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A NOBEL PRIZE FOR THE RELATIONSHIP 
BETWEEN DISORDER AND RANDOMNESS
Interview with Giorgio Parisi, Nobel Prize Laureate in 
Physics 2021, Professor Emeritus of the Sapienza 
University of Rome, INFN researcher, vice president of 
the Accademia dei Lincei.
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On October 5th the Nobel Prize in Physics was awarded to Giorgio Parisi, a theoretical physicist who 
has made profound contributions to many fields of scientific research and whose work has long been 
internationally recognised. The prize awarded by the Swedish Academy “for the discovery of the interplay 
of disorder and fluctuations in physical systems from atomic to planetary scales” is the highest level 
of acknowledgement that Parisi’s scientific work stands amongst the most important contributions 
to the theory of complex systems. Amidst the new methods developed to describe systems featuring 
randomness and disorder, and to predict their behaviour in the long term and at different scales of 
magnitude, there is Parisi’s study of spin glasses, which had a great part in the scientist being awarded 
the Nobel Prize and which finds applications in biology, neuroscience and recent developments in 
artificial intelligence. In addition to studying complex systems and condensed matter, as an INFN 
researcher, Parisi has made fundamental contributions to theoretical research in particle physics, in 
the field of quantum chromodynamics and the study of proton-proton collisions in particle accelerators 
and of the Higgs boson.

Below is the transcript of a video interview, recorded in 2018 by the INFN Communication Office, in 
which Giorgio Parisi explains in more detail his studies on spin glasses, he talks about his vision of 
science communication, and tells about his relationship with the younger generation of scientists. [The 
full version of the video interview is available on the INFN YouTube channel].

What are spin glasses?
Spin glasses are relatively simple materials to make. For example, gold alloys with 5% of iron atoms: 
the iron atoms are far away from each other and hence, instead of having the usual ferromagnetic 
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interaction (in which the iron atoms tend to point magnetically all in the same direction), depending 
on how they are positioned in the gold matrix, certain iron atoms tend to point in opposite directions, 
and others tend to point in the same direction. In spin glasses, the atoms tend to point in different 
directions, and this increases the complexity enormously. To appreciate this, let's imagine a group of 
people having to split into two subgroups, like in a guided tour. Clearly, people will try to split in such a 
way that they will stay as much as possible with the people they like and as little as possible with those 
they dislike. If the friends of my friends are my friends everything is fine, if the enemies of my enemies 
are my friends everything is still fine, but if I absolutely dislike a friend of a friend of mine, I have to 
choose whether to stay with the nice friends and put up with the dislikeable friend or the other way 
round. A degree of satisfaction can be defined depending on the way people are arranged. This way is 
suitable not only to describe the satisfaction of the people who decide, but also of the organisers, and, 
at this point, it can be tried to maximise the overall satisfaction. Such a problem is technically defined 
as “frustrated”, because it will not be possible to satisfy all the desires of each person, and this degree 
of frustration makes the problem much more complicated, because there are so many solutions that 
are very close to optimal, but which may be completely different from each other. A very similar problem, 
conceptually, is when we arrange luggage in the boot. The first few attempts don’t go well so you are 
forced to take everything out, and to plan completely different solutions. And, well, in the end, you often 
manage to fit everything in.

How did you become interested in spin glasses? 
I had left statistical mechanics a while back and had worked for several years on field theory problems 
in particle physics with Guido Altarelli. Then, just by chance, I had returned to it, to try to understand 
some aspects of lattice gauge theories. I had seen that statistical mechanics techniques could be used 
to study them, but these techniques were not clear because, when used in certain contexts, there could 
be contradictions. What I did was to try to fully understand the reason for these contradictions. There 
had already been someone who had had an idea on how they could be solved: in a very influential 
article, Thouless (David James Thouless, Nobel Prize winner in Physics in 2016, Ed.) pointed in the 
direction to take, but said he had no idea how to follow on. 
In 1979 I began to work on what are called spin glasses, and, in the name of new ideas, to succeed in 
resolving the contradictions and understanding how one could predict spin with a mean-field theory. 
This was certainly the most profound achievement in my career, and it also had a follow-up from a 
mathematical point of view. In the years that followed, mathematicians tried to prove those results, 
making very slow progress, until, in the early 2000s, Francesco Guerra, a great expert in mathematical 
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physics, managed to give a rigorous demonstration of these, a demonstration that was simplified and 
reduced by a series of subsequent works until it reached a relatively simple form in 2013. That work in 
1979 gave mathematicians 35 years’ worth of work to try to put order, in a rigorous way, to the ideas 
that I had proposed.

