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Dynamics of rare-gas clusters in intense sub-10 fs laser
pulses — oS1vA RaMA KRISHNAN!, ROBERT MOSHAMMER!, JOACHIM
ULLrIcH!, and KRISHNAMURTHY MANCHIKANTI? — 'Max Planck In-
stitut fuer Kernphysik, Saupfercheckweg 1, D69117 Heidelberg, Ger-
many — 2Tata Institute of Fundamental Research, 1 Homi Bhabha
road, Mumbai 400005, India

The experimental scheme and details of studies on the interaction of
rare-gas clusters with intense sub-10 fs laser pulses are presented in this
poster. Most experimental investigations hitherto have used femtosec-
ond laser pulses of durations greater than 25fs on rare-gas or metallic
cluster systems. In our study we use much shorter pulses to gain a
better understanding of the dynamics in the sub-10fs regime.
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Auto-detaching multi-electron superexcited state in free Cgg
anions probed by photoelectron spectroscopy — eMATTIAS
SVANQVIST and BERND VON ISSENDORFF — University of Freiburg

In photoelectron spectra of Cg, irradiated by nanosecond laserpulses,
evidence of electron Auger-like auto-detachment processes have pre-
viously been observed. To gain insight into the origin of this feature
we have conducted a detailed study by investigating the photoelectron
spectra for a photon energy range range of 3.8 to 4.8 eV. We observe
a linear dependence of the peak position in the binding energy spectra
on the photon energy as expected for auto-detachment, which allows
us to determine the excitation energy of the autodetaching state as
about 3.5 eV. The large photon energy range over which the feature
is observable indicates a relaxation to a common state from which the
auto detachment occurs. DFT calculations show that there is indeed a
gap in the density of excited states in this energy region. Moreover, we
have measured a red shift in the kinetic energy of the auto-detached
electrons with increasing temperature. With a simple semi-empirical
model we show that this shift is linear in the vibrational energy. An
offset between the shifts of two different wavelengths supports a pic-
ture where the system transforms excess photon energy into vibrational
energy before auto-detachment.
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X-ray photoionization spectroscopy of size selected aluminum
cluster cations — eMARLENE VOGEL!', KONSTANTIN HIrRScH!, AN-
DREAS LANGENBERG!, JURGEN ProBsT!, ROBERT RICHTER!, JOCHEN
RITTMANNY, VICENTE ZAMUDIO-BAYER!, THOMAS MOLLER!, BERND
VON IsSENDORFF2, and ToBias Laul — !Technische Universitit
Berlin, Institut fiir Optik und Atomare Physik, EW 3-1, Harden-
bergstraBe 36, D-10623 Berlin — 2Universitdt Freiburg, Fakultit fiir
Physik, Stefan-Meier-Strafle 21, D-79104 Freiburg

X-ray absorption spectroscopy of size selected clusters has become fea-
sible with the use of ion traps to increase target density and absorption
length. Here we present first results on 2p X-ray absorption of size se-
lected Al (n=1-14) clusters. Cluster size dependent changes in the
electronic and geometric structure can be deduced from the spectra.
Since direct 2p photoionization is associated with a specific ion yield
channel, direct and resonant photoionization can be distinguished, giv-
ing access to core level photoionization thresholds of size selected clus-
ters for the first time. We will present first results and compare the
size dependence of the aluminum 2p photoionization threshold to the
image potential model.
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a closer look to the size dependence of the PES for water
clusters:Inernalization of the electron and magic numbers
— eLEI Mal!:2, FABIEN CHIROT!, and BERND VON ISSENDORFF! —
1Stefan-Meier-Str.21 79104 Freiburg — 2Nanjing University, Jiangsu
Provience, China

ABSTRACT We have recorded photodetachement spectra for cold wa-
ter cluster anions. By a careful analysis of the spectral shape, we show
that the spectral feature assigned to isomer I in previous work [1] has
to be seen as the mix of the contributions from two classes of isomers
with a slightly different VDE. As size increases, only the high binding
energy contribution is left. Together with recent results from Ref[2],
this allows to thinking of an alternative scenario for the electron in-
ternalization involving clear structural transitions. On the other hand,
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we note a particularly non monotonic behaviour of the recorded VDE
with respect to size in the range n = 50 to 56, which is correlated with
a marked structure in the measured mass spectrum.

[1]Aster Kammrath, Jan R. R. Verlet, Graham B. Griffin, and
Daniel M. Neumarka THE JOURNAL OF CHEMICAL PHYSICS 125,
076101 (2006) [2]Characterization of Excess Electrons in Water-Cluster
Anions by Quantum Simulations Science 309, 914 (2005)
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Interference structure in photoelectron spectra of cluster-
anions by double pulse excitation — eRAPHAEL KUHNEN,
CHRISTOF BARTELS, CHRISTIAN HOCK, and BERND VON ISSENDORFF
— Universitét Freiburg, physikalisches Institut, Stefan-Meier-Strasse
19, D-79104 Freiburg

Interference of free electron wave packets generated by femtosecond
double pulses which detach the excess electron of anionic atoms and
clusters is investigated. Pulse sequences have been shown to be a pow-
erful tool to study interference effects in molecular and atomic systems
and controll the quantum mechanical phase of the statel»2.

The experiment is done by one and two photon excitation with both
parallel and perpendicular laser polarisation and an angle resolved pho-
toelectron detection. In particular detaching the electron of the system
via excitation of a resonant state offers a tool to study processes lead-
ing to decoherence of the system at ultra short timescales.

I Bouchene et al., Eur. Phys. J. D, 2, 131 (1998)

2 Wollenhaupt et al., Phys. Rev. A, 68, 015401 (2003)
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Local electronic structure of exohedral, endohedral, and
magic doped silicon clusters — JOCHEN RITTMANN!, MAR-
LENE VOGEL!, KONSTANTIN HIrscH!, ANDREAS LANGENBERG!,
PuiLipp  KLAR', JURGEN ProBsT!, ROBERT RICHTER!, FABIAN
LOFINK!, VICENTE ZAMUDIO-BAYER!, THOMAS MOLLER!, BERND VON
IsSENDORFF2, and ToBIAS LAu! — Technische Universitit Berlin, In-
stitut fiir Optik und Atomare Physik, EW 3-1, Hardenbergstrafie 36,
D-10623 Berlin — 2 Albert-Ludwigs-Universitéit Freiburg, Fakultit fiir
Physik, Stefan-Meier-Strafie 21, D-79104 Freiburg

Because of its element specific nature, X-ray absorption spectroscopy is
a perfect tool to study the local electronic structure of individual con-
stituents of binary clusters. We apply this method to transition metal
doped Si;! clusters in the size range of n=4-19 and show how geometric
and electronic structure are interlinked in ‘magic’ VSiE and ‘close-to-
magic’ TiSii% and C1rSi1"6 clusters. The high symmetry of these doped
silicon cages is evident from X-ray absorption spectra at the transi-
tion metal and silicon 2p edges. Determination of the direct silicon 2p
photoionization threshold reveals electronic shell closure and a large
HOMO-LUMO gap in VSifﬁ. The transition from exohedral to endohe-
dral doping is reflected in changes of local electronic structure of Sc, T1,
V, Cr, and Mn doped Si; clusters. While the local magnetic moment
seems to be quenched in TiSii*'67 VSii*'67 and CrSif@ we find spectral
signatures of a local d® configuration at the Mn dopant in MnSiﬂ,
indicating a high magnetic moment in this doped semiconductor cage.
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Angle resolved photoelectron spectroscopy of small alu-
minum clusters — eADAM PIECHACZEK, CHRISTIAN HOCK, RAPHAEL
KUHNEN, CHRISTOF BARTELS, and BERND V.ISSENDORFF — Fakultét
fiir Mathematik und Physik, Universitit Freiburg, Stefan-Meier Str.19,
79104 Freiburg

Angle and energy resolved photoelectron spectroscopy of small, size-
selected Al,, clusters (n = 3...12) has been performed. The electrons
are photodetached by a ns laser pulse with photon wavelengths be-
tween 308 nm and 645 nm.

