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Sunday Evening Talk

Quest for Superfluidity in He Droplets
Andrey Vilesov
University of Southern California, Los Angeles, California 90089, USA
Abstract
This talk begins with a short review of the basics of superfluidity in 4He. I go on to
discuss experiments aimed at the observation of superfluidity in 4He nano-droplets, including
the study of translational and rotational motion of molecules inside the droplets. Quantum
vortices are one of the most dramatic hallmarks of superfluidity. After reviewing theoretical
work concerning vortices in He droplets, I will present experiments in large He droplets having
diameters between 100 - 2000 nm. The vortices were traced by introducing Ag atoms into the
droplets, which cluster along the vortex lines, leading to the formation of elongated track-like
aggregates. Finally, I introduce the results of very recent collaborative experiments that
employed coherent x-ray diffraction to image single helium droplets at the Linac Coherent
Light Source in SLAC National Accelerator Laboratory. These indicate substantial shape
deformations in rotating superfluid droplets, as well as the formation of Abrikosov vortex
arrays consisting of up to about 100 parallel vortices.

Session Helium - 1. Talk

Magic Numbers in Boson 4He Clusters: the Auger Evaporation Mechanism

Elena Spreafico(1), Giorgio Benedek(1,2), Oleg Kornilov(3), and J. Peter Toennies(4)
(1)

Dipartimento di Scienza dei Materiali, Università di Milano-Bicocca,
Via R. Cozzi 53, 20125 Milano, Italy
(2)

Donostia International Physics Center (DIPC),

Paseo M. de Lardizàbal 4, 20018 Donostia – San Sebastiàn, Spain
(3)

Max-Born-Institut für Nichtlineare Optik und Kurzzeitspektroskopie,
Max-Born-Straße 2A, 12489 Berlin, Germany
(4)

Max-Planck-Institut für Dynamik und Selbstorganisation,
Bunsenstrasse 10, 37073 Göttingen, Germany

Abstract
The absence of magic numbers in bosonic 4He clusters predicted by all theories since
1984 was challenged by high-resolution matter-wave diffraction experiments (Brühl et al.,
Phys. Rev. Lett. 92, 185301 (2004)). The observed magic numbers were explained in terms
of enhanced growth rates of specific cluster sizes for which an additional excitation level, as
calculated by Diffusion Monte Carlo, gets stabilized. The present theoretical study based on a
simple interacting particle model of the He clusters, provides an alternative (more likely
complementary) explanation: collisions between cluster atoms in excited states within the
cluster lead to selective evaporation via an Auger process. The calculated magic numbers as
well as the shape of the number distributions are in quite reasonable agreement with the
experiments.
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Microscopic	
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  effects	
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Josephson	
  oscillations	
  of	
  flow	
  between	
  weakly	
  coupled	
  quantum	
  liquids	
  constitute	
  
fundamental	
  signatures	
  of	
  macroscopic	
  quantum	
  behavior	
  yet	
  have	
  only	
  recently	
  
been	
  observed	
  for	
  4He	
  because	
  of	
  the	
  difficulty	
  in	
  making	
  weak	
  links	
  for	
  a	
  fluid	
  with	
  
such	
  a	
  small	
  coherence	
  length.	
  	
  The	
  recent	
  experiments	
  achieving	
  Josephson	
  flow	
  
between	
  driven	
  reservoirs	
  of	
  liquid	
  4He	
  employ	
  arrays	
  of	
  nanoscale	
  apertures	
  and	
  
show	
  a	
  transition	
  from	
  a	
  linear	
  current-‐phase	
  relationship	
  at	
  low	
  temperatures	
  to	
  
the	
  characteristic	
  sinusoidal	
  relation	
  indicating	
  coherent	
  Josephson	
  oscillations	
  as	
  
Tλ	
  is	
  approached	
  from	
  below.	
  	
  We	
  present	
  a	
  comprehensive	
  microscopic	
  analysis	
  of	
  
this	
  phenomenon	
  within	
  an	
  effective	
  theory	
  for	
  weakly-‐interacting	
  bosons.	
  We	
  show	
  
that	
  interference	
  between	
  microscopic	
  tunneling	
  contributions	
  for	
  individual	
  
apertures	
  results	
  in	
  an	
  effective	
  coupling	
  between	
  apertures	
  that	
  amplifies	
  the	
  
Josephson	
  oscillations,	
  accounting	
  for	
  the	
  necessity	
  of	
  the	
  aperture	
  array.	
  The	
  
resulting	
  multi-‐aperture	
  current-‐phase	
  equations	
  are	
  found	
  to	
  be	
  equivalent	
  to	
  a	
  set	
  
of	
  equations	
  for	
  coupled	
  pendula,	
  with	
  microscopically	
  derived	
  couplings.	
  	
  	
  We	
  also	
  
report	
  on	
  numerical	
  path	
  integral	
  Monte	
  Carlo	
  simulations	
  of	
  weak	
  link	
  formation	
  
for	
  4He	
  across	
  smaller	
  aperture	
  arrays	
  that	
  might	
  show	
  Josephson	
  oscillations	
  at	
  
lower	
  temperatures.	
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The role of He– in He droplets
M. Daxner, J. Postler, N. Weinberger, A. Mauracher, S. Denifl, A.M. Ellis†, J.P. Toennies*,
P. Scheier
Institut für Ionenphysik und Angewandte Physik, Universität Innsbruck, 6020 Innsbruck, Austria
†
Department of Chemistry, University of Leicester, Leicester LE1 7RH, UK
*
Max Planck Institut für Dynamik und Selbstorganisation, 37077 Göttingen, Germany

Mass spectra of anions formed upon electron bombardment of large pristine He nanodroplets
with an average size >105 atoms reveal the formation of large quantities of He– and about two orders of magnitude less He2–. In the literature both anions have been investigated experimentally
[1,2] as well as theoretically [3.4], having lifetimes of 350 µs [5] and 135 µs [6], respectively. However, they were formed via sequential electron capture by fast cations colliding with an alkali vapor
[1,2,5,6]. In He nanodroplets both anionic species are formed via a series of resonances at electron energies >20eV, with He– having its highest yield at 22eV and He2– at 23 eV. Figure 1 shows a
section of a negative ion mass spectrum and the anion efficiency curves of He– and He2–.
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Figure 1: left: negative ion mass spectrum at 22eV; anion efficiency curves (60µA, 8.5K, 23bar)

Electron capture of a low-energy electron or an electron bubble by a metastable He atom is a
possible and efficient reaction mechanism towards these anions. He– reacts sensitively with impurities, such as dopants or metastable He atoms inside or attached to the droplet, whereas He2– remains largely unaffected. A collision of He– with a metastable He atom provides enough energy to
form He+ which explains the formation of cationic He and small He clusters at electron energies
below 24.56 eV for high enough electron currents where one electron forms the He – and another
one He*. These unexpected low threshold energies were first reported by the Toennies group in
the case of large He nanodroplets [7]. For the interaction of He– with dopant molecules or clusters
several reaction mechanisms are possible and will be discussed in this contribution. The most intriguing one is a double electron transfer from He– to a dopant and simultaneous formation of He+,
which is energetically possible for dopants having high electron affinities.
This work was supported by the FWF Wien (P23657, I978).
References
[1] J.W. Hiby, Ann. Phys. 426 (1939) 473
[2] Y.K. Bae, M.J. Coggiola, and J.R. Peterson, Phys. Rev. Lett. 52 (1984) 747
[3] P. Kristensen, et al., Phys. Rev. A 55 (1997) 978
[4] T. Pluta, et al., Int. J. Quantum Chem. 34 (1988) 225
[5] T. Andersen et al., Phys. Rev. A 47 (1993) 890
[6] T. Andersen et al., J. Phys. B 27 (1993) 1135
[7] H. Buchenau, et al., J. Chem. Phys. 95 (1991) 8134
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Picosecond dynamics of photoexcited Ag atoms in 4 He nanodroplets
David Mateo,1 Alberto Hernando,2 Manuel Barranco,1 Evgeniy Loginov,3 Marcel Drabbels,3 and Martı́ Pi1
1
Departament ECM, Facultat de Fı́sica, and IN2 UB,
Universitat de Barcelona. Diagonal 645, 08028 Barcelona, Spain
2
Laboratoire Collisions, Agrégats, Réactivité, IRSAMC,
Université Paul Sabatier 118 route de Narbonne 31062 - Toulouse CEDEX 09, France
3
Laboratoire de Chimie Physique Moléculaire, Swiss Federal Institute
of Technology Lausanne (EPFL), CH-1015 Lausanne, Switzerland

The dynamics following the photoexcitation of Ag atoms in 4 He nanodroplets via the 5p 2 P1/2 ←
5s S1/2 and 5p 2 P3/2 ← 5s2 S1/2 transitions has been investigated in a joint experimental and theoretical effort. It has been experimentally found that upon excitation to the 2 P1/2 state, the Ag
atoms are ejected with a speed distribution peaking at about 55 m/s. When Ag is excited to the
2
P3/2 state, a rich phenomenology is found. While a fraction of the impurities remains solvated, the
impurities that are ejected from the droplets either as Ag or AgHe have speed distributions similar,
but not identical, to those found for excitation to the 2 P1/2 state. The experiment findings are
qualitatively analyzed within a three-dimensional, time-dependent density functional approach for
the helium droplet. The dynamics of the Ag-4 He1000 system has been followed for several tens of
picoseconds, long enough to observe AgHe exciplex formation and the departure of the photoexcited
Ag atom from the helium droplet.
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FIG. 1: Dynamic evolution of the Ag@4 He1000 complex when the Ag atom initially at rest 1 Å off
center of the droplet is suddenly excited to the 2 P1/2 state. The total time of the evolution is 200 ps.
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Metal atoms in helium nanodroplets – from electron spin resonance to multiphoton
ionization spectroscopy
Wolfgang E. Ernst
Institute of Experimental Physics, Graz University of Technology, Petersgasse 16,
Graz, Austria
Helium nanodroplets (HeN with N  104) are doped with metal atoms in our lab and studied
with many methods that are commonly applied to molecular beams: laser spectroscopy and
ionization, mass spectrometry, spin resonance, measurements in external magnetic fields[1].
We have investigated the aggregation of metal clusters in helium droplets, with the goal to
identify high and low spin states by measuring the circular dichroism in the presence of a
magnetic field (MCD). In an optically detected electron spin resonance experiment, we
determine hyperfine coupling, spin lifetimes and relaxation rates. The measurements are
accompanied by our own quantum chemistry calculations. Results will be reported on the
electron-nuclear coupling dynamics in alkali trimers [2] and the formation of large alkali [3]
and chromium [4] clusters. Large silver clusters formed in droplets, have been deposited on
amorphous carbon substrates and detailed electron microscope studies show various size
dependent morphologies [5](see also poster by Philipp Thaler).
Interaction of electronically excited metal atoms (e.g. Cr and Cu) with surrounding helium
causes fast relaxation into metastable states [6, 7](see also poster by Andreas Kautsch).
High resolution ESR spectroscopy [8] of K and Rb on helium droplets shows the influence of
the helium droplet size on the electron spin density at the alkali nucleus [9]. The
corresponding change of the Fermi contact interaction was modeled by a combination of ab
initio methods and semiempirical scaling [10]. ESR measurements may also provide a
sensitive probe for the influence of the helium solvent on the weak van der Waals interaction
between two different dopants in or on a helium droplet, e.g. Xe inside and Rb outside HeN
[11].
Closer investigations of alkali-HeN Rydberg states and the Rydberg-Ritz analysis of ndependent quantum defects reveal the screening of the valence electron from the alkali ion
core by the helium droplets in high n-states [12].
The formation of alkali – alkaline earth diatomics is of interest to the ultracold molecule
community. On helium droplets, we have recently observed electronic excitation spectra of
LiCa [13] and RbSr that will be reported at the conference.
1. C. Callegari and W. E. Ernst in: Handbook of High Resolution Spectroscopy, Eds. F. Merkt and M.
Quack, Vol. 3, p. 1551-1594, John Wiley & Sons, Chichester, 2011.
2. A. W. Hauser, G. Auböck and W. E. Ernst, in: Vibronic Interactions and the Jahn-Teller Effect:
Theory and Applications, (eds. M. Atanasov, C. Daul, P. Tregenna-Piggott), Springer Series:
Progress in Theoretical Chemistry and Physics Vol. 23, Chapter 16, p. 301-316, Springer 2012.
3. M. Theisen, F. Lackner, and W. E. Ernst, J. Phys. Chem. A 115, 7005 (2011)
4. M. Ratschek, M. Koch, and W. E. Ernst, J. Chem. Phys. 136, 104201 (2012).
5. A. Volk, P. Thaler, M. Koch, E. Fisslthaler, W. Grogger, and W. E. Ernst, J. Chem. Phys. in press
(2013).
6. A. Kautsch, M. Hasewend, M. Koch, and W. E. Ernst, Phys. Rev. A 86, 033428 (2012).
7. A. Kautsch, M. Koch, and W. E. Ernst, J. Phys. Chem. A online DOI: 10.1021/jp312336m (2013).
8. A. Volk, J. Poms, M. Koch, and W. E. Ernst, J. Phys. Chem. A 115, 7065 (2011).
9. M. Koch, C. Callegari, and W. E. Ernst, Mol. Phys. 108, 1005 (2010).
10. A. W. Hauser, T. Gruber, M. Filatov, and W. E. Ernst, ChemPhysChem 14, 716 (2013).
11. J. Poms, A. W. Hauser, and W. E. Ernst, PCCP 14, 15158 (2012).
12. F. Lackner, G. Krois, and W. E. Ernst, Mol. Phys. online DOI: 10.1080/00268976.2013.788792 .
13. F. Lackner, G. Krois, and W. E. Ernst, to be submitted.
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Time-resolved excitation dynamics of Magnesium
atoms embedded in Helium nanodroplets
S. Göde, R. Irsig, J. Tiggesbäumker and K.H. Meiwes-Broer
Institute of Physics, University of Rostock, Germany
E-mail: meiwes@uni-rostock.de

