOUE*. Y. TANAKA? ¢ P SALIERES'. H. MERD', 0. CHUBAR®

0. GOBERT', K. TAHARAZ AND M.-E. COUPRIE?

Sarvice den Mot Aaves of Mokicudes, CSWORECAM, CF A Sactny #1701 (-scr- Yewite, france

NI $Pving-§ Cantre, Marwms inatitute, 1-1-1, Koutn, Sayo-cho, Saye-gun, Wyoge 6755188, Jepan

rouge Mogwiarw of bawrton, Syecirobon Sobel [ Orew don Mrnses, Sont Acbee, 51730 GF s Toee, Frasee

"NFEL Poogect Mend ONScnTIIEN 1-1-1, Kouts, Sayo-chw, Soyo g, Myoge 6795948 Jepue
Te mad peliare et Oure e on whed

Nature Physics 4, 296 - 300 (01 Apr 2008)

Publested ordne 9 March 2008 dex 10 1058 hghysiB)

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL| SASE at the SCSS test facility

Normalized
intensity

11

0.5

Spectrum
|
FEL
' 1 Norma |
' Undulator Radiation
? ‘\' 500 timas magn: fired
——

o s | ‘\__-—-o;_'_:.'

0
46 47

48 49 560 51 52

Wavelength (nm

150 MeV
Linac

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL | Experimental Layout for HHG
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XFEL] April 10, 2009: the big news from LCLS!

1.5A

Coherent
X-rays!!

Figure 10: FEL x-rays at 1.5 A on a YAG screen 30 m after the

LA 11

last inserted undulator (see Table 1 for measured parameters)
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XFEL| Hard x-ray FEL Projects

ML INAC COHERENT LIGHT SOURCE
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Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL | The European XFEL

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg




ARG
(_ARGE Tumne :FeL

Scientific Use of Hard X-ray FEL's
European
XFEL




1 &
Scientific Use of Hard X-ray FEL's

European

XFEL | Superconducting “TESLA” Technology

100 8-Cavity modules, 1.4 km,
17.5 GeV Electron Energy

Module: 8 X
Cavities

Niobium Cavities

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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uropean i
XFEL | Module PXFEL1 on the test bench

37

——— e hina Photo:

= D. Kostin,
' - DESY

~ Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL| European XFEL Project - Time Structure

Electron bunch trains (with up to 2700 bunches a 1 nC)

/ /. t,

7

100 ms 100 ms

600 us

100 fs
Photon pulses

At =220 ns ' 188 fs @ ‘

process

Alternatively: 20 bunch trains / second, 300 us long, with up
to 1350 bunches each...

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL Comparison of the X-ray FEL Projects

LCLS (USA) SCSS EUROPEAN

(JAPAN) XFEL (SASEI)

Max. Electron Energy (GeV) 143 8.0 17.5
Minimum Wavelength(nm) 0,15 0.13 0,10
Peak Brilliance 1.5 10733 1. 1033 5. 1033
Average Brilliance 4.5 10122 1.5 10723 1.6 10725
Pulses/s 120 Ol 27 000
Photons/pulse 10712 210711 10712
First Beam 2009 2011 2014

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL | Scientific applications of X-ray FEL'’s

Time-resolved, pump-and-probe experiments

Coherent-diffraction imaging of nanoscale objects, down
to single macromolecules

Speckle Scattering and Photon-Correlation Spectroscopy

High Energy-Density science

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL | Scientific applications of hard X-ray FEL'’s

Time-resolved, pump-and-probe =~ e 5oy
experiments 7 £ Ll
==

delay tere |

Coherent-diffraction imaging of nanoscale objects, down

to single macromolecules
200 nm

Buld
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xFEL| Pump and Probe Experiments

Today: study (structure) and dynamics on a
ns to ps timescale
XFEL: study (structure) and dynamics on a

ps to fs scale

A

probe
(X-FEL pulse) pump 2
(laser pulse) /

. intensity

I Bragg

M, Laitruse

//
/
\ I 1 t=0 C> 0 delay time
20

]
t=0
structural
change
delay time
k—//

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL| InSb inertial dynamics at SPPS

e s ——— e —-.--:;-;.-mu D R e
Position along detector —m —o— 3

Fig. 1. (Top) A single-shot image of
scattered x-rays from unperturbed
sample above a single-shot image
of perturbed sample. Dashed curves
show region excited by laser pulse
(Bottom) Experimental setup she laser
{Bottom) Experimental setup show

ng | Cross- lc.\ m top< .U\;-., M. (220) ReﬂeCthn

nique. By crossing the pump and . . .
probe tmns on the sample and . |ntens|ty as a function
maging the diffracted x rays, we

mapped temporal information into b1 , I
spatial information, enabling colle o b Mﬁ‘ Of tlme
tion of the complete time history 10
around time zero in a single shot
lime runs from lﬂt to right. The
time window shown is ~8 ps