The photoelectron angular distributions (PADs) of the outgoing elec-
trons contain information about the angular momentum character
of the bound state electrons. In the case of one photon excitation
the PADs can be described by a single anisotropy parameter (3. This
parameter has been extracted for transitions from electrons detached
from different bound states of the clusters as a function of photon
energy. The data is compared to our results for sodium clusters. In
contrast to sodium, aluminum has three valence electrons per atom,
and the influence of the lattice is expected to be much stronger than
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in the case of sodium.
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Size dependence of L33 branching ratio and 2p core hole
screening in X-ray absorption of transition metal clusters
— oKONSTANTIN HirscH!, JOCHEN RITTMANN!, MARLENE VOGEL!,
VICENTE ZAMUDIO-BAYER!, ANDREAS LANGENBERG!, PHILIPP KLAR!,
JURGEN PRroBST!, ROBERT RICHTER!, FABIAN LOFINK!, THOMAS
MOLLER!, BERND VON ISSENDORFF?, and ToBIAS LAu! — ! Technische
Universitdt Berlin, Institut fiir Optik und Atomare Physik, EW 3-
1, Hardenbergstrafie 36, D-10623 Berlin — 2Universitit Freiburg,
Fakultét fiir Physik, Stefan-Meier-Strafle 21, D-79104 Freiburg

Only very recently the first X-ray absorption spectra of size-selected
free clusters could be recorded [1], marking an important breakthrough
on the way to a detailed study of the local electronic structure of iso-
lated nanoparticles. To achieve this aim, size-selected metal cluster
cations were accumulated and studied in a linear ion trap. For the
3d transition metals Ti, V, Cr, Mn, Fe, and Co an atomic multiplet
structure is only present up to the trimer, while tetra- and pentamers
already show bulk-like line shapes. The L2 3 branching ratio and the
Ls X-ray absorption onset, however, evolve over a much larger size
range. Our analysis shows that the evolution of the Lg 3 branching
ratio in 3d transition metals is independent of their effective 2p spin-
orbit splitting and can rather be attributed to size-dependent electron
delocalization and core hole screening effects. Furthermore, we show
how spectral features in L2 3 X-ray absorption of bulk transition met-
als can now be traced back to their atomic origin.

[1] J.T. Lau et al., Phys. Rev. Lett. 101 153401 (2008).
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Untersuchung massenselektierter Metallcluster unter Einwir-
kung von Laserfeldern in einem mobilen Paulfallensystem —
eMARTIN ARNDT, GERRIT MARX und LUTZ SCHWEIKHARD — Institut
fiir Physik, Ernst-Moritz-Arndt-Universitiat, 17489 Greifswald

Zur Untersuchung von massenselektierten Metallclustern unter Ein-
wirkung eines Laserfeldes wurde im Rahmen des SFB 652 ein mobiles
Paulfallensystem aufgebaut und getestet. Die geladenen Metallcluster
werden in einer Magnetron-Sputterquelle erzeugt und dann in einer
linearen Paulfalle akkumuliert, selektiert und gekiihlt. AnschlieSend
werden die Ionen gebiindelt in eine zweite lineare Paulfalle transfe-
riert. Die Geometrie dieser linearen RF-Falle ist radial offen gestaltet
um die Cluster-Laser-Wechselwirkung zu vereinfachen und gleichzeitig
den Nachweis der Reaktionsprodukte zu erméglichen.
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Nano-plasma formation in clusters exposed to XFEL pulses:
consequences for intra-atomic processes — oCHRISTIAN GN-
ODTKE, ULF SAALMANN, and JAN-MICHAEL ROST — Max-Planck-
Institut fiir Physik komplexer Systeme, Nothnitzer Strafie 38, 01187
Dresden

We investigate the nano-plasma formation in neon clusters induced by
intense femtosecond X-ray free electron (XFEL) pulses with a photon
energy of 1keV, sufficient for K-shell photo-ionization of neon. Due to
the low photon energy the trapping of photo-electrons becomes pos-
sible in larger clusters and a nano-plasma is formed. Electrons, which
are emitted when a K-shell hole is filled in an Auger-process, may still
escape leading to a delay in the build up of charge in the cluster, given
by the typical Auger-decay time of about 2.5fs. The strong internal
fields of the charged cluster lead to a delocalization or even ionization
of the valence electrons, which has been predicted to lead to a reduc-
tion of Auger-decay rates [1]. We investigate how this reduction may
become visible in the ionic charge states in a pump-probe scenario with
two XFEL pulses by means of a molecular dynamics simulation com-
bined with quantum-mechanical transition rates for photo-ionization
and Auger-decay [2].

[1] U. Saalmann and J.-M. Rost, PRL 89, 143401 (2002)

[2] Ch. Gnodtke, U. Saalmann and J.-M. Rost, submitted (2009)
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Photoelectron spectroscopy of potassium cluster anions —
oKIRAN MAJER, LEI MA, and BERND VON ISSENDORFF — Institute of
Physics, University of Freiburg, Stefan-Meier-Strafle 21, 79104 Freiburg

The electronic structure of medium sized potassium clusters (K, , n:
number of potassium atoms) was investigated by photoelectron spec-
troscopy (PES). The obtained spectra can be compared size by size

with spectra of sodium clusters from previous measurements. Espe-
cially the electronically signalized cluster sizes (e.g. shell closings) bear
resemblance. Nevertheless there are other sizes which lack of any sim-
ilarities.

Both, Potassium and Sodium pertain to the alkali metals. They
posses a s! valence electron and a rare gas electron core configuration,
which make the bulk alkalis to the simplest of metals. For these ”free
electron” systems one can expect similarities in spectral features of the
PES. However, the deviations show, that the geometrical structure of
cluster, even for the simple metals, can have an essential influence on
his electronic configuration.
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Recursive Algorithm for Generalized Bessel Functions —
oERrRIK LOTSTEDT! and ULricH D. JENTSCHURA'? — !Max-Planck-
Institut fiir Kernphysik, Saupfercheckweg 1, D-69117 Heidelberg —
2Department of Physics, Missouri University of Science and Technol-
ogy, Rolla MO65409, USA

The generalized Bessel function (GBF), introduced by Reiss [1], is
ubiquitous in the theoretical treatment of laser-matter interaction. By
providing a Fourier expansion of the laser-dressed electron states, this
special function can be used to write down analytic expressions for
quantum mechanical matrix elements of laser-related processes, both
nonrelativistic and relativistic ones. However, there are few reliable
numerical algorithms to evaluate the GBF, compared to, for exam-
ple, the vast amount of literature and software existing for the usual
Bessel function. We demonstrate a new recursive algorithm for nu-
merical evaluation of large arrays of GBFs [2], which is both fast and
accurate. The algorithm is based on the recurrence relation satisfied
by the GBF.

(1] H. R. Reiss, J. Math. Phys. 3, 59 (1962).

(2] E. Lotstedt and U. D. Jentschura, submitted (2008).
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Charge Breeding in Dresden EBIT/S systems — ¢ ALEXANDRA
SiLze!, SABRINA GEYER?, OLIVER KESTER?, ERIK RITTER!, ALEXEY
SokoLovZ, FALK ULLMANN3, and GUNTER ZSCHORNACK! — !Institut
fiir Angewandte Physik, Technische Universitat Dresden, Germany —
2Gesellschaft fiir Schwerionenforschung mbH, Darmstadt, Germany —
3Dreebit GmbH, Dresden, Germany

Research in nuclear physics has brought up the request for experi-
ments with high-Z radioactive ions accelerated to the Coulomb barrier
and beyond. An efficient way of providing this kinetic energy is charge
breeding, i.e. to inject low charged ions into an ion source which con-
verts them into highly charged ions before the actual acceleration takes
place. Charge breeding is also interesting for high-precision mass mea-
surements using Penning traps since the accuracy of such experiments
is directly proportional to the charge state of the investigated ion.

Electron beam ion traps or sources (EBIT/S) are of great interest
for such applications because of their capability of providing beams
of high purity and overall quality. Charge breeding with EBITs has
been achieved successfully reaching breeding efficiencies of up to 18 %.
The purpose of our work is to test the charge breeding performance of
Dresden EBIT/S systems using permanent magnets instead of super-
conducting coils. This results in several advantages such as a compact
and transportable design, operation at room temperature and, thus,
the economization of resources.

We will present simulations for planned experiments as well as first
results and measurements of source characteristics.
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Non-equilibrium Green function approach to photoioniza-
tion processes — eDAVID HOCHSTUHL, SEBASTIAN BAUCH, KARSTEN
BALZER, and MICHAEL BONITZ — Institut fiir theoretische Physik und
Astrophysik, Leibnizstrale 15, 24098 Kiel

Recent progress in the experimental investigation of inner-atomic
multi-electron processes, such as time-resolved Auger decay [1] and
shake up processes by means of time-resolved stong field tunnelling [2]
demands for a time-resolved correlated theoretical description.

