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High Harmonic Imaging of Conical Intersections — eMARKUS
GiUHRr'2, BRIAN MCFARLANDY2, JosepH FARRELL2, and PHILIP
BucksBauM!»2 — 1Stanford PULSE Center, SLAC, Menlo Park CA
94025, USA — 2Physics Department, Stanford University, Stanford
CA 94305,USA

Conical intersections (CI) are crucially involved in light harvesting, pri-
mary visual processes, DNA UV stabilization and atmospheric chem-
istry. A wave packet typically moves through the intersection on a
femtosecond time scale, demonstrating the need for ultrafast tools that
are sensitive to the electronic state change occurring in passing the CI.
We theoretically propose a novel femtosecond pump-probe scheme for
CIs based on high harmonic generation (HHG). A first pulse (pump)
creates a molecular wave packet on excited electronic surfaces, and the
time delayed, high intensity probe pulse produces HHG on the excited
molecule as it moves through the CI region. We use the symmetry of
the electronic wave functions [1] to detect the electronic state change
in the CI via HHG. Furthermore, we can use two center interference
effects in the HHG [2,3] to determine the nuclear dynamics that is ac-
companied by the CI passage. To demonstrate our scheme, we perform
simple model calculations on the triatomic molecule SOz, which will be
ideally suited for future experiments because of its high UV excitation
cross sections for pumping the wave packet to the CI region.

[1] J. Itatani et al, Phys. Rev. Lett., 94, 123902 (2005)

[2] M. Lein et al, Phys. Rev. A, 66, 023805 (2002)

[3] T. Kanai et al, Nature, 435, 470 (2005)
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Schwingungsrelaxation und Prédissoziation, Dephasierung
und Dispersion : Br; in festem Argon — eMONIKA Hijjas!, HEL-
DE IBRAHIM!, MARKUS GUHR? und NIKOLAUS SCHWENTNER! — 1FU
Berlin, Institut fiir Experimentalphysik, Arnimallee 14, 14195 Berlin
— 2Stanford PULSE Center, Varian Physics Bldg., 382 Via Pueblo
Mall, Stanford CA 94305-4060, USA

Wir untersuchen an einem modellartigen System die Dynamik von mo-
lekularen Wellenpaketen fiir den Fall, dass die Schwingungsfreiheitsgra-
de des Molekiils an eine Vielzahl von Schwingungsmoden eines umge-
benden Bades ankoppeln kénnen. Damit enthélt diese Dynamik meh-
rere Effekte, die eine Amplituden- und Phasenmodulation der Pakete
bewirken:(1.) Die reversible Dispersion, die von der Anharmonizitit
der elektronischen Potentiale des Molekiils herrithrt und zu Revival-
Effekten fiithrt; (2.) Den irreversiblen Verlust von Phaseninformation
an das Bad durch Schwingungsdephasierung; (3.) Energiedissipation in
Form von Schwingungsrelaxation; (4.) Amplitudenverlust infolge um-
gebungsinduzierter Pradissoziation. Auf der Zeitskala von mehreren
Femto- bis einigen Pikosekunden zeigt die Dynamik der Wellenpake-
te die Auswirkungen dieser Prozesse in korrelierter Form. Wir beob-
achten die Schwingungswellenpaketdynamik mittels Femtosekunden-
Pump-Probe-Spektroskopie an Brom in einer Argon-Matrix. Wir zei-
gen wie sich mithilfe von Simulationen und durch Variation der Pump-
und Probe-Wellenldnge, Polarisation und Dauer der Pulse, diese ver-
schiedenen Prozesse entkoppeln lassen, sodass eine Ableitung der cha-
rakteristischen Zeiten mdoglich wird.
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Collision-induced decay of rotational coherence of Nj-
molecules — oPHILIPP GIESE, NINA OWSCHIMIKOW, and NIKOLAUS
SCHWENTNER — FU Berlin, Institut fiir Experimentalphysik, Arni-
mallee 14, 14195 Berlin