Recently evidence was found that Mg atoms embedded in helium droplets arrange in
a unique metastable configuration, called atom foam [1]. A collective absorption
feature in the REMPI spectrum near the atomic 1S - 1Po resonance could be
addressed to several cluster sizes MgN (2<N<15). This signature is consistent with an
excitation of separated and weakly interacting atoms, forming a metastable network
inside the droplet. Thereby, density modulations of the helium isolate the impurity
atoms and prevent aggregation into the structural ground state [1].
Optical excitation of single atoms will change the binding condition leading to a
relaxation into compact Mg clusters. To explore the real time ionization and collapse
dynamics femtosecond dual-pulse experiments were conducted. By adjusting the
relative pulse intensities (here 3:1, at an overall intensity of 10 12 W/cm2) the impact of
the sub pulses on the ionization can be investigated. Fig. 1 shows the total ion yields
for varying pulse delays t. A strong first pulse (negative t) leads to a significantly
higher yield when compared to the reverse pulse order, though the same laser
fluence is kept. Obviously weak pre-pulses (positive t) induce transitions into
configurations with significantly lower ionization probability. In addition a minimum
appears at about 20ps, with a subsequent slow recovery. We will demonstrate the
corresponding results for selected cluster sizes and discuss possible ionization
scenarios, for foam-like structures as well as for compact clusters [2].
[1] A. Przystawik et al. Phys. Rev. A 78, 021202 (2008)
[2] S. Göde et al. New J. Phys. 15, 015026 (2013)

Fig.1
Dual-pulse excitation spectrum of
Mg atoms embedded in helium
droplets. The yields are reduced
when a weak pulse first excites the
complexes.
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Spectra of Cold Molecular Ions from Hot Helium Nanodroplets
Marcel Drabbels
Laboratoire de Chimie Physique Moléculaire, Ecole polytechnique Fédérale de
Lausanne (EPFL), CH-1015 Lausanne, Switzerland

The function of a molecule is intimately related to its structure. Accordingly, in the
quest for a better understanding of molecular function, the development of
spectroscopic methods to elucidate molecular structures increasingly takes central stage.
The amount of detail that can be derived from spectra depends on the experimental
conditions, most notably on the temperature of the sample and the intermolecular
interactions a molecule experiences. Helium nanodroplets provide in this respect an
almost ideal matrix [1, 2]. For neutral molecules, helium nanodroplet spectroscopy thus
has led to important discoveries related to the structure of key molecular systems and
has provided insight into the mechanisms underlying chemical reactions.
Compared to the level of sophistication that has been reached for neutrals, the
spectroscopic exploration of ions is still in its infancy. The use of helium droplets as a
cryogenic matrix could potentially solve many of the technical challenges associated
with recording high-resolution spectra of cold molecular ions. Here, we will present a
method to record spectra of ion containing helium nanodroplets that finds its roots in the
nonthermal cooling dynamics of excited molecular ions. In addition, we will present
spectra of several molecular ions and discuss the influence of the helium environment
on these spectra.

[1]
[2]

G. Scoles, and K. K. Lehmann, Science 287, 2429 (2000).
J. P. Toennies, and A. F. Vilesov, Angew. Chem. Int. Ed. 43, 2622 (2004).

Session Ions I - 2. Talk

The cluster size dependent vibrational frequency shift of CO+
ions inside helium clusters
M. Lewerenz
Laboratoire MSME, UMR 8208 CNRS, Université Paris Est (Marne la Vallée),
5, Blvd. Descartes, 77454 Marne la Vallée Cedex 2, France
We have used high level ab initio RCCSD(T) calculations with large diffuse
basis sets to construct an accurate potential surface for the interaction between
CO+ ions and helium atoms. Rovibrational calculations using an exact
expression for the kinetic energy operator show the triatomic complex to belong
to the class of quasi linear molecules. The He-CO+ interaction potential is used
in combination with the known He-He van der Waals interaction and additional
induction terms to construct a many body model for CO+ ions embedded inside
helium clusters. The diffusion quantum Monte Carlo (DMC) method was used to
compute cohesive energies, quantum averaged structures, and predictions for
the cluster size dependent shift of the CO+ fundamental vibrational frequency in
clusters containing up to 50 helium atoms. We predict a blue shift reaching a
peak value of about 2.7 cm-1 for 11 helium atoms, then dropping to about 2 cm-1
and passing through another weak maximum before reaching about 1.8 cm-1 for
large clusters. The strong permanent dipole moment and large dipole transition
moment of these species should allow the observation of their high resolution
microwave or infrared predissociation spectra using modern mass selection and
ion storage techniques. Comparison with the known spectra of neutral CO
inside helium clusters can shed new light on the role of superfluidity in
molecular rotation in helium.
CO+ ions have also been identified in interstellar space and their interaction
potential with its most abundant nonreactive collision partner, helium atoms, is
relevant for the rotational state distribution of CO+. Our preliminary analysis
provides evidence for a low energy scattering resonance.

Session Ions I - 3. Talk

Imaging photoionisation dynamics
of doped helium nanodroplets
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Barbara Grüner, Frank Stienkemeier and Marcel Mudrich
Physikalisches Institut, Universität Freiburg, Hermann-Herderstr. 3,
79104 Freiburg, Germany
Due to their low temperature (400 mK) and weak interaction, helium nanodroplets combine
the advantages of both matrix isolation and gas phase spectroscopy: Highly resolved lines
and lineshifts close to zero. Nevertheless, the forces acting between droplet and dopand are
non neglectable in many cases. Regarding alkali atoms, this interaction is dominated by
two opposing parts, the pauli-repulsion between the alkali atom valence electron and the
helium and the attractive van der waals interaction. This interplay results in the formation
of a bound dimple like state at the surface of the droplet and therefore gives rise to the
simplified description of this many particle system as a pseudodiatomic molecule. This
talk will address the question how well this model describes the photoinduced desorption
process of the heavier alkali atoms Rb and Cs from helium droplets via low lying resonant
intermediate pseudodiatomic Π and Σ-states. By imaging the momenta of the charged
photofragments, we indeed observe a dissociation behaviour similar to a diatomic molecule.
In agreement with other experiments involving Li and Na [1], the desorption process can be
regarded as an elastic scattering process between a moiety of helium atoms and the dopant.
Besides that, other interesting phenomena such as exciplex formation and the desorption
dynamics of Rb2 dimers have been investigated.

Figure 1: Mean kinetic energy of the desorbing Rb+ and exciplex-ions in dependency of
laser excitation via the pseudodiatomic 6SΣ (left) or 6PΠ-state (right) of RbHeN . Insets:
Corresponding abelinverted velocity distributions (the excitation laser polarization is vertical
with respect to the images).

References
[1] A. Hernando, M. Barranco, M. Pi, E. Loginov, M. Langlet and M. Drabbels, Phys.
Chem. Chem. Phys., 2012, 14, 3996.
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A molecular ion in helium cluster: N+
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In this talk I will present a theoretical study[1] of a positively charged molecule, N+
2 , in
4
HeN clusters, with N going up to N = 60.
Both diffusion Monte Carlo and path integral Monte Carlo methods are used to perform zero temperature and low temperature simulations. The size dependence of ground
state quantities such as the energy, chemical potential, and density of 4 He around the
molecule, but also of the rotational dynamics of N+
2 is studied in detail.
The representation of the global N+
2 HeN interaction potential goes beyond the pairapproximation of N+
He
and
of
He-He
terms by including the dipole-dipole interaction
2
between the instantaneous dipoles on helium atoms induced by the molecular cation
charge. The three-dimensional N+
2 He potential of Stoecklin et al.[2] and the He-He potential of Aziz[3] are used. Given the frequency of the N+
2 vibration, the charged dopant
is considered to be a rigid body.
No evidence of a He “snowball” forming around N+
2 is found, but instead all ground
state quantities change smoothly with the growth of the first solvation layer. The effective
rotational constant Beff has a N dependence typical for linear molecules in 4 HeN , with
first a strong reduction up to N = 4, followed by an increase as N is further augmented,
which can be explained by the onset of superfluidity. The dipole-dipole interaction between He atoms induced by the charged molecule leads to a weaker binding and increased
delocalization of the first solvation layer.

[1] G. Guillon, A. Viel, and R. E. Zillich, submitted to J. Chem. Phys., (2013)
[2] T. Stoecklin, A. Voronin and J. C. Rayez, ”unpublished, Reference 20 of T. Stoecklin and
A. Voronin, Phys. Rev. A 72, 042714 (2005)
[3] R. A. Aziz, F. R. W. McCourt, and C. C. K. Wong, Mol. Phys. 61, 1487 (1987)
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EUV Ionization of Pure and Doped Helium Nanodroplets
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Helium nanodroplets are widely considered as a nearly ideal spectroscopic matrix due to their
transparency for light up to the extreme ultraviolet (EUV) spectral range, their ability to efficiently
aggregate and cool embedded dopants, and their chemical inertness with respect to dopant-He
interaction. However, upon irradiation with EUV light at hν ≥ 21 eV, where He droplets are strongly
absorbing, a complex photo dynamics is initiated by the excitation or ionization of He atoms inside the
droplets. Three regimes of excitation and ionization of He nanodroplets can be distinguished:
(i) At photon energies 20.5 < hν < 23eV, He nanodroplets are excited with high cross sections into
perturbed excited states (“bands”) correlating to the 1s2s1S and 1s2p1P atomic levels of He. Due to
the repulsive interaction between excited He* or He2* and the He environment the excitation is
presumed to migrate to the surface by a resonant hopping process or to decay by fluorescence
emission. Depending on the size of the He droplet, the 1s2p1P state is trapped at the surface and
eventually relaxes into the long-lived 1s2s1,3S states or into vibrationally excited He2 molecules.
(ii) At photon energies 23 < hν < 24.6eV, additional relaxation channels are the emission of excited
He* and He2* in Rydberg states and the autoionization of He droplets leading to the formation of small
ionic fragments (Hen+, n<20) and large cluster ions (N>103) as well as of electrons with very low kinetic
energy < 1meV.
(iii) At photon energies hν > 24.6eV, i.e. above the ionization energy Ei,He of free He atoms, He+ ions
(positive holes) are created in the droplets. The charges subsequently migrate towards the He droplet
center by resonant hopping and eventually localize by forming a He2+ molecular ion or by ionizing a
dopant, if present, by charge transfer.
In this talk I report on a synchrotron study of pure and doped He nanodroplets using the method of
Velocity-Map Imaging Photoelectron-Photoion Coincidence (VMI-PEPICO) spectroscopy. This method
allows us to measure photoelectron spectra (PES) and angular distributions correlating to specific ion
masses (He+n , n = 1,2,3, dopant ions) which was not possible in previous experiments. We find
indications for multiple excitations and subsequent decay of He droplets by Penning-like ionization
when irradiating the droplets at hv = 21.6eV which corresponds to the 1s2p1P droplet absorption band.
When ionizing He droplets at high photon energies hv > 2·Ei,He we observe low-energy electrons apart
from directly emitted ones, which are generated by inelastic electron-He collisions. With doped He
droplets, we compare charge-transfer to Penning ionization of dopants located inside the droplets
(rare gases) and those located at the droplet surface (alkali metals). The surprising finding is that alkali
metals are very efficiently Penning ionized upon excitation of the 1s2p1P band in a reaction of the type
Li[HeN]+He* Li+ + He[HeN] + e- (Fig. 1 b). This speaks for rapid exciton migration to the surface,
followed by relaxation and eventually the energy transfer to the alkali atom.

a)

b)

Fig.1.Ionization spectrum and schematic representation of the ionization process of argon (a) vs. lithium
dopants when irradiating doped He nanodroplets with EUV light in the spectral range of He droplet excitations.
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A Quantum Monte Carlo study of NO+ in small helium clusters
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High resolution vibrational spectra of neutral NO molecules inside helium
clusters were observed several years ago. The ionisation of large NO doped
helium clusters have been recently shown to produce positively charged
NO+Hen ions. High resolution depletion spectroscopy of size-selected ions of
this type should be possible. We present an accurate potential surface
obtained from high level ab initio CCSD(T) calculations for the interaction
between NO+ ions in their electronic ground state and helium atoms. We use
this He-NO+ potential to construct a many body model for NO+ ions embedded
inside helium clusters using additional induction terms and published He-He
van der Waals interaction potentials. The global potential surface is then used
for diffusion quantum Monte Carlo calculations to cohesive energies, quantum
averaged structures and to predict the cluster size dependent shift of the NO+
fundamental vibrational frequency.
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Laser induced alignment of molecules in Helium droplets
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Laser induced alignment, the method to confine the principal axes of molecules along axes
fixed in the laboratory frame, is now used in a range of applications in physics and
chemistry. With a few exceptions all studies have focused on isolated molecules in the gas
phase.
In this talk we present experimental studies of laser induced alignment of molecules
embedded helium nanodroplets. Alignment is conducted in both the adiabatic and the
nonadiabtic regime where the alignment pulse is much longer or shorter, respectively, than
the rotational period of the molecules.
In the nonadiabatic limit, induced by a few-hundred femtosecond long laser pulse, we
show that methyliodide molecules reach an alignment maximum 20 ps after the alignment
pulse and gradually loose the alignment completely in another 60 ps [1]. This dynamics is
completely different from that of isolated methyliodide molecules where alignment occurs
in regularly spaced (by 33.3 ps), narrow time windows, termed revivals. Adiabatic
alignment, induced by a 10 ns laser pulse, resembles, on the other hand, the gas phase
behavior [2].

