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	As a teenager, I would spend hours by the sea, captivated by its immense expanse. I felt a profound mystery in its depths, one that seemed intertwined with the mysteries of my own life. It was a romantic time. I sensed a deep connection between myself and the ocean, as if the waves were reaching out to me. Little did I know about quantum mechanics and the complexities of matter. Yet, even now, with a deeper understanding of the world, my wonder at the sea remains. The vastness of the universe continues to amaze me, but on a much deeper level. Knowing that all matter is essentially solidified energy, calmed into the forms we perceive, has only deepened my sense of wonder. It's a more grounded, conscious, and even more overwhelming experience.

	 

	N.L.T

	
I. THE INFINITELY LARGE AND THE INFINITELY SMALL

	It’s incredibly difficult to grasp the scale of things that are extremely large or extremely small. Our imagination, our capacity to envision, is tied to our experiences—the experiences of our lives. What we don't see directly eludes us. Or rather, we can imagine what we don't see, certainly, but only if its characteristics aren't too far removed from the things we know from direct experience. Our imagination, in reality, has short legs. Who can imagine, in a single glance, the route of their car if it exceeds a few dozen kilometers? We can only do so by zooming out on the navigation screen. This is a first point: there are technological tools today that fuel our imagination and help it move into unknown territories. Up to a certain point, however. If we learn, for example, that in a glass of water, say eighteen grams, there are about six hundred thousand billion billion water molecules—a six followed by twenty-three zeros—it is absolutely impossible for us to form an idea of the size of a water molecule. We cannot imagine something so small. We are irremediably conditioned by our own dimensions and the dimensions of the things that make up our world. And yet, the water molecule is not the smallest object that exists. It is made up of two hydrogen atoms and one oxygen atom. And in turn, each atom is made up of much smaller particles: protons, neutrons, and electrons. And the electrons are very far from the nucleus formed by protons and neutrons. So much so that one must imagine the atom as almost completely empty, with the nucleus and electrons very far apart. And each proton is made up of quarks, which are also smaller than our imagination can comprehend. And here, for now, we stop. For now, because it is not excluded that in the future new technological means will allow us to find even smaller particles. For now, quarks are the extreme horizon of the enormously small. In the sense that this is where certainties end. Then there are only hypotheses. Hypotheses that wait to be proven to become scientific truth. String theory, for example, conceived from an intuition of the Italian physicist Gabriele Veneziano, hypothesizes that everything is in reality, in its ultimate essence, a set of tiny vibrating rings and that the particles we know are each a manifestation of a particular set of vibrations. It must be said that the Italian translation of "strings theory" should more properly be "theory of strings," violin strings, or of another stringed instrument. If we were to actually identify a string, to see it and measure it, the entire universe would appear to us as an immense concert, an almost endless orchestra in perpetual vibration. Then the ancient proposition proclaiming "the harmony of the spheres" would find an unexpected confirmation. We'll see. Physics is not a world of fantastic things. Imagination plays a big part in the intuition of new theories, but then every new theory must be confirmed to become "true," that is, "measurable." There is no doubt that imagination played a decisive role in Einstein's mind when, while he was a clerk at the patent office in Bern, he imagined the theory of relativity. He then formalized his intuition in mathematical formulas, but his theory became reality when experiments confirmed it with certain, incontrovertible measurements. Here: physics deals with measurable things. (And in fact, I must say, the title of this chapter, with that adverb "infinitely" repeated twice, is not very "physical"). And over time, it has learned to measure incredibly small things. Just as it has learned to measure incredibly large things. This is the other aspect of modern physics that leaves our imagination astonished and powerless. Can we imagine something that travels at three hundred thousand kilometers per second? And can we imagine the distance that thing covers in an hour, in a year? Far beyond the route of our car on the navigation screen! And yet our home, the Earth, is twenty-six thousand light-years away from the black hole at the center of the galaxy of which it is a part. Light travels. For us, it travels in an astonishing way. But in the immensities of space, it seems to move like a snail. Even staying within our galaxy to go from one place to another takes years, thousands of years.
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	Figure 1

	 

	A 2.7-centimeter ice cube weighs about 18 grams. It consists of a lattice structure containing a little over six hundred thousand billion billion water molecules, H2O. Each oxygen atom contains eight protons and eight neutrons, while each hydrogen atom contains only one proton. The ice cube therefore contains approximately 10.8 million billion billion protons and neutrons. (from Jim Baggott, The Higgs Boson, 2013).

	 

	Here we are now, between the immensely small and the immensely large. It almost makes you think that we are in the right place. Maybe so. Or maybe not. We don't know yet. But we do know that the immensely small and the immensely large are related. Not only because, obviously, the immensely large is made up of an immense number of immensely small things. But also, and above all, because by studying the immensely small, we can understand phenomena of the immensely large. With the particle accelerator at CERN, in fact, we investigate the origins of the universe. In a twenty-seven-kilometer tunnel, protons are accelerated to a speed close to that of light. From one side and the other so that at a certain point they collide, generating something very similar to the Big Bang. The protons, colliding, break into pieces. A small inferno of heat is unleashed. Particles are born. The newborns are photographed and studied at length. There are confirmations and, often, surprises.
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	Figure 2

	 

	CERN (Conseil européen pour la recherche nucléaire), is the world's largest laboratory for particle physics. It is located at the border between Switzerland and France, on the western outskirts of Geneva. The convention establishing CERN was signed on September 29, 1954, by 12 member states. Today, it has 2400 employees, hosts visiting scientists, and collaborates with 608 universities and 113 countries worldwide. The aerial photograph shows the ring of the LHC (Large Hadron Collider). In reality, the tunnel is a hundred meters underground.

