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A supersolid is a state of matter that can be described in simplified 

terms as being solid and liquid at the same time. In recent years, 

extensive efforts have been devoted to the detection of this exotic 

quantum matter. A research team led by Tilman Pfau and Tim Langen 

at the 5th Institute of Physics of the University of Stuttgart has 

succeeded in proving experimentally that the long-sought supersolid 

state of matter exists. The researchers report their results in Nature 

magazine. 

 

 
In our everyday lives, we are familiar with matter existing in three 

different states: solid, liquid, or gas. However, if matter is cooled down 

to extremely low temperatures, quantum effects can also enable other 

states of matter. This includes superfluids, which are characterized by a 

frictionless flow of atoms.  

Moreover, in the quantum world, particles can exist in superpositions of 

being unpredictably and randomly in two different locations. 
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Physicists from Stuttgart prove the existence of a 

supersolid state of matter  

Exotic quantum matter is solid and superfluid at the 

same time 

  

This image shows parts of the experimental laser setup used by the researchers in Stuttgart to 

create a supersolid from ultracold dysprosium atoms. Photo by Wolfram Scheible. 
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It had long been conjectured that even superpositions of states of 

matter are possible. According to these ideas, known states of matter, 

such as solid or fluid, can thus be superimposed to form new states of 

matter with new properties. A supersolid is exactly such a superposition 

state, and features both the crystalline structure of a solid and the 

frictionless flow of a superfluid. In such a state every atom is 

unpredictably and randomly either part of the solid or of the superfluid. 

In the experiments in Stuttgart, the supersolid is generated from 

dysprosium atoms that behave like tiny magnets. These atoms are 

cooled down to near absolute zero (-273° Celsius). At this point, two 

types of interaction between atoms become important: if two atoms 

come very close together, they collide like billiard balls. At the same 

time, they can attract or repel each other over larger distances due to 

the magnetic interaction. To generate a supersolid, the researchers 

adjusted the relationship between these two forces such that a 

crystalline lattice structure and superfluidity are created simultaneously. 

"We were able to observe the periodicity of the crystal directly with a 

microscope, and tested the quantum mechanical superposition through 

interference experiments" explain Mingyang Guo and Fabian Böttcher, 

postdoc and doctoral student at the experiment. 

Detection by means of sound waves 

The definitive proof that the matter created in the experiment is indeed 

a supersolid is based on the observation of two kinds of sound waves 

that travel through the supersolid at different speeds. Such sound 

waves propagate differently in different materials – in air, for example, 

sound waves travel much slower than in water. This "normal" sound 

wave is also present in the supersolid. However, because the supersolid 

is at the same time solid and fluid, a characteristic second form of sound 

wave can be observed, in which the crystal and the superfluid move 

against each other. This results in sound waves that travel at very low 

speeds, which the researchers in Stuttgart were able to observe for the 

first time in their experiment.  

In recent years, several observations of a supersolid have been 

reported, but it later turned out that only one form of sound wave was 

present. "Using our experiment with ultracold dysprosium atoms, we 
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have now succeeded for the first time in observing simultaneously all 

defining properties of a supersolid state" Tilman Pfau summarizes. The 

experiments in Stuttgart now open up the possibility to study the exotic 

properties of this new state of matter in unprecedented detail. 

 

Figure a) shows a small crystal, c) shows a superfluid prepared from 

ultracold atoms, and b) shows the superposition of the crystal and the 

superfluid - the so called supersolid. Within a certain parameter range, 

the two states of matter "solid" and "fluid", which are mutually exclusive 

in the classical world, can exist simultaneously in the quantum world. 

 

Original publication: 

"The low-energy Goldstone mode in a trapped dipolar supersolid" 
Mingyang Guo, Fabian Böttcher, Jens Hertkorn, Jan-Niklas Schmidt, 
Matthias Wenzel, Hans Peter Büchler, Tim Langen, Tilman Pfau 

Nature, doi:10.1038/s41586-019-1569-5 (2019) 

Preprint: https://arxiv.org/abs/1906.04633 

 

Expert Contact: 

Prof. Tilman Pfau, University of Stuttgart, 5th Institute of Physics,  
Tel.  +49 711 685-68025, E-Mail: t.pfau (at) physik.uni-stuttgart.de 

 

Media Contact: 

Andrea Mayer-Grenu, University of Stuttgart, University 
Communications, Tel.: +49 711 685-82176, E-Mail: andrea.mayer-grenu 
(at) hkom.uni-stuttgart.de 

 

https://arxiv.org/search/?searchtype=author&query=Guo%2C+M
https://arxiv.org/search/?searchtype=author&query=B%C3%B6ttcher%2C+F
https://arxiv.org/search/?searchtype=author&query=Hertkorn%2C+J
https://arxiv.org/search/?searchtype=author&query=Schmidt%2C+J
https://arxiv.org/search/?searchtype=author&query=Wenzel%2C+M
https://arxiv.org/search/?searchtype=author&query=B%C3%BCchler%2C+H+P
https://arxiv.org/search/?searchtype=author&query=Langen%2C+T
https://arxiv.org/search/?searchtype=author&query=Pfau%2C+T
http://dx.doi.org/10.1038/s41586-019-1569-5
https://arxiv.org/abs/1906.04633

	Physicists from Stuttgart prove the existence of a supersolid state of matter  Exotic quantum matter is solid and superfluid at the same time

