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(Lecture hall REC/C213; Poster HSZ OG2)
Invited Talks

K11 Tue 11:00-11:35 REC/C213 Information, Abstinde und Gravitation ? — eRUDOLF GERMER

Sessions

K 1.1-1.5 Tue 11:00-12:35 REC/C213 Laser Applications and Laser-Beam Material Interaction
K2 Tue 12:35-13:00 REC/C213 Members’ Assembly

K 3.1-3.2 Tue 16:45-17:45 HSZ OG2 Poster

K41-44 Wed 11:00-12:00 REC/C213 X-Ray Lasers

Members’ Assembly of the Short Time-scale Physics and Applied Laser Physics Division

Dienstag 12:35-13:00 Raum REC C213
e Bericht

e Verschiedenes
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Tuesday

K 1: Laser Applications and Laser-Beam Material Interaction

Time: Tuesday 11:00-12:35

Invited Talk K 1.1 Tue 11:00 REC/C213
Information, Abstinde und Gravitation 7 — eRupoLF GERMER
— ITPeV und TU-Berlin, germer@physik.tu-berlin.de

Physikalische Experimente und Theorien vermitteln uns, dem Beob-
achter, Information und Erkenntnis. Ein Vergleich von Gravitations-
und Coulombgesetz ermdglicht die Hypothese, daf die Verteilung von
Massen im Universum Basis der ”Gravitationskonstante” ist. Ausgang
der Uberlegungen ist die Frage nach kleinsten Informationseinheiten,
kiirzesten Zeitintervallen und Léngen... Verstanden sind die Beziehun-
gen zwischen den elektromagnetischen Quanten und zahlreichen Na-
turkonstanten, die sich, wie hier schon gezeigt, mit der Geometrie eines
Quaders darstellen lassen. Kleinste Informationseinheiten lassen sich
dann mit dem Planck’schen Wirkungsquantum h und einer beteiligten
Energie E fassen. Bekannt ist die Abhéngigkeit der Auflésung des Mi-
kroskops von der Energie und Wellenlédnge der Photonen. Der Zusam-
menhang bekannter elektromagnetischer Grofien mit der Information
iiber Abstéande und Langen 146t sich am Beispiel des Wasserstoffatoms
leicht demonstrieren. Viele Einzelheiten finden Sie im Wikibook ”Die
abzahlbare Physik”. Eine grobe Abschatzung lafit erwarten, daft diese
Gedankenwelt auf die Gravitation libertragbar ist. Es sind dann lokal
Abweichungen vom Mittelwert des Gravitationsfaktors zu erwarten.

K 1.2 Tue 11:35 REC/C213
Validation of two-temperature hydrodynamics modeling by
in-situ metrology and ex-situ analysis of the microstructure of
a thin gold film — eMarxus OLBRICH!, THEO PrLuG!, CHRISTINA
WUSTEFELD?, MYKHAYLO MOTYLENKO?, CHRISTIANE WACHTLER?,
Davip RAFaja2, STEFAN SANDFELD®, and ALEXANDER Horn! —
ILaserinstitut Hochschule Mittweida — 2Institute of Materials Sci-
ence, TU Bergakademie Freiberg — 3Institute for Advanced Simula-

tion, Forschungszentrum Juelich GmbH

Irradiating a thin gold film (film thickness d, =150 nm, 20 nm adhe-
sion layer of chromium, fused silica substrate) with single-pulsed ultra-
fast laser radiation (pulse duration 7 =40 fs, wavelength A =800 nm,
peak fluence Hg = 1.4J/cm?) results in a flat ablation structure with
a constant ablation depth, being replicable by two-temperature hy-
drodynamics modeling (TTM-HD). For validating the model, ultrafast
imaging reflectometry is applied within a temporal range of up to 50 us
after the irradiation, resulting in a good agreement between the simu-
lated electron temperature and the simulated dynamics of the ablated
material with the measured change of reflectance. The modeling is
further validated by comparing the calculated temperature and pres-
sure distributions to the change of the microstructure and the diffusion
depth of chromium into the gold film. The microstructure was inves-
tigated by electron backscatter diffraction (EBSD) and transmission
electron microscopy (TEM). Concentration profiles of chromium were
determined by energy dispersive X-ray spectroscopy (EDS) performed
on cross-sections in the scanning transmission electron mode (STEM).

