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To Abingdonians, present and past




Preface


“DID MI5 GET BACK TO YOU AFTER I FORWARDED THEM YOUR LETTER?”


When I started to research the life of Bruno Pontecorvo, the nuclear physicist who disappeared through the Iron Curtain at the height of the Cold War in 1950, I didn’t anticipate receiving such an inquiry, let alone replying in the affirmative. Nevertheless, my correspondence with the British intelligence agency led me to solve a sixty-year-old enigma: Why did Pontecorvo flee so suddenly, just a few months after the conviction of his colleague, atomic spy Klaus Fuchs? The obvious answer—that Pontecorvo was “the second deadliest spy in history,” as the US Congress later described him—has hung around for decades, but no proof that he passed atomic secrets to the Soviets has ever been presented, nor has there been any suggestion of the information he might have disclosed. Contrary to popular wisdom, neither the FBI nor MI5 ever located evidence against him. So if Bruno Pontecorvo was a spy, he was most successful. Pontecorvo, a communist who had managed to evade detection and join the Manhattan Project, always insisted that he fled for idealistic reasons, having felt persecuted following Fuchs’s arrest.


Bruno Pontecorvo’s passage through the Iron Curtain split his life into two almost-equal halves. This chronological split defined his scientific life: great insights at the end of the first half were frustrated by his move to the Soviet Union and may have cost him his share of a Nobel Prize. His personality was also divided into two complementary halves. On one hand there was Bruno Pontecorvo, the extroverted, highly visible, brilliant scientist, and on the other was his alter ego: Bruno Maximovitch, the enigmatic, shadowy figure who was secretly committed to the communist dream.


There are already two excellent books that provide extensive assessments of Bruno Pontecorvo: The Pontecorvo Affair, by Simone Turchetti, and Il lungo freddo, an Italian text by Miriam Mafai. Turchetti focuses on the first half of Pontecorvo’s life, the political implications of his defection, and how the British government in particular downplayed his significance at the time of his disappearance. I have profited on many occasions from discussions with Turchetti, not least in evaluating some of the new facts that have come to light during my own investigation. Mafai’s book is Bruno’s life story as he would wish it to appear, based on a series of interviews with Pontecorvo late in his life.


Half-Life takes a different approach. I am myself a physicist, and so I focused initially on Bruno Pontecorvo’s life as a scientist. Klaus Fuchs, Alan Nunn May, and other players in the atomic spy saga were quality scientists, but are known only because of their role in the passing of secrets; Pontecorvo is unique in that he could merit a biography for his scientific contributions alone. The fact that his name has long been associated with those of proven atomic spies simply adds to his interest. Thus I also sought to understand his value to the USSR once he arrived there, to assess what information he could have transmitted to the Soviets before 1950, and to filter truth from myth with regard to his real agenda. I do not examine in any detail the interactions between MI5, the FBI, and their respective governments, mainly because Turchetti in his book, and Timothy Gibbs in his Cambridge University PhD thesis, have already done so. Nor do I offer any sociopolitical commentary on his political beliefs or his reactions to the profound changes he experienced during the dissolution of the USSR; Mafai has covered this, although her personal communist perspective mingles with that of Pontecorvo, and it is not always clear whether her views or his are on display. In order to make the scientific concepts digestible, I have avoided technicalities in several places. Readers who want a more in-depth study of Pontecorvo’s work and its context can find it in the article “Bruno Pontecorvo: From Slow Neutrons to Oscillating Neutrinos” by Luisa Bonolis.


Frank Close


Abingdon, March 10, 2014




Prologue: Midway on Life’s Journey


1950: The Gathering Storm


NEW YEAR’S DAY 1950: THE FULCRUM OF THE TWENTIETH CENTURY. When the century began, no one knew that the atomic nucleus existed, let alone that it was the custodian of huge reserves of energy. By the century’s end, humanity had learned to live with the possibility of a thermonuclear holocaust. As 1950 dawned, however, less than five years had passed since the atomic bombs at Hiroshima and Nagasaki had ended World War II, and society was only beginning to realize the awful implications.