A.M. Lmdenberg et al., Science 308, 392 (2005)

iImaging detector ‘ 3

Time (Is)

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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Fig. 1. Bismuth (111) x-ray diffraction
efficiency as a function of time delay
between the optical excitation pulse and
x-ray probe for excitation fluences of 0.7
(green), 1.2 (red), 1.7 (blue), and 2.3
m)/em® (gray). The zero-delay point was
set at the half maximum of the intial
transient drop, The inset displays the
optical phonon frequency as a function
of the normalized atomx eguilibrium
position along the body diagonal of the
unit cell x as measured by x-ray diffrac
tion. The dotted curve represents the
theoretical prediction obtained from DFT
calculations of the excited-state potential-
energy surface (100,

D.M. Fritz et al.,

Normalized Diffract

Ultrafast bond-softenlng in Bi (SPPS)

Science, 315, 633 (2007)

Trieste, 06.05.2010
Altarelli, European XFEL GmbH, Hamburg
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XFEL | What do protein crystallographers dream of ?

Nature 459, 24 (7 May 2009)

RUC TURES ( J_r‘ DESIRE

What do protein crystallographers dream of ? The eukaryotic ribosome,
the spliceosome, the nuclear-pore complex, the HIV trimer and i
almost any transmembrane protein, finds Ananyo Bhattacharya. \ '

...Wayne Hendrickson of Columbia University in New York says there
is also a lot of excitement about technologies that might be possible at
facilities such as the European XFEL (X-Ray Free Electron Laser)
under construction in Hamburg, Germany ...The idea here is that an
extremely short burst of X-rays could be scattered off a single protein
molecule, blowing it apart but revealing something about its structure
before the disintegration. “You are in principle able to capture the
molecule in action,” Hendrickson says....

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL| (...After J. Hajdu)

Problems with conventional imaging in biology:

(1) Inability to obtain high resolution structures for
non-reproducible objects of any type

(2) Problems with large reproducible objects

(3) Problems with crystallography
- Resolution depends on crystal quality (1D, 2D and 3D cryst.)

- Does it crystallise at all?

(4) Problems with the 4th dimension

Ultra-fast coherent scattering carries promise here

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL ] Single-Molecule X-ray Imaging

3. Nanoscale manipulation

One pulse, one measurement

Biomolecule/particle injection '

2. X-ray Laser Development ==
/‘

__—X-ray laser pulse ’,
Combine many measurements 1. Theories of damage and imaging

7"‘

Data frames Combined data set Reconstruction

B 4 Data collection

Noisy diffraction
patterns

5. Data processing, phasing & reconstruction

Trieste, 06.05.2010

Massimo Altarelli, European XFEL GmbH, Hamburg
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Structure from fleeting illumination of faint
spinning objects in flight
Russell Fung, Valentin Shneerson, Dilano K. Saldin and Abbas Ourmazd™

Moves are afoot to illuminate particles in
flight with powerful X-ray bursts, to
determine the structure of single
molecules, viruses and nanoparticles. ...
Using a new approach, we demonstrate
the recovery of the structure of a weakly
scattering macromolecule at the
anticipated next-generation X-ray source
intensities. Our work closes a critical gap
in determining the structure of single
molecules and nanoparticles by X-ray
methOdS, and opens the way to Figure 4 | Structure recovery. Isosurfaces of electron density of the protein
reconstructing the structure of spinning, chignolin, recoverad from 72000 diffraction patterns of unknows

= . orientation at a MPC of 4 x 30 “ per pixel (see text). The molecular mode

or randomly oriented objects at extremely _* “ """~ ©© - " pse (s e, The mlecdo

- S represenied Yy e SiC Hgure, 'w 100 DONAS SHOWN M y&ilow, i 1 Owue

low signal levels. and Oiin red. The 1, 2 and 30 electron density contours are shown in blue
pink and red, respectively, with o denoting the rm.s. deviation from the