Interaction of the anisotropy polarizability Aa of a molecule with a
short and intense linearily polarized laser pulse induces a transient
recurrent alignment of the molecular axis along the field dirction.
The revivals of the rotational wave packet are probed via the opti-
cally induced Kerr effect. In gases at atmospheric pressure, the ro-
tational coherence persists for several hundred ps. Populations and
phases are modified only by bimolecular collisions, which makes gases
an ideal model system to study the dynamics of alignment. We non-
adiabatically create a rotational wavepacket using IR laser pulses (785
nm) of 150 fs duration with a power density of 102 W/em?2, and sub-
sequently monitor the collision-induced decay of the rotational revivals
in pure Ny as well as mixtures of No/O2 and Na/Ar at pressures up to
3 atm. The experimental results are compared with models [1] and [2]
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for the influence of the environment. The investigations are extended
to higher densities up to molecular dopants in crystalline matrices.
(1] S.Ramakrishna, T. Seideman J. Chem. Phys. 124, 244503 (2006)
(2] B. Lavorel et al. J. Raman Spectr. 31, 77 (2000)
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Calculation and shaping of CARS spectra including rotations
— 0JORG LIEBERSY 2, SOROOSH PEzESHKI', MICHAEL SCHREIBER?, and
ULRICH KLEINEKATHOFER! — lInternational University Bremen (Ja-
cobs University Bremen as of spring 2007), Campus Ring 1, 28759 Bre-
men — 2Institut fiir Physik, Technische Universitit Chemnitz, 09107
Chemnitz

In experiments it is possible to mode-selectively excite molecules using
feedback-controlled shaping of femtosecond laser pulses [1]. Here we
use the theoretical tool of optimal control [2] to influence resonant and
non-resonant femtosecond time-resolved coherent anti-Stokes Raman
scattering (CARS) signals and spectra. The calculations are done by
using time-dependent rotational and vibrational wave packet calcula-
tions together with perturbation theory in the laser field strength. For
the non-resonant transitions an effective Schrodinger equation [3] is
used to include the off-resonant states. The CARS signals can then
be determined using the wave packets of different order in the field
strength.

[1] J. Konradi, A. K. Singh, and A. Materny, PCCP. 7 3574 (2005)
[2] A. Kaiser and V. May, Chem. Phys. Lett. 405 339 (2005)

[3] D. Ambrosek, M. Oppel, L. Gonzalez, and V. May, Opt. Commun.
264 2 (2006)
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Molecular Dynamics of Pigment Molecules in Mesoporous
Materials: Femtosecond Studies — eKHADGA KARKI, JUNCHENG
Hu, RYAN RICHARDS, and ARNULF MATERNY — International Univer-
sity Bremen (Jacobs University Bremen as of spring 2007), Germany

Silica-based mesoporous materials like SBA, FSM, MCM, etc. are in-
teresting hosts for larger pigment molecules. These materials have pore
sizes ranging from 2 nm to 50 nm. The organized nano-channels, nano-
cages and the unique solvent nature of these materials have profound
influence on the photochemistry and photophysics of the guest pig-
ment molecules. The molecules, like chlorophyll, show remarkable pho-
tostability in these cages. Moreover, the chemical environment of the
molecules can also be tuned by changing the groups on the inner surface
of the cages. These interesting properties of the mesoporous materials
have led to the research in organization of molecular assemblies in the
cages aiming for artificial photosynthesis. In this respect, it is of inter-
est to study how the molecular dynamics and charge transfer processes
occur in the molecules caged in the functionalized nano-channels. Fem-
tosecond studies have been performed to gain a better understanding
of the molecular dynamics of the natural pigment molecules and their
assemblies in the channels and cages of the mesoporous materials. In
our contribution we discuss our newest results.
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Investigation of Molecular Dynamics in all-trans-p-Carotene
Using Femtosecond Pump-FWM Spectroscopy — eABRAHAM
SCARIA, VINU NAMBOODIRI, JAKOW KONRADI, and ARNULF MATERNY
— International University Bremen (Jacobs University Bremen as of
spring 2007), Germany

The many degrees of freedom offered by four wave mixing (FWM)
spectroscopy makes it a versatile tool for the investigation of complex
molecular dynamics. Here, we have used pump-FWM spectroscopy on
a femtosecond time scale to follow the molecular dynamics occurring
in all-trans-B-carotene. The transients show clear signatures of the
different spectroscopic pathways that the molecules follow after the
excitation. This provides a deeper understanding of the excited state
dynamics of carotenoids, which is important due to their active par-
ticipation in light harvesting process. The initial pump pulse excites
the molecules into the first optically accessible state (S2). From there
it undergoes a fast internal conversion (IC) in to the electronic dark
state (S1). The FWM process is chosen to be resonant with S; and a
higher lying excited state (Sp). The results of the dependence of the
initial pump power as well as the pump wavelength on the transients
will be presented. Possible contributions of other electronic states are
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discussed.
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Optimal Control of CARS Spectra with Tailored Femtosec-
ond Laser Pulses: Theory and Experiment — ¢JAKOW KONRADI,
SOROOSH PEZESHKI, JORG LIEBERS, ABRAHAM SCARIA, VINU NaAM-
BOODIRI, ULRICH KLEINEKATHOFER, and ARNULF MATERNY — Inter-
national University Bremen (Jacobs University Bremen as of spring
2007), Germany