In a historic English market town near Oxford, one of the fathers of the atomic age celebrated the New Year with his family. Bruno Pontecorvo was thirty-six years old. Sixteen years earlier, as a student of physics, he had contributed to a discovery that would herald a new world of nuclear reactors and atomic weapons. That breakthrough would determine his destiny. By 1950, he had earned a reputation as one of the world’s leading nuclear physicists, had recently published two papers that would lead to Nobel Prizes, and was being courted by physics institutions in both Europe and North America. This brilliant Italian scientist appeared to have an idyllic life. He lived comfortably in a pleasant home near the River Thames. He had an attractive Swedish wife and three young sons.


All seemed perfect, carefree. But Bruno Pontecorvo had a secret.


For more than ten years he had been a member of the Communist Party. At first glance, this might hardly seem to merit comment. Many intellectuals who had grown up in the 1930s and witnessed the vicious effects of fascism had chosen to ally themselves with the communist movement. By 1950, however, anticommunist hysteria was growing in the West and many lives were being ruined. For Bruno it was imperative that his communist links remain secret. During World War II his work had related to the atomic bomb, and now he was again engaged in secret work, at Harwell in the heart of England, where the United Kingdom was building the first nuclear reactor in Europe.


As it happened, the British and American intelligence agencies were already interested in Dr. Pontecorvo, and during the next few months their files on him would grow rapidly. Before February 1950, when his colleague Klaus Fuchs was arrested for passing atomic secrets to the Soviet Union, Bruno Pontecorvo’s communist beliefs did not hinder his work or his life in general. Everyone involved in classified work had a security file; Pontecorvo was but one among many. But hysteria grew after Fuchs’s arrest and conviction. Events were about to move out of Pontecorvo’s control, leading ultimately to his midlife crisis.


GUY LIDDELL, DEPUTY DIRECTOR GENERAL OF THE BRITISH SECURITY service, MI5, sat down before his diary. A new year meant a new book, its blank pages soon to be filled with an insider’s personal record of international affairs. On New Year’s Day 1950, the implications of atomic weapons were at the top of his agenda.1


The scientists who had built these weapons were regarded as heroes. They had managed to unleash the immense forces contained within the atomic nucleus of a rare form of the element uranium, and also of a newly synthesized element, plutonium. It is hard today to fully appreciate the cataclysmic impact these developments had on the international scientific community. The war against fascism had been won, but with a Faustian pact: victory came with the release of the atomic genie. The explosions at Hiroshima and Nagasaki had shocked the world, but scientists already knew that even more devastating weapons were feasible. The fact that a major industrial city could be flattened by a single atomic bomb was bad enough; the next stage of nuclear technology, involving thermonuclear or “hydrogen” bombs, would have the potential to destroy life on earth.


The Western Allies briefly thought they had the power to rule the world, as they were the exclusive owners of these terrifying new weapons. The United Kingdom, especially, was proud that its scientists had first conceived of the new technology, and then played leading roles in its development. However, the illusion of Western omnipotence was shattered irrevocably in 1949. Liddell began his diary, “The event of [1949] has been the explosion of an atomic bomb in Russia, which has thrown everyone’s calculations out of date.” Although the USSR had been an ally in the war against the Nazis, it had not been party to the Manhattan Project, which built the atomic bomb. As the West’s relationship with the USSR grew increasingly tense in the years after the war, this fact provided some solace. Between 1945 and 1950, however, there were disquieting clues that some of those heroic Western scientists had been passing secret information about the weapon to Moscow. The Soviet Union had survived the war with large military reserves, capable of threatening American dominance. If Soviet espionage managed to neutralize the West’s trump card (exclusive possession of the atomic bomb), the USSR would be a formidable enemy.


The first hint of this duplicity had come as early as the fall of 1945. That was when Western intelligence agencies learned that British physicist Alan Nunn May had taken samples crucial to the atomic bomb project from his laboratory in Canada and passed them to the Soviet Union. By the start of 1950, Western counterespionage had discovered the treachery of Klaus Fuchs as well.


Fuchs had passed substantial information to the Soviets, both during the war (when he was working on the atomic bomb at Los Alamos) and later, following his move to Harwell. Indeed, he transmitted enough high-quality data to the USSR to threaten the balance of world power. Liddell concluded his diary entry for the first day of 1950 by writing, “It is clear that by 1957 the Russians should have sufficient atomic bombs to blot this country out entirely.”