[1] D. Pentlehner et al., Phys. Rev. Lett. 110, 093002 (2013).
[2] D. Pentlehner et al., to appear in Phys. Rev. A (2013).
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The term 'molecular superfluidity' refers to the gas phase-like rotational motion of foreign molecules
in superfluid helium first observed by Hartmann, Miller, Toennies and Vilesov. In broad terms, the
quasi-free character of the rotation is the consequence of the weak interaction with a superfluid.
Spectroscopic fingerprints of the foreign molecules reflect subtle differences to pure gas phase
rotations. These have been attributed to normal-fluid helium surrounding the foreign particles, but
other parameters such as rotational speed play a role as well.
A comprehensive understanding of molecular rotation in helium requires control of the superfluid
state, the molecular interaction and rotational excitation. All our current knowledge on rotational
motion of molecules in superfluid helium derives from rotational and rovibrational spectroscopy of
molecules embedded in helium clusters and droplets. So far the cluster/droplet beam technique has
been the only reliable method for injecting single molecules into ultra-cold helium, but limitations
exist. For example, it is impossible to change the temperature and hydrostatic pressure of clusters in a
supersonic beam. Also, not all molecules that would be good benchmarks for existing theories are
amenable to rovibrational spectroscopy.
We have addressed these issues by introducing new experimental techniques. In order to access a
wider range of molecules in helium clusters and to control the degree of rotational excitation we
employ non-adiabatic alignment for rotational excitation. Depending on the laser pulse intensity and
duration we generate rotational wave packets whose rotational phase is interrogated after a set time
delay. In a second and very different type of experiment the bulk superfluid state is controlled. Bulk
experiments have not been very popular in the past because it has been almost impossible to
introduce single molecules into bulk liquid helium: at the cryogenic temperatures all foreign entities
normally freeze on the container walls. For this reason we use short-lived He2* excimers continuously
generated in a corona discharge as molecular probes. The excimers fluoresce and we are able to
resolve discrete rotational lines, even in the normal fluid phase of helium. It is therefore possible to
probe the rotational interaction in different phases of helium through the varying effective moments
of inertia. In all these experiments the local structure of the helium close to the molecular entities is
important. To better understand the local structure and its variation with temperature and pressure we
conduct mobility measurements and model the mobilities using thermodynamic state equations of the
mixed system. For helium ions in helium and electrons in helium these simulations show excellent
agreement with measured mobilities. Also they provide insight into the formation and compression of
the boundary layers as a function of pressure, temperature and density.
In my presentation, I will give a status report of these activities.
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Reactive molecules in helium nanodroplets
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We will present a progress report on our efforts to embed or to generate reactive molecules in
helium nanodroplets. We are interested in the generation of radicals through photolysis of
suitable precursors, and their reaction with a further dopant molecule. An ultimate goal is the
spectroscopic characterization of possible reaction intermediates, which may be trapped in the
cold helium matrix.
Initial efforts have concentrated on producing radicals through photolysis prior to pick-up by
the helium nanodroplet. We are using a 193 nm excimer laser for excitation and a quadrupole
mass spectrometer for characterization of the picked up and transported species. We have
conducted first experiments on trifluoropropyne and acetylene to produce the HC≡C· radical.
The acetylide radical is thought to play an important role in the formation of carbon chain
molecules in the interstellar medium.
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Reactions of metal atoms and clusters with oxygen and hydrocarbons
in helium droplets
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Helmholtzweg 3, D-07743 Jena, Germany
In order to obtain information on chemical processes of astrophysical relevance occurring at
very low temperature in molecular clouds and in the Interstellar Medium (ISM), we are
carrying out chemical reaction and condensation studies in liquid helium droplets. So far, we
have studied the oxidation reactions of the rather abundant elements Mg, Al, and Si with O2
and H2O [1-3]. More recent experiments focused on the reactions of hydrocarbons (e.g. C2H2)
with Mg, Al, and Si. Here we found that, in contrast to earlier matrix isolation studies, which
revealed reactions between all partners, in helium droplets only the reaction C2H2 + Si —>
SiC2H2 occurs. Very recently, our apparatus has been equipped with a resonance-enhanced
multi-photon ionization time-of-flight mass spectrometer (REMPI-TOF-MS) enabling us to
investigate the electronic spectroscopy of the reactants and products. In our study on the
solvation of Al atoms in helium droplets, the recorded spectra revealed vibrational
progressions with separations of 5 and 36 cm-1 that can be attributed to Al-He vibrations. On
the basis of the REMPI spectra, it is suggested that each Al atom is surrounded by a shell of
helium atoms, preventing the formation of Al clusters and Al·C2H2 complexes. Our result also
proposes that the non-aggregation of impurity species inside He droplets could be a rather
common phenomenon, which should be considered in all complex formation and reaction
studies employing the helium droplet isolation technique.

[1] S. Krasnokutski and F. Huisken, J. Phys. Chem. A 114, 7292 (2010).
[2] S. Krasnokutski and F. Huisken, J. Phys. Chem. A 114, 13045 (2010).
[3] S. Krasnokutski and F. Huisken, J. Phys. Chem. A 115, 7120 (2011).
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The X23/2 hydroxyl (OH) radical has been isolated in superfluid 4He nanodroplets and
probed with infrared (IR) laser depletion spectroscopy. From an analysis of the Stark
spectrum of the Q(3/2) transition, the -doublet splittings are determined to be 0.198(3)
and 0.369(2) cm-1 in the ground and first excited vibrational states, respectively. These
splittings are 3.6 and 7.2 times larger than their respective gas phase values, which can
be compared to the factor of 1.5 increase previously observed for NO by Havenith and
co-workers. A model is presented that assumes a realistic parity dependence of the
rotor’s effective moment of inertia and predicts a factor of 3.6 increase in the OH ground
state (J=3/2) -doubling when the B0e and B0f rotational constants differ by less than one
percent.

We have also explored the low temperature (0.4 K) in-situ association

reactions between OH and other small molecules, such as O2, C2H2 and H2O. Following
the sequential pick-up and solvation of OH and O2, the IR spectrum in the 3500-3700
cm-1 region reveals bands that are assigned to the 1 (OH stretch) fundamental and
1+6 (OH stretch plus torsion) combination band of the covalently bound trans-HOOO
isomer. Despite the characteristic low temperature and rapid cooling of helium droplets,
there is no evidence for the formation of the previously predicted weakly bound OH-O2
van der Waals complex, which implies the absence of a kinetically significant barrier in
the entrance channel of the reaction. There is also no spectroscopic evidence for the
formation of cis-HOOO, which is predicted by theory to be nearly isoenergetic to the
trans isomer.

Stark spectroscopy of the trans-HOOO species provides vibrationally

averaged dipole moment components that qualitatively disagree with predictions
obtained from CCSD(T) computations at the equilibrium, planar geometry, indicating a
floppy complex undergoing significant large-amplitude motion. A Hamiltonian in internal
bond-angle coordinates is derived to account for this large-amplitude motion, and the
expectation values of the inertial dipole moment components are compared to those
obtained from the Stark spectra, revealing a fundamental error in the underlying singlereference CCSD(T) potential energy surface.
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Dust formation in interstellar medium (ISM) has been proposed as a possibility to solve
the life time problem of cosmic dust [1]. Most of the matter in the ISM is found in
molecular clouds. Estimations of the temperatures of these regions yielded values
between 10 and 50 K [2]. The condensation processes at these low temperatures lacks
a firm experimental basis which is the goal of this study.
We studied both, the initial stage of dust particle formation as well as the
properties of the formed silica grains. The condensation of SiO molecules at low
temperature was investigated using helium droplet and neon matrix isolation
techniques. The energies of the SiO polymerization reactions were determined by
experimental calorimetric and computational methods. The values obtained reveal the
formation of cyclic (SiO)k (k = 2 – 4) clusters inside helium droplets at T = 0.37 K.
Therefore, the oligomerization of SiO molecules was found to be barrierless and is
expected to be fast in the entire low-temperature range of the ISM. The nanoscale
amorphous SiO grains, which were formed after the evaporation of the SiO-doped neon
matrix or helium droplets, were analyzed by infrared absorption spectroscopy,
transmission electron microscopy, and energy-dispersive X-ray spectroscopy.

References
[1] Weingartner, J. C., & Draine, B. T. 1999, Astrophysical Journal, 517, 292-298
[2] Herbst, E. 2001, Chemical Society Reviews, 30, 168-176
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The talk will highlight recent studies on the electron dynamics in nanomaterials in ultrashort
and intense laser fields. By using a beam of isolated nanoparticles, the target is replaced after
every laser shot and we can explore the regime near, at and beyond the material damage
threshold. The extremely short pulse duration of only a few cycles in our studies ensures that the
electron dynamics responsible for the observed phenomena occurs before any nuclear dynamics.
We explored the emission and directional control of highly energetic electrons from isolated
nanoparticles in few-cycle waveform-controlled laser fields [1]. The observed electron dynamics
give insight into material properties in strong fields and the surface charging of the particles [2].
Liberated electrons are accelerated / decelerated in the local field at the surface, which exceeds
the external laser field.
We have recently studied propagation effects in large nanospheres using velocity map
imaging [3]. For electrons near the cutoff we find a unique mapping between the electron birth
angle (on the surface of the sphere) and its final detection angle in the experiment (k-space to
real-space mapping). The experimental results are strongly supported by calculations carried out
in collaboration with T. Fennel (Rostock University). Interesting phenomena are expected for
different materials and increasing intensities.
References
[1] S. Zherebtsov et al., Nature Phys. 7, 656 (2011).
[2] S. Zherebtsov et al., New J. Phys. 14, 074010 (2012).
[3] F. Süßmann et al., in preparation.
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With uppcoming neew laser sou
urces providding intensee radiation all the wayy up to the x-ray
x
regime, thhe understannding of excitation, ionnization and
d plasma formation proocesses hav
ve gained
much innterest. Rare gas clusteers have beeen used rig
ght from thee beginning as excellen
nt model
systemss for laser matter
m
interraction. Beccause of theeir simple electronic
e
sttructure wee studied
helium cclusters irraadiated by in
ntense laserr fields from
m the IR to the
t XUV. U
Upon IR exccitation a
nanoplaasma formattion is stron
ngly determ
mined by th
he presence of dopant aatoms or molecules
m
and takees place at sub 10 fs times [1,2]. W
We found a crucial dep
pendence o f the ionizaation and
plasma formation on
o the locattion of the dopants. Att the LDM beam line [2] at the free
fr electron lasser FERMI@
@ELETTRA
A, nanoplaasma formattion in heliium dropletts has been
n studied
with XU
UV pulses. Despite thee much low
wer pondero
omotive energy efficiennt ionization
n can be
achieved when tunning the laseer to helium
m resonancee photon en
nergies. At hhigh intensiities collective aautoionizatiion processees appear too dominate the helium ionization. When usin
ng doped
dropletss and selectted XUV ph
hoton energgies, the traansfer of en
nergy betweeen dopant and host
cluster ccan be studiied.