The goal of coherent control in femtosecond spectroscopy is the prepa-
ration of desired quantum states of a molecule. Here, the most versa-
tile approach is the use of suitably shaped excitation fields. In order to
provide the correct pulse shapes, an exact knowledge of the molecular
Hamiltonian is required, which in most cases is not available. An ex-
perimental way to solve this problem is the use of feedback-controlled
learning-loop techniques. Recently, we have demonstrated the applica-
tion of such an optimal control scheme for the selective excitation of
vibrational modes in femtosecond time-resolved coherent anti-Stokes
Raman scattering (CARS). Here, the femtosecond laser pulses were
shaped in a 4f-arrangement by means of phase and amplitude mod-
ulation guided by an evolutionary algorithm. The ratio of the mode
intensities in the nonlinear spectrum served as feedback for the opti-
mization. In our contribution we are presenting the optimal control
of the femtosecond CARS spectrum of iodine. The experimental re-
sults are compared with theoretical calculations. For a simulation of
the anti-Stokes spectra, the experimentally found pulse shapes were
employed.
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Pump — Degenerate Four Wave Mixing (Pump — DFWM)
as a technique for time resolving and controlling molecular
excited state dynamics — eJURGEN HAUER, TiAGO Buckup, and
MARcUs MoTzKUs — Physikalische Chemie, Philipps-Universitit Mar-
burg, D-35032 Marburg, Germany

Time resolving structural dynamics on short lived molecular excited
states presents a challenging yet wide ranging field of ultrafast spec-
troscopy. We present a technique which delivers highly resolved vibra-
tional modes as well as information on the concerned electronic states.
The potential for coherent control of the observed dynamics is outlined
and demonstrated on first results.

The presented method is based upon Degenerate Four Wave Mixing
(DFWM). By adding an additional pump pulse preceding the DFWM
— sequence (Pump — DFWM), resolving excited state dynamics be-
comes feasible. By chopping the pump — pulse, the observed vibrational
modes can be unambiguously discerned from ground state dynamics.
The time resolution achieved is only limited by the duration of the
employed ultrashort laser pulses (sub 20 fs in the presented set up).
Since Pump - DFWM is a pure time domain method, the spectral
resolution is typically only limited by the vibrational life time. Un-
der experimental conditions, resolution better than 20 cm~! can be
achieved.

Coherent control of excited state behaviour is achieved by phase
modulating the pump pulse, whereas the DEFWM — sequence serves as
a heterodyne detection method. The effects of intuitive pulse shapes
on the early excited dynamics of 8 carotene are discussed.
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Molecular Dynamics Investigation with Time-Resolved Op-
tical Kerr Effect on CS2 - C6H6 and CS2 - PS Mixtures
— oISMAEL A. HrisLER!, Tiaco Buckup2, Siwvio L.S. CunHAl, and
RICARDO R.B. CoORREIA! — lInstituto de Fisica, UFRGS, 91501-970
Porto Alegre, Brazil — 2Physikalische Chemie, Philipps Universitét
Marburg, D-35032 Marburg, Germany

The low frequency domain of the spectral density associated to the lig-
uid state is a peculiar region where the discrimination among different
relaxation processes is not so far clearly defined. To obtain informa-
tion about this region, we applied time resolved heterodyne detected
optical Kerr effect technique (HD-OKE) to a series of carbon disulfide
- benzene (CS2-C6H6) and carbon disulfide - polystyrene (CS2-PS)
mixtures. CS2-C6H6 mixtures simulate the interactions between the
CS2 molecules with phenyl rings, which are the principal interacting
structures present in the PS molecules. The results show that the dif-
fusive times for pure liquids and the mixtures follow the Debye-Stokes-
Einstein equation. The fast time constants were analyzed in terms of
the non-diffusive component of the spectral response, which is directly
associated with the molecular dynamics. The variations of the spectra
were quantified and explained in terms of structural interaction con-

figurations which produced changes in the intermolecular potential.
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Optimierung der Singulett-Sauerstoff-Erzeugung fiir die pho-
todynamische Therapie — eJOHANNES SCHNEIDER, JUTTA MILD-
NER, MATTHIAS WOLLENHAUPT und THOMAS BAUMERT — Universitét
Kassel, Institut fiir Physik, Heinrich-Plett-Str.40, D-34132 Kassel