K 1.3 Tue 11:50 REC/C213
Laser-assisted atmospheric pressure plasma jet etching of op-
tical glasses — ®RoBERT HEINKE!'2, MARTIN EHRHARDT!, PIERRE
Lorenz!, THomas ArnorLp!2, and Kraus ZimmER! — !Leibniz In-
stitute of Surface Engineering, Permoserstr. 15, Leipzig, 04318, Ger-
many — 2Institute of Manufacturing Science and Engineering, Tech-
nische Universitat Dresden, 01062 Dresden, Germany

The increasingly demanding requirements for high-performance optics,
e.g. EUV and free-form optics, necessitate progressive improvements
in manufacturing techniques. Atmospheric pressure plasma jet (APPJ)
processing provides a tool for the generation and correction of highly
precise optical surfaces due to its high flexibility and depth precision.
During APPJ processing of optical glasses such as N-BK7 and N-SF6,

Location: REC/C213

a residual layer of nonvolatile compounds is formed, resulting in rough
surfaces or even the abortion of the etching process. Lasers are utilized
to remove the residual layer without damaging the glass underneath.
Therefore, a 248 nm excimer laser was used and fluences as well as
pulse numbers have been varied to determine a parameter set with
optimum selectivity. The resultant surface structures were measured
by WLI and SEM. The results show a strong dependence on the pro-
cessed glass type and the residual layer thickness. The incorporation
of laser ablation into APPJ etching provides higher etching rates and
lower surface roughness.

K 1.4 Tue 12:05 REC/C213
Laser-magnetization of FegpAlyy investigated by pump-
probe reflectometry — eTHEO PrLUG!, JAVIER PABLO-NAVARRO?,
Markus OLBRICH!, ALEXANDER Horn!, and RanTEJ BaLI® —
ILaserinstitut Hochschule Mittweida, Hochschule Mittweida, Germany
— 2Instituto de Nanociencia y Materiales de Aragon, Universidad de
Zaragoza, Spain — 3Institute of Jon Beam Physics and Materials Re-
search, Helmholtz-Zentrum Dresden-Rossendorf, Germany

Ultrashort pulsed laser irradiation enables the generation of ferromag-
netism in initially non-ferromagnetic materials, such as B2-ordered
FegpAlyg. The paramagnetic B2 phase, defined by atomic planes of
pure Fe, separated by Al-rich planes is randomized due to irradiation
leading to the formation of the disordered A2 FegpAlyp being ferro-
magnetic. This phase transition has been reported to rely on melting
and subsequent resolidification, estimated to occur within 5 ns. How-
ever, the physical dynamics during the B2-A2 transition have yet to
be investigated. Here, we demonstrate the temporal evolution of the
transient reflectance of FeggAlyg during the B2-A2 transition measured
by pump-probe reflectometry. The reflectance increases abruptly 5 ps
after excitation with pulsed laser radiation (800 nm, 40 fs, 0.2 J/cm?)
which can be attributed to the disordering process. Ex situ observa-
tions (Kerr microscopy, HR-TEM, electron holography) confirm that
the laser-irradiated areas possess a high magnetization and the A2
structure. Furthermore, materials whose phase transition does not
necessarily rely on resolidification may lead to a further reduction in
the time needed for generating ferromagnetism by laser irradiation.

K 1.5 Tue 12:20 REC/C213
Double-pulse irradiation of a thin gold film using ultrafast
laser radiation — eMaRrKUs OLBRICH, THEO PrLuc, Nick BORN-
ERT, PHILIPP LUNGWITZ, ANDY ENGEL, PETER LICKSCHAT, STEFFEN
WEISSMANTEL, and ALEXANDER HoORN — Laserinstitut Hochschule
Mittweida, Technikumplatz 17, 09648 Mittweida

Irradiating a thin gold film (film thickness d» = 150 nm, 20 nm adhesion
layer of chromium, float glass substrate) with a double-pulse of ultra-
fast laser radiation (pulse duration 7 =40 fs, wavelength A =800 nm,
temporal delay At=400ps, peak fluence per pulse Hop=1.5 Hyyy,
Hyy,, ablation threshold) results in a topology of the ablation struc-
ture deviating compared to the topology of the ablation structure
induced by single-pulsed ultrafast laser radiation of the same total
fluence (Ho =3.0 Hyp,). We demonstrate that the origin of these dif-
ferent topologies is revealed by two-temperature hydrodynamics mod-
eling (TTM-HD) and is confirmed by ultrafast imaging reflectometry.
Herein, the first pulse induces an ablation of liquid material by spalla-
tion, being transformed nearly completely into a liquid-vapor mixture
of high temperature by absorbing the energy of the second pulse. The
omnidirectionally expanding mixture pushes the liquid non-ablated
material, being a residual from the first pulse interaction, out of the
interaction zone. Thus, setting the optimum delay between the two
pulses can drastically increase the energy deposition and with it the
material processing efficiency.