Fig.1: The ionizaation yield of potassium-, calcium- annd xenon-doped helium droplets uppon irradiatiion with
800nm femtosecoond laser pu
ulses (intensitty: ≈ 5·10114 W/cm2) iss plotted,
indicating a diffeerent behavior of nanoplaasma formattion. The process is
much
h more efficiient for the embedded
e
Xe clluster.
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In the condensed phase, the structure and dynamics of biological molecules is governed
by a subtle balance between the intramolecular interactions, and the intermolecular
interactions with its surroundings. To disentangle those and to obtain data that expands
and tests our fundamental knowledge of biological molecules, it can be useful to take
them out of their native environment and investigate them under well-defined
conditions. Over the last years, several techniques have been developed to allow for
studies on large, charged biomolecules in the gas phase. Several of those involve optical
spectroscopy. It is often found that the conformational heterogeneity as well as the
finite temperature of the sample broadens spectra. To address the first issue, conformers
can be separated via ion mobility methods, to address the second issue, molecules can
be cooled. Both methods are being employed at the FHI.
Liquid helium droplets are ideal nano-cryostats for cooling molecules. However, most
biological molecules do not have sufficient vapor-pressures to allow for the use of
standard pickup techniques. We have developed an experimental approach in which
mass-to-charge selected ions are embedded in liquid helium droplets. In those
experiments, the ions that are stored and accumulated in an ion trap are picked up by
helium droplets traversing the trap. The approach is conceptually similar to pickup
experiments of neutral molecules from gas cells. A crucial difference is, however, that in
the case of the ion trap, use is made of the high kinetic energy of the heavy helium
droplets, which allows the ion-doped droplets to overcome the longitudinal trapping
potential and to escape the trap. Further downstream, the charged droplets can be
investigated and detected. The dopant molecules can be as large as the protein
Cytochrome C (MW ~ 12,000 amu). The sizes of the ion-doped droplets are accurately
determined via time-of-flight measurements. Depending on the experimental conditions
in the droplet source, the observed doped droplet sizes range from 1 x 104 helium atoms
to very large droplets, containing more than 1010 helium atoms. When exciting the
molecules using a laser, it is observed that the dopant species can be ejected from the
droplet. Monitoring the ejection efficiency as a function of laser wavelength can yield an
optical spectrum. Results from UV spectroscopic investigations on single amino-acids as
well larger systems, such as small peptides, will be presented.
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Time resolved photoionization of helium nanodroplets via a
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Helium nanodroplets consisting of 106 atoms and with a radius of approximately 40 nm, have
proven to be a fascinating system in which to study a wide variety of fundamental physical problems
involving atomic and electronic motion. We report femtosecond time-resolved photoelectron spectra of
these droplets using an XUV pump pulse and either a 400 or 800 nm probe pulse. In our experiment, we
start by electronically exciting the cold droplets with a burst of XUV radiation whose pulse duration is 
30 fs and which is produced by high harmonic generation. The photon energy of 24 eV is chosen to be
lower than that needed to remove an electron from a gas phase helium atom but above the 23.1 eV
ionization potential of the droplets themselves. Since ionization at this energy is an indirect process
yielding only very low energy electrons (< 10 meV), a variety of interesting dynamics must be taking
place after initial electronic excitation. It is these as yet unexplained relaxations which we directly
observe using a second femtosecond laser pulse with wavelength of either 400 nm or 800nm, either of
which is sufficient to surpass the atomic IP when combined with the XUV pump energy.
In this talk, we present new time domain results for this system revealed by our recently
implemented capability to probe at 400 nm. The electrons emitted due to pump-probe photoionization
from the droplets are resolved into three distinct energy bins i) an intense “ZEKE” peak with energy less
than 10 meV, energetically identical to electrons emitted by one-photon ionization, ii) a low energy
feature spanning the range of 0 to 1 eV, and iii) a set of high energy electrons with energies ranging
from 1 eV up to h for the probe laser (3.2 eV in the case of the 400 nm beam). By varying the time
delay between the XUV pump and the IR or UV probe, a rather simple dynamical relationship is revealed
between the latter two features. Namely, the high energy feature grows in with the instrument
response function of the experiment but then decays with a timescale of 270 ± 30 fs while the lower
energy feature grows in on a timescale of ~ 270 fs before decaying on a picosecond timescale. The
shared lifetime for growth versus decay for these populations suggests a well-defined transition
occurring within the rather complex electronic structure of the nanodroplet. The nature of this change
is discussed in terms of the various channels available for energy loss from the initially excited droplet
state. These include de-excitation from one Rydberg band to another, the formation of a “Rydberg
bubble”, migration of electronically excited helium atoms from the bulk to the surface of the droplet,
and cooling below the conduction band edge of liquid helium.
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Ultrafast ionization triggering perfect Coulomb explosion
Ulf Saalmann
Max Planck Institute for the Physics of Complex Systems  Dresden
Strong laser pulses can create very highly charged finite systems, like droplets
or clusters, which undergo Coulomb explosion. In an ideal situation the pulses
are so short that this charging occurs on a time scale much shorter than the
explosion time.
We discuss two ways to charge a system on such short time scales: [1]
massively parallel ionization in short VUV/X-ray pulses, where photo-electrons
are being almost simultaneously emitted upon multiple single-photon absorption, and [2] dopant-induced ignition in near-infrared laser pulses, where resonant absorption is achieved through locally-ignited and unusually-shaped
nano-plasmas. The latter has been recently observed in experiments with fewcycle pulses [3].
Furthermore, we show that a perfect Coulomb explosion upon such fast removal of many electrons uncovers initial correlations of atoms in the sample
through a pronounced peak in the kinetic-energy spectrum of the exploding
ions [4]. This peak is the result of an intricate interplay between the composition of the system from discrete particles and its boundary. The formation of
the peak can be described analytically, accounting for correlations beyond a
mean-field reference model.

[1] C Gnodtke, U Saalmann, and J M Rost, Phys. Rev. Lett. 108, 175003 (2012).
[2] A Mikaberidze, U Saalmann, and J M Rost, Phys. Rev. Lett. 102, 128102 (2009).
[3] S R Krishnan et al, Phys. Rev. Lett. 107, 173402 (2011).
[4] U Saalmann, A Mikaberidze, and J M Rost, Phys. Rev. Lett. 110, 133401 (2013).
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Electron diffraction of laser aligned doped superfluid helium droplets
Wei Kong, Chemistry, Oregon State University, Corvallis, OR 97331 USA
We are developing a method for atomic structure determination of proteins from electron
diffraction of oriented single molecules, thereby eliminating the reliance on single crystals.
Protein ions generated from an electrospray ionization source (ESI) will be embedded in a
pulsed stream of superfluid helium droplets. The droplet beam containing the protein is to
orthogonally intercept an elliptically polarized laser beam and a coherent high energy
electron beam. The laser beam is to control the orientation of the ions. Oversampling of the
continuous electron diffraction patterns under different orientations of the molecules offers
sufficient information for atomic structural determination. The extreme low temperature of
the superfluid helium droplet beam, down to 0.38 K, is crucial for effective laser induced
orientation and high resolution electron diffraction. Our prototype is composed of two
separate units, one dedicated for tuning of laser induced alignment and electron diffraction,
and the other for superfluid helium droplet doping and manipulation of doped ions.
The electron diffraction unit consists of an electron gun, a superfluid helium droplet source
equipped with a heating oven for gaseous samples, an alignment laser, and an image
recording system. Electron diffraction of pure superfluid helium droplets has produced decay
profiles dependent on the source temperature of the droplet beam. We attribute this
variation to the coherence (or lack of) between nearest neighboring atoms in the interior of a
droplet. When the source temperature is sufficiently high and the droplets are small (small
droplet regime), all atoms are surface atoms and no coherence could be probed by the
incoming electrons. Upon doping with phthalocyanine gallium chloride (PcGaCl) in the small
droplet regime, the diffraction pattern of gas phase PcGaCl can be observed. The effect of
the surrounding helium atoms is a continuous angularly isotropic background, which could be
removed by modeling the atomic diffraction of gaseous helium. Alignment of PcGaCl using
our existing equipment has been challenging, but we have definitive evidence of deformation
of the concentration rings into elliptical patches. Simulation and experiment of the alignment
effect are being compared, and further improvements in the signal-to-noise ratio are
underway.
The protein doping unit includes an ESI source, an ion bender, an electrostatic ion trap, and
an ion analyzer system. Doping of small droplets (104 atoms/droplet) does not result in a
substantial gain (less than a few electronvolts) in the energy of the resulting ions, hence
deflection methods are used to separate the mass difference of the doped and bare ions. By
carefully controlling the setting of the electrostatic ion trap, we can observe the dependence
of the doping efficiency on the kinetic energy of the trapped ions. So far we are able to
observe more than 104 doped ions/pulse, sufficient for further electron diffraction.
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Utracold chemistry Aggregation and Microsolvation at 0.37 K
M. Havenith
Physical Chemistry II, Faculty for Chemistry and Biochemistry, Ruhr University Bochum, D-44780
Bochum, Germany
Using a high resolution IR spectrometer in combination with a helium nanodroplet beam set-up we
were able to study a microsolvation and aggregation at ultracold conditions. We will report on the
observation and assignment of (HCl)x-(H2O)y, acetylene-furan complexes, and radicals at ultracold
temperatures. We will report new IR studies of microsolvated HCl with an improved experimental
setup. By using H218O as a solvent we are able to detect protonated HCl, H2O, and mixed cluster
fragments in our mass spectrometer separately. We will discuss the new assignments based on these
most recent measuremts.

In order to understand aggregation at ultracold temperatures we have to take into account new
aggregation pathways. Combined experimental and theoretical efforts provided evidence for
transitions from a higher level local minimum to the global minimum state over a small
barrier during the aggregation process. For actelyne-furan the experimentally observed
structures can be explained by a step-by-step aggregation of moieties pre-cooled to 0.37 K
that are steered by intermediate and short-range electrostatic interactions. Thus, we are able to
unravel a special aggregation mechanism which differs from aggregation of molecules with
large dipole moments such as HCl and H2O where this aggregation process is dominated by
long range 1/r3 dipole–dipole interaction (”electrostatic steering”). These mechanisms are
more general concepts describing aggregation mechanism at ultracold temperatures.
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Simple impurities immersed in/attached to small Helium clusters
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The quantum chemistry treatment, as was firstly applied to dihalogen molecules in
boson/fermion He clusters [1,2], is briefly outlined. Due to the characteristics of the potentials in
play, this kind of impurities tend to be embedded in the cluster. As an example, Fig. 1 displays
the simulated IR spectrum of ICl(X)-3HeN (N→∞) showing the presence of relevant Q branches.
Remarkable advances of the quantum chemistry ansatz at the FCI-nuclear-orbital level are
currently being achieved [3].
On the contrary, alkali dimers and alkaline earth atoms are assumed to reside on the surface of
the cluster. This is again a consequence of the involved interactions, but it also depends on the
size and nature of the cluster. In order to shed some light on the controversy about the actual HeCa(1Σ) potential, Fig. 2 depicts the dipole moment used to simulate the MW spectrum of He2-Ca.
Noticeable differences in such spectrum are found depending on the corresponding heliumcalcium interaction [4].

Fig. 1. Simulated IR spectra of ICl(X)
embedded in 3He clusters.
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Fig. 2. He2-Ca dipole moment model.
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Line broadening in electronic spectra of molecules in
helium droplets
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Superfluid helium is a solvent with unique properties, which in form of helium droplets
became a well established cryogenic matrix for molecular spectroscopy. The helium droplets
are capable of dissolving almost any kind of molecular species and cool them to a
temperature of only 0.38 K with a high cooling rate. In addition, matrix effects such as matrix
shifts or broadening of lines are usually small compared to other matrices – at least in
infrared and microwave spectra.
Electronic spectra, however, usually exhibit characteristic features due to the presence of the
helium environment such as a fine structure of electronic transitions (zero phonon lines
(ZPLs) accompanied by phonon wings (PWs)), and in rare cases a multiplet splitting of ZPLs.
Furthermore, line broadening of single transitions but also of the whole electronic spectrum
can be observed. Although these perturbations of the electronic transitions are in many
cases small and, thus, outweighted by the advantages of using helium droplets as matrix for
electronic spectroscopy, they can also dominate the spectra.
We recorded electronic spectra of a series of organic molecules doped into helium droplets
and compared them to the corresponding spectra of the isolated molecules in a supersonic
jet. Differences, which cannot be reduced to the lower temperature in the helium droplets,
are attributed to the interaction between the embedded molecules and the helium
environment. With this experimental approach, we identified a systematic broadening of
vibronic transitions in the spectra of flexible molecules if the electronic excitation induces a
significant nuclear rearrangement.[1] Furthermore, the appearance of PWs was found to be
related to the change of the electronic density distribution induced by electronic transitions.[2]
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A diffusion Monte Carlo study of mixed 3 He-4 He clusters doped with OCS
A. Sarsa 1 and J. Navarro 2
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Within the diffusion Monte Carlo (DMC) approach, we have studied the structure of helium clusters, either isotopically pure or mixed, with an embedded carbonyl sulfide (OCS) molecule. The calculations presented here have been
obtained using the VPM4 energy surface [1] of OCS-He. Variationally optimized variational wave functions including
anisotropy, in the forms presented in [2, 3] have been obtained for the different clusters considered, and have been
used as a guiding function in the DMC calculation. The structure of the cluster is studied in terms of the He-He
and He-OCS distribution functions. We have used the method described in [2, 4] for the calculation of the rotational
spectrum and the effective moment of inertia. The effective moment of inertia is calculated starting from imaginary
time correlation functions extracted from the DMC calculation. The ground state energies, the rotational spectrum
and the rotational constants have been analyzed as a function of the droplet size. For pure 4 He clusters our results
confirm those of Paesani and Whaley [1]. The structures and energies of small doped 3 He droplets are more diffuse
and less energetic than the same 4 He clusters. Results for mixed droplets are presented. The effect of the fermion
isotope on the different magnitudes is systematically analyzed.
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Clusters in He Droplets and He Droplets on Graphene
Robert Zillich
Institut für Theoretische Physik, Universität Linz, Österreich
The quantitative study of the effect on the He environment of molecules inside He
nanodropets relies on a good description of the interaction between solvent and solute. For
atoms and small molecules, interaction potentials can be calculated with various ab initio
methods, which usually provided very reliable results. For the interactions with larger
clusters, such as alkali clusters An, or with substrates ab initio methods become too expensive.
We present an approach, based on a density funcitonal theory description of the solvated
clusters, that aims to work for both for the short-range repulsion and the long-range dispersion
forces, which are important for example for the study of clusters that are only weakly
attracted to He, such as alkakli clusters. We demonstrate the need for accurate interactions by
showing results for graphene-adsorbed He clusters, where also substrate-mediated He-He
interactions become very important, even more so than the amount of corrugation of the
graphene substrate.
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Dynamics of vortex assisted metal nanowire assembly in superfluid 4He