Eine effiziente Methode zum Ausschalten von kranken Zellen in der
Medizin, die sogenannte photodynamische Therapie, beruht auf der
lokalen Erzeugung von Singulett-Sauerstoff (102(1Ay)). Dabei wird
ein zuvor applizierter Photosensibilisator durch Laserlicht elektronisch
angeregt, gefolgt von einem Energietransfer vom Photosensibilisator
zu molekularem Sauerstoff der Umgebung. Ziel der Untersuchungen
ist es, die Effizienz der 'Os-Produktion zu steigern und somit den
Einsatzbereich der Methode in der Medizin zu erweitern.

Dazu werden neben prominenten Vertretern neu entwickelte Pho-
tosensibilisatoren (z.B. Quinoxalinoporphyrazine) in einem optisch
stabilen freiflieBenden Fliissigkeitsfilm (Jet) prépariert und mit fs-
Laserpulsen (High-Energy Oscillator, 50 fs @ 400/800 nm) angeregt.
Erfolgter Energietransfer wird iiber die charakteristische Phosphores-
zenz von 1Oy bei 1270 nm per Lock-In-Detektion im fW-Bereich direkt
nachgewiesen.

Ansatzpunkte fiir die Effizienzsteigerung der photodynamischen
Therapie sind die langwellige (TiSa) Anregung der Photosensibilisato-
ren bei maximaler Gewebetransmission, sowie die kohirente Kontrolle
des im Farbstoff stattfindenden Interkombinations-Prozesses (ISC) per
Polarisations-Pulsformung im Starkfeldregime. Erste Ergebnisse der
Untersuchungen werden vorgestellt.
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Ultrafast IR-Spectroscopy on Flavin Systems — eMATTHIAS
Worr!, RurH GRross!, CHRISTIAN SCHUMANN!, ROLF DILLER!,
BRITTA PERSON2, and JoacHIM HEBERLE2 — lFachbereich Physik,
TU Kaiserslautern, D-67663 Kaiserslautern — 2Fakultit fiir Chemie,
Universitat Bielefeld, D-33615 Bielefeld

The function of biological blue light receptors is based on the photo-
chemistry of the diverse flavin chromophores in the respective protein
environment.

Riboflavin and flavin-adenine-dinucleotide (FAD) in solution
(DMSO) were studied by sub-picosecond time resolved infrared spec-
troscopy. The decay of the excited electronic state on the nanosecond
timescale is preceeded by vibrational cooling within a few picoseconds.
These dynamics allow the identification of S vibrational states as well
as their spectral position.

In addition we present and discuss first measurements on the flavin
mononucleotide binding LOV1 domain of the Photl protein from the
green algae Chlamydomonas reinhardtii.
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Schwingungsspektroskopie im Femtosekundenbereich kleiner
Molekiile — ¢GEROME WEILAND, DAGMAR JONES, MARTIN LINKE,
HENK FIDDER und KARSTEN HEYNE — Freie Universitéit Berlin, Fach-
bereich Physik, Arnimallee 14, 14195 Berlin

Nichtlineare schwingungsspektroskopische Untersuchungen nach elek-
tronischer Anregung oder Schwingungsanregung wurden mit einem
dreistufigen OPA an Corroles und Chloroform durchgefithrt. Mehrere
pJ im infraroten und nahen infraroten Spektralbereich erméglichten
die Untersuchung hoherer Schwingungszustinde und Mehrphotonen-
absorptionsprozesse. Erste Ergebnisse dieser Untersuchungen werden
présentiert.
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Effects of different bridge/anchor groups on the mech-
anisms of ultrafast heterogeneous electron transfer in a
dye/semiconductor system — eANTJE NEUBAUER, JODI SZARKO,
CARLO DINKEL, GUIDO MORBACH, LIANA SOCACIU-SIEBERT, RAINER
EICHBERGER, and FRANK WILLIG — Hahn-Meitner-Institut, Glienicker
Str. 100, D - 14109 Berlin

