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Two-color photoionization studies at XUV and X-ray Free
Electron Lasers — eMicHAEL MEYER — European XFEL GmbH,
Albert-Einstein-Ring 19, D-22761 Hamburg, Germany

The combination of intense femtosecond X-ray and NIR pulses pro-
duced by Free Electron Lasers (FEL) and synchronized optical lasers,
respectively, offers various new opportunities to investigate the dy-
namics of atomic photoionization. Some recent results obtained at the
XUV-FEL FLASH in Hamburg and the first X-ray FEL, the LCLS in
Stanford, will be presented. In the experiments at FLASH, the opti-
cal dressing field gives rise to the so-called two-color Above Threshold
Tonization, which could be studied for the first time in a regime free
from unwanted interference effects. For resonant excitations, e.g. 3d
—> 5p in atomic Kr, the NIR field causes a strong modification of
the decay dynamics, which was experimentally investigated via the
intensity-dependent shift of the resonance position and via the com-
petition between resonant and direct Auger processes. Recent experi-
ments at LCLS have taken advantage of the very short (2-5 fs) pulse
duration, which coincides with the lifetime of the Ne 1s core hole and
with the temporal width of one optical cycle of the NIR (800 nm)
dressing laser. As a direct consequence, the angle-resolved KLL Auger
spectra reveal strong intensity modulations induced by sub-cycle in-
terferences, i.e. by the coherent emission of electrons produced during
one cycle of the superimposed optical field.

A 12.2 Tue 11:00 V47.03
Attosecond Two-Electron Dynamics in Non-Sequential Dou-
ble Ionization of Argon using Ultra-short Laser Pulses —
eNicoras Camus!, BETTINA Fiscuer!, MaNuEL KREMER!, VAN-
pANA SHARMA!, ArTEM RubpENkOD2, BoRris BERGUES®, MATH-
1as KuBEL3, Nora G. Jounson3, Maruias F. Kring3, THoMAS
PrerFer!, Joacuim Urrricu'?, and RoBERT MOSHAMMER! —
IMax-Planck-Institut fiir Kernphysik, Heidelberg — ?Max-Planck Ad-
vanced Study Group at CFEL, Hamburg — 3Max-Planck-Institut fiir

Quantenoptik, Garching

We report on a kinematically complete experiment on non-sequential
double ionization (NSDI) of argon using CEP characerized 6fs laser
pulses in combination with a reaction microscope. In NSDI the first
ionized electron is driven back to the parent ion causing ionization of
the second electron. In this study we choose a rather low intensity
where the energy of the re-colliding electron is too small for impact
ionization but large enough to excite the remaining Art ion. Loosing
almost all of its kinetic energy during re-collision, the re-colliding elec-
tron gets recaptured such that a doubly-excited state is formed. Within
a classical simulation we demonstrate that this highly excited complex
has lost memory of its creation. We consistently relate measured mo-
mentum differences between the two electrons to time differences and,
thus, follow the ionization of the doubly excited state in the laser field
on a sub-fs time scale. A striking agreement between experimental and
simulated distributions is observed with a most likely time difference
between the two electrons for leaving the atom of 200 £ 100 as.

A 12.3 Tue 11:15 V47.03
Noisy pulses enhance temporal resolution in pump—probe
spectroscopy — eKRISTINA MEYER, CHRISTIAN OTT, PHILIPP
RartH, ANDREAS KALDUN, YUHAI JIANG, ARNE SENFTLEBEN,
MoriTz Kurka, RoOBERT MosHAMMER, JoacHiM ULLRICH, and
THomAs PFEIFER — Max-Planck Institut fiir Kernphysik, Heidelberg