Trieste, 06.05.2010

Massimo Altarelli, European XFEL GmbH, Hamburg mean electron density
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European

XFEL | Average Brilliance: Single-Particle Imaging
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Trieste, 06.05.2010
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XFEL
(A)

Hit rate (parbhcles/second)

Scientific Use of Hard X-ray FEL's

M.J. Bogan et al., NanoLetters 8, 310 (2008)

Manmure B rae XFEIL

maomum bt rate LCLS

Particle beam diameter. 2re (um)

How many molecules
are hit per second?

aerosol concentration of
3 X104 particles/cm3

e.g.
FEL beam diam. 1 ym
Particle beam ~200 ym

XFEL : ~ 0.1 hits per s
LCLS: < 10-3 hits per s
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European

XFEL] Exploitation of repetition rate
R&D projects of the European XFEL

Detectors allowing acquisition of images at 5 MHz

3 Development projects under way for
acquisition of up to 512 successive 1 M Pixel images
at 5 MHz

Lasers allowing Pump and Probe at 5 MHz

Plan launch of a development initiative in
partnership with other institutes

Massimo Altarelli, European XFEL GmbH, Hamburg
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European

XFEL| X-Ray Photon Correlation Spectroscopy

Coherent beam case: coherence length of light
at sample >> correlation length of domains:

Q=] Y™ f

i=domains

1y

Fluctuating Intensity :
<[(t + r)](t)}t
(1),

g,(t)=

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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European

XFEL | Split-and-delay unit (Rosenker, Griibel et al.)

A\

7

"
v

splitter

- —_\ e, >
- "- ) > »
QA< A2 sample :

variable delay Ar

O

Analvze contrast as function of delay time

Yo so T oo T g ~rvanso ~f s o~ 4 104 2 v - r e
Qbserve ime depenaence of oradering in materials

Trieste, 06.05.2010
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European
XFpEL Scientific applications of hard X-ray FEL’s
Speckle Scattering and & W
Photon-Correlation - R
Spectroscopy o
Aperiure
\ Coherent
LFS Beam
Scattered :
Beam
s
Sample

2D detector

P. Wochner et al. PNAS (2009)

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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European

XFEL | The formation of solid materials from liquids
XFEL allows “snapshots

Via intermediate states?
® @ @ ~rorphous? Different bonding

? symmetries?
® O
¢ ?
® 0o " K
o ?%
O 00
‘ 7 Directly to
Liquid " equilibrium ® 0 O
q state
® 0 O

Crystalline Solid

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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European

XFEL ] Plasma States by Pump-Probe Techniques

Target
(e.g. gold foil)

+
+

X-ray laser %

Time t0 Time ty+ T
create plasma investigate plasma

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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European

XFEL| Warm Dense Matter

Laser

Isochoric heating of plasmas nterferometer

Solid density plasmas
T, up to few 100 eV
Warm dense matter |
Pressure up to Gbar “ ‘ ‘ detector
Plasma phase transitions

X-ray FEL

radiation

Temperature (eV) Pressure (Mbar) AI p-T phase diagram
- 104 T T T T T T T =
= . classical plasma 3
' ?g 109 :’.:
o a
150 = 3
320 g 1 02 -
z z [
3 "I S high density
£ matter
2 101
€O 1 |
0 2 X (pum) 0 2 X ( jim) 0 2
A I, 10" Wem® At 90 fs (FWHM) 10
— 10-4 10-2 1 102 104

Density ( g/cm3)

Trieste, 06.05.2010
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Int. Workshop on the High Energy Density Science Endstation and Associated
Instrumentation at the European XFEL, Oxford, March 30 - April 1, 2009

Thomson scattering, warm dense matter,
and interior of giant planets

Ronald Redmer

Universitat Rostock II I I l l "

Institut fr Physik
D-18051 Rostock
INSTITUT FUR PHYSIK

ronald.redmer@uni-rostock.de

.‘ _.' .J' ‘: ‘* " /

Trieste, 06.05.2 t
Massimo Altarelli, EurépeanyXFEL 'GmbH, Hamburg
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European