Jussi Eloranta
Department of Chemistry and Biochemistry, California State University at Northridge,
Los Angeles, California

Laser ablation of copper and silver targets immersed in bulk normal and superfluid 4He was studied
through time-resolved shadowgraph photography. In normal fluid, only a sub-millimeter cavitation
bubble is created and immediate formation of metal clusters is observed within a few hundred
microseconds. The metal clusters remain spatially tightly focused up to 15 ms and it is proposed that
this observation may find applications in particle image velocimetry. In superfluid helium, the
cavitation bubble formation process is distinctly different from the normal fluid. Due to the high
thermal conductivity and an apparent lag in the breakdown of superfluidity, about 20% of the laser
pulse energy was transferred directly into the liquid and a large gas bubble, up to several millimeters
depending on laser pulse energy, is created. The internal temperature of the gas bubble is estimated to
exceed 9 K and the following bubble cool down period therefore includes two separate phase
transitions: gas - normal liquid and normal liquid - superfluid. The last stage of the cool down process
was assigned to the superfluid lambda transition where a sudden formation of large metal clusters is
observed. This is attributed to high vorticity created in the volume where the gas bubble previously
resided. As shown by theoretical bosonic density functional theory calculations, quantized vortices can
trap atoms and dimers efficiently, exhibiting static binding energies up to 22 K. This, combined with
hydrodynamic Bernoulli attraction, yields total binding energies as high as 35 K. For larger clusters
the static binding energy increases as a function of the volume occupied in the liquid to minimize the
surface tension energy. For heliophobic species an energy barrier develops as a function of the cluster
size whereas heliophilics show barrierless entry into vortices. The present theoretical and experimental
observations are used to rationalize the previously reported metal nanowire assembly in both
superfluid bulk liquid helium and helium droplets, which both share the common element of a rapid
passage through the lambda point. The origin of vorticity is tentatively assigned to the Zurek-Kibble
mechanism. Implications of the large gas bubble formation by laser ablation to previous experiments
aimed at implanting atomic and dimeric species in bulk superfluid helium are also discussed and it is
proposed that the developed visualization method should be used as a diagnostic tool in such
experiments to avoid measurements in dense gaseous environments.
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Angular momentum polarization in the photodetachment of alkali atoms from Helium nanodroplets
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The theory of photofragments angular momentum polarization is applied to the photodetachment of an electronically excited alkali atom from a Helium nanocluster (N =
200, 1000). The alignment of the electronic angular momentum of the excited alkali atom
produced is calculated quantum mechanically solving the excited states coupled equations
with potentials determined by DFT. Detailed results will be presented for Na@(4 He)200 ,
and preliminary results for Na@(4 He)1000 and Li@(4 He)200 .
Pronounced oscillations as a function of excitation energy are predicted for the case of
the alignment parameter, which is proportional to the fluorescence polarization. This is
in marked contrast with the absorption cross-section and with the anisotropy parameter
of the angular distribution of the ejected atoms, which are smooth functions of energy.
These pronounced oscillations should be clearly visible in the fluorescence polarization of
the ejected alkali atom.
Preliminary results for Na@He1000 indicate that their frequency is dependent on the
droplet size, which can be of great practical interest. The effect of nonadiabatic transitions
is also shown.
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Methane-Hydrogen Clusters in He Droplets
Takamasa Momose
Department of Chemistry, The University of British Columbia, Canada, momose@chem.ubc.ca
Clusters of hydrogen molecules have been attracted great attention because of its possible
superfluid phase. Parahydrogen has been predicted to undergo Bose-Einstein condensate (BEC)
and to exhibit a superfluid phase below 4 K [1]. However, it has not been observed yet in bulk
hydrogen systems due to the freezing of hydrogen at 13.8K. We have been investigating
properties of hydrogen clusters doped in He droplets by LIF spectroscopy of co-doped prove
molecules [2,3]. The observed LIF spectra indicated non-rigid behavior of hydrogen clusters up
to N=2,000 at 0.4 K. Recently, we found that IR depletion spectra in the ν4 mode of methane
(CH4) in He droplets showed extremely narrow linewidth, whose lienshape might carry
information characteristic to superfluid environment [4]. We are now investigating properties of
hydrogen clusters in He droplet using the high-resolution IR depletion spectra of co-doped CH4.
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Solvation of weakly bound aggregates in helium nanodroplets:
quantum Monte Carlo studies
Robert Hinde
Department of Chemistry
University of Tennessee
Knoxville, TN-37996 USA
rhinde@utk.edu
Theoretical studies of dopant solvation in large helium nanodroplets are frequently based
on helium density functional (He-DF) treatments of the helium solvent. Although this
approach makes it relatively easy to study large HeN droplets, with sizes N representative
of those that can be produced experimentally (N ≈ 5000 or higher), it cannot provide detailed information about the atomic-level structure of the He solvation shells that surround
a dopant. These solvation shells have been implicated in He-DF studies of exotic systems
such as metastable weakly bound dimers of Mg atoms [1], Ne atoms [2], or Al atoms [3] in
superfluid helium, and atomistic studies of these solvation shells could shed further light
on the role that they play in these hypothesized metastable systems. Atomistic studies of
dopants in He nanodroplets could also provide insight into the degree to which the largeamplitude zero point motion of weakly bound dimers is modified in the He nanodroplet
environment.
Here, we present fully atomistic quantum Monte Carlo simulations of doped HeN droplets
with sizes N ≈ 1000 and compare the results of these simulations with those obtained from
He-DF studies of these same systems. The dopants of primary interest are rare gas atoms
and dimers, alkaline earth atoms and dimers, and small parahydrogen clusters (pH2 )n with
3 ≤ n ≤ 5. We investigate both how the He nanodroplet modifies a dopant’s low-frequency
zero point vibrations and how the dopant’s center-of-mass zero point motion affects the
sharpness of the He solvation shells.
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Abstract
Quantum Fluid Clusters: Some History, Comments and Ideas
J. Peter Toennies
Max-Planck Institute for Dynamics and Self-Organisation, Am Fassberg 17, 37077 Göttingen (Germany)

The present conference is the eigth in a series of workshops and small meetings held in
1989, 1994, 1997, 2000, 2009, 2010, and 2011. It promises to be the largest devoted solely
to Quantum Fluid Clusters thereby documenting the robust growth of the field. Many of the
phenomena encountered in the early experiments are now well understood thanks to the
more recent experiments and great strides with the theory. In my talk we will try to
summarize some of these new advances and call attention to some of the open issues which
bring on new challenges. We will also present some new ideas for future experiments and at
the close of the talk venture a vision of the type of experiments to be expected in the long
term future.
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Abstract
Although a lot of experiments have been done using superfluid helium nanodroplets, as cold
matrices for atomic and molecular clusters, very little is known about the shapes and sizes of
individual droplets. These were previously only determined indirectly by droplet scattering
experiments. Here, we report on the measurements of the shapes and sizes of single He
droplets via diffraction imaging using femtosecond X-ray pulses from the Linac Coherent Light
Source (LCLS) at SLAC National Accelerator Laboratory. The intensity distribution in the
diffraction images was modeled using scattering intensity formula for spheroids. The scattering
intensities, radii, aspect ratio and orientation of the helium droplets in the beam will be
discussed. We assign the spheroid shape of the droplets to rotational excitation, which in
superfluid droplets involves several quantum vortices.
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Abstract:
In this poster presentation, the results of recent measurements of the shapes of large He
droplets of about 500 nm in diameter will be presented. For this purpose, coherent
diffraction images of the droplets were obtained using the Linac Coherent Light Source
(LCLS) X-ray free electron laser at SLAC National Accelerator Laboratory. Some images
indicate the presence of non-spherical droplets with a large aspect ratio of about 2,
possessing stadium shape, in the beam. These images are attributed to the oblate shapes
adopted by fast rotating droplets. The contour of individual droplets is reconstructed using
an inverse Fourier Transform and compared with the results of theoretical calculations. The
vorticity in the droplets is estimated. Different occurrences of stadium droplets in the beam
are analyzed.
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Abstract:

In this presentation, the observation of vortices in He droplets is discussed.
For this purpose, droplets have been doped with a large number of Xe
atoms and imaged via X-ray diffraction at The Linac Coherent Light Source
at SLAC National Accelerator Laboratory. Quantum vortices in He droplets
are expected to attract Xe atoms and serve as nucleation centers for the
growth of Xe clusters. Therefore, obtaining the positions of clusters inside
individual droplets may help in deducing the number and configuration of
vortices within. In small droplets of about 200 nm in diameter, certain
diffraction images show clear interference patterns with characteristic
contributions from both the droplet and embedded Xe clusters. We have
created simulated diffraction images, using a model of scattering from
multiple clusters (He droplet and several Xe clusters), which gave very
good agreement with some characteristic experimental images. These
results indicate the presence of several Xe clusters separated by ~100 nm
within the droplet, consistent with the binding of Xe clusters to a few
vortices in small droplets. In larger droplets of about 2 μm in diameter,
the diffraction images often show Bragg spots, a strong indication of an
extended lattice. This is consistent with the formation of Abrikosov arrays
consisting of about 100 parallel vortices.
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Hydrogen Microdroplets in intense optical and XUV laser elds
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A hydrogen microdroplet source operating at few Kelvin has been developed for scattering
experiments with intense optical and XUV lasers to study plasma properties. The basic
idea is to monitor the developing microplasma conditions in a pump-probe setup. Using
the optical laser as pump and the XUV laser as probe, the detected scattered light show
a strong dependence on the adjusted delay in intensity and emission angle.
In the case of XUV pulse excitation we found that the droplets become optically transparent on a sub nanosecond timescale, depending on the laser pulse energy. These qualitative
experimental results obtained with an imaging system will be compared to theoretical investigations where microsized hydrogen droplets expand hydrodynamically after initial
XUV ionization.
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Collective autoionization in helium nanodroplets
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The interaction between light and matter is a fundamental process in quantum mechanics. In
the case of van der Waals clusters, a single atom is no longer an isolated system, but is
intrinsically coupled to its environment. Absorption of multiple photons from an intense IR
source leads to the creation of a plasma-like state inside the cluster resulting in emission of
high-energy ions [1]. With a free electron laser (FEL) intense vacuum ultraviolet (VUV)
radiation results in a similar plasma state where the resulting ions have a higher-charged state
distribution than observed in free atoms [2]. Observation of collective processes when
clusters are irradiated by intense light sources has been reported for a wide variety of systems,
for a review see [3]. However, resonant excitation in the VUV regime has been relatively
unexplored. With recent developments in seeding free electron lasers (FEL), the narrow
bandwidth and tunability of a conventional tabletop laser is now available from an intense
FEL source [4]. Here, we report on the collective autoionization, theoretically predicted by
Kuleff et al.[5], of helium atoms within nanodroplets due to resonant excitation by the seeded
EUV free electron laser FERMI@Elettra. In this decay channel, any two neighboring excited
atoms transfer energy between one another leading to one atom decaying to its ground state
and the other being ionized. Since the decay is dependent on neighboring atoms transferring
energy, the decay is related to Interatomic Coulombic Decay (ICD) initially predicted by
Cederbaum et al. [6] and observed in neon clusters [7] and dimers [8]. Furthermore, we show
that this decay channel is surprisingly efficient, leading to ion abundances greater than that of
direct single-photon ionization. Overall, the novel collective ionization process is expected to
be important for many other systems and of quite general character.