We present a quantum kinetic approach based on the formal-
ism of non-equilibrium Green functions. Starting from the correlated
equilibrium state obtained by the solution of Dyson’s equation, the
Keldysh/Kadanoff-Baym equations are solved within the second Born
approximation, the first perturbative correction to the Hartree-Fock
mean-field.

For an efficient modelling of ionization processes we introduce an
approximation scheme, which provides a complete single-particle de-
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scription of the continuum, while the model atom is considered as
correlated. This allows for a systematic time-resolved investigation of
the above mentioned effects.

[1] Drescher et al, Nature (London) 419 803-807 (2002)

[2] Uiberacker et al., Nature (London) 446 627-632 (2007)
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Origin for the high harmonic spectral minimum in Ny —
eMARKUS GUHR, BRIAN K. McCFARLAND, JOSEPH P. FARRELL, and
Puiuie H. BucksBauM — Stanford PULSE Institute, SLAC National
Accelerator Lab, Menlo Park, CA 94025 and Physics Department,
Stanford University, Stanford CA 94305, USA

High harmonic generation is decomposed into three steps including
1) ionization from the highest occupied orbital, 2) acceleration of the
ionized electron in the laser field and 3) recombination of that elec-
tron with the ionized orbital transferring the electron kinetic energy
into a photon. Destructive interferences between the recombining free
electron wave and the ionized molecular orbital modulate the high har-
monic amplitude and phase according to a geometrical model [1]. We
observe a phase jump accompanied by a spectral minimum for HHG in
Na. In alignment experiments, the minimum shifts to lower harmon-
ics for increasing the angle between the molecular axis and harmonic
generation polarization. Furthermore, the minimum shifts to higher
harmonics with increasing harmonic generation intensity. We find that
the features observed in Ng cannot be fully explained by a geometrical
model and discuss alternative approaches via a multi-orbital model [2].
[1] Lein et al., Phys. Rev. A, 66, 023805 (2002)

[2] B. K. McFarland, J. P. Farrell, P. H. Bucksbaum and M. Giihr,
Science 322, 1232 (2008)
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Breit interaction effects on the alignment of highly—charged
heavy ions following dielectronic recombination — ANDREY
SURZHYKOV!:2, e THOMAS STOHLKER!':2, and STEPHAN FRITZSCHEZ:3
— 1Universitéit Heidelberg — 2GSI Helmholtzzentrum fiir Schwerio-
nenforschung GmbH — 3Frankfurt Institute for Advanced Studies

Dielectronic recombination (DR) is a resonant process in which a free
electron is captured by a heavy ion under the simultaneous excita-
tion of a bound electron, and where the resulting multiply excited ion
is subsequently stabilized by photon emission. During recent years,
this resonant capture has attracted a lot of interest, both by experi-
ment and theory, since it provides a unique tool in order to investigate
the electron—electron (e—e) interaction in the presence of strong fields.
Sizeable effects due to the relativistic (Breit) contribution to the e—e
interaction were predicted especially for the capture cross sections and
confirmed in recent DR experiments with Li-like heavy ions [1].

In contrast to DR cross sections, much less is known of how the
Breit interaction influences the alignment of the residual ions. In this
contribution, we present the density matrix formalism for describing
the magnetic sublevel population of the excited ionic states following
DR. Based on this formalism, we show that the Breit interaction be-
tween the electrons may qualitatively affect the alignment of heavy
ions and, hence, the angular distribution and polarization of the sub-
sequent photon emission. Detailed calculations are presented for the
DR of initially H- and Li—like iodine, bismuth and uranium ions.

[1] N. Nakamura et al., Phys. Rev. Lett. 100 (2008) 073203.
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Charge state selective observation of resonant electron-ion
recombination processes in the Heidelberg-EBIT — LODEWIJK
ARNTZEN, ®SVEN BERNITT, RAINER GINZEL, HIRO TAWARA, CHRISTIAN
BEILMANN, Josi R. CRESPO LOPEZ-URRUTIA, and JoACHIM ULLRICH
— Max-Planck-Institut fir Kernphysik, Saupfercheckweg 1, 69117 Hei-
delberg

In an experiment at the Heidelberg-EBIT we observed dielectronic re-
combination in helium-like and lithium-like krypton, comparing the
flux of extracted ions in neighbouring charge states, which were sepa-
rated using a bending magnet and imaged with a multichannel plate
detector equipped with a delay-line anode. In contrast to x-ray spec-
troscopic measurements, a striking feature of this method is the possi-
bility to resolve resonances of ions in different charge states, even when
they are blended in the x-ray spectrum. The experimental data were
compared to predictions of DR cross sections, obtained with MCDF
calculations and showed very good agreement.

In future experiments, it might be possible to detect resonant re-
combination processes of higher order, like trielectronic recombination
(TR), which have recently been found at the Heidelberg-EBIT by spec-

troscopic methods.
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Kinematically complete (e, 2e) measurements of argon and
argon dimers — THOMAS PFLUEGER, XUEGUANG REN, ARNE SEN-
FTLEBEN, ALEXANDER DORN, and JOACHIM ULLRICH — Max-Planck-
Institute for Nuclear Physics, Heidelberg, Germany

We present measurements of the triply differential cross-sections
(TDCS) for argon and argon dimers for a incident energy of 100eV.
These measurements have been carried out using a so-called reaction
microscope (RM) which allows detection of the ejected electrons and
residual ions over the whole solid angle.

The differences of the compared TDCS for Ar and Arg, though sub-
tle in the projectiles scattering plane, are found to be larger outside
of this plane. There, the dimer shows an enhanced intensity over the
atom which can be explained by an increase of multiple scattering pro-
cesses due to the additional scattering center. Furthermore, compari-
son of recent calculations and the measured TDCS for atomic argon
show considerable discrepancies, even though the theory can reproduce
measured data in the particles scattering plane reasonably.
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Angle-resolved hypersatellite emission following the dielec-
tronic recombination of heavy ions — eSTEPHAN FRITZSCHE!:2,
NicoLal KABACHNIK®, THOMAS STOEHLKER??, and ANDREY
SurzHYKovZ* — 1Frankfurt Institute for Advanced Studies — 2GSI
Helmholtzzentrum fiir Schwerionenforschung GmbH — 3Moscow State
University — 4Universitit Heidelberg

Dielectronic recombination (DR) is an important process in plasmas
that leads to the radiative stabilization of muliple and highly-charged
ions. At GSI Darmstadt, for example, the K — LL dielectronic recombi-
nation of (finally) helium-like uranium U9 ions has been studied in
detail [1], along with its subsequent photon emission. However, while
the measured cross sections are quite well understood already within
an independent—particle model, a remarkable discrepancy was found
for the angular distribution of the Kaj hypersatellite radiation follow-
ing the K — Ly /L3, resonant electron capture [1,2].

In this work, the density matrix theory has been applied to re—
investi-gate the DR of (initially) hydrogen-like ions with regard to
the non—dipole contributions of the relativistic electron—photon in-
teraction. In particular, it is shown how the angular distribution of
the Kag 2 hypersatellite lines is notably influenced by the interference
between the leading electric—dipole E1 and — the much weaker —
magnetic-quadrupole M2 decay channels [3].

[1] X. Ma et al, Phys. Rev. A 68 (2003) 042712.
[2] S. Zakowicz et al, Phys. Rev. A 68 (2003) 042711.
(3] S. Fritzsche et al., Phys. Rev. A 78 (2008) 032703.
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Spin-resolved electron scattering from lead (Pb) and eu-
ropium (Eu) atoms — eVOLKER HAMELBECK and G. FRIEDRICH
HANNE — Physikalisches Institut, 48149 Miinster, Germany

The interactions between low-energy spin-polarised electron beams and
atomic as well as molecular targets have comprehensively been stud-
ied in our group. An interesting aspect of this field are collision ex-
periments on heavy open-shell metal atoms such as Pb and Eu where
spin-orbit and exchange effects occur simultaneously. This is still a dif-
ficult task for theory.
For a description of these processes, the scattering parameters Sp, Sa,
T and U are introduced. Through the polarisation function Sy the
spin-dependence of the DCS is quantlﬁed The other parameters are
determined by measurement of P and P’ the electron polarisation be-
fore and after scattering respectively. These cover distinct effects such
as exchange (I;,T;,T;) and rotation (Uys,Usy) of the electron spin
during scattering.
In our experiments, the spin-polarised electron beam is guided from
a GaAs source to the collision centre where it hits the heavy metal
vapour emanating from an oven. A rotatable spectrometer is used to
collect the scattered electrons whose spin polarisation is determined in
a Mott-detector, subsequently.
In the case of low energy electron scattering from Pb, the angular
distribution of the spin asymmetry function Sy shows a significant de-
pendence on the energy between 11eV and 14 eV. For Eu, first results
of Sy and the exchange parameter 7;, are presented.
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Bound—free pair creation with simultaneous capture of the
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electron in relativistic collisions of highly charged ions —
¢ ANTON ARTEMYEV!, BENASSER NAJJARIZ, ANDREY SURZHYKOV!, and
ALEXANDR VOITKIVZ — 1Universitaet Heidelberg, Germany — 2MPI-
K Heidelberg, Germany

During recent years some experimental and theoretical interest has
arised to the studies of negative-continuum dielectronic recombination
(NCDR) [1], which is new mechanism of electron—positron pair cre-
ation. For the experimental investigation of this process it is important
to know all competitive processes which also yeld the change of the pro-
jectile charge by two units and a positron. Therefore in our contribution
we discuss possible competitive processes. For example, we analyze the
radiative and non-radiative capture of the target electron with simul-
taneous bound-free pair creation. Cross-sections of these processes are
compared with NCDR ones.

