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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European

XFEL Scope of the Workshop

This Meeting forms part of a series of workshops aiming at discussion of
scientific cases and designs of the European XFEL instruments.

This Workshop brings together potential users of the SCS instrument with
puUrposes:

- to review the areas of application of the instrument

- to identify beam parameters and requirements to the experimental
station(s) from the side of different experimental techniques

- to constitute user community and set user groups for close interaction with
the European XFEL in developing equipment and facilities related to
spectroscopies and coherent scattering experiments in the soft X-ray range
of radiation
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Soft X-ray Spectroscopy & Coherent Scattering Workshop
European
XFEL ] statistics

European XFEL Speakers or
SCS Workshop Participants from
86 participants 14 countries
Students, - I;Iu_mbetr (;f
PhD Students and articipants trom
Junior Scientists Germany - 27
Switzerland - 22
14 bursaries Russia - 12
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European

Soft X-ray Spectroscopy & Coherent Scattering Workshop

XFEL ] Program: Introduction Session

Introduction Session, Auditorium
Chair: R. Abela

14:00 — 14:05
14:05 - 14:25
14:25 - 14:40
14:40 — 14:55
14:55 -15:10
15:10 15:25

25-15:40

Welcome by Organizers (R. Abela. PSI Villigen)

Status of the European XFEL Project (M. Altarelli. European XFEL
Hamburg)

Start-up Boundary Conditions for the SCS Instrument (S. Molodtsov.

European XFEL Hamburg)

Detectors Developments (H. Graatsma, European XFEL Hamburg)

Expected Properties of Radiation from SASE3 Undulator (M. Yurkov, DESY
Hamburg)

Circular Polarisation at SASE3 (Y. L1, European XFEL Hamburg)

Light Monochromatization Options at the SASE3 beamline (J. Gaudin.
European XFEL Hamburg)
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European [ INtroduction Session, ,,Expected Properties of Radiation from
XFEL | sASE3 undulator, E. Saldin, E. Schneidmiller, M. Yurkov

Location Tunnel length Undulator SASE4
(1% 1
ww\VUV 2
X51-X53 620 m SASEL SASE 2 (-
X53-XHDU1 310 m SASE3 wnable, planar U2 4(' Q
0.1-0.4nm / e R E
X51-X52 550 m SASE2 electrons U1 =
X52-X54 190 m Spont. 17 5 GeV Q
XS4-XHDU2 250 m Spont, — _ J o
e \ ) X
- tunable, planar SASE 3 i‘ -
Ar Au gap By Krms By Fow 0.1 nm ol
nm mm mim T m m
l1.6-6.4 110 19-37 0.7-1.6 5.7-12 10-20 80 25 400
E =175 Gelf '/ﬂ' ] E = 17.5 GeV
30, /’ ) ' = B.d
. 300 - 70 m 1
Units Value —_ 1
Wavelength range nm 1.6/6.4 E 18 wEnm /‘/ g '
Peak power GW  up to 150 GW 5 :EUU' 1
Average power W up to 800 W w10 /:“m_ 1 -
Ph. beam size fEm 60/90 ri ' 100 - , |
Ph. beam divergence prad 11/27 ? Vg _
_ Saturation length m T0/80 _ 0
qﬁ@ 40 B ¢ T 50 100 150 200 250 300 350

g [m] t [fs]

Can be placed in one of the tunnels for spontaneous undulators U1 or U2.
Can use spent beam after SASE?2.

Attractive feature: extremely high energy in the radiation pulse, about two orders of magnitude
above project value of FLASH (500 uJ). SSY, TESLA FEL 2004-02
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1 I Soft X-ray Spectroscopy & Coherent Scattering Workshop

European [ INtroduction Session, ,,Options for Circular Polarization at
XFEL | sASE3“, Yuhui Li

Based on the SASE3 start up scenario, there are several helical polarization solutions:

Scheme Power S,/S, Polarization | Helical Und. | Planar Und. Beam line
Fluctuation Length Length
Planar Und. | 50~100 GW ~100 m
(start-up) 100%
Planar + Helical ~100% *1 *0 ~30 m

8 A Planar + 4 ~100% ? ? ~40 m
A Helical
Planar + ~10% *1 0 Om +~3m

ICrossed Planar

- Igunwuur
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European | INtroduction Session, , Light Monochromatization Options
XFEL ] at the SASE3 Beamline*, J. Gaudin

energy range: 0.2 to 3.1 keV

high flux 1el14 ph/pulse @ at 200 eV

possible circular polarization

2 branches: pink beam + monochromatized

Large user community: SQS, SCS=> different requirements
focusing
monochromatization
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Soft X-ray Spectroscopy & Coherent Scattering Workshop

European
XFEL ] Program: Session |

Session I, Auditorium
Chair: M. Kiskiova
Photon-in/Photon-out & Electron-out Spectroscopic Experiments

16:00 — 16:30
16:30 - 17:00
17:00—-17:30
17:30 - 18:00
18:00 — 18:30

Soft X-Ray Spectroscopies at FLASH (A. Féhlisch. Un1 Hamburg)