Observing dynamical processes relies on the availability of timing-
controlled events (e.g. laser pulses) that are shorter in duration than
the typical time scale of the dynamics to be measured. The produc-
tion of ultra-short pulses is nowadays typically based on the excep-
tional coherence properties of laser light, hiding the fact that noisy,
only partially coherent, light sources could have benefits. The devel-
opment of Free-Electron Laser (FEL) sources has led to a reevaluation
of temporal noise since self-amplified spontaneous emission (SASE)
FEL pulse shapes vary widely from shot to shot. Here, we show that
such noisy electric fields can be used to resolve temporal features of
quantum dynamics with high precision that would be inaccessible us-
ing fully coherent pulses of the same average pulse duration. Our
concept of noise-enhanced pump—probe spectroscopy is demonstrated
for the example of a recently performed experiment investigating the
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two-photon double ionization of D2 [1]. The method enables the mea-

surement of dynamics on time scales that are shorter than the average

pulse duration by more than a factor of 10. This finding does not only

have important consequences for FEL science, but can lead to general

paradigm shifts in ultrafast physics, including attosecond spectroscopy.
[1] Y. H. Jiang et al., Phys. Rev. A 81, 051402 (2010)

A 12.4 Tue 11:30 V47.03
Time-Resolved Photoelectron Diffraction in Laser-Aligned
Molecules at Free-Electron Lasers — eDENIS ANIELSKI!'Z,
ALaA AL-SHEMMARY3, REBEccA BoLrL2, LAUGE CHRISTENSEN?,
SANKAR DE?, StarHE! DziarzuyTski®, BEnjamiN Erk!2, JocHEN
Kupper®S, TereENCE MuLLINS®, HArRALD REDLIN®, DANIEL
RorLLes”, ArrtEM Rubenko!?, KIrsTEN ScuNoRrR?, HENRIK
STAPELFELDT?, STEPHAN STERN®®, SEBASTIAN TRIPPEL?, and
Joacumm UrLricu!?2 — Max Planck Advanced Study Group, CFEL,
Hamburg — 2MPI fiir Kernphysik, Heidelberg — 3DESY, Hamburg
— 4University of Aarhus, Denmark — °CFEL, DESY, Hamburg —
SUniversitit Hamburg — "MPI fiir medizinische Forschung, Heidel-

berg

The possibility to obtain femtosecond time-resolved information on
single molecules with Angstrom spatial resolution is one of the driving
forces for the development of short-pulse VUV and X-ray sources such
as FELs. Time-resolved photoelectron diffraction allows to investigate
fundamental chemical reaction dynamics in small to medium-sized or-
ganic molecules. At FLASH, OCS molecules were adiabatically aligned
using a ns Nd:YAG laser ({cos?(#))ap = 0.82), dissociated with a fs
Ti:Sa laser and then photoionized by the FEL for different delays be-
tween Ti:Sa and FEL. A velocity map imaging spectrometer recorded
the angular distributions of the photoelectrons. By comparing these
distributions with multiple scattering calculations, the changing geo-
metric structure of the molecule can be made visible.

A 12,5 Tue 11:45 V47.03
Photoelectron Diffraction in Laser-Aligned p-Fluorophenyl-
acetylene (p-FAB) at LCLS — eREeBrcca Bourb?, De-
Nis  ANIELskI'2, CHRIsSTOPH BoSTEDT3, LAUGE CHRISTENSEN?,
Ryan Corree®, SaNkarR Dr?, Sascua Eprpl2) Benjamin Erk!b?2,
Lurz Foucar!®, Jocumen Kupper®”7, DanieL RorLes!®, Ar-
NAUD Rouzee®, BeNeEpikT RUDEK!2, ArTEM RUDENKO!2, HEN-
RIK STAPELFELDT?, STEPHAN STERN®, SEBASTIAN TRIPPELS, and
Joacumm Urrricu!? — Max Planck Advanced Study Group at
CFEL, Hamburg, Germany — 2Max Planck Institute for Nuclear
Physics, Heidelberg, Germany — 3SLAC National Accelerator Labora-
tory, Stanford, USA — 4Aarhus University, Denmark — ®Max Planck
Institute for Medical Research, Heidelberg, Germany — SCFEL, Ham-
burg, Germany — 7 University of Hamburg, Germany — $Max Born
Institute, Berlin, Germany

Photoelectron diffraction patterns of adiabatically laser-aligned and
mixed-field oriented p-FAB molecules were measured using femtosec-
ond FEL-pulses at different photon energies at LCLS. Ions and
electrons were recorded simultaneously in a double-sided velocity
map imaging spectrometer installed in the CFEL-ASG MultiPurpose
(CAMP) chamber. From the obtained angular distributions of the pho-
toelectrons that are emitted and scattered within a single molecule, it
is possible to retrieve information on the molecular structure on an
Angstrom length scale.

