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Interstellar environments are rich in complex gas-phase chemistry where ions, both 
positively and negatively charged, play an important role [1]. In these environments a 
plethora of processes take place at interaction energies ranging from less than an eV up to 
several thousand eV that lead to the formation and processing of large molecules such as 
PAHs, fullerenes, and even amino acids [1,2]. 
 
The DESIREE facility at Stockholm University is one of only a small number of facilities 
in the world with cryogenic electrostatic storage rings [3]. The cold environment with its 
excellent vacuum allows ion beams to be stored and studied on timescales up to hours. 
The use of electrostatic fields to guide the ions beams allows ions of any mass to be 
stored. DESIREE is unique in that it has two storage rings with a shared merging section 
as shown in the figure. Here parallel ions beams of opposite charge can interact in 
controlled collisions down to meV energies. In addition to this, the DESIREE facility 
also houses a single pass beam line for studying ion collisions at energies from about 10 
eV up to several keV. Together these tools make the DESIREE facility a prime location 
for studying ion reactions that are expected to be important in different regions of space. 
 
The group of Professor Paul Scheier at Universität Innsbruck has during many years 
developed and refined techniques for forming ions in superfluid droplets of He at 
temperatures of 0.37 K. Here the cold neutral He droplets containing about 5 * 105 atoms 
are formed in the supersonic expansion of a jet of a cold He gas into vacuum. The 
droplets are then allowed to pick up the gas phase molecules that are to be studied as 
dopants. In the droplets, the dopants quickly cool to the temperature of the surrounding 
He and can form clusters or other bound structures. After the pickup these doped droplets 
are then ionized be electron impact, which can lead to the formation of exotic systems 
such as dianions [4]. Any charged products can then be manipulated with electric fields 
and identified with a time-of-flight mass spectrometer. This method allows for the 
production of cold (complex) molecular ions that are ideal for studying in the cold 
storage ring environment at DESIREE. 
 
For this STSM I travelled to Innsbruck for two weeks to gain experience on the 
development and operation of He droplet sources with the ultimate goal of developing a 
similar device for the DESIREE facility at Stockholm University. During this time we 
performed two sets of experiments that utilized various aspects of the cluster source.  In 
the first experiment we studied charge transfer between He and clusters of H. The 
clusters of hydrogen were formed by doping the He droplets with H2. The droplets were 
then ionized by electronic impact at different energies. The yield of charged Hn clusters 
of different sizes were studied as a function of the electron energy.  
 



In the second set of experiments we demonstrated the ability to produce complexes of 
different dopants within the clusters. Here C60 and hydrogen molecules were captured by 
the droplets, forming fullerenes surrounded by layers of H2. By varying parameters in the 
source we studied how the sizes of such complexes could by altered. Being able to 
manipulate the clusters that form in the He droplets is important for various applications, 
such as action spectroscopy measurements. Figure 1 shows the distribution of the number 
of H2 molecules attached to a C60 anion during one of these measurements. We see a 
sharp drop-off in counts after 32 H2 molecules, indicating a shell closure where each 
hydrogen molecule is aligned with each face of the C60 (which has 20 hexagonal and 12 
pentagonal surfaces, see inset). 
 

	
Figure 1: Cluster size distribution of H2 molecules attached to C60 anions. These are produced in a He droplet and 
ionized by electron impact. A shell closure is observed at 32 H2 molecules, which form the first complete layer around 
the fullerene molecule. 

 
The experiments performed during this STSM will result in at least two separate 
publications that are being worked on. The STSM will also lead to a long-term 
collaboration between the groups in Innsbruck and Stockholm with the goal of 
developing a similar He cluster source for DESIREE.  
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