What was the originality of your contribution to the physics of spin glasses?
A model already existed, and it had been proposed in 1976 by David Sherrington and Scott Kirkpatrick, 
who had tried to calculate what happens in a spin glass in a paper entitled “Solvable Model of a Spin-
Glass”. Despite the title, towards the end of the paper the two authors realised that their solution was 
wrong. What I did was to present the exact solution of this model, which is extremely more complicated 
than all other exact solvable models. Moreover, when I found the solution, it was not at all clear to me 
what its physical meaning was: it took me several years of work, almost ten, even more, to be able to 
identify the physical meaning of the solution and then to try to rewrite it in a “tidier” way.

What are the applications of spin glass physics? 
Spin glasses may seem a very esoteric system from the application point of view. As Nobel Prize laureate 
Anderson said, however, spin glasses have turned out to be a cornucopia: certain ideas born to describe 
them have been at the basis of neural network models, which have evolved into today’s deep learning 
techniques, thanks to which, for instance, Google is able to understand what is happening in an image. 
Other developments have entailed solving a whole range of computer science problems, new algorithms 
of practical interest for problems in optimisation, data analysis, and so on. There are roughly twenty 
fields in which ideas derived from spin glasses have propagated. 

One of your greatest gratifications in your career?
One of the most gratifying moments for me was a paper written in 1979 with Luciano Maiani, Roberto 
Petronzio and Nicola Cabibbo on the Higgs boson, in which we did a general theoretical analysis and 
concluded that the Higgs boson must be heavier than 110 GeV and lighter than 170 GeV. Forty years 
later, the Higgs boson was found to be right in the range where we predicted it should be. That was very 
nice, because it showed that we had understood what basic principles we had to work on: if the Higgs 
boson had been outside that range of mass, there would have been difficult theoretical problems to 
solve.
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What is the role of science communication for you? 
We must try to strongly disseminate how science works, its working methods, and how we gather 
consensus within the scientific community. On the other hand, I have the impression that scientists 
have a slight fault: at times, when talking to the public, they are a bit arrogant, and hence automatically 
unpleasant, and then they go on anyway to talk about their science. But science cannot be shared 
without making clear what the intermediate steps were. In some cases, the way science is presented 
risks turning it into pseudo-magic. A lot also depends on how the communication channels are used: for 
a long time, scientists thought that communication was not necessary. This is another reason why we 
are in a very delicate situation today.

What is your relationship with young researchers? 
I think I have a very good relationship with young people, with my students. I have had many students 
and I have worked with a lot of people much younger than me. And I have to say that it’s not just 
my personal judgement. Nature, the journal, has set up an award for mentoring, which in 2013 was 
awarded to three people in Italy, and I was one of them: the work I carried out for the growth of young 
people was positively appreciated.

