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To understand and control functionality

> Correlated materials: > Photochemistry /
-Metal-to-Insulator Transitions Ultrafast chemical dynamics:
-Superconductors -Metal-to-Ligand charge transfer
-Magnetic switching -Artificial photosynthesis
-Ferroelectrics -Solar fuels

-Heterogeneous catalysis

Fradkin Kivelann Nat Phvs & RR4 (2012)
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Motivation and Introduction

Unoccupied valence is ,easy” to do,
(XAS in transmission,
total / partial electron / fluorescence yield)

but hard to understand
(core hole in final state)

-> broadband pulses helpful lo

Geometrical Spectrometer Acceptance
10-° to 104 of 41

Occupied valence is harder to do
(XES, RIXS):

<1% fluorescence yield

low spectrometer acceptance

Sample Grating
/7 N\
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Stimulated Emission

O

Core Stimulated
Excitation Emission
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Fundamental Dipole Transitions

. . T,

Absorption Stimulated Emission Spontaneous Emission

<e,N — 1|d_]g,N> <g,N|cﬂe,N — 1> <g, 1|d_]e,0>
Pabs — Na-pgd Potim = NO',Oed
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Two-Color X-rays @ FERMI
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F. Bencivenga A. Fohlisch
L. Giannessi E. Principi
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Core Stimulated

FERMI 2 Excitation Emission
(@elettra
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Setup at FERMI

FEL pulse
M(:)D 20nm,

Seed pulse
260 nm

s

Electron bunch

first dus'pofstvo to e-beam dump
secbon ' I ' I
Probe Pump
Harmonic 15: Harmonic 16:
71eV 76eV

TIMEX beamline with additional spectrometer
to separate pump and probe in transmitted beam
~uJ pulse energies, ~10um focal size, ~100fs pulse length

Martin Beye | Workshop on Tailored Soft X-ray Pulses | May 11, 2016 | 7 I' DESY |

\ ’ \ J
‘ "‘1



FERMI explanation

E
. 1
5x - 50x
E E
® o
Stimulated
Emission
\4
Core Auger Electron- Probing
Excitation Decay electrqn Transition
Scattering
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Time

Short pulses are absolutely crucial
for X-ray induced non-linear processes
(because of Auger affecting valence states)

short is ~1/2 core hole lifetime
<1fs

maybe SASE is not so bad...
(when time structure is known...)
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Amplified Spontaneous Emission @ FLASH

Martin Beye
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Florian Sorgenfrei

Christoph Trabant

Niko Pontius

Christian Schussler-Langeheine
Wilfried Wurth

Alexander Fohlisch
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The trick

!
Pstim — Ustimpchd =1

Ostim ~ Ogbs

1
P Oabs =— b\
absPatom
Stimulated Pehd
Emission b\ =1
absPatom
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Angular dependence

Detected Signal (arb.u.)
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Si (100), 115eV (10.8nm)
1J/cm?, 30fs
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Amplified Spontaneous Emission at Soft X-ray Energies

Detector counts per shot
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Irradiated photons per shot (10'")
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Geometry

Detected Signal (arb.u.)

Optimal direction
for stimulation:

2nd color pulse?
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Focus shaping
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Maybe SASE is not so bad...

Continuum

K-edge (870.2 eV)

1s'6p 'P,(870.0 eV)
1s'5p 'P,(869.8 eV)
=+ 15'4p 'P, (869.2 eV)

Two Colors
from SASE
bandwidth:

Weninger, C. et al.
—-15'3p P,(867.5 eV) Stimulated Electronic
X-Ray Raman Scattering.
Phys. Rev. Lett. 111,
233902 (2013)

849.7 eV+A
869.2 eV+A
849.6 eV+A
849.7 eV+A

\\ 849.3 eV+A
\

867.5 eV+A
-
—
&
)
°
~
°

Groundstate

»
..
\

Martin Beye | Workshop on Tailored Soft X-ray Pulses | May 11, 2016 | 16 DES

“,
L
o<



When spectrum is known...

Integrated counts

Weninger, C. et al.
Stimulated Electronic
X-Ray Raman Scattering.
Phys. Rev. Lett. 111,
233902 (2013)

Photon energy of incoming XFEL [eV]
Integrated number of counts
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Photon energy of transmitted radiation [eV] I

/ "\
l”l .~. ./". “‘!
Martin Beye | Workshop on Tailored Soft X-ray Pulses | May 11, 2016 | 17 | DES |



THANK YOU FOR YOUR
ATTENTION