He meant it. Two bombs had reduced the major Japanese cities of Hiroshima and Nagasaki to rubble. Given that a city could be destroyed by just a single atomic bomb, the Soviet Union could decimate the nerve centers of Great Britain with little more than a handful. If that wasn’t enough to worry him, thermonuclear hydrogen bombs were already being developed in the United States and, we now know, in the USSR. In 1957, when British prime minister Harold Macmillan asked his science adviser, Sir William Penney, how many H-bombs would render the United Kingdom useless, Penney (a gentle, peaceful man, who was no Dr. Strangelove) replied, “Five! Or let’s say eight to be on the safe side.”2


The atomic spies had given the USSR a fast track to this Promethean technology. Instead of a Western monopoly on nuclear weapons, the world now headed toward an unstable balance of mutually assured destruction.


In February 1950, Klaus Fuchs was arrested in London. The interrogation of Fuchs soon led to the arrest of Harry Gold, his courier in the United States, where Fuchs had worked (and spied) during the war. Gold’s arrest and confession led the FBI to a Soviet spy ring, which included David Greenglass as well as Julius and Ethel Rosenberg, who were destined for execution by electric chair. In the US, Senator Joseph McCarthy started a witch hunt with his claim to have a list of 205 communists working at the heart of the American government. Today we know that this was fantasy, but in the ensuing hysteria it became risky for Americans to express views that were even slightly left-of-center. One chemist who worked at the University of Wisconsin, in McCarthy’s home state, later recalled, “We would not talk about anything if a third person might be listening.”3


Until 1950, Bruno Pontecorvo had successfully hidden his life as a communist, but now his well-kept secret was threatened. A sister and a brother were also communists, as was a cousin, Emilio Sereni, who worked for the Italian government. It would be easy for Western intelligence agencies to discover this, should they choose to investigate. Bruno felt certain that they would do so. For, with the exposure of Klaus Fuchs, his colleague at Harwell, lightning had struck twice in his vicinity: four years earlier, Bruno Pontecorvo had been working in Canada alongside Alan Nunn May.


The British security services interviewed Pontecorvo in March, and again in April. His security clearance was withdrawn, and the authorities prepared to transfer him to a university, away from classified work at Harwell. In the feverish atmosphere of the times, Pontecorvo’s communist associations were enough to foster suspicions that he too had passed secrets to the USSR. The intelligence agencies had no proof, but Pontecorvo was in the dark as to the contents of MI5’s files. Klaus Fuchs and Alan Nunn May were prosecuted because they had confessed, and offered the intelligence agencies critical information that would condemn them. The atomic spy Ted Hall, by contrast, admitted nothing, was never arrested, and only came to public attention decades later. In Pontecorvo’s case, there was one crucial question: Who would blink first in the game of cat and mouse? Suddenly, Pontecorvo disappeared, along with his wife and their three sons—Antonio (age five), Tito (age six), and Gil (the eldest at twelve). They went on vacation to Italy, flew to Stockholm and Helsinki, and then disappeared completely, only resurfacing five years later—in the USSR.


THE BRITISH GOVERNMENT DIDN’T HAVE A CLUE WHAT HAD HAPPENED. Bruno’s brother Guido, who lived in Glasgow, didn’t either. As of September 1, 1950, Bruno Pontecorvo had officially vanished. Even several years later, Pontecorvo’s former teacher and mentor Enrico Fermi remained ignorant of his whereabouts, as Fermi’s biography, written by his wife, Laura, in 1954, makes clear:


Over three years have now passed since the Pontecorvos’ disappearance. No word has been heard from them. Nobody has seen them. Their relatives deny knowing anything about them. Enrico and I have come to accept that Bruno and his family have probably passed to the other side of the Iron Curtain.


The British Government has made no charge against Bruno. If anything at all has been found in England that could be construed as evidence against him, the existence of this evidence has never been revealed. And all this happened in the twentieth century!4


I read Laura Fermi’s book in the 1960s, when I was a physics student at Oxford. Her tale of the unsolved mystery of Bruno Pontecorvo was the first time I had heard his name. So it was a shock when, a few weeks later, I saw a new article in the scientific journal Physics Letters written by none other than Bruno Pontecorvo. His professional address was given as the Joint Institute for Nuclear Research (JINR), in Dubna, near Moscow. “Did anyone realize?” I wondered. My interest in Pontecorvo began at that moment.