What would you recommend to a young researcher at the beginning of his or her career?
Very often young people ask me for advice on what research to do, and they ask me which is the most 
promising field. I tend to say: try to do the things you are best at, because the key thing in this context 
is to have the right skills, and to be ambitious enough - not too ambitious, but properly ambitious. And 
don't try, especially in the initial period, to make fallback choices, hoping that the career will be easier, 
but to focus on what you do best and like best: if researchers do not like what they do, they won't get 
very far in research. ■
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RESEARCH
LUNA: NEW CLUES ON THE PRODUCTION OF HEAVY 
ELEMENTS IN THE STARS

How are heavy elements produced in stars? The scientific 
collaboration of the LUNA* experiment (Laboratory for Underground 

Nuclear Astrophysics), which operates at the INFN Gran Sasso National Laboratories, has recently 
published new results in the prestigious scientific journal Physical Review Letters that could help us 
answering this question, which has engaged physicists and astrophysicists for decades.
Emerging from an experimental campaign that lasted about four years, the result concerns a particular 
process that leads to the production of neutrons starting from a carbon 13 nucleus and a helium 
nucleus. Neutrons, in fact, are essential in the production of heavy elements, as they can be easily 
“captured” by the nuclei present in the stars, thus allowing the synthesis of elements heavier than 
Iron, such as Cadmium, Tungsten or Lead. For the first time, the LUNA collaboration measured the 
speed of this process directly at stellar temperatures with extremely high precision, providing invaluable 
information for building models that reproduce stars’ evolution.
The LUNA experiment will continue its scientific activity in the next decade thanks to the project under 
construction LUNA-MV, which will reproduce in laboratories the processes that take place in the heart 
of large-mass stars. ■

* LUNA is an international collaboration of about 50 Italian, German, Scottish and Hungarian researchers in which the 

INFN National Institute for Nuclear Physics for Italy, the Helmholtz-Zentrum Dresden-Rossendorf for Germany, the MTA-

ATOMKI for the 'Hungary, the School of Physics and Astronomy, of the University of Edinburgh for the United Kingdom. In 

Italy, the INFN Gran Sasso National Laboratories, the INFN divisions and the universities of Bari, Genoa, Milano Statale, 

Naples Federico II, Padua, Rome La Sapienza, Turin and the INAF Observatory of Teramo collaborate in the experiment.

 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.152701
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CELEBRATIONS
1951-2021: INFN - 70 YEARS OF RESEARCH DESIGNING 
THE FUTURE

INFN, the Italian Institute for Nuclear Physics, is celebrating its 
70th anniversary. Opening the season of celebrations was the 

conference-show “70 years of knowledge of the universe”, on stage on 29 September, at the Auditorium 
Parco della Musica of Rome, as part of the Rome Science Festival.
The evening opened with a conversation between the Italian Minister for Universities and Research, 
Maria Cristina Messa, and INFN President, Antonio Zoccoli, on the future of Italian research, highlighting 
various issues: the importance of fundamental research, of pioneering projects, large infrastructure, 
and, above all, the development of new generations of researchers who will be able to count on the 
commitment of the Ministry and Government in putting in place structured initiatives that enable the 
development and growth of their projects and their scientific careers in Italy. The event re-traced the 
history of INFN and Italian physics through the precious memories and contributions of Enrico Fermi, 
Edoardo Amaldi, Carlo Rubbia, Antonino Zichichi, and the moving and passionate story of some of its 
protagonists: Fabiola Gianotti, Fernando Ferroni, Enzo Iarocci, Luciano Maiani, Lucia Votano, and the 
Nobel Prizes for Physics Arthur McDonald and Barry Barish who continue to collaborate with INFN today. 
But it also looked at the future with the contribution of young researchers Leonardo Di Venere, Valentina 
Mariani, Eugenia Naselli, Gaia Pupillo, and Andrea Tesi.
To retrace the history of INFN together and participate in our events, follow the pages: 70.INFN.it and 
storia.INFN.it, the hashtag #INFN70 and our social media channels: Facebook @IstitutoFisicaNucleare, 
Twitter @INFN_ and Instagram @infn_insights.■

https://70.infn.it/
https://storia.infn.it/
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WORKSHOP
THE FUTURE OF NEUTRINOS RESEARCH 
AT THE INFN GRAN SASSO NATIONAL LABORATORIES