[1] A.N. Artemyev et al., Phys. Rev. A 67, 052711 (2003).
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(e,ev)-Koinzidenzexperimente mit spinpolarisierten Elektro-
nen — eFRANK JUTTEMANN und GEORG FRIEDRICH HANNE — Physi-
kalisches Institut, WWU Miinster, 48149 Miinster

Die theoretische Beschreibung der Streuung von Elektronen an Ato-
men erzielte fiir leichte Targets wie z.B. Na in den letzten 10 Jahren
entscheidende Fortschritte, u.a. weil nahezu vollstéandige und sehr ge-
naue Messungen verschiedenster Streuparameter vorlagen, mit denen
theoretische Ansitze verglichen werden konnten. Insbesondere spin-
aufgeloste Messungen trugen hierzu mafigeblich bei. Der Fortschritt
bei der theoretischen Beschreibung fiir komplexe Targets wie Hg ging
jedoch deutlich langsamer von Statten; es ist ein Ziel der Forschungsar-
beit in unserer Arbeitsgruppe, fiir Modell-Targets wie Hg die verschie-
densten Stofiphédnomene (Orientierung, Ausrichtung, Spinaustausch,
explizit spinabhiingige Krifte) gezielt zu studieren und sehr genaue
und moglichst vollstéindige experimentelle Daten zu liefern, die zu ei-
nem &dhnlich erfolgreichen Durchbruch der theoretischen Beschreibung
auch fiir schwere Targets fithren konnte.

Wir berichten iiber abgeschlossene Elektron-Photon-Koinzidenz-
Messungen sowie winkelintegrierte Stokesparameter-Messungen an Hg.
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Dielectronic Recombination of Li- and Be-like Xenon Ions
— oDIETRICH BERNHARDT!, SEBASTIAN Bouwm!, HOLGER KNoPP!,
STEFAN KiesLicu!, PAuL MOKLER!, ALFRED MULLER!, STEFAN
ScurpPERS', WEI SHI', PETER BELLER?, FriTz Boscu?, CARSTEN
BRANDAU?, CHRISTOPHOR KozHUHAROVZ, FRITZ NOLDEN?, and
MARKUS STECK? — !Institut fiir Atom- und Molekiilphysik, Justus-
Liebig-Universitit, 35392 Giessen, Germany — 2Gesellschaft fiir Schw-
erionenforschung (GSI), Darmstadt, Germany

Dielectronic recombination (DR) rate coefficients of Li-like Xe3'*+ and
Be-like Xe®0t have been measured by employing the merged electron-
ion beam technique at GSI’s heavy-ion storage ring ESR in a center-
of-mass energy range from 0 to 550 e€V. Due to the kinematics of the
merged-beams arrangement the highest precision for the determina-
tion of energies can be obtained for resonances at very low relative
energies. During DR, electrons populate highly exited autoionising Ry-
dberg states. These states, particularly in highly charged heavy ions,
lend themselves to precision spectroscopy. The resonance strength and
energy are both sensitive to QED contributions and finite nuclear ra-
dius effects. Measurements with few electron Xenon ions close the gap
between measurements with lighter low electron ions at TSR[1] and
earlier measurements with heavy low electron ions at ESR[2].

[1] S. Schippers et al. Phys. Rev. A. 62, 022708 (2000)

[2] C. Braundau et al. Phys. Rev. Lett. 89, 053201 (2002)
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Collisions of low-energy antiprotons — e ARMIN LUHR and ALE-
JANDRO SAENZ — Humboldt-Universitét zu Berlin, Institut fiir Physik,
Moderne Optik, Hausvogteiplatz 5-7, D-10117 Berlin

During the last decades advances have been achieved in the under-
standing of antiproton (p) collisions with the simplest one- and two-
electron atoms H and He. However, in the case of p + He experiment
and theory did not agree for impact velocities below the mean electron
velocity for more than a decade stimulating a vivid theoretical activ-
ity. Additionally, the conditions for the production of slow antiproton
beams already achieved at the antiproton decelerator AD at CERN
will strongly improve with the upcoming low-energy p facility FLAIR
at GSI. This provides the basis for fundamental physics like tests of
the CPT-invariance or gravity of antimater. Accurate p collision data

can be used for stringent tests of different theoretical approaches.
Theoretical investigations for collisions of p with atomic and molec-
ular hydrogen [1], helium as well as the alkali metal atoms [2] Li, Na,
K, and Rb in an energy range from 1 keV to 6 MeV were performed.
Cross sections for excitation and ionization as well as electron-energy
spectra and stopping power are presented together with comparisons
to results for proton collisions. The calculations are based on a time-
dependent close coupling approach. The present calculations should
also be useful for the design of the new FLAIR facility where, e.g., the
interaction of p with residual-gas atoms is important.
[1] A. Liihr and A. Saenz, Phys. Rev. A 78, 032708 (2008)
[2] A. Lithr and A. Saenz, Phys. Rev. A 77, 052713 (2008)
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State selective, angular differential cross sections for elec-
tron capture in slow collisions of highly charged argon
ions with He and Ne — eYINGLI XUE'2, DANIEL FISCHER!,
STEVEN KNOOP3, MYROSLAV ZAPUKHLYAK*, RAINER GINzZEL!, ToMm
KIRCHNER?, RONNIE HOEKSTRA®, JOSE R. CRESPO LOPEZ-URRUTIA,
ROBERT MOSHAMMER!, and JoacHiM ULLricH! — !Max-Planck-
Institut fiir Kernphysik, Heidelberg, Germany — 2Institute of Modern
Physics, CAS, Lanzhou,China — 3KVI, Atomic Physics, University of
Groningen, Groningen, The Netherlands — 4Institut fiir Theoretische
Physik, TU Clausthal, Clausthal-Zellerfeld, Germany

Single and double electron capture in collisions of slow Ar?t-ions
(¢ > 14) with He and Ne targets have been studied using a ’Reac-
tion Microscope’. For single electron capture, state selective and an-
gular differential cross sections have been obtained. The comparison
with the results of a close-coupling approach — the two-center basis-
generator method (TC-BGM) — yields good overall agreement [1]. For
double electron capture not only the Q-value and the projectile scatter-
ing angle but also — in the case of autoionization — the momenta of the
emitted electrons have been measured. These results will provide first
insight into ultra-fast, femtosecond electron transfer and stabilization
mechanisms occurring in slow collisions between highly charged ions
and atoms and will represent the most sensitive test for theoretical
approaches like TC-BGM.

(1] S. Knoop et al., J. Phys. B 41, (2008) 195203
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High precision measurements on recoil ion momenta using
MOTRIMS — eSIMONE GOETz!, INA BLANK!, TERRY MULLINS!,
WENZEL SALZMANN', MATTHIAS WEIDEMUELLER!, BRETT DEPAOLAZ,
ROLAND WESTER3, ROBERT MOSHAMMER?, DANIEL FISCHER?,
ALEXANDER DORN?, ALEXEY SOKOLOV®, WOLFGANG QUINT®, GABRIEL
HASAN®, REINHARD MORGENSTERN®, and RONNIE HOEKSTRAS —
1 Physikalisches Institut, Universitit Heidelberg — 2Kansas State Uni-
versity, Kansas, USA — 3Physikalisches Institut, Universitit Freiburg
— 4AMPI fiir Kernphysik Heidelberg — 5GSI mbH Darmstadt — SKVI,
Atomic Physics

We present a versatile transportable experimental MOTRIMS setup
consisting of a dark SPOT [1] for Rb atoms combined with a recoil ion
momentum spectrometer (RIMS) [2]. Due to the low thermal spread
of the target atoms, the recoil ion momentum can be measured with
very high accuracy. We will study multiphoton ionization occuring dur-
ing the interaction of the target atoms with ultrastrong laser pulses.
At GSI, the same setup will be used for the investigation of correla-
tion effects in multiple charge transfer processes in collisions between
ultracold atoms and slow highly charged ions.