[1] T. Ditmire et al., Nature (London) 398, 489 (1999)
[2] H. Wabnitz et al., Nature 420, 482 (2002)
[3] U Saalmann, Ch Siedschlag, and J M Rost, J. Phys. B: At. Mol. Opt. Phys. 39, R39 (2006)
[4] E Allaria et al., New J. Phys. 14 113009( 2012); E. Allaria, Nature Photonics 6, 699
(2012)
[5] A. I. Kuleff, K. Gokhberg, S. Kopelke, and L. S. Cederbaum, Phys. Rev. Lett. 105,
043004 (2010)
[6] L. S. Cederbaum, J. Zobeley, and F. Tarantelli, Phys. Rev. Lett. 79, 4778 (1997)
[7] S. Marburger, O. Kugeler, U. Hergenhahn, and T. Möller, Phys. Rev. Lett. 90,
203401(2003)
[8] T. Jahnke et al., Phys. Rev. Lett. 93, 163401 (2004)
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Excited State Dynamics of Transition Metal Atoms Doped to Helium
Nanodroplets
Andreas Kautsch, Friedrich Lindebner, Markus Koch, and Wolfgang E. Ernst
Spectroscopy of transition metal atoms doped to superfluid helium nanodroplets (HeN) gives
information about the influence of a cold, chemically inert environment on the excitation
and relaxation dynamics of dopant atoms and molecules [1]. Chromium is an outstanding
member among the transition metal atoms with its huge magnetic moment originating from
a rather complex electronic structure of half-filled 3d and 4s subshells. We succeeded in
doping Cr atoms to HeN [2] and present the results from laser excitation, ionization, laser
induced fluorescence, and mass spectroscopy [3, 4] and show attempts to apply these
techniques to copper atoms in HeN. With respect to the bare Cr atom states in the 350 to
361 nm region, an excitation blueshift and broadening of approximately 300 cm-1 and
450 cm-1, respectively, is found for the strong Cr y7P2,3,4
a7S3 ground state transitions and
can be taken as indication for solvation of Cr inside the droplet. An observable subsequent
relaxation to the energetically lower y7P2, z5P1,2,3, and z7P2,3,4 states clearly bears the
signature of the HeN influence. The y7P2
a7S3 emission line dominates the observed
fluorescence in intensity, which is in contrast to matrix isolated Cr atoms where fluorescence
was exclusively observed from other states than those originally excited [5]. Independent of
the excitation wavelength within the broad y7P2,3,4
a7S3 excitation region, only the
energetically lowest J=2 spin-orbit component of the excited y7PJ state radiatively decays to
the ground state. Another pathway involves a normally spin-forbidden transition into the z5P
state. Probing the population distribution of the z5P1,2,3 substates by either fluorescence
detection or resonance ionization mass spectroscopy (RIMS), yields that the energetically
lowest J=3 substate is preferably, but not exclusively, populated. In contrast, the
energetically lower z7P2,3,4 states are equally populated by the third observed relaxation
channel. All emission lines are narrow and at their free atom energies indicating an ejection
of the Cr with the relaxation to the y7P2, z5P, and z7P states. Laser excitation of the
a7S3 transitions between 415 and 430 nm shows similar
energetically lower z7P2,3,4
blueshifts and broadenings but leads to only weak fluorescence from the z7P2 state. This can
be attributed to quenching effects in the droplet or relaxation into dark states.
Fano resonances originate from the interference between different excitation paths and are
observed in photoionization experiments when the continuum above the ionization
threshold can be accessed from a lower state both directly and via a discrete autoionization
state. The result is an asymmetric spectral line profile observed for the one color RIMS of Cr
doped to HeN. Recorded transitions from the z5P states, populated by the droplet mediated
relaxation from the y7P state, to the g5D and e3D autoionization states confirm the unequal
population of the intermediate state and the line profiles contain valuable information about
the transition strengths of the different paths.
[1] C. Callegari and W. E. Ernst, Helium Droplets as Nanocryostats for Molecular Spectroscopy - from the Vacuum Ultraviolet
to the Microwave Regime, in Handbook of High-Resolution Spectroscopy, eds. M. Quack and F. Merkt, John Wiley & Sons,
Chichester, 2011.
[2] M. Ratschek, M. Koch, and W. E. Ernst, J. Chem. Phys., 136 (2012) 104201
[3] Kautsch, A., Koch, M., Ernst, W.E., J. Phys. Chem. A, in press (2013)
[4] Kautsch, A., Hasewend, M., Koch, M., Ernst, W.E., Phys. Rev. A, 86 (2012) 033428
[5] Pellin, M. J., Gruen, D. M., Fisher, T., Foosnaes, T., J. Chem. Phys., 79 (1983) 5871
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Photoelectron spectra of magnesium embedded in helium nanodroplets
Lev Kazak, Sebastian Göde, Josef Tiggesbäumker, and Karl-Heinz Meiwes-Broer
Institute of Physics, University of Rostock,
Universitätsplatz 3, 18051 Rostock, Germany
Magnesium atoms embedded in superfluid helium nanodroplets have been
identified to arrange themselves in a metastable network of isolated atoms [1],
initially proposed by Gordon [2]. Excitation spectra in the vicinity of the atomic
3 1P10 ← 3 1S0 transition, measured via resonant two-photon ionization (R2PI),
reveal a narrow peak next to the atomic resonance, irrespective of the cluster size,
which suggests, that before excitation single Mg atoms are dissolved within the
droplet. From the peak shift with respect to the monomer signal, an interatomic
Mg-Mg distance of 10 Å has been deduced. Here we use photoelectron
spectroscopy (PES) in order to map the electronic structure. Interestingly, also in
photoemission simple spectra arise when more then a single atom is present,
whereas almost no pickup dependence is observed. Additionally peaks which
corresponds to highly excited complexes has been found, indicating a possible
relaxation of the metastable structure [3].

[1] A. Przystawik, S. Göde et. al., Phys.Rev.A 78, 021202 (2008)
[2] E.B. Gordon, J.Exp.Theor.Phys.Lett. 19, 63 (1974)
[3] S. Göde et. al., New J. Phys. 15, 015026 (2013)
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Real time dynamics of 4 He nanodroplets doped with Cs
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2

1
Departament ECM, Facultat de Fı́sica, and IN2 UB,
Universitat de Barcelona. Diagonal 645, 08028 Barcelona, Spain
Laboratory of Theoretical Physical Chemistry, Institut des Sciences et Ingénierie Chimiques,
Swiss Federal Institute of Technology Lausanne (EPFL), CH-1015 Lausanne, Switzerland
3
Physikalisches Institut, Universität Freiburg, 79104 Freiburg, Germany

We present some preliminary results on the dynamics of Cs atoms and Cs+ cations in 4 He nanodroplets. In particular, we discuss the outcome of Cs-4 He300 and Cs-4 He1000 head-on collisions, as
well as the dynamical evolution of the Cs@4 He1000 complex following the photo-ionization of the Cs
atom. If it happens that Cs in its ground-state sits in a dimple at the surface of a 4 He1000 droplet,
Cs+ sinks into the droplet and one sees the dynamical appearance of a very structured helium shell
around the cation (“snowball”). When Cs is excited from the 6s to the 7s state, the impurity is
ejected. If the photoexcited Cs is then photoionized, the resulting Cs+ cation may leave or not the
droplet depending on the time delay between excitation and ionization processes. The implications
of these results on current and past experiments are discussed.
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FIG. 1: Dynamic evolution of a Cs-4 He300 head-on collision. The initial velocity of Cs is 100 m/s.
The time between frames is 14 ps.
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Picosecond solvation dynamics of Ba+ cations in 4 He nanodroplets
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The dynamics following the photoionization of neutral Ba atoms sitting on a dimple at the surface of 4 He nanodroplets has been investigated in a joint experimental and theoretical effort. The
experiments are analyzed within a 3D, TDDFT approach for the helium droplet using accurate
ab initio He-Ba+ pair potentials. The ZEKE and absorption spectrum of Ba+ have been determined and compared with the experiment. The time-resolved absorption spectrum of the cation
during its sinking has been obtained. It is shown that it takes about 20ps to become similar to
that of fully solvated Ba+ . The solvation dynamics of Ba+ @4 He1000 has been followed for several
hundred picoseconds, disclosing the appearance of a localized structure around Ba+ (snowball). A
large amount of the energy involved in the ionization process is deposited in the droplet as large
amplitude oscillations, shape deformations and helium atoms evaporation.
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FIG. 1: Dynamic solvation of Ba+ in a 4 He1000 droplet when the neutral Ba atom is suddenly ionized
in its surface dimple state. The time between frames is 30 ps.
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Biomolecular ions embedded in He droplets
Doo-Sik Ahn, Ana Isabel Gonzalez Florez, Frank Filsinger, Gerard Meijer, Gert von Helden
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany

Advanced experimental methods for the investigation of structure and dynamics of biological molecules
are the challenging issue for analytical and biological applications. As a bottom-up approach, the gas
phase spectroscopy of biomolecular ions in the gas phase is one of the most promising techniques in
terms of mass-selectivity and compatibility with the precise spectr oscopic tools. When it combines with
ion cooling methods, the spectral quality is much improved enough to describe detailed structures and
dynamics.[1,2] Ion capturing by liquid He droplets is newly developed methods for cooling and
spectroscopic application of bimolecular ions because of extreme cooling power, transparency from far IR
to deep UV and weak interaction with dopants. [3-5]
In current work, we have demonstrated that capturing of bimolecular ions by liquid He droplets have
been demonstrated, and characterized. Biomolecular ions generated via electrospray ionization are
selected and accumulated in linear ion trap combined with Q-TOF mass spectrometer. Various
biomolecular ions from single amino acids to proteins as large as Cytochr ome C have been successfully
doped in helium dr oplets. The size distribution of liquid He droplets after capturing of ion are
characterized with the analysis of arrival time in different acceleration fields. The sizes of the ion doped
He droplets, ranging from 104 to 106 helium atoms, are dependent on the temperature of pulsed nozzle
and the size of ions captured.
Electronic spectroscopy of biological ions doped in He droplets has been also demonstrated using parent
ion ejection mechanism from He droplets. The measured UV spectra of sodiated, protonated tryptophan
and tryptophan-(18-crow n-6) complex embedded in He droplets are broad and structureless, but the
substantial changes on the spectr um was observed. In addition, electronic spectra of gramicidin A
monomer (15-residue peptide) and its non-covalent dimer have been obtained with the identical scheme
as well. The obser ved spectra of gramicidin A monomer are significantly red-shifted with respect to
tryptophan monomer ion regardless of the charge-carrier, H+ or Na+ , and showed the charge state
dependence. The obtained electronic spectra in homo- and hetero-dimers of gramicidin A are consistently
narrower than in monomer.
[1]
[2]
[3]
[4]
[5]

T. R. Rizzo, J. A. Stearns, O. V. Boyarkin, Int. Rev. Phys. Chem. 28, 481 (2009).
D. Gerlich, G. Borodi, Faraday Discuss. 142, 57 (2009).
J. P. Toennies, A. F. Vilesov, Angew. Chem. Int. Ed. 43, 2622 (2004).
F. Bierau, P. Kupser, G. Meijer, G. v. Helden, Phys. Rev. Lett. 105, 133402 (2010).
F. Filsinger, D.-S. Ahn, G. Meijer, G. v. Helden. PCCP 14, 13370 (2012).
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Morphologies of Ag clusters grown in superfluid helium
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Silver nanocluster (Agn) were synthesised in superfluid helium nanodroplets (HeN) and
subsequently deposited on an amorphous carbon (a-C) surface. Transmission electron
microscope (TEM) images and high resolution TEM (HRTEM) images, revealing the cluster
size distribution and the cluster morphology, shall be presented.
Helium nanodroplets combine both, a least perturbing superfluid quantum matrix at 0.4 K and
a well-defined local confinement, given by the droplet radius of a few nanometers [1]. These
unique experimental conditions led to an extensive use of HeN in spectroscopy during the
past decade [2] and made them also interesting for the purpose of cluster synthesis.
Only recently clusters assembled in HeN were deposited on a surface [3], leading to
increasing interest on this cluster production method. However, little is known so far about
the fundamental cluster formation process inside HeN.
We are able to present for the first time a detailed study of the distribution of different cluster
morphologies grown in superfluid droplets. Agn were assembled in HeN and subsequently
deposited on either the a-C surface of commercial TEM grids or on a microbalance. While
the Agn size distribution could be extracted from TEM images, the comparison of the latter
with measured deposition rates yields information about the sphericity of the clusters.
HRTEM images showed that the Agn adopt decahedral, icosahedral and fcc structures. A
comparison of the data with inert gas aggregation (IGA) experiments [4] and corresponding
theoretical work [5] allows us to give possible growth mechanisms that might lead to the
observed structures.
We further seek to present first results from currently performed molecular dynamic (MD)
simulations on the same topic.
References:
[1] J.P. Toennies and A.F. Vilesov, Angew. Chem. Int. Ed. 43, 2622-2648 (2004).
[2] C. Callegari and W. E. Ernst, Handbook of High Resolution Spectroscopy, Eds. F. Merkt and M.
Quack, 1st Edition, Vol. 3, 1551-1594 (2011).
[3] E. Loginov, L.F. Gomez and A.F. Vilesov, J. Phys. Chem. A 115, 7199-7204 (2011).
[4] D. Reinhard, B.D. Hall, D. Ugarte and R. Monot, Phys. Rev. B 55, 7868-7881 (1997).
[5] F. Baletto and R. Ferrando, Rev. Mod. Phys. 77, 371-423 (2005).
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Investigation of pyridine water clusters in He nanodroplets
G. Schwaab, M. Letzner, P. Nieto, T. Endres, M. Havenith
Physical Chemistry II, Faculty for Chemistry and Biochemistry, Ruhr University Bochum, D44780 Bochum, Germany
Proton-transfer equilibria are essential for interpreting the physiochemical behavior of basic
and acidic compounds in aqueous solution. Here, we investigate the microsolvation of
pyridine with water and deuterated water. The simplest complex considered is formed by one
water and one pyridine molecule. Analysis of this complex gives insight into the way in which
protonation takes place in larger water clusters. The infrared spectrum of the pyridine-water
complex in the gas phase was observed by Millen and Mines (1) and quite recently a detailed
Fourier transform IR spectrum was obtained in the argon matrix (2).
We used the Bochum He nanodroplet machine in combination with a high power IR-OPO
(cw: 1.7 W) to investigate pyridine and its complexes with water. Helium nanodroplets
provide a soft, suprafluid and ultracold (0.37 K) matrix that allows studying the solvation of
pre-cooled moieties. We observed spectral features of pyridine-water aggregates in the
region between 3050 and 3100 cm-1. The observed pressure dependence of the signals in
combination with electric field measurements and calculations indicate the presence of at
least two species, the hydrogen bonded global minimum structure and a bridge structure
where the water oxygen is hydrogen bonded to two pyridine CH bonds (see Figure 1).