Double beta decay, a special process of mutating atomic nuclei 
that physicists from around the world have been researching for 
decades, was at the centre of the “North America-Europe Workshop 

on Future of Double Beta Decay”, which took place between 29 September and 1 October, at INFN Gran 
Sasso National Laboratories (LNGS). The event summoned representatives of the international scientific 
community together with those of science-financing agencies: more than two hundred scientists were 
involved, around fifty of which in person, coming from Italy, the United States, Canada, Germany, Great 
Britain, France, Spain, Poland, the Netherlands, Switzerland, Israel, China, Japan, Russia and Ukraine.
Double beta decay without the emission of neutrinos is a hypothetical, extremely rare phenomenon. 
The detection of this decay would have profound implications for elementary particle physics and for 
cosmology: its discovery could contribute to explaining the disappearance of antimatter in our universe. 
The main purpose of the three days of full immersion was to identify a common strategy for research 
in this field. The discussion was concentrated, in particular, on the next generation of high-sensitivity 
experiments and on the subterranean infrastructure that will need to house them.
At the LNGS, there are currently experiments that, using various technologies, are seeking this rare 
phenomenon. And now the Laboratories are applying to house one or more new-generation experiments. 
The event is the first at the international level to be hosted by the INFN Gran Sasso National Laboratories 
since the beginning of the COVID-19 crisis and, although with limitations to prevent contagion and 
to comply with national and European regulations, it undoubtedly constitutes a signal of a return to 
normality for our research facilities and for our country. ■
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APPLIED RESEARCH
INFN AND THE FOUNDATION OF THE POLYTECHNIC OF 
MILAN JOIN ALLEANZA CONTRO IL CANCRO

The governing council of the Alleanza Contro il Cancro (Alliance 
Against Cancer), the national oncology network of the Italian 

Ministry of Health, expressed a unanimously favourable opinion to INFN’s and the Foundation of the 
Polytechnic of Milan’s application to join the network as ordinary and associate members respectively. 
Both the facilities (the Foundation through the Polytechnic) already collaborate with ACC in Health Big 
Data, through a 10-year project funded with € 55 million by the Italian Ministry of Economy and Finance, 
coordinated by the Ministry of Health, which involves 51 IRCCS (Italy’s nationally significant biomedical 
institutions) belonging to the oncology, neuroscience, and cardiology networks.
The analysis of big data in health may provide a powerful tool for assessing and managing global and 
individual health. It will be possible to optimise, at the same time, changes to the health organisation 
and the integration of increasingly sophisticated clinical and environmental data at an unprecedented 
resolution level. It will enable early intervention with regards to the presence or predisposition to 
diseases that could subsequently develop, so as to act at a stage when treatment is simpler, effective, 
and less costly. In addition, the application of these technologies to primary prevention will impede 
diseases from manifesting through the adoption of a more suitable lifestyle.  ■
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AWARDS
SIGRAV AWARDS THREE YOUNG INFN RESEARCHERS 
AND GIVES THE AMALDI MEDAL TO HEINO FALCKE AND 
ANDRZEJ MARIUSZ TRAUTMAN

During the XXIV conference of SIGRAV (the Italian Society for 
General Relativity and Gravitation), which was held in Urbino from 7 to 9 September, the prize ceremony 
for awarding the Amaldi Medal and the SIGRAV young researchers prize took place. In particular, the 
Amaldi Medal was given to Heino Falcke, for inventing the concept of the “black hole shadow”, and to 
Andrzej Mariusz Trautman, for discovering precise solutions to Einstein’s equations, including some 
gravitational wave equations. On the other hand, the SIGRAV prize for young researchers was awarded 
to three INFN associate researchers: Micol Benetti, researcher with the University of Naples and the 
Naples INFN division, Andrea Giusti, researcher at ETH Zurich and the Bologna INFN division, and 
Davide Gerosa, researcher with the Milano Bicocca INFN division. Micol, Andrea and Davide received 
recognition, respectively for their contributions to the fields of cosmology, classical and quantum gravity, 
and astrophysics.
The Amaldi Medal, named after the famous physicist Edoardo Amaldi, one of the founders of experimental 
gravitation, is awarded every two years to European scientists who have made significant contributions 
to general relativity and to gravitational physics.
The SIGRAV prize for young researchers is, in contrast, given to young Italian scientists, no older than 
40 years of age, who have especially distinguished themselves in the fields of general relativity and 
gravitational physics and who are among the most promising in the field at a national and international 
level.■