First experimental results, achieved at the MOTRIMS setup at the
KVI Groningen, on the energy dependence of double electron transfer
in collisions between laser-cooled Na and O%t will be presented.

[1] C. Townsend et al., PRA 53, 1702 (1996)
(2] J. Ullrich et al., J Phys. B 30, 2971 (1997)
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Produktion von HT, H;’ und Hg‘ in Stossen von Het mit
Kohlenwasserstoffen — BARBEL SIEGMANN! und eUpo WERNER?
— 1Fakultit Physik, Technische Universitit Dortmund, 44221 Dort-
mund — 2Fakultit fiir Physik, Universitit Bielefeld, 33615 Bielefeld

Es wurde die Mehrfachionisation und Fragmentation der einfachsten
Alkane (CH4, C2Hg und C3Hg) in Stéssen mit 100-300 keV Het-
Ionen untersucht. Die im Stoss erzeugten Elektronen und Ionen wer-
den durch ein homogenes elektrisches Feld separiert und mit einem
orts- und zeitauflésenden Multi-Hit-Detektor nachgewiesen, der die
koinzidente Messung der Impulsvektoren korrelierter Fragmentionen
erlaubt. Die verwendete Detektoranode gestattet es, auch gleichzei-
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tig auftreffende Fragmentionen getrennt nachzuweisen, so dass neben
Prozessen wie CHy — CHy4_p + Hf auch Fragmentationskanile wie
CHy4 — CH;r + Ht 4+ Ht oder sogar CHy — Ct + 4HT einer kine-
matischen Analyse zuginglich sind. Auf den ersten Blick iiberraschend
ist, dass neben HT und H;—Fragmenten bei diesen Molekiilen auch
H;F—Ionen erzeugt werden. Die Koinzidenzspektren zeigen, dass HT
und H; sowohl in Abspaltungsreaktionen als auch in Multifragmen-
tationen erzeugt werden, wohingegen bei der Produktion von ng das
Kohlenstoffgeriist intakt bleibt.
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The SPARC EBIT; Installation and Commissioning of a Test
Ion Source for the HITRAP Project — eBRrIAN O’ROURKE!,
SABRINA GEYER!, ALEXANDRA SLIZE2, ALEXEY SOLOKOV!, GLEB
VOROBJEV!, DANYAL WINTERS', OLIVER KESTER!, and THOMAS
STOHLKER! — 1 Gesellschaft fiir Schwerionenforschung (GSI), Planck-
strasse 1, D-64291 Darmstadt, Germany — 2Institut fiir Ionen-
strahlphysik und Materialforschung, Forschungszentrum Rossendorf,
Postfach 51 01 19, D-01314 Dresden, Germany

In order to provide an off-line ion source for experiments at the HI-
TRAP project a small permanent magnet electron beam ion trap
(EBIT) has been installed at GSI. HITRAP is a new facility currently
under construction at GSI which will decelerate highly charged ions
(HCI) down to keV energies for use in a range of experiments. Results
from initial commissioning tests of the EBIT will be presented in this
contribution. Measurements of the x-ray spectra of radiation emitted
from the EBIT trap region and the charge balance of the extracted ion
cloud via magnetic and time of flight spectroscopy showed the presence
of HCI in charge states up to Ar'®t, Kr22+ and Xe31*. The EBIT has
now been installed at the HITRAP experimental platform and we also
briefly outline some of the future plans for the source at this platform.
Some applications of the EBIT as a test-bed for instrumentation un-
der development for the SPARC collaboration, part of the new FAIR
facility to be built at GSI, will also be presented.
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Calculation of capture and ionisation processes in ion-water-
molecule collisions — eT0BIAS SPRANGER!, ToM KIRCHNER!, and
HANS-JURGEN LUDDE? — lInstitut fiir Theoretische Physik, TU
Clausthal, Germany — Z2Institut fiir Theoretische Physik, Goethe-
Universitdt Frankfurt, Germany

The Basis Generator Method is a rather sucessful method for calcu-
lating ionisation, transfer, and excitation probabilities for ion-atom
collisions. Since it is a two-centre basis method, an extension is neces-
sary to address ion-molecule collisions. Some tests show that molecular
orbitals (MO) of water can be described with sufficient accuracy in an
atomic oxygen basis. Based on this insight we are developing an ap-
proach to calculate ionisation and capture processes during ion impact
on water molecules. One further aspect of our approach is that we
treat the system as an ensemble of all molecular orientations. By us-
ing the integral of the ensemble density over all orientations we only
need one calculation in order to get mean results for randomly oriented
molecules. First results of proton-water collisions will be presented.
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Relativistic Contraction Studies at Heavy Elements —
eMusTAPHA Laariaour!, DIETER HaBs!, MICHAEL SEwTz!, HARTMUT
Backi?, and WERNER LauTn? — 'LMU, Sektion Physik, Amcoulomb-
wall 1, 85748 Garching — 2Uni Mainz, Institut fiir Kernphysik, 55099
Mainz

Some of the most fascinating studies of the actinides and the trans-
actinides concern the influence of increasingly strong relativistic ef-
fects on the valence-electron configuration of the atoms and its con-
sequences on their chemical behavior. Relativistic effects are caused,
roughly speaking, by a contraction of the wavefunctions of s- and py /2-
electrons. Inner shell electrons influence indirectly via the shielding
of the nuclear potential the valence electrons and, thus, the chemi-
cal properties as well. The quantum mechanical observables 1,4, and
< 72 > are both not only subjected to the above mentioned relativistic
contraction but also reflect the electron configuration of the respective
atoms and ions. Thus, systematic studies of Tmae and < 72 > of ac-
tinides and transactinides will contribute to a better understanding
of the electronic structure in nuclear fields. These observables can be
determined by ion-mobility spectrometry, which is a well established
technique for investigations of the ion mobility of stable elements. An
ion-mobility spectrometer being developed for high-precision studies

of the ion-mobility of actinides and transactinides will be presented.
This work is supported by the BMBF (06 ML2361).
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Theoretical analysis of multiple ionization of Ar-ions in gas
targets — e GERALD SCHENK and TOM KIRCHNER — Institut fiir Theo-
retische Physik, TU-Clausthal, D-38678 Clausthal-Zellerfeld, Germany

Electron stripping cross sections for fast highly-charged ions in gas
targets are of interest for various reasons, e.g. in the framework of the
FAIR project at GSI. We have considered electron loss from sixfold and
eightfold argon ions in helium and argon gases at 10 MeV/amu and
19 MeV /amu, respectively. Our calculations are based on a mean-field
description of the electron dynamics and the nonperturbative basis
generator method for orbital propagation.

In the case of Ar®t we find that a considerable fraction of electron
loss is due to ionization from the L shell. Consequently, LMM Auger
processes can contribute to multiple electron loss of Ar®* ions. In
Ar®t ionization of the K shell also occurs. Even though the probability
is low, most K Auger processes must not be neglected if higher charge
states are of interest. We have taken Auger processes into account and
find indeed a major influence on the final charge-state distributions of
the ions.
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Design of an Ion Deceleration Platform for the Investiga-
tion of Slow Ion-Surface Interactions and Ion-Atom Collisions
— oRAINER GINZEL, STUART HIGGINS, SVEN BERNITT, BENJAMIN L.
SCHMITT, JosE R. CRESPO LOPEZ-URRUTIA, and JOACHIM ULLRICH —
Max-Planck-Institut fiir Kernphysik, Heidelberg, Deutschland

To study the interaction of highly charged ions (HCIs) with surface
or gas targets at low kinetic energies, a novel deceleration platform
was constructed at the Heidelberg Electron Beam Ion Trap (EBIT).
The new experimental setup will provide a slow, monoenergetic, and
well-focused ion beam, allowing both slow ion-surface and ion-atom
collisions to be studied in depth. Surface interaction research topics at
the MPIK focus on the effects of low kinetic energy HCIs incident on
surfaces. Interactions in this regime allow for the study of processes
such as the creation of surface nanostructures, and processes involv-
ing ion impact induced electron emission, both have been previously
investigated at the Heidelberg EBIT at intermediate ion energies. For
ion-atom collisions in the gas phase the setup will allow for the study of
the energy dependencies of single and multiple electron capture cross-
sections at ultra-low impact energies (to 10eV/q). The (n,l)-selective
observation of charge exchange processes, relevant to x-ray astrophysics
and tokamak plasma diagnostics, are principal motives for the imple-
mentation of the new beamline.

