
Symposium Quantum Control Spectroscopy (SYQS) Overview

Symposium Quantum Control Spectroscopy (SYQS)
jointly organized by

the Molecular Physics Division (MO) and
the Quantum Optics and Photonics Division (Q)

Marcus Motzkus
Physikalisch-Chemisches Institut

Universität Heidelberg
Im Neuenheimer Feld 229

69120 Heidelberg
Marcus.Motzkus@pci.uni-heidelberg.de

Thomas Baumert
Universität Kassel
Institut für Physik

Heinrich-Plett-Str. 40
34132 Kassel

baumert@physik.uni-kassel.de

Overview of Invited Talks and Sessions
(lecture room E 415)

Invited Talks

SYQS 1.1 Th 10:30–11:00 E 415 Theoretical studies on quantum control and spectroscopy of ultra-
fast photoreactions — ∙Regina de Vivie-Riedle, Judith Voll, Artur
Nenov, Tiago Buckup, Jürgen Hauer, Marcus Motzkus

SYQS 1.2 Th 11:00–11:30 E 415 Quantum Control Spectroscopy: Understanding photobiology with co-
herently controlled matter waves — ∙Tiago Buckup, Jürgen Hauer,
Judith Voll, Regina Vivie-Riedle, Marcus Motzkus

SYQS 1.3 Th 11:30–12:00 E 415 Development of strategies for the optimal control in complex systems
— ∙Roland Mitric

SYQS 1.4 Th 12:00–12:30 E 415 Mechanistic laser pulse parameterizations — ∙Tobias Brixner
SYQS 2.1 Th 14:00–14:30 E 415 Efficient control of electron dynamics — ∙Matthias Wollenhaupt
SYQS 2.2 Th 14:30–15:00 E 415 Exploring wavepacket dynamics under strong laser fields — ∙Leticia

Gonzalez
SYQS 2.3 Th 15:00–15:30 E 415 Quantum Control Spectroscopy in Ultracold Atomic and Molecular

Gases — ∙Matthias Weidemüller

Sessions

SYQS 1.1–1.4 Th 10:30–12:30 E 415 Quantum Control Spectroscopy I
SYQS 2.1–2.3 Th 14:00–15:30 E 415 Quantum Control Spectroscopy II
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SYQS 1: Quantum Control Spectroscopy I

Time: Thursday 10:30–12:30 Location: E 415

Invited Talk SYQS 1.1 Th 10:30 E 415
Theoretical studies on quantum control and spectroscopy of
ultrafast photoreactions — ∙Regina de Vivie-Riedle1, Judith
Voll1, Artur Nenov1, Tiago Buckup2, Jürgen Hauer2, and
Marcus Motzkus2 — 1LMU Department Chemie, Butenandt-Str.
11, 81377 München, Germany — 2Physikalische Chemie, Ruprecht-
Karls-Universität Heidelberg, 69120 Heidelberg
We are interested in the spectroscopy and control of ultrafast photore-
actions, key elements in chemical and biological processes. We ap-
proach this topic from the quantum chemical and quantum dynamical
side. Often a seam of conical intersections provides the locus for the
ultrafast transfer between electronic states and thus the topography
experienced by the ongoing reaction. Features decisive for a photore-
action will be illustrated by a calculated complete seam. Possible reac-
tion pathways are classified as well as routes for optical control. Pulse
sequences as optimal light fields often emerged in experimental as well
as in theoretical studies. Their excitation mechanism is explored using
the example of an open quantum system set up in the density formal-
ism and adapted to the experimentally investigated beta carotene [1].
We discuss and explain the effect of the individual pulse parameters
[2], relate them to the system response and outline a strategy for the
use of pulse trains in spectroscopy and signal processing.

[1] J. Hauer et al.,Chem. Phys. Lett., 421, (2006) 523.
[2] J. Voll et al., New J. Phys., 11 (2009), 105036.

