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Networks play essential roles in both our everyday lives and 
in our work as physicists. The Worldwide LHC Computing 
Grid, based at the site of this year’s joint SPS/ÖPG meet-
ing, is just one particularly striking example of how we rely 
on fiber-optic networks for communication and for compu-
tational tasks beyond the capability of individual devices. 
The importance of such networks for classical information 
encourages us to confront the question: How will we build 
an internet for quantum computers 1 ? That is, assuming that 
quantum computers will process and store information in 

1  H. J. Kimble, Nature 453, 1023 (2008).

quantum states, how will we distribute these quantum states 
between remote nodes of a network while still preserving 
fragile quantum superpositions and entangled states?

Such future quantum networks offer certain advantages 
that cannot be attained with even the most sophisticated 
classical networks. First, quantum networks provide a route 
to secure long-distance cryptography via quantum key dis-
tribution (QKD), which allows two remote parties to gen-
erate a shared secret key 2. Second, distributed quantum 

2  N. Gisin and R. Thew, Nature Photon. 1, 165 (2007).
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In this work [1, 2] we have demonstrated that molecules im-
mersed in superfluid helium form the quasiparticles of a new 
kind – the ‘angulons’ – which were recently predicted by us 
theoretically [3, 4]. Angulon represents a rotating quantum 
impurity – such as a molecule – dressed by a cloud of su-
perfluid excitations.

Theoretical description of molecules interacting with sol-
vents is extremely challenging and usually requires large-
scale numerical simulations [5, 6]. However, even when the 
latter are computationally feasible, the amount of under-
standing one can extract from such ‘numerical experiments’ 
is quite limited. Treating molecules in superfluid helium as 
angulons allowed us to drastically simplify the problem and 
to provide simple interpretation for the experimental data 
collected over last 20 years, see Fig. 1.

Furthermore, the framework of angulons provides a simple 
and transparent way to understand the exchange of angular 
momentum between quantum particles and the surround-
ing environment. This allows to tackle previously intractable 
problems [7] as well as to uncover novel physical phenom-
ena associated with angular momentum [8, 9]. Since orbital 
quantum impurities arise in numerous settings of atomic, 

chemical, and condensed matter physics, the applications 
of angulons reach far beyond molecules in superfluids.
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FIG. 1. Evidence of the angulon formation in experiment. 
Renormalization of the rotational constant, B*/B, as a function 
of the two-body molecule-He interaction parameter γ [1, 2]. Left: 
heavy molecules, Middle: medium-mass molecules, Right: light 
molecules (note different y-axis scale). Experimental data (empty 

squares) are compared with the angulon theory in the strong-cou-
pling regime (red circles), and the weak-coupling regime (blue tri-
angles). Green crosses show the intermediate-coupling interpola-
tion between the strong- and weak-coupling theories.