Fortunately, the head of my group at Oxford was Rudolf Peierls, a man whose knowledge of the atomic bomb and the spy sagas it had spawned was second to none. In 1940, Peierls had calculated that an atomic explosion would require no more than a few kilograms of a rare form of uranium, a calculation that would prove crucial to the Allies’ Manhattan Project, which culminated in the explosions over Japan. He went on to play a central role in the project at Los Alamos, where he had worked actively with Klaus Fuchs and been his closest friend. After the war, they both returned to the UK, and when Fuchs was exposed as an atomic spy, Peierls came under suspicion himself. Peierls had also known Pontecorvo, and told me that Pontecorvo’s defection had been hardly less of a shock to him than Fuchs’s exposure. Many colleagues dismissed the idea that Pontecorvo, extroverted and superficially naive, could have been a spy. However, in Peierls’s opinion Fuchs had also given no hints of his secret life, so one could never be sure.


But there was one thing Peierls did know: Pontecorvo’s presence in the USSR had been revealed in 1955. The Soviets, for reasons best known to them, had kept his defection a secret for five years, and then suddenly revealed him to the world’s media. As shocking as it was, the disclosure had actually explained very little; questions as to why he had defected so suddenly, whether he had been coerced, and whether he had anything to hide remained unresolved.


Moreover, even after Pontecorvo’s location had been revealed, little had been seen of him. His research reports were published in Russian journals, their English translations appearing only months later. These papers were like the tip of an iceberg, the visible sign of Pontecorvo’s professional existence, while his life, and the circumstances that took him to the USSR, remained out of sight.


In 1973 I went to Eastern Europe to attend a specialized physics school, where I met Russian scientists for the first time. Pontecorvo had been listed as one of the lecturers, but he never materialized, and one of his research collaborators stood in for him. One evening, my confidence boosted by vodka, I asked my Russian colleagues about Pontecorvo but came away little wiser. Perhaps my companions were more expert with vodka than I. Pontecorvo the scientist was easy to learn about, but the man was an enigma. Charismatic, extrovert, and life and soul of the party were the headline descriptions, sentiments that I have heard repeated subsequently by numerous other colleagues. However, as to what lay behind this exterior, I learned little.


One of the Russians I got to know during this time was Alexei Sissakian. Alexei, who decades later would become the director of Dubna, was then, like me, a young theoretician. The tale of Bruno Pontecorvo fascinated him too. Alexei told me that he had heard Pontecorvo’s name “while still a schoolboy. Its unusually ardent ring surprised me. It was always surrounded by an aura of mystery and legend. Very little was written about him. Schoolchildren and students of my generation knew little about him. We only knew that there was a ‘secret’ professor at Dubna, who for ideological reasons had decided to transfer with his family to the USSR. . . . I think we shall never succeed in understanding the mystery of his transfer to the Soviet Union.”5


Two years after that encounter, I was working in England, at a laboratory adjacent to the one Pontecorvo had fled. What’s more, I discovered that I was living five minutes from Pontecorvo’s former home in Abingdon-on-Thames, and was working with some of his former colleagues. Some senior members of the Abingdon tennis club remembered him: he had been a champion, always neatly dressed in white. His son would ride a bicycle around the courts while he played.6


MY INTEREST IN PONTECORVO THE PHYSICIST WAS REAWAKENED IN 2006 following the death of Ray Davis, an American physicist who had won a Nobel Prize at the age of eighty-seven by building on one of Pontecorvo’s ideas. Pontecorvo had died in 1993, and so missed out on a share of the prize. As I researched Davis’s life, first for an obituary and then for a book about him, I discovered the extent of Pontecorvo’s own brilliant contributions to physics.


Pontecorvo devoted much of his later career to the study of the enigmatic neutrino, a subatomic particle produced in nuclear reactors and in stars. His work inspired a new branch of science: neutrino astronomy. Pontecorvo’s lack of recognition by the Nobel committees was no fault of theirs; rather, it resulted from a combination of bad luck and Pontecorvo’s choice to live in the USSR. The vagaries of Soviet politics prevented him from performing critical experiments. His theoretical ideas were secreted for years in Russian journals, unknown in the West. Thus, instead of being one of the most famous scientists of the twentieth century, Pontecorvo is largely unknown, except as one of the “traitors” who leaked the secrets of the atomic bomb.7


The question of whether he was in fact a spy has been a cause célèbre for more than half a century. KGB agents have named him as one, but he himself never confirmed it. The intelligence agencies of the United Kingdom, the United States, and Canada all vetted him. None found any conclusive evidence. On more than one occasion they cleared him for classified work.