Invited Talk SYQS 1.2 Th 11:00 E 415
Quantum Control Spectroscopy: Understanding photobi-
ology with coherently controlled matter waves — ∙Tiago
Buckup1,2, Jürgen Hauer3, Judith Voll4, Regina Vivie-
Riedle4, and Marcus Motzkus1,2 — 1Physikalisch-Chemisches In-
stitut, Ruprecht-Karls-Universität, D-69120 Heidelberg, Germany. —
2Physikalische Chemie, Philipps-Universität, D-35043 Marburg, Ger-
many. — 3Department of Physical Chemistry, University of Vienna, A-
1090 Vienna, Austria. — 4Department Chemie, Ludwig-Maximilians-
Universität, D-81377 München, Germany.
The combination of coherent control methods with time-resolved spec-
troscopy, namely Quantum Control Spectroscopy (QCS), is a com-
pelling approach to disentangle ultrafast dynamics [1]. In partic-
ular, QCS can be very rewarding to investigate complex systems,
such as light-harvesting complexes, where very often the traditional
pump-probe spectroscopy fails. We report an experiment using phase-
modulated degenerate four-wave mixing and provide a general mech-
anism for phase-only control of an open quantum system with an ul-
trashort excited state lifetime. We show by the use of coherent control
that a low-frequency bending motion (178 cm−1 in 𝛽-carotene) is the
driving force behind the photophysically relevant step in carotenoids,
a central constituent of many light harvesting complexes. We can
now rationalize pulse shapes found in a whole class of quantum con-
trol experiments, ranging from simple dye molecules to embed-protein

chromophores like all-trans-retinal in bacteriorhodopsin.
[1] Wohlleben, W. et al., ChemPhysChem 6 (2005) 850.

Invited Talk SYQS 1.3 Th 11:30 E 415
Development of strategies for the optimal control in complex
systems — ∙Roland Mitric — Fachbereich Physik, Arnimallee 14,
D-14195 Berlin
A newly developed *Field induced surface hopping* method for sim-
ulation and control of laser induced processes in complex molecular
systems will be presented. This method combines quantum electronic
state population dynamics with classical nuclear dynamics carried out
*on the fly* and can be connected with optimal control in order to steer
molecular processes by optimizing laser fields using e. g. evolution-
ary algorithms. For the propagation of classical trajectories the whole
spectrum of methods ranging from empirical force fields, semiempiri-
cal to ab initio quantum chemical methods can be employed, opening
the possibility of broad applications. Furthermore our approach al-
lows to gain a fundamental insight into the mechanisms underlying
the control of molecular processes by direct application of experimen-
tally optimized laser pulses. We will illustrate our approach on the
examples of the control of photoswitching (trans-cis isomerization),
control of excited state lifetimes and photoemission in DNA bases and
optical discrimination of flavine chromophores. References: R. Mitric,
J. Petersen, V. Bonacic-Koutecky, Phys. Rev. A., 79, 053416 (2009)

Invited Talk SYQS 1.4 Th 12:00 E 415
Mechanistic laser pulse parameterizations — ∙Tobias Brixner
— Institut für Physikalische und Theoretische Chemie, Universität
Würzburg, Am Hubland, 97074 Würzburg, Germany
Shaped femtosecond laser pulses offer a powerful tool for coherent con-
trol. Depending on the type of problem, the optimal parameterization
of phase, amplitude, and polarization properties may differ, especially
if mechanistic insight is desired in addition to control performance.
Here, several types of parameterization for femtosecond laser pulses
will be discussed.

In the first case, control of the so-called Wolff rearrangement offers
an example for a photochemical bond-breaking and bond-formation
reaction in liquid phase, and non-restricted adaptive pulse shaping is
compared with linear-chirp and spectral triangular-phase parameter-
izations. In the second example, the von Neumann time-frequency
distribution is introduced and applications in molecular control are
suggested. Experimental quantum control landscapes are recorded,
and the performance in adaptive optimizations is compared with the
pulse-shaper pixel basis. In the third example, the parameterization is
chosen such that the control mechanisms in ultrafast nano-optics are
mirrored exactly. Thus a generally valid analytic solution for the con-
trol problem is found, and the global optimum is obtained in a direct,
non-iterative fashion. First experiments using the analytic solution
confirm these predictions.

