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Probing alternative pathways for electron transfer across a
monomolecular film — Saunak Das!, Zurvong Zuao!, TAKANORI
FukusHIMAZ, ANDREAS TERFORT®, and e MICHAEL ZHARNIKOV! —
L Angewandte Physikalische Chemie, Universitit Heidelberg, 69120
Heidelberg, Germany — 2Laboratory for Chemistry and Life Science,
Institute of Innovative Research, Tokyo Institute of Technology, Yoko-
hama 226-8503, Japan — 3Institut fiir Anorganische und Analytis-
che Chemie, Johann Wolfgang-Goethe-Universitdt Frankfurt, 60438
Frankfurt am Main, Germany

Charge transport (CT) across a two-dimensional molecular assem-
bly can involve alternative pathways. Using specifically designed
monomolecular films we probe (i) competition of intramolecular and
intermolecular pathways in a molecular assembly and (ii) competition
of different intramolecular pathways within a single molecule. For this
purpose, we apply so-called core-hole-clock approach in the framework
of resonant Auger electron spectroscopy, allowing the measurement of
the characteristic CT time from the terminal tail group of the assem-
bled molecules to the substrate. We show that the intramolecular CT
is generally preferable and so-called matrix effects play a negligible
role for CT, strongly favoring the through-bond CT model. In the
case of availability of several alternative pathways within an individ-
ual molecule, a pathway with the highest conductance becomes highly
dominant, while other pathways contribute minorly to the entire CT.
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Pump-probe second harmonic spectroscopy of
molecule/metal interfaces — JingHao CueN', Rur Sui?,
Pine Zuoul, Uwe BovensiepEN', WoLrFcane HUBNER?, GEORG
LeFKIDIS2, and e ANDREA EscHENLOHR! — !Faculty of Physics and
CENIDE, Uni Duisburg-Essen, Lotharstr. 1, 47057 Duisburg, Ger-
many — 2Department of Physics, TU Kaiserslautern, Box 3049, 67653

Kaiserslautern, Germany

Achieving a microscopic understanding of charge transfer dynam-
ics and the relaxation of optically excited electrons and holes at
molecule/metal interfaces requires an interface-sensitive analysis on
the respective femtosecond timescales. Second harmonic spectroscopy
(SHS) is such an interface-sensitive probe in centrosymmetric materi-
als. We perform pump-probe SHS in the visible wavelength range (1.9-
2.5 eV) with <20 fs pulse duration. A prototypical molecule/metal in-
terface is prepared by adsorption of iron octaethylporphyrin (FeOEP)
molecules on Cu(001) and analyzed in situ in ultrahigh vacuum. By
comparison with first principles theory, we identify a molecule-induced
resonance at about 2.2 eV fundamental photon energy in the SHS of
one monolayer of FeOEP/Cu(001). At this resonance, we observe a
markedly slower relaxation time of the pump-induced changes in SHS
compared to the bare Cu(001) surface, which indicates an increased
lifetime of the electronic molecular state.

We thank H. Wende, J. Giidde and E. Riedle for valuable experi-
mental advice, and the German Research Foundation for funding via
SPP 1840 QUTIF and Sfb 1242.
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Second harmonic spectroscopy of Cu(001) surfaces —
eNEWSHA VESALIMAHMOUD, JINGHAO CHEN, MAHENDRA KaB-
BINAHITHLU, PING Znou, UweE BOVENSIEPEN, and ANDREA Es-
CHENLOHR — University of Duisburg-Essen, Faculty of Physics and
CENIDE, Lotharstr. 1, 47057 Duisburg, Germany

The nonlinear optical technique of second harmonic generation (SHG)
is a surface- and interface-sensitive tool in centrosymmetric materials,
which is used to study electron dynamics at metal surfaces. We char-
acterize the polarization and wavelength dependent SHG on a Cu(001)
surface using a fundamental beam in the wavelength range of 500 - 700
nm. Polarization dependent measurements show the p-P SHG yield is
almost a factor of 1.5 larger than s-P SHG, because more non-zero sus-
ceptibility tensor elements are involved in the former and the intrinsic
absolute value of | Xg)z| is much larger than the only relevant compo-
nent |X,(Zi)z\ in the latter. We also measure the spectral dependence of
the SHG intensity, which shows an increase up to a maximum at 2.33
eV. Since the 3d band peak of copper lies about 2.3 €V below Fermi
level, a fundamental beam at this photon energy can resonantly ex-
cite 3d electrons to the Fermi level, which largely increases the overall
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probability of SHG processes. Moreover, we discuss electron dynam-
ics analyzed through pump-probe SHG at on and off-resonant photon
energies.
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Formation mechanism of defect levels in rutile TiO2(110) —
o XIANG ZHANG, Lukas GIERSTER, and JULIA STAHLER — Humboldt-
Universitat zu Berlin, Institut fiir Chemie