INFN - COMMUNICATION OFFICE 11

NEWSLETTER 86
Istituto Nazionale di Fisica Nucleare

OCTOBER 2021 

OUTREACH
INFN AT THE EUROPEAN RESEARCHERS’ NIGHT

On 24 September, the European Researchers’ Night was held 
throughout Italy. The big science celebration promoted by the 
European Union, since 2005, has offered occasions for learning 

and discovering scientific themes through the stories of researchers. This year, the event, due to the 
anti-COVID-19 pandemic measures, included both live and online activities, in the attempt to safely 
involve as many citizens as possible. In Italy, since 2005, many researchers have participated to the 
European manifestation with different projects. Thanks to the contribution of its divisions and national 
laboratories, INFN was directly involved in organising numerous activities in cities that joined the 
initiative during the 2021 edition. ■
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OUTREACH
PHYSICS AT HAND: INFN AT BERGAMOSCIENZA

INFN participated this year to the nineteenth edition of the 
BergamoScienza Festival, with a wide range of online workshops 
for children. From 4 to 8 October, primary school boys and girls had 

the opportunity to discover the fascinating world of physics and scientific research, thanks to simple 
experiments and games conducted by INFN researchers.
During the "Physics at hand" workshops children could explore many topics: with Newton and Einstein, 
from falling bodies to the folds of space-time and from black holes to gravitational waves; traveling in 
space in search of a habitable planet following the maps of the constellations; discovering light and 
electricity; from the infinitely large of the Universe enclosed in a box, to the infinitely small of a hydrogen 
atom served on a plate.
The workshops were led by INFN researchers, experts in carrying out activities for children and involved 
the INFN Kids project. Born in 2020, the project offers games, comics, videos and stories dedicated to 
boys and girls aged 6 to 11 and to parents and teachers who do not want to stop learning with children.
■

https://www.bergamoscienza.it/it/festival-corrente/xix-edizione-bergamoscienza-2021
https://collisioni.infn.it/attivita_educative/infn-kids-fisica-bambini/
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TAKE PART IN
FROM OCTOBER 12 - UNCERTAINTY. 
INTERPRETING THE PRESENT, FORESEEING THE FUTURE
PALAZZO DELLE ESPOSIZIONI, ROME

The new exhibition dedicated to the idea ofuncertainty and how 
science "handles" it in different contexts opens on 12 October: from aspects of fundamental Physics to 
the description of epidemics, from climate forecasts to big data. A seven-stage journey through tools, 
works and multimedia installations.
The "Uncertainty" exhibition is part of “Three Stations for Art-Science”, a broad project of dialogue 
between art and science, declined through three exhibitions hosted from 12 October 2021 to 27 
February 2022 at Palazzo delle Esposizioni, in Rome. The point of view of scientific research, explored 
in “Uncertainty”, will be accompanied by the historical one of the exhibition “La Scienza di Roma. Past, 
present and future of a city”, and the artistic one of the “Ti con zero” exhibition.

■ INFN AT THE GENOA SCIENCE FESTIVAL
INFN participates in the Genoa Science Festival, from 21 October to 1 November 2021, with a series 
of events and initiatives for all ages.

FROM OCTOBER 21 TO NOVEMBER 16
Online workshops and virtual visits for children and teenagers
Thursday 21 October, 10: 00-11: 00, Lights, shadows and stars. Info and reservations.
Wednesday 27 October, 12: 00-13: 00, I geolocalize, what about you? Info and reservations.
Wednesday 27 and Friday 29 October, 10: 00 - 11:00, Discovering the Bruno Touschek Visitor Center 
and DAΦNE. Info and reservations.
Tuesday 2 November, 10:00 - 11:00, Sounds of the sea. Info and reservations.
Thursday 4th November, 10:00 - 11:00, Physics in the waves. Info and reservations.
Friday 12 November, 10:00 - 11:00, Space tourists. Info and reservations.