SYQS 2: Quantum Control Spectroscopy II

Time: Thursday 14:00–15:30 Location: E 415

Invited Talk SYQS 2.1 Th 14:00 E 415
Efficient control of electron dynamics — ∙Matthias Wollen-
haupt — University of Kassel, Institute of Physics, Heinrich-Plett-Str.
40, D-34132 Kassel, Germany
The ability to generate ultrashort laser pulses with controllable shape
has made it possible to manipulate the dynamics of quantum systems
almost at will. Quantum control has wide-ranging applications but
also important implications to our basic understanding of light matter
interactions. For instance, revealing physical mechanisms underlying
the coherent interaction of intense tailored light fields with matter has
become a central theme in quantum control. Efficient control not only
implies large population transfer rates, i.e. inherently non-perturbative
interactions, but also comprehensive control of the three dimensional
electron wave function. In this contribution, both aspects of control
are demonstrated on bound and continuum electron dynamics.

As for bound electron dynamics we demonstrate efficient non-

perturbative control strategies based on tailoring the interaction of
intense laser fields to the dynamics of atomic or molecular dipole with
attosecond precision [1].

Coherent control of electron dynamics in the continuum exerted
by polarization-shaped laser pulses is combined with direct three-
dimensional detection via tomographic reconstruction [2,3].

[1] T. Bayer et al., Phys.Rev.Lett. 102, (2009) 023004-1.
[2] M. Wollenhaupt et al., Appl.Phys.B 95, (2009) 245.
[3] M. Wollenhaupt et al., Appl.Phys.B 95, (2009) 647.

Invited Talk SYQS 2.2 Th 14:30 E 415
Exploring wavepacket dynamics under strong laser fields —
∙Leticia Gonzalez — Institut f. Physikalische Chemie, Friedrich
Schiller Universitaet Jena, Jena, Germany
Control of nuclear and electron dynamics in molecules is a hot topic
in physical chemistry. In this contribution we investigate the effect of
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strong laser fields in two molecular systems. In the first case, a molec-
ular switch is controlled by inducing dynamic Stark fields. Such strong
laser fields alter the topology of the potential energy surface, creating a
favorable situation to switch the nuclear dynamics from one minimum
to the other. In the second example, the photo-dissociation dynam-
ics and dissociative photo-ionization of dihalomethanes is presented.
Pump-probe experiments demonstrate the creation and control of or-
bital hole electronic and vibrational wave packets created via strong
field ionization [1]. Our simulations provide an interpretation for the
experimental signals.

[1] Creation and control of multi-hole molecular wave packets via
strong field ionization, D. Geissler, T. Rozgonyi, J. González-Vázquez,
L. González, S. Nichols, T. Weinacht, submitted (2009).

Invited Talk SYQS 2.3 Th 15:00 E 415

Quantum Control Spectroscopy in Ultracold Atomic and
Molecular Gases — ∙Matthias Weidemüller — Physikalisches
Institut, Universität Heidelberg, Germany
In the past years, there has been enormous progress in the investigation
and understanding of the dynamics of ultracold atomic and molecular
gases. It was soon realized that methods of coherent control can be
fruitfully applied to these systems, which are characterized by an ex-
treme level of control over motional and internal degrees of freedom.
After a general introduction into these recent developments, I will fo-
cus on the interaction of shaped ultrashort laser pulses with ultracold
atoms and molecules and present our recent work on this subject.

The work presented has been done in collaboration with T. Mullins,
R. Wester and other members of my former group at the University of
Freiburg, and the groups of L. Wöste and C. Koch from FU Berlin.