RIXS from 3rd to 4th Generation Experiments (Th. Schmuitt, PSI Villigen)
Time-Resolved Photoemission of Solids (M. Wolf. FHI Berlin)
Spectroscopic Studies of Complex Materials with Soft X-Rays (Z. Hussain.
ALS Berkeley)

X-Ray Spectra, Electronic Structure and Correlation Effects in FeAs-
Superconductors (E. Kurmaev, IMP RAS Yekaterinburg)
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1 I Soft X-ray Spectroscopy & Coherent Scattering Workshop

European | Photon-in/Photon-out & Electron-out Spectroscopies, , RIXS
XFEL ] from 3rd to 4th Generation Experiments®, Th. Schmitt,

RIXS from Sry,Cu,,0,, INS: two-triplon from
LasSrioCuz404;
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S. Notbohm et al., PRL 98, 027403
J. Schlappa et al. homogeneous cross- (%97 e
submitted to PRL section over the full low sensitivity for

arxiv:0901.1331 Brillouin zone ! small g-transfer
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Soft X-ray Spectroscopy & Coherent Scattering Workshop

European | Photon-in/Photon-out & Electron-out Spectroscopies, , RIXS
XFEL | from 3rd to 4th Generation Experiments®, Th. Schmitt,
Super Advanced X-ray Emission Spectrometer (SAXES) on rotating platform:

collaboration of SLS / PSI with Politecnico di Milano (L. Braicovich et al.) and EPFL
Lausanne (M. Grioni et al.)

CCD
B camera

entrancesample
slit

detector (L-N, cooled CCD)
on movable frame

&
- - Sy s T 8

Ll o . . _' o “'__ 3
c rotating platform on air cushions (5 positions) B %
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European | Photon-in/Photon-out & Electron-out Spectroscopies, , Time-
XFEL ] Resolved Photoemission of Solids*, M. Wolf,

Electronic structure of 1T-TaS, at a temperature above MI transition
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pump-probe experiments,
relaxation of “hot” electrons Perfetti et al., PRL 97 (2006) 067402
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European | Photon-in/Photon-out & Electron-out Spectroscopies, , Time-
XFEL ] Resolved Photoemission of Solids*, M. Wolf,

Electronic structure of 1T-TaS, at a temperature below MI transition
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pump-probe experiments, electron-

ot Perfetti et al., PRL 97 (2006) 067402
system oscillations leta (2006)
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Soft X-ray Spectroscopy & Coherent Scattering Workshop

European | Photon-in/Photon-out & Electron-out Spectroscopies, ,, Spec-
XFEL troscopis Studies of Complex Materials ... “, Z. Hussain,

Spin-ARPES w/ spin-TOF analyzer  —= .
: —
Present m

| i ~1000x improvement

8 |Low Efficiency

Spin Analysis
Spin-Orbit Scattering
(Mott detector) M Exchange Scattering

Energy Analysis
Hemispherical Analyzer Time-of-Flight Analyzer
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European

XFEL ] Program: Session i

Session II, Auditorium

Chair: G. Faigel

Imaging, Dynamics & Photon Correlation Spectroscopy I

09:00 — 09:30 Imaging of Non-Reproducible Cells with Single Pulses (H. Chapman,
CFEL Hamburg)

09:30 — 10:00 2D Membrane Flash Crystallography at Future XFEL Sources (C. Kewish.
PSI Villigen)

10:00 — 10:30 Time-Resolved Imaging of Magnetic Domains (S. Eisebitt, TU Berlin)

10:30 — 11:00 Magnetic and Orbital Correlations in Space and Time (S. Kevan. Uni of
Oregon)
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European |Imaging, Dynamics & Photon Correlation Spectroscopy, ,2D
XFEL | Membrane Flash Crystallography ... *, C. Kewish, PSI
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European |Imaging, Dynamics & Photon Correlation Spectroscopy, ,2D
XFEL | Membrane Flash Crystallography ... *, C. Kewish, PSI

current estimate of object ~ probe

o ?.-Jf”'(rr R) — O”_(I‘)P.(/I‘ - R)

diffraction diffraction *
pattern 4 pattern 1

complex exit wave

apply Fourier space constraints

FFT *

HAr) | _*‘_ ()-n+1(r) — (‘)?I(r) T
FFT! . : '
U(r—R)(Wen(r,R)—9¢n(r,R),
Update function
diffraction diffraction |P(r—=R)] P*(r—R)
pattern 3 pattern 2

“}m:m[r_ RH {!-I““ . RH: + ¢¥)

v

Ptychographic CDI move to next aperture position
J.M. Rodenburg & H.M.L. Faulkner, PRL 98, 034801 (2007)
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European

Soft X-ray Spectroscopy & Coherent Scattering Workshop

XFEL ] Program: Session Il

Session ITI, Auditorium
Chair: Th. Tschentscher
Imaging, Dynamics & Photon Correlation Spectroscopy 11