Two mechanisms for ultrafast heterogeneous electron transfer are
known. For molecules bound to a TiO2 surface via a carboxylic anchor
group the standard mechanism for photoinduced electron injection is
widely accepted, where the chromophore of the organic dye is excited
by light in a first step and the electron is injected from the excited state
of the molecule in a second step. For dihydroxy compounds, where the
two hydroxy groups bind to one Ti atom an alternative mechanism is
known, the direct optical charge transfer.
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We investigated new perylene derivatives at nano-porous colloidal
TiO2 films in order to clarify the mechanisms for those heterogeneous
electron transfer reactions. In these systems the perylene molecule
functions as electron donor, and the wide-band gap semiconductor
TiO2 functions as electron acceptor. The perylene chromophores are
bound via a hydroxyl group, catechol and two hydroxy groups as
bridge/anchor groups. The spectral features of the linear absorption
spectra in solution and attached to TiO2 give information concerning
the dynamics and therefore the mechanisms for the electron transfer,
which are supported by the short time constants for the electron injec-
tion of less than 30 fs measured with transient absorption spectroscopy.
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Analysis and Control of Metal Cluster Reactions by Modu-
lated Ultra-broadband Laser Pulses — ¢BRUNO SCHMIDT, SHAO-
HUI L1, XIN ZHANG, ALDO MIRABAL, WALDEMAR UNRAU, JURI DE-
MUTH, TORSTEN SIEBERT, and LUDGER WOSTE — Institut fiir Experi-
mentalphysik, Freie Universitdt Berlin, Arnimallee 14, 14195 Berlin

The aim of the presented work lies in further developing femtosec-
ond time-resolved NeNePo (negative, neutral, positive) spectroscopy
within the study of catalytic reaction properties of noble metal cluster-
adsorbate complexes. We seek to expand from the original analysis of
the cluster dynamics to an active steering of a reactive system along
a desired coordinate through coherent control strategies. To realize
this goal, ultra-broadband laser pulses are generated by means of self
phase modulation through filamentation in noble gas atmosphere. Sub-
sequently, the obtained pulses can be modulated by a liquid crystal
mask within a pulse shaper setup especially designed for manipulating
broadband spectra. Within these efforts, emphasis is made on charac-

terizing the spectral phase and amplitude of the broadband, tailored
pulses. This instrumentation allows for optimizing a desired reaction
pathway in an active feedback loop employing genetic algorithms that
control the structure of the excitation pulse. First results on the spec-
tral properties of the continuum generation and capability of four-
wave-mixing for analyzing the pulse structure will be presented.
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Kohidrenz und Doppelspaltinterferenz bei der Doppelioni-
sation von H2 — eDOMINIQUE AKOURY', KATHARINA KREIDI!,
THORSTEN WEBER?, TILL JAHNKE!, MARKUS SCHOFFLER!, LOTHAR
ScuMIDT!, OTTMAR JAGUTZKI!, LUTZ FOUCAR!, TILO HAVERMEIER!,
NADINE NEUMANN!, HORST SCHMIDT-BOCKING!, REINHARD DORNER!,
TiM OsipovZ, ALl BELKACEM?2, MIKE PRIOR?, ALLEN LANDERS?3, PRE-
DRAG RaNtTovic? und LEwis Cocke? — lInstitut fiir Kernphysik
Frankfurt, Universitit Frankfurt, Deutschland — 2LBNL, 1 Cyclotron
Road, Berkeley, CA 94720, USA — 3Department of Physics, Auburn
University, Auburn, Alabama 36849, USA — 4Dept, of Physics, Kan-
sas State University, Manhattan, KS 66506, USA

Die Emission von Photoelektronen aus einem diatomaren homonuklea-
ren Molekiil bildet ein dem klassischen Doppelspalt dhnliches System.
In einer Reihe von Doppelionisationsexperimenten an H2 haben wir In-
terferenzstrukturen in der Elektronenwinkelverteilung relativ zur Mo-
lekiilachse gefunden, die denen des klassischen Doppelspaltes dhneln.
In diesen Experimenten wurden mit Hilfe der COLTRIMS Technik die
Impulse beider Elektronen und Protonen in Koinzidenz gemessen. Die-
se Art der Messung erlaubt es, die komplexe Wechselwirkung zwischen
Elektronenkorrelation und Interferenz zu untersuchen und zu verste-
hen.