Figure 1: IR spectrum of pyridine water complexes in helium nanodroplets at a pressure
optimized for pickup of one water and one pyridine. Pressure and field dependent
measurements indicate the presence of two different structures.

References:
(1) A. Destexhe, J. Smets, L. Adamowicz, 1994, J. phys. Chem., 98, 1506;
(2) D. J. Millen, G. W. Mines, 1977, J. Chem. Soc. Faraday Trans. ii 73, 369
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Aligning molecules in the laboratory frame is desirable for the study of directionality in
physical and chemical processes. Examples are the direction of transition dipole moments or
the stereoselectivity of chemical reactions such as SN2 reactions. Laser induced alignment
can be achieved adiabatically using long (ns) or nonadiabatically using short (fs) laser pulses
with respect to the rotational period of the molecule. Nonadiabatic alignment inside helium
droplets was demonstrated by us in Ref. [1] and is further discussed on another poster.
Adiabatic alignment enables to reach unsurpassed high degrees of alignment during the
laser pulse. We show our results on adiabatic alignment of 1,4-diiodobenzene, iodobenzene
and methyliodide in helium droplets as well as in the gas phase under identical laser
conditions.[2] The alignment of these molecules in the droplets sharpens as the laser
intensity is increased similar to the behavior in gas phase. For 1,4-diiodobenzene, the
highest degree of alignment, <cos22D> = 0.90, is essentially identical to the value obtained for
isolated molecules in a supersonic beam whereas the highest degrees of alignment for
iodobenzene and for methyliodide in helium droplets fall below the values obtained for
isolated molecules. Based on the analysis of the angular distribution of ion images created
by Coulomb explosion of the molecules in the gas phase and in helium droplets, we attribute
the lower values observed for iodobenzene and methyliodide in droplets to deviations from
axial recoil in the Coulomb explosion process that probes the alignment of the molecules. In
the case of 1,4-diiodobenzene, Coulomb explosion creates the same angular distributions for
the molecule in the gas phase and in helium droplets, which can also be shown by means of
a covariance analysis.

References:
[1] Dominik Pentlehner, Jens H. Nielsen, Alkwin Slenczka, Klaus Mølmer and Henrik Stapelfeldt
Phys. Rev. Lett. 110, 093002 (2013)
[2] Dominik Pentlehner, Jens H. Nielsen, Lars Christiansen, Alkwin Slenczka and Henrik Stapelfeldt,
Phys. Rev. Lett. A, accepted
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We show that the powerful alignment methods, based on moderately intense nonresonant
laser pulses, can be transferred from isolated molecules in the gas phase to molecules
embedded in superfluid Helium droplets. We demonstrate both alignment in the adiabatic
limit where the laser pulse used is much longer than the inherent rotational periods of the
molecule and in the nonadiabatic limit where the pulse is much shorter than the rotational
periods.[1] We show that nonadiabatic alignment inside helium droplets depends on the
molecule studied, and the alignment dynamics are very different from the dynamics of
isolated molecules. It is shown that multiple short pulses, synchronized appropriately, can
enhance the degree of alignment in the nonadiabatic regime and provide information about
the alignment dynamics. Our studies uses methyl iodide and 1,4 diiodobenzene as
examples, but other molecules were studied as well.
The ability to align molecules in helium droplets opens new opportunities for time-resolved
studies of chemical reaction dynamics of molecules in the presence of a solvent and for
studying the properties of superfluid helium.

References:
[1] Dominik Pentlehner, Jens H. Nielsen, Alkwin Slenczka, Klaus Mølmer, Henrik Stapelfeldt, Phys.
Rev. Lett. 110, 093002 (2013).
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Hydrocarbon Radicals in Superfluid Helium Nanodroplets:
Rovibrational Spectroscopy and Ab Initio Computations
Christopher P. Moradi, Emmanuel I. Obi, Paul L. Raston, Tao Liang, and Gary E. Douberly
Department of Chemistry, University of Georgia, Athens, Georgia 30602-2556

Several small hydrocarbon radicals (methyl, vinyl, and ethyl) have been generated by pyrolysis
and isolated in He nanodroplets. The rovibrational spectrum of the v 3(e) band of the methyl radical
(CH3) exhibits all five allowed transitions, and these produce population in the NK = 00, 11, 10, 22 and 20
rotational levels. The observed transitions exhibit variable Lorentzian line shapes, consistent with state
specific homogeneous broadening effects. The relative linewidths of these transitions are rationalized in
terms of the anisotropy in the He-CH3 potential energy surface, which couples the molecule rotation to
the collective modes of the droplet.
The vinyl radical (C2H3) has been probed in the CH stretch region between 2850 and 3200 cm-1,
revealing a- and b-type components for the v 1, v 2, and v 3 bands. Comparisons to gas phase millimeterwave rotation-tunneling [K. Tanaka, M. Toshimitsu, K. Harada, and T. Tanaka, J. Chem. Phys. 120, 3604
(2004)] and high-resolution jet-cooled infrared spectra [F. Dong, M. Roberts, and D. J. Nesbitt, J. Chem.
Phys. 128, 044305 (2008)] reveal that the effect of the He solvent is to reduce the ground and 3 excited
state tunneling splittings by 20%. This solvent-induced modification of the tunneling dynamics can be
reasonably accounted for by assuming either an 2.5% increase in the effective barrier height along the
tunneling coordinate or an 5% increase in the effective reduced mass of the tunneling particles.
The band origins of the five CH stretch fundamentals for the He-solvated ethyl radical (C2H5) are
shifted by < 2 cm-1 from those reported for the gas phase species. The symmetric CH2 stretching band
(v1) is rotationally resolved, revealing nuclear spin statistical weights predicted by G12 permutationinversion group theory. A permanent electric dipole moment of 0.28 (2) D is obtained via the Stark
spectrum of the v1 band. The four other CH stretch fundamental bands are significantly broadened in He
droplets and lack rotational fine structure. This broadening is attributed to symmetry dependent
vibration-to-vibration relaxation facilitated by the He droplet environment. In addition to the five
fundamentals, three a1' overtone/combination bands are observed, and each of these have resolved
rotational substructure. These are assigned to the 2v12, v4+v6, and 2v6 bands through comparisons to
anharmonic frequency computations at the CCSD(T)/cc-pVTZ level of theory.
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First spectroscopic investigation of the HD–CO van der Waals complex
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It was shown recently that the carbon monoxide probe molecule allows one to measure
the effective inertia of para-H2 clusters demonstrating a significant decoupling (assumed as a
superfluid response) of hydrogen with respect to dopant rotation [1]. It will be interesting to
see whether such decoupling can exist in the HD clusters, i.e. systems involving fermionic
particles. As an initial step in this direction we report the first observation of the rotational
spectrum of the HD–CO van der Waals binary complex.
The R-branch (∆J = +1) b-type (K = 1 – 0) transitions corresponding to the internal
rotation of the CO molecule within the HD–CO complex have been measured in the
millimeter-wave region by using intracavity OROTRON jet spectrometer [2]. A closed cycle
gas system, similar that was used earlier for 3He–CO study [3], enabled measurements using a
quite limited amount of HD gas. For this purpose, a rotary pump (with magnetic coupling)
was used as a fore-pump for the buster pump. After being pumped out of the vacuum
chamber, the HD gas was purified by passing through a liquid nitrogen cooled trap filled with
activated carbon and finally compressed with an oil-free membrane-pump to a pressure of
about 4 bar. Then a small amount of CO gas (about 5-10 %) was added to HD flow for
production of the HD–CO complexes in a supersonic expansion.
The relation of the observed transitions to HD–CO and their assignments were
established on our previous studies of paraH2– and orthoD2–CO [4, 5].
This work was supported by the DFG via Research Grant SU 579/1-2. The support
through Grants of the RFBR 12-03-00985 and 12-02-91337 is acknowledged by LAS.
[1] P.L. Raston, W. Jäger, H. Li, R.J. Le Roy, and P.-N. Roy, Phys. Rev. Lett. 108, 253402 (2012).
[2] L.A. Surin, B.S. Dumesh, F. Lewen, D.A. Roth, V.P. Kostromin, F.S. Rusin, G. Winnewisser, and I. Pak,
Rev. Sci. Instrum. 72, 2535 (2001).
[3] L.A. Surin, D.A. Roth, I. Pak, B.S. Dumesh, F. Lewen, and G. Winnewisser, J. Chem. Phys. 112, 4064
(2000); 112, 9190(E) (2000).
[4] A.V. Potapov, L.A. Surin, V.A. Panfilov, B.S. Dumesh, T.F. Giesen, S. Schlemmer, P.L. Raston, and
W. Jäger, Astrophys. J. 703, 2108 (2009).
[5] A.V. Potapov, V.A. Panfilov, A.A. Dolgov, L.A. Surin, B.S. Dumesh, Opt. Spectr. 106, 732 (2009).

Poster Session - P17
The mechanis m of s upramolecular photogeneration of singlet molecular oxygen
O2 (a1 ∆g ) in van der Waals complex C2 H4 -O2
Alexandr S. Bogomo lov 1 , Sergei A. Kochubei2 , Georgii A. Bogdanchikov 1,3 , and Alexey V. Baklanov 1,3
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Photochemistry of molecu lar o xygen is important for manifold of at mospheric and photo biological processes. It is
known that in a single o xygen molecu le all t ransitions in spectral reg ion fro m IR to UV are symmetry and/or spin
forbidden. However, when o xygen interacts with molecular en vironment, symmetry of o xygen molecule is
perturbed and spin rules are applied to the whole system involving the surrounding mo lecules together with O 2 one.
This perturbation provides increase of absorption cross -section by the orders of magnitude. Van der Waals complex
of o xygen X-O2 has been shown to be a good model for the study of UV photophysics and photochemistry of
perturbed oxygen [1]. These comp lexes can be generated in the collisionless conditions of molecular beam and so
the power of the modern experimental techniques can be applied for the study of their photochemistry. In paper [1]
the new supramolecular photoprocesses in X -O2 co mplexes have been revealed with the use of velocity map
imaging. One of them gives rise to singlet oxygen O 2 (a1 Δg ) which was interpreted to be due to supramolecu lar
transition in comp lex with simultaneous change of the spin of complex partners [2].
( X– 3 O2 ) + h  3 (3 X–O2 (a1 Δg ))  3 X + O2 (a1 Δg ).

3 1

(1)

Earlier in the experiments with photoexcitation of molecu les in liquid s saturated by oxygen the formation o f singlet
oxygen was also observed and attributed to direct excitation of the charge transfer state (CT) o f “contact complex”
X-O2 , where X is mo lecule of solvent [3]:
( X– 3 O2 ) + h  3 (X•+–O2 •-)  1 (X•+– O2 •-)  1 X + O2 (a1 Δg ).

3 1

(2)

The goal of the current work was the d iscrimination of the upper mechanis ms (1) and (2). In presented work the
formation of singlet o xygen has been revealed under UV-excitation of van der Waals co mplex of ethylene with
oxygen C2 H4 -O2 . In this investigation the technique of velocity map imaging of the photofragments has been
applied. Singlet o xygen is revealed by detection of O atoms with kinetic energy and angular distribution
corresponding to photodissociation of singlet oxygen O 2 (a1 Δg ) by the same laser pulse. The CT state of this
complex (process (2) is not accessible in our excitation conditions ( 226 n m, h5.5 eV) as we conclude on the
basis of our results of quantum-chemical calculations. At the same t ime the energy of the quantum of radiat ion used
is sufficient for simu ltaneous transition (1). So, the formation of singlet oxygen fro m the complex C 2 H4 -O2 in these
experiments allows us to make the choice in favor of mechanism (1) and to deduce that direct excitation of the
charge transfer state is not necessary for photogeneration of singlet oxygen fro m weakly bound complexes of
oxygen X-O2 .
The authors gratefully acknowledge the financial support of this work by the Russian Foundation for Basic Research
(Grant № 12-03-00170-a).
[1] A.V. Baklanov, G.A. Bogdanchikov, K.V. Vid ma, D.A. Chestakov, D.H. Parker, J. Chem. Phys. 126, 124316
(2007).
[2] K.V. Vid ma, P.W.J.M. Frederix, D.H. Parker, A.V. Baklanov, J. Chem. Phys. 137, 54305 (2012).
[3] R. D. Scurlock, P. R. Ogilby, J. Phys. Chem. 93, 5493 (1989).
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Hot molecules in helium nanodroplets:
a new route to optical spectra
Benjamin Shepperson, Adrian Boatwright, Cheng Feng, Daniel Spence,
Shengfu Yang and Andrew M. Ellis
Department of Chemistry, University of Leicester,
University Road, Leicester, LE1 7RH, UK

A new mechanism is described for recording optical spectra of molecules in helium
nanodroplets. This ‘hot molecule’ technique is applicable when optical excitation leads to a
long-lived metastable excited state inside a helium droplet, which in turn changes the electron
impact ionization cross section of specific ion product channels. This is illustrated by
electronic excitation of toluene to its S1 state, which undergoes intersystem crossing into a
long-lived triplet state with high quantum yield. By monitoring different ions, spectra in both
depletion and enhancement modes have been obtained. The technique has potential for
applications whenever optical excitation delivers a relatively long-lived (ms or longer) excited
state and therefore complements existing depletion techniques, which require fast dissipation
of energy into the helium matrix.
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Probing molecules in bichromatic laser fields
S.Skruszewicz1, R. Irsig1, S. Zherebtsov2, M.F. Kling2,3,
Th. Fennel1, Dieter Bauer1, J. Tiggesbäumker1, and K.-H. Meiwes-Broer1
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Two-color asymmetrical intense laser pulses (w/2w) resulting from coherent
superposition of 800 nm and its second harmonic 400 nm [1] are used to induce and
study directional photoemission from xenon and C60. In experiment we utilize a
Velocity Map Imaging spectrometer to obtain information on the angular distribution
of photoelectrons. We observe strong asymmetries in photoemission with
characteristic offset at low energies. Additionally, for each point in the imaging
spectrum the signal yield is analyzed as a function of w/2w laser pulse phase. This
enables to extract phase dependent features and subtracts any kind of statistical or
thermal electron emission [2]. The possible applications for helium droplets
experiments will be discussed.