A 12.6 Tue 12:00 V47.03
Coulomb explosion imaging of small organic molecules
at LCLS — eBenjamiN Erx!2, ArrEM RUDENKO!2, DANIEL
RorLes!3, BEneEDIKT RUDEKY2, LuTz Foucar!b3, Sascaa Eppl2,
Max Cryre®, ILmMe ScHricHTING!3, ARNAUD RoUzEE*, AXEL
HunDERTMARK?, TATIANA MARCHENKO®, MARK S1MON®, CHRISTOPH
BosTepT®, SEBASTIAN ScHORB®, Kivosur Urpa’, Craus DIETER
ScHroeTER?, and JoacuiM UrrLricu'? — IMax-Planck ASG at
CFEL, DESY, Hamburg, Germany — 2MPI fiir Kernphysik, Hei-
delberg, Germany — 3MPI fiir Medizinische Forschung, Heidelberg,
Germany — 4MBI, Berlin, Germany — SLCPMR, Paris, France —
SLCLS, SLAC National Accelerator Laboratory, Menlo Park, USA —
TIMRAM, Tohoku University, Sendai, Japan

Fragmentation of small organic molecules by intense few-fs soft X-ray
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FEL-pulses has been studied using Coulomb explosion imaging. To
increase and localize X-ray absorption, we studied methylselenol and
ethylselenol compounds containing one high-Z atom, selenium. The
experiment was conducted in the CFEL-ASG Multi-Purpose (CAMP)
end station installed at the AMO beamline of the LCLS at Stanford.
By measuring kinetic energies and emission angles of few ionic frag-
ments in coincidence as a function of FEL intensity, we study sequen-
tial multi-photon absorption and reconstruct fragmentation pathways
as well as molecular geometry at the moment of explosion. The results
yield unique information on structural rearrangement and charge redis-
tribution in the molecule, which has direct implications for radiation
damage induced by intense X-ray pulses.

A 12.7 Tue 12:15 V47.03
Molecular dynamics studied with XUV pump—probe exper-
iments — Yuna1 Jianc!, eARNE SENFTLEBEN!, MoriTz KUrkal,

ArTEM RUDENKO?, KIRSTEN SCHNORR!, GEORG ScHMID!, KRISTINA

MEevYER!, THoMAs PreIFER!, LuTZz Foucar?, OLIVER HERRWERTH?,
MartHias KUBELS, MarTHiAs KLING3, JoacHIM ULLRIcH!, CLAUS-
DIETER SCHROTER!, and RoBERT MosHAMMER! — !Max-Planck-
Insitut f. Kernphysik, Heidelberg — 2Max-Planck Advanced Study
Group, Hamburh — 3Max-Planck-Institut f. Quantenoptik, Garching

Present free-electron lasers deliver pulses of extreme ultra-violet
(XUV) radiation as short tens of femtoseconds. This enables to study
molecular dynamics in real time using the pump-probe technique:
Here, one pulse ionizes the molecule and initiates changes to its struc-
ture, while a time-delayed second pulsed induced Coulomb explosion.
By measuring the momenta of the resulting fragment ions with a re-
action microscope, we can reconstruct the molecular structure at the
time of the second pulse. Through variation of the time-delay from
shot to shot, a “molecular movie” is taken. We will show results from
our recent investigations of dissociating diatomic molecules (D3, Nag,
I2) and isomerization reactions in acetylene and ethylene.



