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The study of the unceasing simmer of the quantum vacuum and the measurement of its consequent 
interactions with macroscopic objects will be the objectives of the Archimedes experiment, inaugurated 
last 18 September in the Sar-Grav laboratory, a research facility located in the ex-metal mine of Sos 
Enattos, in the town of Lula (Nuoro). Result of a collaboration* led by INFN, Archimedes will attempt to 
precisely determine the possible influence of fluctuations in a quantum vacuum on the gravitational field 
and, thus, on the weight of bodies, information that could shed light on the properties of the mysterious 
dark energy. Thanks to its extreme sensitivity, which is needed to pursue such an aim, the experiment 
will also provide useful data for the detailed reconstruction of the seismic and anthropic noise profile 
of the Sos Enattos complex, which Italy has proposed for housing the next-generation gravitational 
interferometer: the Einstein Telescope.
Described in the area of quantum field theory, vacuum energy emerges as a direct result of Heisenberg’s 
uncertainty principle, which establishes the impossibility of contemporaneously knowing the speed and 
position of a particle. When hypothesising a region of space void of particles, the position of which should 
be known, we would not be able to calculate their quantity of motion and, as a result, the energy present 
in that same space, nor to confirm that it has any energy. The need to fix zero-point energy, the existence 
of which can be verified by observing the action it exerts on macroscopic objects, derives from this. 
Between these objects, the phenomenon known as the Casimir effect occurs, which hypothesises how 
energy needs to manifest itself as attractive force in the case of two parallel sheets of metal lightly spaced 
apart within an environment where the vacuum is created. The phenomenon, experimentally verified in 
1996, is the result of the alteration of zero-point energy in the area separating the two sheets owed to 
the conductive properties of the metals, which enable the presence of only those electromagnetic waves 
with certain wave lengths. As a result of the unbalancing, the surrounding vacuum energy will thus exert 
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a pressure on the external faces of the sheets, which will be pushed towards each other.
Theoretically, the creation of an object with characteristics and composition such as to favour the energy 
alteration typical of the Casimir effect inside of it could, therefore, make it possible to verify whether 
the pressure induced by the vacuum energy may contribute to its weight. This is precisely the strategy 
adopted by Archimedes, which will use, for its measurements, two samples composed of approximately 
one million layers and made of a metal called YBCO, which acquires super conductive properties at 
92 K (-181 °C). Thanks to these characteristics, the vacuum energy in the microscopic gaps within 
the two samples will be lower compared to the external energy at temperatures close to or below the 
transition temperature. By varying, via irradiation, the temperature of the two samples, both being 10 cm 
in diameter and 3 mm thick, Archimedes will thus be able to identify any changes in their weight owing to 
the expulsion of vacuum energy and to study, as a result, the interactions between quantum fluctuations 
and gravity, in a similar context to that represented by a body immersed in a fluid and described by the 
Archimedes principle. 
In order to identify small changes in weight produced by quantum fluctuations, Archimedes will make 
use of an extremely sensitive scale developed and constructed by the researchers of the INFN Naples 
division. The two samples for the measurement tests will be hung from its arms. 
Equally decisive will be the role played by the cryogenic strategies adopted in Archimedes and developed 
in the INFN Roma 1 division. These are very important both for realising the temperature variation of the 
samples through irradiation alone and for the creation of the cryostat, inside of which the measurement 
equipment is placed. The cryostat consists of three steel chambers: one, which weighs 5 tonnes, in which 
the experimental vacuum will be created and a second one containing 4,000 litres of liquid nitrogen, 
insulated from the outside by the third chamber, called the insulation chamber.
Finally, the peculiar characteristics of the laboratory that houses the experiment: Sar-Grav, chosen for 
the extremely low seismic noise in the area where it is located, are an additional factor guaranteeing the 
accuracy of the measurements made by Archimedes. It’s no coincidence that Italy also identified this area 
as the possible site of the future interferometer for detecting gravitational waves: the Einstein Telescope. 
Conceived in the context of a programme agreement between the Sardinian region, the University of 
Sassari, INFN, INGV, and the University of Cagliari, Sar-Grav is a facility dedicated to basic research in the 
field of detecting gravitational waves, gravitational physics, geophysics, and its applications. Currently, in 
addition to Archimedes, Sar-Grav houses many of the intense seismic activities aimed at demonstrating 
how Sos Enattos is the ideal site for the future ET observations. It’s a task to which Archimedes too, thanks 
to its extreme sensitivity, will contribute, providing information on interference that could compromise 
future research into gravitational waves.
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In conclusion, Archimedes could be capable of shedding light on the actual importance of interactions 
of quantum fluctuations associated with point-zero energy on the weight of matter, both ordinary and 
dark. It could identify any anomalies that could provide information on the properties of dark energy - the 
mysterious component that constitutes more than 68 percent of the entire energy of the universe - and 
on the mechanisms at the base of the accelerated expansion of the cosmos attributed to it. In other 
words, Archimedes will discover the world at the interface between the macroscopic universe and the 
physical vacuum, the latter space being anything but free of surprises, but extremely fascinating and not 
at all scary. 

* Besides INFN with a leading role, Archimedes involves the University of Naples Federico II, Sapienza University 

of Rome, the University of Sassari, the European Gravitational Observatory (EGO), the National Institute of Optics 

of the National Research Council (INO-CNR), and the centre for theoretical physics of the University of Marseilles 

(France).
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