[1] N. Dudovich et. al., Nature 2, 781 (2006)
[2] F. Süßmann et. al., Rev. Sci. Instr. 82, 093109 (2011)
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Quantum Simulation of Helium Clusters with Open Shell Dopants
Ji Jiang

Many experiments on pure and doped helium clusters result in the production of a broad
distribution of charged fragment ions after electron impact or laser ionisation. These ion yield
distributions often exhibit distinct stability patterns. We use the diffusion quantum Monte Carlo
technique to study these stability patterns and structural features of helium clusters with open
shell atomic and molecular dopants, which can also arise from photodissociation processes.
Recent photodissociation experiments indicate interesting pathways for energy dissipation and
caging in the case of CH3I which is extremely well studied in the gas phase. Simulations of these
processes require a powerful many body quantum method for the treatment of nuclear motion
and reliable many-body potentials which we construct from high level ab initio CCSD(T) and
RCCSD(T) calculations for several electronic states mixed by spin-orbit coupling and including
non-additive interactions arising from induction.
We present steps towards the modelling of the photodissociation CH3I -> CH3 + I inside helium
droplets. Potential energy curves have been calculated for several electronic states of Iq-He,
q=-1,0,+1,+2 with the CCSD(T) method and effective core potentials and are used for the
construction of many body models for mixed clusters of the type Iq@Hen which have been
observed as photofragments (q=0) and in electron impact ionisation experiments (q=-1,+1,+2).
The potential models include non additive induction effects and spin-orbit mixing. Stability
patterns computed with the diffusion quantum Monte Carlo technique indicate the existence of
soft shells for q=-1,0 and a pronounced shell closure at n=16 for q=+2 in excellent agreement
with recent experiments. Angular distribution functions indicate that in spite of sharp density
maxima these shells are not solid. The accuracy of our many body potential model is illustrated
by calculations for the experimentally well known Ar+Hen clusters.
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Mixed helium droplets doped with OCS: A finite temperature density functional
approach
Manuel Barranco,1 Antonio Leal,1 David Mateo,1 Martı́ Pi,2 and Jesús Navarro3
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Within density functional theory, finite temperature results are reported for 4 Hem -3 Hen mixed
helium droplets doped with OCS. Three series have been calculated, corresponding to m = 8, 18, and
m = 40. In our previous work1 only calculations for magic clusters of 3 He (n = 1, 8, 18 and 40) were
performed. The finite temperature approach (T = 0.1K) allows us now to calculate the structure
of these systems for any even number of 3 He atoms. In this contribution, we will focus on the 3 He
energy level occupation (for finite T non-integer occupations are possible), the standard deviation
of the number of 3 He atoms due to thermal effects (finding local minima for magic numbers) and
the helium density distributions for some m and n combinations.

FIG. 1: Particle density of 3 He40 -4 He18 around the OCS molecule. The 3 He density (green color) has
been scaled by a factor of 2.5

References
1. D. Mateo, M. Pi, J. Navarro, and J.P. Toennies. J. Chem. Phys. 136, 044321 (2013).
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Path integral Monte Carlo study of HeN-Ca clusters
R. Rodríguez-Cantano1, D. López-Durán1, T. González-Lezana1,
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Helium clusters have been successfully employed as an ideal environment to
spectroscopically investigate an ample list of impurities. For the case of atoms, the
question of establishing solvation or surface location for the impurity in the helium
droplet is an issue of great importance to further understand its behavior and the
spectroscopic observations.
A crutial aspect which needs to be taken into consideration for these systems is the
dopant-solvent interaction. In particular, in the case of the Ca atoms, the He-Ca potential
energy curve (PEC) has been studied and reported through various publications in
recent years: The modeling of it via simple empirical formulae was put forward by
Kleinekathöfer in the year 2000 [1], where he found a well depth of 10.3 cm-1 at a
distance of 5.1 Å . Earlier calculations of Stienkemeier et al. [2] had provided a well
depth of 11.6 cm-1 at a distance of 5.45 Å , similarly to recent Tang's predictions [3] of
12.42 cm-1 and 4.9 Å, respectively. On the other hand, ab initio quantum chemical
calculations indicate a very different scenario: the work of Lovallo and Klobukowski [4]
found an equilibrium distance of 6.02 Å and a well depth of 3.32 cm-1 in line with
calculations carried out by Czuchaj et al. [5], K. Partridge et al. [6], and the very accurate
quantum chemical studie of Hinde [7].
In this work we present path integral Monte Carlo (PIMC) [8] calculations of 4HeN
nanodroplets doped with a single calcium atom at low-temperature range. Simulations
have been carried out using different He-Ca interactions, revealing substantial
discrepancies regarding the precise location of the Ca impurity with respect to the
helium droplet and the binding energy of the system.

[1] U. Kleinekathöfer, Chem. Phys. Lett. 324, 403-410 (2000)
[2] F. Stienkemeier, F. Meier, K. Stark, and H. O. Lutz, Faraday Discuss. 108, 212 (1997)
[3] D. D. Yang, P. Li, and K. T. Tang, J. Chem. Phys. 131,154301 (2009)
[4] C. C. Lovallo, M. Klobukowski, J. Chem. Phys. 120, 246 (2004)
[5] E. Czuchaj, M. Krośnicki, and H. Stoll, Chem. Phys. 292, 101 (2003)
[6] H. Partridge, J. R. Stallcop, and E. Levin, J. Chem. Phys. 115, 6471 (2001)
[7] R. Hinde, J. Phys. B: At. Mol. Opt. Phys. 36 3119 (2003)
[8] D. M. Ceperley, Rev. Mod. Phys. 67, 279 (1995)
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Analysis of the line-shape of atomic transitions in cryogenic helium for local structure
determination
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Corona discharges are a powerful and versatile tool for the excitation of visible and near
infrared fluorescence in helium in a very wide density (1020 cm-3 to 2*1022 cm-3) and
temperature range (1 K to 300 K), suitable to probe the gas, supercritical, liquid and
superfluid phases. The fluorescence, originating from transitions between electronically
excited states of He atoms and He2* excimers, can be used to determine structural information
of the local environment of the emitting atoms or molecules. The ionization zone near a tip
electrode is the source of the light emitted by the corona.
Experiments carried out at temperatures in the range between 300 K and 4.2 K show atomic
features that are broadened and shifted with respect to spectra recorded at vacuum conditions,
reflecting the interaction with the helium environment. In dense gas at higher temperatures,
the atomic lines have an asymmetric profile. In liquid helium, a symmetric Gauss-like profile
is observed. Our analysis shows that at cryogenic temperatures conventional impact pressure
broadening theory is inadequate for the description of the observed widths and shifts. The
impact theory predicts broadening and shifts of atomic lines that should be small at the low
temperature of the medium, which is not what we observe. Instead, we find static (statistical)
distortion of the lines being important and to substantiate our analysis we have used the longrange He*-He repulsive potential to calculate the line shape within the framework of the static
approximation theory.
In broad terms, our analysis shows that profiles of the broadened atomic lines that are
symmetric can be taken as a spectroscopic fingerprint of the formation of a micro-cavities
around the excited atoms. When we lower the pressure at cryogenic temperature around 4 K
until the gas phase is reached we still observe symmetric line shapes. We therefore conclude
that under such conditions the fluorescing atoms must reside in a cavity as well. Similar
observations are made for supercritical helium at cryogenic temperatures.
Summarising, our analysis of the shapes of atomic lines at cryogenic temperatures shows that
valuable structural information on neutral, localised foreign entities in helium can be
obtained, complementary to mobility measurements of charged species. The existence of
excited helium atoms enclosed in cavities in gas and supercritical helium close to the
saturation line coincides well with our analysis of electron mobilities. The fact that electrons
behave in a similar way is attributed to the very similar electronic interaction of excited atoms
and single electrons with helium.
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Xenon-Seeded Multi-electron Ignition of Doped Helium Droplets

Michael Kelbg, Sebastian Göde, Truong X. Nguyen, Josef Tiggesbäumker, Karl-Heinz Meiwes-Broer
Universität Rostock, Institut für Physik, Universitätplatz 3, 18051 Rostock

The strong-field Ionization of minimally Xenon-doped helium nano-droplets is studied using
ultra short tailored laser pulses. With the technique of colored double pulse fitness landscape
the dependencies on delay and energy distribution of the double pulse is systematically
determined. As a result of the Xenon-doping the transparent helium droplet turns into a strong
absorber of the femto-second infrared pulses and is avalanche-like ionized in a two step
process due to a delayed plasmon-resonance absorption of the second pulse. Furthermore, the
influence of the Xenon-doping on the resonance conditions for the generation of highly
charged Xeq+-Ions is discussed.

CDPFL for He2+ showing much higher yield for separated pulses under certain delay. This
behavior is strong evidence for the plasmon-resonant absorption induced by dopant material.
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Spectroscopy of Chromophores Attached to Helium Nanodroplets
and Rare Gas Clusters
Markus Müller, Michael Richter, Robert Schall, Sharareh Izadnia and F. Stienkemeier
Physikalisches Institut, Universität Freiburg, Hermann-Herder-Str. 3, D-79104 Freiburg,
Germany
Helium nanodroplets are well suited as cryogenic matrix for the investigation of single molecules inside a weak interacting and cold surrounding. For organic molecules Laser Induced
Fluorescence (LIF) spectroscopy of the S1-S0 transition can result in sharp zero phonon lines
(ZPL) accompanied by phonon wings (PW), being attributed to elementary excitations of the
helium environment. Some molecules like anthracene and tetracene show multiplet splittings
of the vibronic transitions when being solvated in helium nanodroplets. This often is explained by different localization states of the nearest helium atoms relative to the chromophore [1], also explained as a microsolvation effect [2].
We will present results on LIF spectroscopy of PTCDA and tetracene (Tc) either attached to
helium nanodroplets or to rare gas clusters. When attaching Tc to the surface of neon clusters
we find very different LIF spectra depending on the neon cluster size, set by different stagnation pressures p0 and nozzle temperatures T0. For big neon clusters (N>6000) one obtains
spectra having a characteristic redshift compared to helium (Tc: 86cm-1, PTCDA:198cm-1)
and line broadenings, 28cm-1 and 47cm-1 respectively [3].
By drastic reduction of the neon cluster size (N~400) one observes narrowing of the LIF excitation spectrum for PTCDA; for Tc there occurs a second spectrum red-shifted by 24cm-1.
Furthermore the individual components show significant different radiative lifetimes.
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Fig.1: (left) LIF excitation spectrum of the 0-0 transition (22209cm-1) and the first vibonic transition
(22520cm-1) of Tc attached to neon clusters for different expansion conditions (p0: 85bar, T0: 130K to
230K). (right) same measurement for PTCDA. The lineshape with substructure can be reproduced by a
number of Gaussians having much narrow linewidth.

[1] Whitley H.D. et all. Physikal Chemistry A 115, 7220-7233 (2011)
[2] Pentlehner D. and Slenczka A. Molecular Physics 100, 1933-1940 (2012)
[3] Dvorac M. et all. Journal of Chemical Physics 137, 164301 (2012)
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Electronic spectroscopy of anthracene argon cluster in superfluid
helium nanodroplets
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Anthracene and its argon clusters were studied by electronic spectroscopy in a
pulsed helium droplet beam [1]. For all resonances, a multiplet fine structure could be
resolved for bare anthracene. Since this is not known from the gas phase, it is due to
the helium environment. The entire feature has been analyzed for an assignment to
zero phonon lines or phonon wings [2].
We continued our investigations by studying this fine structure for clusters consisting
of a single anthracene molecule and a small number of argon atoms. Standard
means of helium droplet doping allow to identify these clusters not only size selective
but also selective for isomeric compounds. Thereby, we expect to learn about the
fine structure splitting of zero phonon lines in helium droplets.
With an increasing number of Ar atoms the dopant system converges to an
anthracene molecule embedded into an Ar crystal. Comparison of its electronic
spectrum with spectra of matrix isolated anthracene [3] will provide insight to the
building process of the argon cluster in superfluid helium droplets.
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