Decryptions of Soviet ciphers show that there were several spies operating in the West during the time in question, each identified by a nom de guerre, such as Elli, Kelly, and Moor, whose true identities have never been unambiguously established. For over sixty years there has been speculation as to whether Bruno Pontecorvo was one of them. Following his disappearance in 1950, the Western media claimed that he had been on the verge of being exposed as a spy, like Fuchs and Nunn May before him, and so had jumped ship. The British government, misled by their security services, attempted damage control by portraying Pontecorvo as a scientist who had never worked on the atomic bomb and, by implication, had no worthwhile secrets to give to the USSR. Meanwhile, British intelligence began a forensic investigation into Pontecorvo’s disappearance, led by Ronnie Reed, the head of counterespionage against the USSR.8


Although Central Casting might have chosen the dashing Bruno Pontecorvo for the role of James Bond, the real-world intelligence officer could have passed for a bank clerk. Three years younger than his quarry, slightly built, with large ears, a prominent nose, and a wispy mustache, Reed was unlikely to strike fear into a suspect through his physical presence. Nonetheless, this former electronics engineer had monitored communications between secret agents during World War II, and in the war’s aftermath had proved adept at identifying fleeing Nazis who had disguised themselves as civilians. Though Reed was no scientist, he shared Bruno’s talent for methodical investigation, as well as his persistence, insightfulness, and healthy skepticism. He would need to uncover the mechanics of the Pontecorvos’ flight, but this was less important than understanding the reasons. Reed prepared to build a complete picture of his prey: his expertise, his colleagues, and his politics. To do this, he began by researching Bruno Pontecorvo’s history.


LIKE REED, I BEGAN MY WORK BY EXAMINING PONTECORVO’S BACKGROUND. Sixty years have passed since Reed’s investigation, so I had several advantages. We now know what became of Pontecorvo, how the Soviets regarded him, and how he, in turn, regarded them. Also, being a nuclear physicist myself, I could assess Pontecorvo’s scientific value—to the international community of physics throughout his life, and to the USSR in 1950. In any case, one thing was clear to me from the start: if he was a spy, he paid a huge personal price, greater even than the price paid by Klaus Fuchs and Alan Nunn May, who each spent but a short period in jail. The Soviets placed severe restrictions on Pontecorvo’s freedom (similar to the constraints placed on on British traitors Guy Burgess, Donald Maclean, and Kim Philby, fellow émigrés to the USSR), and for years cut him off from all contact with his family in the West. They also placed restrictions on his scientific research. Nevertheless, my knowledge of nuclear physics had for some time led me to suspect that Pontecorvo’s significance to the USSR, during the final years of Stalin’s tyranny, was probably far greater than has been generally recognized. After 1950, the USSR was desperate to build nuclear reactors, as well as other equipment that would enable them to develop an arsenal of atomic weapons, and hydrogen bombs in particular. Fuchs had passed atomic secrets to the Soviets before 1950, as had other spies, but his expertise was not available to them during Stalin’s final years. Pontecorvo, however, was in the USSR, where his knowledge of nuclear science could be tapped by both the scientific community and the government.


This possibility crystallized my personal quest to resolve the lingering questions surrounding Bruno Pontecorvo’s defection: Why did he go? What happened to him in the USSR? Did he claim, like Edith Piaf, “Je ne regrette rien”? In the 1980s I had discovered that his eldest son, Gil, who had been twelve years old at the time of his father’s defection, was now a scientist based at Dubna, and part of a team doing experiments in Geneva, at CERN, the European Organization for Nuclear Research. I too had worked at CERN, but we never overlapped. Recently, by chance, I found myself on a CERN committee that periodically reviewed the team’s progress. In 2011, after half a lifetime, Gil and I finally made contact.


“You want to see Volga River?”


Thanks to the marvels of Skype, Gil Pontecorvo’s face filled the screen of my laptop. Then he turned his camera around, so that it showed the view through the window of his apartment: the Volga, four thousand miles away from my living room in Abingdon, and from the house he had left sixty years before.


At last I could learn firsthand what had happened.




FIRST HALF


            “Midway on our life’s journey, I found myself in dark woods, the right road lost.”