	 

	 

	[image: Image]

	 

	Figure 3

	 

	The LHC tunnel. When it's turned on, protons race through the tube at a speed close to that of light. Enormous magnets cooled with liquid helium guide the protons inside the tube. These magnets are the coldest place in the universe because they are at a temperature below 3 Kelvin, colder than the temperature of outer space. Hadron is any particle composed of three quarks.
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	Figure 4

	 

	When hadrons collide, an enormous amount of energy is released, giving birth to countless particles with extremely short lifetimes. Particle detectors photograph them at a rate of millions of frames per second.

	 

	
II. THE INDIVISIBLE

	It all began a very long time ago. Exactly two thousand and five hundred years ago. When Greek philosophers asked themselves questions that we still ask ourselves today. Mainly: what is the world made of? And how is it made? Perhaps before them, no one asked themselves these questions? Certainly not. Everyone, for a long time, had asked themselves similar questions. But the difference is that the Greek philosophers are the first to seek answers through reasoning and not by relying on fantasy. It is the birth, precisely, of philosophy, of rational thought. Philosophy takes the place of myth, that is, of the fantastic story of the origins of the world. Be careful, however, we must not be too harsh with myth. We risk considering our ancestors to be foolish. And that was not the case. Myths perfectly fulfilled their function. They gave a convincing answer to the fear of the unknown, to the desire to know. And they served above all to keep together human beings belonging to the same social group. Around the fire, in the evening, the stories of the elders filled minds with wonder and consolidated the sense of belonging. But things changed quickly in classical Greece. Cities took over from the countryside. Citizens became worldly. They trade, they know other peoples, other myths. They need other truths. Myths lose strength. Their historical function is exhausted. Now organized, concrete, logical reasoning responds to the new type of man, to his questions. The questions themselves are asked differently. The pre-Socratics pose the problem of the origins of the cosmos and give answers that, although still clothed in mysterious poetry, already know something new. Socrates, of Athens, investigates the logical mechanisms of knowledge, unmasking any certainty based on nothing and any presumption. Plato, a student of Socrates, organizes the logical space of the West, clearly posing the essential problems. In short, he prepares the playing field on which the human reason of the West will play its games. Aristotle, a student of Plato, observes, reasons, catalogs, explains. He wraps everything in a web of reasoning of excellent quality. His observations are often brilliant: "The closer a thing is to its essence, the closer it is to the truth." We can say that contemporary physics does exactly this: it goes deep into things to know their ultimate reality, their essence. Aristotle gives a logical answer to every question. But the philosopher who interests us most now is Democritus, of whom we have no writing. We know the titles of his books, about fifty, but the texts have been lost forever. Perhaps it was the first Christians who destroyed them. We don't know, but it's possible. The early Christians were sectarian and fanatical like the Taliban of today. It is possible, probable, that they destroyed the books of the philosopher who denied the eternity of the soul. We know of Democritus what other authors tell us about him and his thought. Democritus is the great theorist of atomism. That is, he is the one who first hypothesized in a coherent way that everything that exists is made up of atoms. The thing is amazing. Democritus had no tools to investigate matter. He knew what his senses showed him. And his senses showed him only what they could show him. What they also show us. Macroscopic forms. We see microscopic forms today. We see them because we have a microscope. Democritus did not have a microscope. How did he understand that everything is made of atoms? How do scientists do it: by observing and reasoning. He observed and saw around him that everything and every being changes continuously. And yet, he observed, everything and every being, although changing continuously, remains itself. How can this happen? Democritus understood that the transformation did not concern so much the macroscopic forms, which do change but in an imperceptible way. The transformation had to take place at a lower level, not in the whole but in the parts. He therefore imagined that every form is made up of invisible parts, so small that they cannot be further subdivided. These very small parts aggregate according to visible forms that evolve coherently for a certain period. Like the shapes that flocks of birds make in the sky. Or like the waves of the dunes that change shape slowly but continuously because the grains, always the same, move continuously driven by the wind. Ever-changing forms, because the individual elements never stand still. Forms, however, that maintain their unity in change. He called those parts "atoms" which means "uncuttable", not further divisible. Only after more than twenty centuries were human beings able to actually see atoms. And only then did it become clear that the atom was not the smallest part of nature. Because there were nuclei, protons, electrons, quarks. The philosophical principle to which Democritus had adhered, and before him his master (and first "atomist" philosopher) Leucippus, was that beyond a certain limit matter cannot be divided because otherwise you would reach a point where there is nothing more, where matter loses consistency. The principle of the conservation of matter was at the basis of ancient atomism: matter exists anyway, it cannot dissolve into fragments too similar to nothingness. Aristotle did not share this way of understanding things, who thought instead that matter was continuous and therefore infinitely divisible. Who was right? Aristotle was wrong, because today we know that matter is not infinitely divisible. When you get to subatomic particles you can no longer divide. Today we know that matter is very close to the consistency of a vacuum. Today we know that the void is not empty, because there are fields. Today we know that matter is an expression of energy and that therefore every matter can lose its "material consistency" and transform into energy. As difficult as it is to believe, this is precisely what modern physics has demonstrated. Today we are convinced that mass is not an intrinsic or "primary" property of the fundamental constituents of nature. In practice, mass does not exist. It is only the consequence of the energy of the interactions involving elementary particles. In short, physicists have continued to divide, and in the end they have found nothing. And today we ask ourselves a new question: how does energy transform into matter? In other words: how does a particle of energy acquire mass, that is, begin to weigh?