XFEL

Ronald Redmer

Astrophysical objects  unversiatRostock

Institut far Physik
extreme states of matter D-18051 Rostock

ronald.redmer@uni-rostock.de

Giant Planets M<13M, Brown Dwarfs 13M,<M<75M, Stars M>75M,

Trapezium Cluster « Orion Nebula
WTPCD » Hubble Space Telescope « NIOCWO

J. S, U, N and more ... In the Orion Nebula The Sun
than 300 exoplanets seen in the IR spectrum
Cores of GPs: Cores of BDs: Core of the Sun:
— e eosoon 104K & 10 Mbar = 10° K & Gbar = 107K & 100 Gbar —

Massimo Altarghy Srme i ERSE atter hot dense matter
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European

Overall layout of the European XFEL

< 3.4km >

OV W W AN N\ N S
The European X-ray laser project XFEL
Planning status October, 2003

wwwws  XFEL site :50m |
===+ Options for expansion |

Mf&swy‘g- o

Hnlc?a|n ’
-

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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European

XFEL ] European XFEL Undulator Layout

(7))
e——
SASE 2 c
tunable, planar (4))
0.1-04nnm EE
electrons / U1 i e
17.6 GeV )
' — Q.
SASE 1 \ s
tunable, planar SASE 3 i LIJ
0.1 nm

tunable, helical
04-16nnm

Initial configuration: SASE1, SASE2, SASE3 (planar)
plus six instruments

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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XFEL1 Photon Beam Parameters

Parameter Unit | SASE 1 SASE 2 SASE 3

Electron energy GeV 17.5 17.5 17.5 17.5 17.5 10.0**
Wavelength nm 0.1 0.1 0.4 0.4 1.6 6.4
Photon energy keV 12.4 12.4 3.1 3.1 0.8 0.2
Peak power GW 20 20 80 80 130 135
Average power* W 65 65 260 260 420 580
Photon beam size MM 70 85 55 60 70 95
(FWHM)

Photon beam Jrad 1 0.84 3.4 3.4 11.4 27
divergence (FWHM)

Coherence time fs 0.2 0.22 0.38 0.34 0.88 1.9
Spectral bandwidth % 0.08 0.08 0.18 0.2 0.3 0.73
Pulse duration fs 100 100 100 100 100 100
Photons per pulse # 1012 1012 1.6x10% | 1.6x 10" | 1.0x 10" | 4.3 x 1014
Average flux #/s | 3.3x10"® [ 3.3x10'® | 52x 10" [ 52x 10" | 3.4x10'8 | 1.4 x 10"°
Peak brilliance B 5.0x 1033 [ 5.0x10%3 | 22x 1033 | 2.0x 103 | 5.0% 1032 | 0.6 x 1032
Average brilliance* B 1.6x10%® [ 1.6 x10%® | 7.1 x10%* | 6.4%x10% [ 1.6 x 104 [ 2.0 x 10%3

Trieste, U0.05.2010

Massimo Altarelli, European XFEL GmbH, Hamburg
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European

XFEL | Selection of first instruments

Instrument Brief description of the instrument

SPB Ultrafast Coherent Diffraction Imaging of Single Particles, Clusters, and
Biomolecules — Structure determination of single particles: atomic
clusters, bio-molecules, virus particles, cells.

MID Materials Imaging & Dynamics —Structure determination of nano-
devices and dynamics at the nanoscale.

FDE Femtosecond Diffraction Experiments — Time-resolved investigations
of the dynamics of solids, liquids, gases

HED High Energy Density Matter — Investigation of matter under extreme
conditions using hard x-rays, e.g. probing dense plasmas.

SQS Small Quantum Systems — Investigation of atoms, ions, molecules
and clusters in intense fields and non-linear phenomena.

SCS Soft x-ray Coherent Scattering —Structure and dynamics of nano-

systems and of non-reproducible biological objects using soft X-
rays.

Trieste, 06.05.2010

Massimo Altarelli, European XFEL GmbH, Hamburg
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European

XFEL] Facing the competition

Ensure exploitation of repetition rate at best

Provide “simultaneous” beam time to
different users’ groups

Ensure high reliability and stability, top level
experimental facilities

Trieste, 06.05.2010
Massimo Altarelli, European XFEL GmbH, Hamburg
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The End

Thank you for your attention!

And thanks to my colleagues:
Reinhard Brinkmann
Serguei Molodtsov
Andreas Schwarz
Mikhail Yurkov

Massimo Altarelli, European XFEL GmbH, Hamburg