The electron dynamics at TiO2 surfaces have been widely studied as
TiO2 is a prototypical photocatalyst. Recent studies have specifically
addressed the Band Gap State (BGS) at 0.8 eV below the Fermi level
and have revealed its role as a trapping center for electrons in the con-
duction band of rutile TiO2(110) (with a trapping time of around 45
fs) [1]. However, the origin of the BGS itself remains debated. Us-
ing time-resolved photoelectron spectroscopy, we show here that the
BGS must be - at least partially - due to long-lived (>5 us) pho-
toexcited charge carriers which form a photostationary state in pump-
probe experiments. The potential formation mechanism of the BGS
and implications of this state for previous time-resolved experiments
are discussed.

Reference:

[1] Zhang et al. J. Phys. Chem. Lett. 10(52) (2019).
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Investigation of low-temperature electron emission proper-
ties from sharp needle tips — eMANUEL KNAUFT, STEFAN MEIER,
NORBERT SCHONENBERGER, and PETER HOMMELHOFF — Department
Physik, Friedrich-Alexander-Universitdt Erlangen-Niirnberg (FAU),
91058 Erlangen

Spectroscopic and microscopic techniques benefit from the small
linewidth of coherent electron sources with high brightness. Reduc-
ing the operating temperature of the emitter is known to positively
influence coherence of field emitted electron beams. This is especially
true for superconducting needle tips as shown for niobium [1].

We present an experimental setup capable of cooling electron emit-
ters to liquid helium temperature in ultra-high vacuum. Irradiation of
samples with ultrashort laser pulses is possible through optical access
to the chamber. Detection of charged particles is realized by a multi-
channel plate. First results for sharp needle tips of various materials
are shown. In particular, we investigate the emission characteristics
and compare them for field emission and laser triggered emission as a
function of temperature.

[1] Nagaoka et al., Nature 396, 557 (1998)
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Magnetic field effects on ultrafast driven electrons in
topological insulator surface states — ®ALEXANDER RIEDEL!,
Vanessa Junk!, Worreanc Hoccer!, Cosmmo Gorini2, and Kraus
RicuTeErR! — llnstitut fiir Theoretische Physik, Universitdt Regens-
burg, Germany — 2Universite Paris-Saclay, CEA, CNRS, SPEC,

91191, Gif-sur-Yvette, France

When strong-field light pulses of various durations and shapes interact
with a solid, their electric field component acts as an a.c. bias accelerat-
ing electrons through the bandstructure and driving non perturbative
transitions. These processes can lead to high-order harmonic emission
of radiation which encodes characteristic properties of the underlying
material.

However, in the vast majority of cases the magnetic field component
of the pulse is completely neglected in theoretical descriptions. In this
contribution we incorporate a magnetic field into the description by
adding a Zeeman term into an effective minimal model Hamiltonian
describing the surface states of the topological insulator material bis-
muth telluride. We present how magnetic field components influence
the Berry curvature and the transitions induced by the pulse. The
resulting currents and higher harmonic spectra are discussed and com-
pared to those in the absence of magnetic field effects. All statements
rely on both a semiclassical analysis and full quantum mechanical sim-
ulations.
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Use cases for Picosecond Ultrasonics with X-rays (PUX)
— ®ALEXANDER VON REPPERT!, MAXIMILIAN MATTERN!, STEFFEN
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ZEUSCHNERY'2, JAN-ETIENNE PUDELLY2:3, MaRc HERzZOG!, and Ma-
T1As BaRGHEERD2 — !nstitut fiir Physik und Astronomie, Uni-
versitat 14476 Potsdam, Potsdam, Germany — 2Helmholtz-Zentrum
Berlin, 12489 Berlin, Germany — 3European XFEL, 22869 Schenefeld,
Germany

