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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 

NEWSLETTER 86
Istituto Nazionale di Fisica Nucleare

https://www.youtube.com/watch?v=CTD54raQOAA&list=PLbsqUzxZlcP4ET0haot1q-oEcEGfBHd3i&index=1


INFN - COMMUNICATION OFFICE 3

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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