K 2: Members' Assembly

Time: Tuesday 12:35-13:00

Location: REC/C213

All members of the Short Time-scale Physics and Applied Laser Physics Division are invited to participate.
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Tuesday

K 3: Poster

Time: Tuesday 16:45-17:45

K 3.1 Tue 16:45 HSZ OG2
Organic distributed feedback lasers based on laser-inscribed
periodic surface structures — eT1aANGE DoNG, ToB1AS ANTRACK,
JAakoB LINDENTHAL, MARKAS Supzius, JOHANNES BENDUHN, and
KarL LEo — Dresden Integrated Center for Applied Physics and Pho-
tonic Materials (IAPP) and Institute of Applied Physics, Technische
Universitat Dresden, 01062, Dresden, Germany

Laser ablation, as one of the well-approved alternative methods of
photo-lithography in microfabrication, is limited in structuring reso-
lution by the diffraction limit. However, it was observed that a laser-
induced periodic surface structure (LIPSS) can be formed under ul-
trafast laser irradiation, and the periodicity resolution is significantly
smaller than the wavelength of the incident laser (A/2-1/10). In this
work, the periodic structure generated by LIPSS was utilized to build a
distributed feedback (DFB) laser based on organic materials. The fem-
tosecond laser (A = 515 nm) was used to structure the SiO2 substrate,
forming a surface grating with a periodicity of about 200 nm. After-
wards, an organic blend (Alg3:DCM, 450 nm thick) was evaporated on
the top of the grating as an optically active waveguide. Photo-induced
laser emission of the devices was measured under femtosecond optical
pumping at 404 nm. We observed a narrow single peak laser emission
at 620nm wavelength, which demonstrates optical feedback from the
underlying 1st-order DFB structure. Our results show the potential of
a laser-induced periodic surface structure to organic photonic devices
and microlasers based on the artificially produced photonic structures

Location: HSZ OG2

on a subwavelength scale using laser micromachining techniques.

K 3.2 Tue 16:45 HSZ OG2
Spectroscopic Pump-Probe-Reflectometry of NIR Excited
Silicon — ePHiLiPP LungwiTz, Nick BoOrNERT, THEO PFLUG,
and ALEXANDER HoRN — Laserinstitut Hochschule Mittweida, Tech-
nikumplatz 17, 09648 Mittweida

Ultrashort pulsed laser radiation with photon energies below the indi-
rect bandgap of silicon enables the in-volume structuring of wafers due
to multiphoton processes. Therefore, laser sources with wavelength in
near infrared (NIR) spectral range are increasingly common for pro-
cessing semiconductors. During laser mater interaction of ultrashort
pulsed laser radiation (Apump = 1950nm, 7y < 50fs) with silicon,
the resulting nonlinear excitation of electrons by NIR radiation also
affects to the optical properties in the visual spectral range. Imaging
pump-probe reflectometry enables the measurement of the transient re-
flectivity for different probe wavelengths (420 nm < Aprobe < 1000 nm,
i ~ 40fs) and time delays up to At = 500 ps after irradiation. Assign-
ing the spatial coordinates to local fluences allows a fluence dependent
interpretation as well. Below the fluence for material modification Hyy,,
a reduction of reflectivity was detected which become more and more
significant with an increasing probe wavelength. For fluences above
Hiy, the reflectivity increases rapidly after irradiation and features a
local minimum between At = 2ps and At = 50 ps for all probe wave-
lengths.

K 4: X-Ray Lasers

Time: Wednesday 11:00-12:00

K 4.1 Wed 11:00 REC/C213

Electron Optical Systems for High-Resolution Electron Time-
of-Flight Spectrometer — eNicLas WIELAND!, SArRA Saviol,
Lars Funke!, Lasse WoLriNg!, ARNE HELD!, MARKUS ILCHENZ,
and WorrFraMm HeLmL! — 1Fakultiat Physik, Technische Universitit
Dortmund, Maria-Goppert-Mayer-Strafie 2, 44227 Dortmund, Ger-
many — 2Deutsches Elektronen-Synchrotron DESY, Notkestr. 85,

22607 Hamburg, Germany

Angular streaking allows resolving the sub-femtosecond temporal
structure of SASE free-electron laser pulses. A circularly polarized
infrared laser imprints a phase-dependent momentum shift onto the
photoelectron spectra of a gas target. Time-of-flight spectrometers can
be used to resolve these. The latter devices consist of electron optics,
a drift section and a detector with good time resolution. Parameters
such as energy resolution and energy-dependent transmission for the
whole system can be determined by simulation. In this talk, we present
the finalized simulation-motivated spectrometer design used inside our
new chamber for the SpeAR XFEL project. Furthermore, we will in-
troduce the possibility of adaptive electron optics in our spectrometer
to further increase the resolution and transmission by applying specific
voltage sets to our optics.

Gaining insight into electron motion using precise simulations appears
to be an efficient way to improve the overall performance of such ex-
periments. We would like to present our progress in terms of electrode
design and applied voltages for a 0-4 keV electron energy spectrum, to
further develop spectrometer research in this field.

