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(—=}» Overview

& SwissFEL specialties

¢ Periority experiments
Biochemical structure and dynamics
Photochemistry in solution
Surface catalysis and artificial photosynthesis
Dynamics in nuclear materials
Switching in electronic materials
X-ray non-linear optics
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a--{m Phase-l ARAMIS endstations (2016-2017)

ESA: ESB: ESC:
Multi-purpose pump-probe Pump-probe crystallography Coherent diffraction imaging

Beam Position
Fast CCD

TEM cryo holder with
2D membrane crystals
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a - SwissFEL specialties

¢ Broadband mode

4% FWHM bandwidth, using accumulated wake fields
Reiche (2011)
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Schotte, Science (2003)
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(H=1=» SwissFEL specialties

® Two-color pulses

chirped electron pulse, slotted spoiler in bunch compressor
X 1 .
{\| .
]
LE
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X-ray pump / X-ray probe %
stimulated RIXS @

Patterson, SLAC Tech. Rep (2010)
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(H=1=» SwissFEL specialties

© Time vernier serial crystallography

vary XFEL timing £5 ys to increase hit rate
sub-um crystal detection with
"Second Order Non-linear Imaging of Chiral Crystals" (SONICC)

nin

30m/s
4

<>

500 nm
(17 ns) (

3mm
(100 ps)

Frank (2011)
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XFEL
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(H=1=» SwissFEL specialties

¢ High-field THz pump

generate single-cycle THz pulse with non-linear crystal

OPA 1.3 um Ti:saph 800 nm
2 MV/em
DAST ; ©=06T
THz i |

Hauri, Chimia (2011)

synchronized with XFEL gun and pump lasers
magnetic switching, initiation of chemical reactions
THz-streaking XFEL pulse arrival time diagnostic
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(H=1=» SwissFEL specialties

® %Fe Mossbauer resonance

5 neV at 14.4 keV, 1 = 141 ns; 300 resonant photons/pulse
requires 6 GeV and monochromator

Pump XFEL
Pulse Pulse
Prompt
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Shennoy, Hyp Int (2008)

Time (ns)
background-free

pump pulse induces magnetic perturbation (quantum beats)

In @ waveguide cavity: super-radiant Dicke state
Rohlsberger, Science (2010)
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=] 1. Biochemical structure and dynamics

® What conformational changes are G-protein-coupled receptors
induced in GPCRs by binding to e
pharmaceutically important ligands? LY § VAl

Intracellular
side

Interacti

i Chapman, Nature (2011)

jet-injection nano-crystallography

ptychographic 2D-crystallography on cryo-stage Kewish, NJP (2010)
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BS 2. Photochemistry in solution

@ To follow in real time the structural changes accompanying a
biochemical reaction in solution.

http://w3.dbb.su.se/~barth

photo-trigger:
caged molecules

instantaneous structure:

cross-correlation scattering

Pedrini, in press (2012)
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a-{m 3. Catalysis and artificial photosynthesis

€ How do the timescales for charge separation, trapping and transfer
influence catalytic efficiency?

characterize short-lived intermediate states (fs — ns)

THz-induced surface catalysis < L |
Ichsanow, Chimia (2011) mu: - -

single-shot p-p XANES / XES spectroscopy
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a--{» 4. Dynamics in nuclear materials

@ Do molecular dynamics calculations correctly describe the
development of defect cascades in irradiated steel?

ey
i@ Vacancies

oy’

11.9 TS
Samaras, J Nuc Mat (2003)

ion implant pump / diffuse scattering probe -

Froideval, J Nuc Mat (2011) 50 keV

heavy
ions

photo-ionization single-ion gun

Hohr, Rev Sci Inst (2008)

gas
inlet
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statistical description of inequivalent events
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w--{m 5. Electronic materials

® With which phonon velocity does the electric polarization
propagate in a switched multiferroic BiFeO,, and with what delay
does the magnetization develop?

Bibes and Barthelemey, Nat Mat (2008)
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pp-XRD atomic structural dynamics
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BS 6. X-ray non-linear optics

& s stimulated RIXS efficient enough to allow ps time-resolved
studies?

use the high degeneracy of XFEL radiation

impulsive stimulated Raman scattering

/
X-ray transient grating spectroscopy A o
\ T -1 le”
R &
t-resolved coherent anti-stokes Raman spectroscopy ol |« fem
5Q >
Patterson, SLAC Tech. Rep (2010) @ o
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Thank you for your attention.