Most studies of picosecond ultrasound have been and will be conducted
with flexible all-optical setups, but here we discuss scenarios where ul-
trashort hard x-ray probe pulses excel. We focus on the extraction of
the strain response from Bragg peak shifts in the symmetric diffrac-
tion condition for layered, nanoscopic structures upon excitation of
metallic transducers with femtosecond laser pulses. This type of ex-
periment can yield direct, layer-specific and quantitative information
on the shape and amplitude of picosecond strain pulses and the quasi-
static strain. The strain response may serve as a proxy for the local
energy-density and temperature rise. The presented use-cases encom-
pass ultrahin as well as opaque metal-heterostructures, nanostructures
and negative thermal expansion materials, that each pose a challenge
to established all-optical techniques.
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Photocatalysis on anataseTiO2(101) in real-time —
eHEsHMAT NoErr''2, MicHAEL WAGSTAFFE!, ADRIAN DOMINGUEZ-
CasTro3, Lukas WENTHAUS!, STEFFEN PALUTKE!, DMYTRO
Kurnvaknov!, MicuaeL HeBerR!, FEDERICO PREssacco!, SIRHEI
DziarzuyTski', HELENA GLEISSNER', VERENA KRisTIN GupTal,
AprieL. DoMingUEz!, THoMmas FrRauENHEIM3, ANGEL Rusio?, and
ANDREAs STIERLE! — !Deutsches Elektronen-Synchrotron (DESY),
Hamburg, Germany — 2The Hamburg Centre for Ultrafast Imaging,
Hamburg, Germany — 3Bremen Center for Computational Material
Science (BCCMS), D-28359, Bremen, Germany — *Max Planck Insti-
tute for the Structure and Dynamics of Matter, D-22761, Hamburg,

Germany

1

Obtaining mechanistic insight surrounding interfacial charge transfer
and the role of intermediate species during photocatalysis on metal
oxide surfaces is challenging due to their ultrafast nature. By apply-
ing ultra-fast optical pump-soft X-ray probe experiments at FLASH in
DESY, we have obtained first insight into the activation mechanism of
CO photooxidation to CO2 on rutile and anatase TiO2 surfaces and
charge transfer at the interfacxe of water and TiO2(101). By using
an optical laser of 800 nm and a FEL energy of 647.8 €V, the changes
in the Ti 2p, O 1s and C 1s core levels have been monitored on a
picosecond timescale.
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Ultrafast UV pulse generation at the SXP instrument

of the European XFEL — eEKATERINA TIKHODEEVA', PATRIK

GrycHToL!, Marcus SepeL?, CurisTorn M. HEevL?, VAHAGN
VARDANYAN!, Davip DoBras-JIMENEZ!, and MANUEL IzQUIERDO!
— 1European XFEL, Schenefeld, Germany — 2DESY, Hamburg, Ger-

many

At the European XFEL a new instrument, the Soft X-ray Port (SXP),
is currently under commissioning. Located downstream of the SASE 3
soft X-ray undulator system, it will provide femtosecond photon pulses
with variable polarization in the energy range between 260eV and
3000eV at MHz repetition rates. Up to 1012 photons per pulse will
be focus at the interaction region in a micrometer spot size resulting
in an intensity of more than 10'® W/cm?. The energy range will en-
able the complete electronical, chemical and atomic characterization
of solids, surfaces and interfaces using femtosecond time-resolved soft
X-ray photo-electron spectroscopy. Moreover, two powerful pump
lasers operating in a broad spectral range from the mid-infrared to the
ultraviolet region will be available. Herriott multi-pass cells (HMPC)
will be used to compress their pulses into the few femtosecond range
paving the way for ultrafast pump-probe investigations at the SXP
instrument combining intense and tunable soft X-rays with the versa-
tile optical lasers. In this contribution, the development of the HMCP
and the optical laser system will be presented.
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Transferring photonic orbital angular momentum to metals
— eJannis LessMmEISTER!, ToBias Eurl, Eva Prinz!, SEBASTIAN
Hepwic!, MARTIN AESCHLIMANN!, and BENJAMIN STADTMULLER!:2
— 1Department of Physics and Research Center OPTIMAS, TU
Kaiserslautern, Germany — 2Institute of Physics, Johannes Guten-
berg University Mainz, Germany

Optical fields can carry an orbital angular momentum (OAM) in he-
lical beams with an azimuthal phase dependence. Since the discovery
of this phenomenon in 1992 [1], the interaction of photonic OAM with
matter has become a steadily growing field of research. After an initial
focus on atoms and molecules, in the last years, scientists also began
investigating solids [2]. For example, recent studies revealed that the
so-called twisted light can drive photocurrents [3] and affects ultrafast
demagnetization dynamics [4].

In our research, we apply time- and angle-resolved photoelectron
spectroscopy (TR-ARPES) to gain new insight into the influence of
photonic OAM on the hot carrier dynamics in metals. Specifically, we
investigated the influence of the added orbital angular momentum on
the optical excitation efficency of photoelectrons from the spin-split
band structure of Rashba surface states and the hot carrier dynamics
of spin-dependent carriers in the ferromagnet Ni.