FROM 21 OCTOBER TO 1 NOVEMBER: "EXPANSION" MULTIMEDIA INSTALLATION
Portico of Palazzo Ducale, Genoa
An interactive installation that describes the expansion of the universe inspired by the paintings of the 
French artist M.C. Escher.

OCTOBER 22, 9.00 PM: DANTE AND MODERN SCIENCE
Trofeo Room, Teatro della Tosse, Genoa
A show that traces the link between Dante's poetry and modern science, tracing ideas, analogies and 

https://www.palazzoesposizioni.it/pagina/tre-stazioni-per-arte-scienza
https://www.palazzoesposizioni.it/mostra/incertezza-interpretare-il-presente-prevedere-il-futuro
https://www.palazzoesposizioni.it/mostra/la-scienza-di-roma-passato-presente-e-futuro-di-una-citta
https://www.palazzoesposizioni.it/mostra/la-scienza-di-roma-passato-presente-e-futuro-di-una-citta
https://www.palazzoesposizioni.it/mostra/ti-con-zero
http://www.festivalscienza.it/site/home/programma-scuole/luci-ombre-e-stelle.html
http://www.festivalscienza.it/site/home/programma-scuole/io-mi-geo-localizzo-e-tu.html
http://www.festivalscienza.it/site/home/programma-scuole/alla-scoperta-del-bruno-touschek-visitor-c.html
http://www.festivalscienza.it/site/home/programma-scuole/suoni-per-esplorare-il-mare.html
http://www.festivalscienza.it/site/fscienza/matchevent.jsp?id=652
http://www.festivalscienza.it/site/home/programma-scuole/turisti-spaziali.html
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differences with the feeling and progress of contemporary science. With Antonio Zoccoli, president 
of INFN, readings by Stefano Sabelli from "The Divine Comedy" by Dante Alighieri, music by Umberto 
Petrin, illustrations by Luca Ralli and animated scenography by Federica Grigoletto
Info and reservations.
 
■ INFN AT THE ROME VIDEO GAME LAB
4 AND 5 NOVEMBER, 10.00 AM: VIRTUAL REALITY IN PARTICLE PHYSICS
Aula Sonic and Sala Cavalli, Cinecittà, Rome
Laboratory for schools on the Belle II experiment by Antonio Budano, researcher at INFN and University 
of Roma Tre. Info and reservations.

5 NOVEMBER, 10.00 AM: THE ALIEN ZOT IN THE GRAN SASSO WORKSHOPS
Pac Man classroom, Cinecittà, Rome
Laboratory for schools on the Gran Sasso Videogame video game, organized by the INFN Gran Sasso 
National Laboratories. Info and reservations.

http://www.festivalscienza.it/site/home/programma/dante-e-la-scienza-moderna.html#tabs1 
https://romevideogamelab.it/it/calendario-2/calendario-ita/speaker/155-la-realta-virtuale-nella-fisica-delle-particelle
https://romevideogamelab.it/it/calendario-2/calendario-ita/speaker/174-lalieno-zot-nei-laboratori-del-gran-sasso
https://romevideogamelab.it/it/calendario-2/calendario-ita/speaker/174-lalieno-zot-nei-laboratori-del-gran-sasso
https://romevideogamelab.it/it/calendario-2/calendario-ita/speaker/174-lalieno-zot-nei-laboratori-del-gran-sasso
https://romevideogamelab.it/it/calendario-2/calendario-ita/speaker/174-lalieno-zot-nei-laboratori-del-gran-sasso
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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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ARCHIMEDES AND THE WEIGHT OF 
THE QUANTUM VACUUM
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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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