	 

	
III. WHY DO THINGS WEIGH?

	It seems like an absurd question. And in fact, not even the most intelligent Greek philosophers ever asked it clearly. It's so natural that things weigh. They didn't ask the question, not even the medieval monk philosophers. Those philosophers whom the modern world unjustly slights. Unjustly, because they were as intelligent as the Greeks and made excellent use of their brains, while all around was a frightening forest and minds numbed by fear and need. Yet they suspected something, both the ancients and the monks. The monks especially had an open account with matter. The account was open because of the body of Christ. What do we really swallow, they asked themselves, when we swallow the consecrated host? The body of Christ, is the answer. Yes, but how does it happen? The simple faithful were content with the word of the Church. The monk philosopher wanted to understand. What is matter if it can transform from a blade of wheat into a human body? And from fermented grape juice into blood? It is "transubstantiation", the mystical process through which a substance is transferred from one body to another. This is the point: to distinguish between matter and substance. The philosopher Egidio Romano, who lived in the 13th century, called after death "Doctor fundatissimus" and "Theologorum princeps", was the one who most consciously distinguished between form/matter and substance/content. The material form is determined by the dimensions. It is what we see of the object, its sensible appearance. The substance is the real content of the object, which escapes the gaze. Egidio Romano gave the example of ice. We see a block of ice, we appreciate its shape and dimensions. We can measure them. But when the heat melts the ice we realize that the previous dimensions were not the substance of the object. The substance is water, which can take different forms, expanding and contracting. It can also evaporate and transform into a cloud and then condense again into water and solidify, changing volume again, into ice. The shape changes, the volume, but the "quantity of matter", the substance, remains unchanged. Egidio Romano's distinction between volume and mass is still valid. Egidio Romano lived between 1243/47 and 1316. He studied in Paris. He was exempted from teaching for his ideas. Then he became General of the Order of Saint Augustine and tutor to Philip the Fair, etc. At that time science was clothed in theology. Perhaps that is why we modern inhabitants of the West, who have all decided together that only what is material is real, know nothing of that thought. It seems to us the infancy of knowledge. And yet little by little we are discovering that everything that is material, in its "substance", is very little material. We should be less arrogant in our materialistic certainties. Things weigh. Why? All things are made of particles. Some particles do not weigh, that is, they have no mass. And they are the particles that have the privilege of traveling at the speed of light. Indeed, to tell the truth, those particles "are" the light and travel at a crazy speed, as we have seen and as everyone now knows. The photon is in fact the particle/light, that is, it is a small amount of energy that runs bouncing back and forth illuminating and heating. Then there are particles that weigh, that is, they have a mass. This prevents them from moving at the speed of photons. This has been established, without a shadow of a doubt, by the glorious mind of Einstein. And a century of experiments has confirmed it. A proton can go, if pushed adequately, at a speed close to that of light (closer and closer, if the push continues to increase), but without ever reaching it. Because, Einstein said, to reach it the push would have to be infinite. This is because as it approaches the speed of light, the proton increases in mass. More and more the closer it gets to that fateful speed. If it reached it (and to reach it it would take an infinite push of energy) the proton would have infinite mass. Which is not possible. Doubly impossible. So at a certain point any push, no matter how enormous its energy, no longer has any effect on acceleration. Or rather, it has a smaller and smaller effect. Because the mass to be accelerated is too great and the more you increase the energy with which you push it, the more the mass increases. Giving energy to a body means increasing its mass. If, hypothetically, energy continued to be input forever, the speed of the body would increase forever, but always for smaller and smaller fractions of acceleration, without ever being able to reach the speed of light, that of massless particles. In short, the body would behave like Achilles in Zeno's famous paradox. The proton is made of quarks. And quarks have mass. And other particles have mass. Why them and not the photon? And, even stranger, why don't particles that have mass all have the same mass? Why do some weigh more and others less? The neutron and the proton, for example, which even if they are embraced that no one can separate to form the nucleus of any atom, do not have the same mass. The neutron weighs a little more. Little, but more. And the top quark, which is the smallest part of creation to date, weighs more or less like a gold atom, which is made of 79 protons, 79 neutrons and 79 electrons.
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