The implementation of all beamline components has been completed
and performance tests are underway. First experiments with deceler-
ated HCIs on both surface and gas targets will begin soon.
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Laser assisted tunneling in alpha decay — eHECTOR M.
CASTANEDA, ADRIANA PALFFY, and CHRISTOPH H. KEITEL — Max-
Planck-Institut fiir Kernphysik, Heidelberg, Germany

Tunneling is a fundamental quantum mechanical effect underlying for
many interesting physical processes in different areas of physics. The
possibility of controlling the dynamics of tunnelling processes by ex-
ternal electromagnetic fields is sustained by the success of quantum
control schemes in atomic physics. The advent of new light sources,
with higher power, brilliance and coherence at low wavelengths opens
unprecedented perspectives for related experiments in nuclear physics
[1]. In particular, the tunneling process in nuclear o decay is an obvi-
ous candidate for the study of possible effects due to the interaction
with intense laser fields.

Motivated by this, we calculate a tunneling widths in the frame-
work of the WKB approximation, and investigate its validity in differ-
ent approaches of the tunneling problem[2]. Furthermore, the process
of laser-assisted tunneling in « decay is considered, using realistic pa-
rameters of upcoming coherent light sources both in the visible and in
the x-ray region. Possible coherence effects in assisted « tunnelling are
addressed also for other time-dependent electromagnetic fields, such as
Coulomb excitation, following the formalism developed in [3].

(1] A. Palffy, J. Mod. Opt. 55, 2603 (2008)
[2] N. G. Kelkar and H. M. Castafieda, Phys. Rev. C 76, 064604(2007)
[3] B. Ivlev, Phys. Rev. C 69, 037602 (2004)
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Multiphoton pair creation by relativistic proton and muon
impact on intense laser beams — eSARAH MULLER, Huavyu Hu,
TiM-OLIVER MULLER, and CARSTEN MULLER — Max-Planck-Institut
fiir Kernphysik, Heidelberg

Electron-positron pair production in combined laser and Coulomb
fields is studied, with a focus on recoil effects. To this end, the Feynman
diagram for multiphoton pair creation by muon impact on an x-ray
laser beam is evaluated within the framework of laser-dressed quan-
tum electrodynamics employing relativistic Volkov states. The result
is compared with the known expression for multiphoton pair produc-
tion by a proton which is treated as an external Coulomb field. In the
limit of low laser intensity, both approaches are shown to coincide. The
recoil distribution is calculated numerically and its dependence on the
projectile mass is discussed.
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Hard x-ray harmonics from counter-propagating attosecond
pulse trains — eMARKUS C. KOHLER, KAREN Z. HATSAGORTSYAN,
and CHRISTOPH H. KEITEL — Max-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, 69117 Heildeberg, Germany

High-order harmonic generation with relativistically strong laser pulses
employing highly charged ions is investigated. The magnetically in-
duced drift of an ionized electron hinders the straightforward exten-
sion of the three-step process into the relativistic regime. However,
the efficiency of rescattering can be significantly increased by employ-
ing counter-propagating attosecond pulse trains as fundamental laser
source [1]. Here the electron is ionized by a first pulse undergoing a
drift which can be reversed by a second counter-propagating pulse that
yields the recombination. In this way, the energy of the revisiting elec-
tron at the atomic core can reach the MeV domain. In order to give
evidence of a macroscopic harmonic yield after propagation through
plasma, we analyze the conditions for rendering phase-matching of the
harmonics possible and employ quasi-phase-matching schemes.
[1] K. Z. Hatsagortsyan, et al. J. Opt. Soc. Am. B 25, 93 (2008).

A 34.36 Do 16:30 VMP 9 Poster
Selective excitation of multiple states in atomic sodium by
a single chirped femtosecond laser pulse — Marc KRruc!,
SVETOSLAV IvANOV2, MATTHIAS WOLLENHAUPT!, TiM BAYER!,
oCHRISTIAN Lux!, NIKOLAY V. VITANOV?, and THOMAS BAUMERT!
— 1Universitiat Kassel, Institut fiir Physik und Center for Interdis-
ciplinary Nanostructure Science and Technology (CINSaT), Heinrich-
Plett-Str. 40, D-34132 Kassel, Germany — 2Theoretical Physics Di-
vision - Department of Physics, Sofia University - James Bourchier 5
blvd, 1164 Sofia, Bulgaria

Chirped femtosecond laser pulses generated by spectral phase mod-
ulation are used for strong-field Resonance Enhanced Multi-Photon
Ionization (REMPI) of atomic sodium. Photoelectron Angular Dis-
tributions (PADs) are measured employing a photoelectron imaging
spectrometer. Pronounced differences in the PADs with respect to the
sign of the chirp (up-chirp/down-chirp) are observed experimentally.
We identify three contributing ionization processes, i.e. a (2+1+1)
REMPI, a (34+1) REMPI and ionization via the off-resonant 3p-state.
The experimental data is supported by full quantum mechanical sim-
ulations of the excitation/ionization process. An analytical model to
describe the (24+1+1) excitation channel and the selective excitation
of multiple states is presented in addition.
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Tomographic analysis of photoelectron wave packets from
strong-field excitation of potassium atoms with fs laser
pulses — eMARC KRUG, MATTHIAS WOLLENHAUPT, JENS KOHLER,
TiMm BAYER, and THOMAS BAUMERT — Universitdt Kassel, Institut
fiir Physik und Center for Interdisciplinary Nanostructure Science and
Technology (CINSaT) , Heinrich-Plett-Str. 40, D-34132 Kassel, Ger-
many

We present an approach to employ a photoelectron imaging spectrom-
eter for tomography of 3-dimensional electron wave packets resulting
from excitation and ionization of potassium atoms with fs laser pulses.
Tonization proceeds via a (1+2) Resonance Enhanced Multi-Photon
Tonization process mainly leading to free electron wave packets with
f-symmetry. Analysis of the 3-dimensional wave packets is performed
by rotating the fs laser pulse about the propagation axis and measur-
ing Photoelectron Angular Distributions (PADs) in a tomography-type
procedure. Related to the latter, we present a method to deconvolute
the information stored in the measured 2-dimensional projections in

order to get the density of the 3-dimensional electron wave packet.
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Strong field ionization, rescattering and resonances in the ex-
treme ultraviolet domain — eHOSSEIN EBADI, KAREN HATSAGORT-
SYAN, and CHRISTOPH H. KEITEL — Max-Planck-Institut fiir Kern-
physik, Saupfercheckweg 1, 69117 Heidelberg

Stimulated by the advances in the XFEL (FLASH) radiation sources,
the strong field ionization dynamics is investigated in the short-
wavelength (UV, XUV) domain. The investigation is based on numer-
ical solutions of the time-dependent Schrédinger equation (the nonrel-
ativistic treatment is valid in this frequency domain). The main focus
is the over-the-barrier ionization regimes at high frequencies and the
transition region to the stabilization regime. The strong field ioniza-
tion dynamics is found to be substantially different in the XUV domain
compared with what is known for the infrared regime. In particular,
the atomic structure signatures (resonances) survive up to the over-the-
barrier regime, the rescattering is modified and interference structures
arise in the low-energy photo-electron spectrum.
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Ionization dynamics of Hs in strong fields — eT1M0 WILBOIS and
HANSPETER HELM — Department of Molecular and Optical Physics,
Stefan-Meier-Str. 19, 79104 Freiburg, Germany

We present experimental results from ionization of molecular hydro-
gen in strong laser fields. To assign ionization pathways to the observed
resonant structures, we have calculated spectra for the ionization via
selected intermediate states. Vibrational wavefunctions have been com-
puted with a B-spline method, which then were used for the calculation
of Franck-Condon factors of the transitions of interest.