[1] Allen et al., Phys. Rev. A 45 (1992)

[2] Quinteiro Rosen et al., Rev. Mod. Phys 94 (2022)

[3] Ji et al., Science 368 (2020)

[4] Prinz et al., arXiv:2206.070502 (2022)
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Combining THz-ARPES and THz-HHG to study electrical
currents at buried interfaces of topological insulators — eT1M
BERGMEIER, SUGURU ITO, JENS GUDDE, and ULRicH HOFER — Fach-
bereich Physik, Philipps-UniversitdtMarburg, Germany

Angle-resolved photoemission spectroscopy (ARPES) combined with
terahertz (THz) excitation has shown to provide a subcycle-resolved
momentum space view of lightwave-driven Dirac currents in the sur-
face band of topological insulators [1]. At high electric field strength,
these currents have shown to give rise to a unique type of efficient
high-harmonic generation (HHG) that reflects the unusual transport
properties of the Dirac electrons [2]. As a pure optical technique,
THz-HHG is able to access also deeply buried interfaces, but lacks
band structure information.

Here, we present an experimental setup which combines both tech-
niques in order to study first the impact of thin protection layers on
the current transport in a topologically protected band. The corre-
lation of the time-resolved band structure information provided by
THz-ARPES with the properties of THz-HHG will then allow us to
apply the latter for thick layers as will be required for device appli-
cations. The setup includes the generation of THz-pulses with field
strengths up to 10 MV /cm over a frequency range of 12-80 THz, and
of ultrashort 400-nm probe pulses for two-photon photoemission with
subcycle time resolution at a repetition rate of 200 kHz.

[1] J. Reimann et al., Nature 562, 396 (2018).
[2] C. P. Schmid et al., Nature 593, 385 (2021).
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A narrow bandwidth extreme ultra-violet light source for
time- and angle-resolved photoemission spectroscopy —
Qinpa Guol, Macies DENDzIK!, ANTONIIA GRUBISIC—CABol, Mag-
~us H. BErNTSEN', Cona Li', eWaNyUu CHEN', BHARTI MATTAZ,
ULricH STARKEZ, BiorN Hessmo!, JoNas WEISSENRIEDER!, and
Oscar TIErNBERG! — !Department of Applied Physics, KTH Royal
Institute of Technology, Hannes Alfvéns viag 12, 114 19 Stockholm,
Sweden — 2Max Planck Institute for Solid State Research, Heisen-
bergstrafte 1, 70569 Stuttgart, Germany

Here, we present a high repetition rate, narrow bandwidth, extreme
ultraviolet photon source for time- and angle-resolved photoemission
spectroscopy. The narrow bandwidth pulses AE = 9, 14, and 18 meV
for photon energies hv = 10.8, 18.1, and 25.3 eV are generated through
high harmonic generation using ultra-violet drive pulses with relatively
long pulse lengths (461 fs). The high harmonic generation setup em-
ploys an annular drive beam in tight focusing geometry at a repetition
rate of 250 kHz. Photon energy selection is achieved by a spherical
focusing grating, which provides high efficiency photon flux with only
a small amount of focus size increase (730%) and temporal broaden-
ing (6.8%). A two stage optical-parametric amplifier provides < 100 fs
tunable pump pulses from 0.65 ym to 9 um. Combined with a time-of-
flight electron analyzer, the setup enables for high-resolution studies
of ultrafast dynamics over the whole surface Brillouin zone in most
quantum materials.
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Time Resolved Photoelectron Spectroscopy of Thiophen
based Conjugated Donor Aceptor Polymers for Organic Pho-

tovoltaic — eToBias REIKER!, PrRaDNY Puanse!, NiLs FaBIaN
9 b
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KLEIMEIER!, Z1TONG Liu2, ApriaNn UrBan!, DEQING ZHANGZ, and

HeLmuT ZacHARIAs! — 1Center for Soft Nanoscience, University of
Miinster, Germany — 2Institute of Chemistry, Chinese Academy of
Science, Beijing, China

Thiophene-based polymers are promising candidates for solar cell,
OLED or transistor applications. An internal donor - acceptor system
is formed by coupling thiophene polymers with pyrrole chains. We
report results of temporally resolved photoemission studies on thio-
phene polymers on silicon substrates. The charge transport behaviour
can be tuned by different alkyl side chains since they influence the

electronic structure and aggregation. A direct assessment of the in-
tramolecular and intermolecular dynamics may guide synthesis routes.
With pF8T2, pDPPAT, pDPP4T-1 and pDPTTT we investigated the
electronic dynamics of high hole-mobility organic semiconductors. Ei-
ther the backbone or the side chains were modified. With the blend
of pDPP4T-1 and a Fullerene we compare the excitation dynamics of
singe component und blended OPV. These different molecular config-
urations are intended to provide insights into the change in electron
configuration due to both backbone modification and intermolecular
packing.