K 4.2 Wed 11:15 REC/C213
Angular streaking TOF spectrometer for ultrafast FEL
pulse characterization — eSara Saviol, NicLas WIELAND!, LARs
Funke!, Lasse WoLriNe!, ArRNeE HeLD!, Markus ILcHEN2, and
WoLrFraM HeELML! — 1Fakultét Physik, Technische Universitét Dort-
mund, Maria-Goppert-Mayer-Strafse 2, 44227 Dortmund, Germany —
2Deutsches Elektronen-Synchrotron DESY, Notkestr. 85, 22607 Ham-
burg, Germany

Angular Streaking is a very successful and currently the only non-
invasive tool used to measure the time-energy structure of X-ray pulses
with sub-femtosecond resolution. A complete reconstruction of the
ultrashort FEL pulses can be realized from the angle-resolved photo-
electron momentum distribution due to the energy modulation by a

Location: REC/C213

circularly polarized optical laser. This work mainly evaluates the per-
formance parameter like solid angle acceptance of the electron Time-
of-Flight (eTOF) spectrometer with the help of SIMION software. A
systematic investigation of the overall transmission and energy reso-
lution while considering the pointing (displacement) of the beam in
the interaction region is carried out using the charged particle optical
simulation. Angle resolving photoelectron spectrometer is a potential
candidate for polarization and short pulse measurements. The scope of
the envisioned electron spectroscopy experiments is not only limited to
pulse characterization but also includes measurements of ultrafast elec-
tron dynamics in gas-phase atoms, like the Auger-Meitner decay, and
following electronic pathways in more complex molecules for ultrafast
movies of photochemical reactions.

K 4.3 Wed 11:30 REC/C213
Mechanical design and implementation of high-resolution
electron time-of-flight spectrometers for angular atreaking —
eLassE WOLFING!, SARA Saviol, NicLas WiELAND!, Lars Funke!,
ARNE HELD!, MaRKUS ILcHEN2, and WoLFrRaM HELML! — 1Fakultét
Physik, Technische Universitit Dortmund, Germany — 2Deutsches

Elektronen-Synchrotron DESY, Hamburg, Germany

In order to reconstruct the stochastic temporal shapes of SASE FEL
pulses in a non-destructive manner, a specialized angular streaking
chamber is built at DESY and XFEL. Angular streaking superimposes
the ultrashort X-ray beams with a circularly polarized infrared laser
and correlates relative phases in the laser to the momenta of pho-
toelectrons in a plane perpendicular to the beam. The energies of
these photoelectrons can be obtained by Time-of-Flight spectrometers
(eTOF).

In the SpeAR_XFEL project (Spectroscopy with Angular Resolution
for ultrafast experiments at X-ray FELs) we develop a novel detec-
tor aimed at angular streaking. It consists of a specialized vacuum
chamber, designed along with a new kind of eTOF, suitable to be im-
plemented in the magnetic shield of the chamber. Special care has to
be taken in order to create a robust and precise design compatible with
the material stress resulting from the high temperature baking process
of UHV components.

We present the newly developed concept for a UHV compatible in-
stallation of a Time-of-Flight spectrometer array inside a magnetically
highly sensitive area.
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K 4.4 Wed 11:45 REC/C213
Characterization of SASE FEL pulses with angular streaking
— eLars Funkg!, KristTina DiNcEL2, ARNE HELD!, SARA Saviol!,
Lasse WULFING!, NicLas WiIELAND!, MaRrkUs ILcHEN3, and WoL-
FRAM HELML! — !Fakultit Physik, Technische Universitit Dortmund,
Germany — 2Intelligent Embedded Systems, Universitit Kassel, Ger-
many — 3Deutsches Elektronensynchrotron DESY, Hamburg, Ger-
many

SASE free-electron-laser pulses pose a challenge in terms of temporal
diagnostics, due to their intrinsic stochastic structure. Few methods
allow directly resolving the full spectro-temporal information. In an-
gular streaking, photoelectron momenta are linked to their birth phase
by superimposing a circularly polarized infrared laser pulse. This prin-

ciple allows reconstructing a pulse spectrogram shot-by-shot, enabling
“stochastic experiments” by evaluating measurements as a function of
derived quantities such as pulse duration or delay in a (stochastic)
double pulse.

The analysis of angular streaking data involves disentangling the
spectral and temporal contributions to the measurement for a single
shot. In this talk, we present a current adaptation of the iterative
Pacman algorithm and further, advanced reconstruction methods.

Furthermore, we show the application of these methods to data mea-
sured using angular streaking at the SQS instrument of European
XFEL in June 2022. Statistical analysis of the reconstructed spec-
trograms allows providing diagnostic feedback with regard to different
short-pulse FEL modes.