A novel position-sensitive imaging spectrometer for multiple ion-
electron-coincidence detection and its performance in the application
to the above problem will also be presented.
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Single-shot scattering experiments on clusters at the FLASH-
FEL deliver insight into nm-length- and fs-timescale — eD.
Ruppl, M. Aporpu!, D. WorLter!, S. ScHors!, H. THoMas!, R.
UNTERUMSBERGER!, R. HARTMANNZ, N. KiMMEL?, L. STRUDER2, T.
FrIGEL3, A. RupeNko?*, D. RorLLes?, K.U. KUnNEL®, J. ULLRICH®,
H. WaBniTz8, T. LAARMANN®, R. Trreuscu®, T. MOLLER!, and
C. BostEDT! — 1IOAP / TU Berlin — 2MP Halbleiterlabor —
3Fraunhover IOF — 4ASG / MPG — 5MPI Kernphysik — SDESY

Super-intense, ultrashort x-ray pulses from free-electron lasers allow
imaging of nano structures with single-shot scattering experiments.
The currently achievable resolution is given by the wavelength of the
FLASH FEL in the nanometer regime. In the future atomic length
scales of a few Angstrom can be investigated at the planned X-FELs.

We have performed single-shot scattering experiments at FLASH
on single Xenon clusters with diameters comparable to the wavelength
(20 to 150 nm). Our refocusing optics based on multilayer mirrors,
yielded focal intensities up to 2-10'® W/cm2. With high performance
pnCCDs we were able to aquire single-shot scattering images of one
or two clusters in focus. Through simulations we identified geometri-
cal information, as form, size and configuration. Analysis of the single
cluster images via Mie’s theory provided information about the optical
properties of the clusters during the interaction with the laser pulse.
As the optical constants are correlated to the degree of ionization of
the cluster plasma, we gain insight into the ultrafast dynamics on the
femtosecond timescale.
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Velocity Map Imaging of Xe-Clusters Irradiated with FEL-
Radiation — eSEBASTIAN SCHORB!, RAINER UNTERUMSBERGER!,
PeErR Jonnsson?, HEIKO THomas!, MARC VRAKKINGZ, THOMAS
MOLLER!, and CHRISTOPH BOSTEDT! — Institut fiir Optik und Atom-
are Physik, Technische Universitiat Berlin — ?FOM - AMOLF, Ams-
terdam

We performed first single-shot ion velocity map imaging (VMI) exper-
iments on Xe clusters at the FLASH FEL at HASYLAB in Hamburg.
Xe was resonantly excited at the 4d core level with power densities up
to 1014 W/em?2. A special velocity map imaging spectrometer configu-
ration was used to detect fragments with kinetic energies up to 600 eV’
per charge. By pulsing the detector the kinetic energy distribution of
different species and charge states could be investigated separately.
The images show an isotropic spatial ion distribution and kinetic en-
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ergy distribution changing with the charge state. This could be inter-
preted as an indication for a shell by shell explosion of the clusters.
The data is discussed and compared to recent theoretical predictions.
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Non-sequential Double Ionization of Neon and Argon be-
low the Recollision Threshold — YUNQUAN Liul, SEBASTIAN
Tscuucu!, ARTEM RUDENKO?, MARTIN DURR!, UWE MORGNER3,
oBETTINA FISCHER!, MANUEL KREMER!, ROBERT MOSHAMMER!,
and JoacHiM ULLRicH! — IMax-Planck-Institut fiir Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg, Germany — 2Max-Planck Ad-
vanced Study Group within CFEL, Notkestrasse 85, 22607 Hamburg,
Germany — 3Universitit Hannover, Welfengarten 1, 30167 Hannover,
Germany

Kinematically complete experiments for single and double ionization of
argon and neon in ultra-short (28 fs) laser pulses (800 nm) at intensities
below and close to the classical recollision threshold for non-sequential
double ionization are presented. In contrast to high intensity results we
observe a dominant back-to-back emission of both electrons for double
ionization of Ar below the threshold. The relationship between sin-
gle and double ionization is discussed and the fundamental question
of double ionization in strong laser fields is addressed. The transverse
momentum distributions of electrons provide new insights into the role
of the so-called Coulomb focusing effect.
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Phasenstabile Pump/Probe Messungen mit einem Reakti-
onsmikroskop — eCHRISTIAN HOFRICHTER!, BETTINA FISCHER!,
MANUEL KREMER!', ARTEM RUDENKO!, MATTHIAS LEZIUS?, ROBERT
MosHAMMER! und JoacHiM ULLRICH! — !Max-Planck-Institut fiir
Kernphysik, 69117 Heidelberg, Germany — 2Max-Planck-Institut fiir
Quantenoptik, 85748 Garching, Germany

Bei ultrakurzen Laserpulsen mit nur wenigen optischen Zyklen (6 fs)
spielt die Phase zwischen Trigerwelle und Einhiillenden des Pulses
(die sogenannte CEO-Phase) eine wichtige Rolle. Die Stabilisierung der
CEO-Phase ermoglicht es, Effekte in Atomen und Molekiilen zu unter-
suchen, die vom zeitlichen Verlauf des Laserfeldes abhingen. Mit der
f-2f-Technik kann die Phase mit einer Genauigkeit von 0.2 rad durchge-
stimmt werden. Ein Stereo-ATI-Spektrometer ermdoglicht es zusétzlich
die Phase in Echtzeit sichtbar zu machen. Durch diese unabhingige
Messung des Phasenverlaufs konnen Langzeitdrifts sofort erkannt wer-
den. Es konnte damit gezeigt werden, dass die Phase auch bei Messun-
gen iiber mehrere Stunden stabil bleibt. In geplanten Pump-Probe-
Experimenten an Atomen und Molekiilen soll das Verhalten der Elek-
tronen sowohl im Pump- als auch im Probepuls zeitaufgelost unter-
sucht werden. Die dabei entstehenden geladenen Fragmente werden mit
einem Reaktionsmikroskop detektiert, das die vollstdndige und koinzi-
dente Messung der Impulsvektoren und die Unterscheidung verschie-
dener Reaktionskanéle erlaubt. Das Lasersystem und erste Messungen
zur Dissoziation von H2 werden vorgestellt.
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Ultrashort pulse propagation in atomic Rubidium — eWENJIA
ZHONG!, CHRISTOPH MARQUARDT!, ULRIK L. ANDERSEN?, and GERD
LeucHs! — 'MPI fiir die Physik des Lichts, Erlangen, Germany —
2Department of Physics, Technical University of Denmark, Lyngby,
Denmark

We investigate the propagation of 130-fs laser pulses through high den-
sity atomic Rubidium vapor. We measure the pulse spectra using a high
resolution spectrometer both for the laser on resonance of the Rb Dy
line and for the laser detuned such that the resonance frequency is in
the wing of the pulse spectrum.

For pulse areas below 7, the expected Lorentzian dip at the reso-
nance frequency increases with the light intensity. At pulse areas above
7, the behavior is more complicated. Its dependence on pulse detuning,
absorption path length and the spatial mode is studied.
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Single ionization of He with carrier-envelope-phase (CEP) stabilized
few-cycle (= 5 fs), intense (4*101% W /cm?) laser pulses (740 nm) was
studied using a Reaction Microscope. The recorded 3-D electron (and
ion) momentum spectra exhibit a preferential emission of low-energy
electrons (E.<15 eV) to either hemisphere as a function of the CEP.
Clear parallel interference stripes emerge in momentum-space at CEPs
with maximum asymmetry, which are interpreted as attosecond holo-
graphic ”self”-images of re-scattered electron wave-packets. The results
are in qualitative agreement with a simple model and TDSE calcula-
tions.
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For the first time a systematic study on multiphoton ionization (MPI)
of atomic lithium by near-infrared fs-laser pulses has been conducted in
both, experiment and theory. Due to its low ionization energy lithium
shows a qualitatively different behavior compared to the widely stud-
ied noble gases. The classical over-the-barrier intensity where the elec-
tron is essentially field ionized is attained for a Keldysh parameter of
roughly 5, i.e. deep within the MPI domain. Thus, lithium provides an
excellent target to observe a direct transition from MPI to over-the-
barrier ionization (OBI).