11:15-11:45
11:45-12:15
12:15-12:45
12:45 — 13:15

Ultrafast laser induced magnetization dynamics (A.V. Kimel. Uni Nijjmegen)
Nonlinear Multidimensional X-ray Spectroscopy of Molecules (S. Mukamel.
Uni of California Irvine)

Time-Resolved Resonant X-Ray Scattering Experiments (A. Cavalleri, CFEL
Hamburg)

Ultrafast Resonant Magnetic Scattering at the Free Electron Laser FLASH
(Ch. Gutt, DESY Hamburg)
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

Imaging, Dynamics & Photon Correlation Spectroscopy,

European

XFEL ], Multidimensional Att. Spectroscopy ...“, Sh. Mukamel, PSI
A B C

k

E

A B G

2 3

O1s XANES

S — v o i ;
T =y

N |

"1\ \|
s : |

< }"-1‘@' ;

2-|| -

N-1s O-1s la )

0 1 2 3

0, (aV)
) € vemoun

4t European XFEL Users' Meeting, Jan 27-29, 2010 Serguei L. Molodtsov, European XFEL



1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European flMmaging, Dynamics & Photon Correlation Spectroscopy,
XFEL], correlation, Complexity ...“, S. Kevan,

Spin Reorientation Transition in Au:Co:Au

Ultrathin Co layers -> spin-reorientation transition.
Preferred magnetization direction is determined by

competition between shape and crystalline/surface
anisotropy (Pescia et al. PRL 65, 2599).

Magnetization rotates from out-of- to
in-plane as a function of increasing
temperature (Park et al. APL 86
042504).

Driving force in SRT is mostly
temperature df.apen_dan'l' interfacial e il 1B
magnetic anisoiropy. . . owtctplane magnetaation @

100 150 200 250 300
Temperature (K)
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European
XFEL | Definition of Working Groups

WG I.  Photon-in/Photon-out & Photon-in/Electron-out
Spectroscopic Experiments
(Chairs W. Wurth & Z. Hussain) 35 participants

WG II: Imaging, Dynamics & Photon Correlation Spectroscopy:
Biological Objects
(Chairs I. Schlichting & 1. Vartaniants) 12 participants

WG llI: Imaging, Dynamics & Photon Correlation Spectroscopy:
Magnetic Systems
(Chairs G. Griibel & J. Luning) 19 participants
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European

XFEL | scientific Applications & Experimental Techniques

V Areas of scientific applications:
studies of atomic, electronic structure and dynamics of nano- and
correlated systems as well as of non-reproducible biological objects

were confirmed.

V As experimental techniques:

elastic and inelastic, resonant and non-resonant X-ray scattering and
diffraction as well as photoelectron and photon correlation
spectroscopies in time-resolved and -integrated modes

were suggested.

V It was underlined that combinations of various suggested experimental
techniques should be used to mostly efficiently explore the scientific
areas of the SCS application.

Obviously the conclusions should be further reviewed in the light of future
results from FLASH, LCLS and SCSS.
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European

XFEL | Photon Beam Parameters

V Energy range: for spectroscopic biological and magnetic experiments one needs
photon energy range below 800 eV downwards to 400 eV (L edges of transition metals)
or even 250 eV (C edge), upwards to 2000 eV (M edges of the rare-earth). For biological
imaging up to 3000 eV. One soft X-ray undulator is not enough!

V High energy resolution: is of highest important for spectroscopic experiments that
do not need naturally monochromatized light.

V Beam size: different beam sizes starting from 100 ym downwards to less than 100 nm
are highly desirable. A possibility to tune beam size in one experiment was requested.

V Pulse duration: from 100 fs to <10 fs (latter to probe dynamics of electron system).

V Repetition rate: although 5 MHz are desired to perform time-integrated experiments or
measurements of diluted samples, quite a number of experiments can and is willing to be
done with ~10 Hz rep. rate. 30 kHz is optimum for study of relaxation of secondary
excitations or particles spectroscopic analyses with TOF techniques.

V Light polarization: circular light polarization is necessary for studies of magnetic
samples and symmetry properties of other samples.
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European

XFEL ] instrumentation Requirements

V Spatial separation of instruments using photon beam with/without
monochromatization was confirmed. Space limitations!

V Spectroscopic community is going to use only the branch with
monochromator. Two separate endstations, RIXS and PES, are required.

V Separate endstations are necessary for different WGs. Thereby the users
are aware that to compliment basic configurations provided by European
XFEL they should purchase themselves missing equipment.

V Free ports to mount equipment brought by users should be foreseen.
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1 Soft X-ray Spectroscopy & Coherent Scattering Workshop

European

XFEL | Time Schedule SASE 3 Beamline and Instrumentation

Jun, 09 Workshop in Villigen, rough concept of the SCS instrument,
formation of user community.

end 09 Conceptual design of the SASE 3 beam transport system.

end 10 Technical design of the SASE 3 beam transport system.
Conceptual design of the SCS instrument.

end 11 Technical design of the SCS instrument.

end 13 The SASE 3 beam transport system and the SCS instrument are
ready for installation.

2014  Initial beam and pilot experiments.

2015  Full operation.
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European
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