In the experiment Ti:Sa laser pulses of 30 fs duration and Acentral =
775 nm were focused onto an ultra-cold sample (T = 1 mK) of lithium
to reach peak intensities between 10'! and 10'* W/cm?. In the cal-
culation the lithium atom is described in the frozen-core Hartree-Fock
approximation in order to solve the time-dependent Schrédinger equa-
tion on a grid. To improve the comparability of experiment and theory
several calculated spectra were averaged, weighted with the peak in-
tensity distribution present in the experiment. Both, experimental and
theoretical calculations suggest that the transition from MPI to OBI
manifests itself in an increasing contribution of parity forbidden partial
waves in the continuum wavefunctions.
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We have measured excited neutral fragments with energies of up to
15eV from the strong field dissociation of small molecules (H2, Na,
CO). The kinetic energy spectra of the excited fragments correspond to
those fragmentation processes yielding singly charged ionic fragments,
e.g. from the Coulomb explosion in N2 and Hz or bond softening in
Hy. This suggests that the production of neutral excited fragments
results from a recapture process of an electron into a Rydberg state
by one of the repelling fragment ions. The dependence of the neutral
excited fragment yield on the ellipticity of the laser polarization and
correlated measurements of ionic and excited neutral fragments yield
further evidence for the suggested model. Finally, classical trajectory
calculations within the rescattering model are presented which provide
theoretical support.
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At the Free-electron LASer in Hamburg FLASH [1], we have studied
the multi-photon ionization of rare gas atoms under the extreme condi-
tions of ultra-high intensities in conjunction with short wavelengths. In
the extreme ultra-violet (EUV) range at the wavelength of 13.7 nm, the
generation of Ne”, Ar7*, Kr7*, and Xel9t ions was observed under
equivalent conditions at irradiance levels up to 2:10'® W cm™2. The
comparison demonstrates the particular behaviour of Xe compared to
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other gases which hardly can be explain within standard theories de-
veloped for optical radiation and based on ponderomotive motion of
free electrons. In the EUV range, the electron structure of individual
targets and the excitation of resonances play a significant role to de-
scribe the mechanisms of light-matter interaction. In particular, the
high degree of non-linear photoionization of Xe and the unexpected
irradiance dependence of the higher charge states obtained [2] might
be explained by collective giant 4d inner-shell resonance and the wave
character of EUV laser light.

[1] W. Ackermann et al., Nat. Photon. 1, 336 (2007) [2] A.A. Sorokin
et al., Phys. Rev. Lett. 99, 213002 (2007)
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Few-photon multiple ionization of Ng was studied differentially in a Re-
action Microscope using 43.5 eV, ~25 fs, intense (~10'3 W /cm?) pho-
ton pulses from the free-electron laser in Hamburg (FLASH). Sequen-
tial ionization is observed to dominate. For various intermediate charge
states NgJr we find a considerable excess of photons absorbed compared
to the minimum number that would energetically be required. Photo
ionization of aligned N§+ ions, produced by photon absorption in se-
quential steps, is explored and few-photon absorption pathways are
traced by inspecting kinetic energy releases and fragment-ion angular
distribution. In the beam-time given just two weeks ago we were able
to successfully commission the split-mirror delay stage and record first
time-dependent data for dissociating Nng molecules at 45.5 eV.
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Coherent nuclear excitation in strongly laser-driven muonic atoms is
calculated. The nuclear transition is caused by the time-dependent
Coulomb field of the oscillating charge density of the bound muon.
A closed-form analytical expression for electric multipole transitions
is derived within a fully quantum mechanical approach and applied
to various isotopes. The excitation probabilities are in general very
small, though not out of experimental reach. We compare the pro-
cess with other nuclear excitation mechanisms through coupling with
atomic shells and discuss the prospects to observe it in experiment.
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We present the results of a kinematically complete experiment on two-
photon double ionization of Ne atoms with intense FLASH radiation
at 44 eV photon energy. Employing the Reaction Microscope spec-
trometer, we were able to detect all three reaction products (a doubly
charged ion and two emitted electrons) in coincidence, which ensures
that no contributions from the competing processes (single ionization
of Ne, ionization of the residual gas etc.) appear in the spectrum, and
allows one us to distinguish the events corresponding to the different
final states of the Ne2t ion. Two-electron energy spectra undoubtedly
confirm the sequential nature of the ionization process. We present

electron angular distributions for the first and the second ionization
step, as well as an angular correlation function, and compare them
with recent theoretical predictions.
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Photoionization cross sections for the three lightest alkali dimer cations
(Lif, NaJ, and LiNaT) were calculated at the equilibrium internu-
clear distance for parallel, perpendicular and isotropic orientations of
the molecular axis with respect to the field. A model-potential method
was used for the description of the cores. The influence of the model-
potential parameters on the photoionization spectra was investigated,
and two different methods, a time-independent and a time-dependent
one, were used for computing the cross sections. Going beyond the
fixed-nuclei approximation from [1], an investigation of the probability
of photoionization as a function of the internuclear distance was made
and will be presented here.

[1] I. Dumitriu, Y. V. Vanne, M. Awasthi, A. Saenz, J.Phys. B:
At. Mol. Phys. 40 1821 (2007).
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The HeH™' molecular ion has been of interest for astrophysics, for the
tritium neutrino mass experiments, and in itself as a model system for
a long time. More recently it has been drawing special attention due
to an FEL experiment (FLASH) performed at DESY, in Hamburg [1].

The Hamburg experiment motivates the calculation of photodisso-
ciation cross sections for both parallel and perpendicular orientations
of the molecular axis with respect to the field, since previous results
existed only for the parallel spectra [2]. An analysis of the two dissoci-
ation channels He + HT (measured in the experiment) and Het + H
was made. The calculations were performed within the adiabatic ap-
proximation, but the importance of the diabatic effects was estimated
using the Landau-Zener formula. Since the experimental value is as-
sumed to be obtained from a mixture of initial vibrational states, this
aspect is also discussed and cross sections for transitions starting from
the vibrational levels v = 0, 1,2, 3,4 are shown.

[1] H. B. Pedersen et al., Phys. Rev. Lett. 98, 223202 (2007).

[2] A. Saenz, Phys. Rev. A 67, 033409 (2003).
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Recent experiments with intense ultraviolet (XUV) radiation sources,
such as high harmonics or free electrons lasers, has opened the pathway
for studying a variety of non-linear processes with atoms and molecules
in the XUV regime. Among these, the two-photon double ionization
(TPDI) has attracted much interest since it enables one to explore
in detail the transition from a ‘sequential’ towards the ‘simultaneous’
emission of two electrons. In this contribution, the sequential TPDI is
analyzed for the np? (n = 2,3) ionization of noble gas atoms. The-
oretical results [1] are shown in different computational models and
compared with recent experiments. In addition, we also analyzed the
angular correlation function, as measured by experiment [2], if the two
photoelectrons are detected angle-resolved and in coincidence.

(1] S. Fritzsche et al., J. Phys. B 41 (2008) 165601.

[2] M. Kurka et al., submitted (2008).
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Der empfindliche Ultraspurennachweis von Neptunium kann wich-
tige Beitrige zur Uberwachung der Langzeit-Sicherheit von ato-
maren Endlagern leisten. Hierzu bietet sich Resonanz-lonisations-
Massenspektrometrie (RIMS) als selektives und empfindliches Nach-
weisverfahren an. In Vorbereitung auf einen analytischen Ultraspuren-
nachweis, wie bereits am Plutonium demonstriert, wurden am Insti-
tut fiir Physik der Universitdt Mainz unter Verwendung eines hochre-
petierenden Ti:Saphir Lasersystems spektroskopische Untersuchungen
an dem Aktinid Neptunium vorgenommen. Hierbei wurde die Proben
in einer geheizten Laserionenquelle verdampft und mittels resonanter
Laserstrahlung angepassten spektralen und zeitlichen Profils ionisiert.
Fiir die RIMS an Np konnten effiziente und selektive dreistufige An-
regungsschemata mit Ubergéingen im fundamentalen und verdoppel-
ten Wellenldngenbereich der Ti:Saphir Laser gefunden werden. Diese
schlieffen im zweiten und dritten Anregungsschritt zahlreiche bisher
unbekannte Energieniveaus ein.
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We present angular distributions of photoelectrons of atomic model
systems excited by intense linearly polarized laser pulses in the VUV-
and XUV-regime. We solve the multi-dimensional time-dependent
Schrodinger equation for one particle on large spatial grids and inves-
tigate the direction dependence of the ionized electrons for isotropic
s-states as well as p-states. Although the ponderomotive potential is
small compared to the binding energy of the initially bound electron
and the photon energy of the exciting laser field, richly structured
photoelectron angular distributions are found which sensitively de-
pend on the laser frequency and intensity as well as on the number

of absorbed photons. The occuring shapes are explained in terms of
scattering mechanisms

[1] S. Bauch and M. Bonitz, Angular distributions of atomic pho-
toelectrons produced in the UV and XUV regimes, Phys. Rev. A 78
043403 (2008)
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The I1s photoionization of Ne dimers was studied within the
COLTRIMS technique. For this the ionic and electronic products from
the photoreaction were detected with a solid angle of 4 w. Within the
asymmetric charge breakup Ne2t + Nel* the angular distribution of
the photoelectrons as well as of the ICD electrons in the molecular
system was determined to answer the question of localization or delo-
calization of vacancies in the Ne dimer.