—Dante’s Inferno




ONE


FROM PISA TO ROME


MOST OF THE SCIENTISTS WHO WORKED ON THE MANHATTAN PROJECT grew up in the 1930s, in an era when fascism was on the rise. Large numbers of intellectuals rejected such tyranny; many chose to follow the red banner of communism instead. Bruno Pontecorvo was not unusual in this regard. The events that would lead to his singular role in the history of the Cold War stemmed from experiences during his youth and early manhood, and flowered as a result of the influential people he came in contact with. Their seeds lay in his family history.


The Pontecorvos of Pisa were a wealthy and intellectually gifted Jewish family. In the nineteenth century, Pellegrino Pontecorvo introduced the spinning jenny to the Italian textile industry. His son Massimo, Bruno’s father, expanded the business, eventually owning three textile factories, which employed well over a thousand people.1


Bruno hardly knew his grandfather, as he was only five years old when Pellegrino died. Pellegrino nevertheless established the mold within which his children, and later their children, were formed. He was active in the international Jewish community, and in the 1880s rescued Jews fleeing the pogroms in Russia. He inspired the family’s liberal ethics, which became more radical and explicitly antifascist following Mussolini’s rise to power. Bruno and several of his relatives joined the Communist Party in the 1930s.


Pellegrino’s funeral in 1918 was a big affair. The Russian Revolution of the previous year had inspired unrest among workers throughout Europe, not least in Italy. Even though many Italian tradesmen were threatening to rise against their bosses, the community’s respect for Pellegrino was such that “laborers and industrialists alike” came en masse to his funeral to celebrate his life.2 Indeed, Pellegrino was held in such high esteem that he was given the title of Cavaliere del lavoro, similar to a knighthood in the United Kingdom, in recognition of his dedication to laborers’ rights.


That same year marked a sea change in global politics. World War I ended; the November Revolution overthrew the German Empire; Italy was in turmoil due to high unemployment and social conflict. The Bolsheviks had taken power in Russia, and there was a real possibility of revolution in Italy too. Into the mess goose-stepped Benito Mussolini.


In Pisa there was an antifascist demonstration in which several of Massimo’s workers were involved. The local fascist leader, Guido Buffarini Guidi, came to the factory and ordered Massimo to reveal the names of the participants, and the ringleader in particular. Massimo refused. Buffarini Guidi challenged him to a duel.3 Fortunately the duel never took place, but Massimo’s workers always remembered the support their boss had given them. Bruno’s sister Anna recalled that when one of them saw her father in the street many years later, the man threw his arms around Massimo’s shoulders and exclaimed that it was “like seeing the Lord resurrected.”4


It was into such a family, with antifascism at its heart, that Bruno Pontecorvo was born on August 22, 1913. Bruno was the fourth of eight children—three girls and five boys. Those were days of rigid gender roles: the girls were educated in the liberal arts; the boys were encouraged toward science and technical matters. The most intelligent of the children, in their parents’ opinion, was the eldest, Guido, born in 1907. He emigrated to the United Kingdom in 1938 as part of the Jewish exodus from fascism. There, he became a distinguished geneticist, and a fellow of the Royal Society. Paolo, “the most serious,” was born in 1909. In 1938 he moved to the United States, where he worked on radar and microwaves during World War II. The eldest of the three sisters, Giuliana, born in 1911, was “the most cultured.” She became a journalist and prominent communist.


Bruno was followed by brother Gillo in 1919, sisters Laura and Anna in 1921 and 1924, and finally, in 1926, the youngest brother, Giovanni. The children’s French governess, Mlle Gaveron, said there would be no need for her to spend time in purgatory “as she had been there already looking after the children—except for Bruno, who was heaven.”5


[image: IMAGE 1.1. Bruno Pontecorvo as a child . . .]


IMAGE 1.1. Bruno Pontecorvo as a child. (COURTESY GIL PONTECORVO; PONTECORVO FAMILY ARCHIVES.)


Each child was talented, so much so that Massimo and his wife, Maria, did not regard Bruno as particularly intelligent in comparison to his siblings. Years later, Bruno remembered that his parents described him as “the most gentle but the most limited.” They also said that his eyes showed him to be “sweet but not intelligent,” an opinion that left him with a shy disposition and an “inferiority complex that haunted me for the rest of my life.”6


Bruno inherited a natural aptitude for sports. Friends recall his love for alpine skiing, underwater swimming, and, above all, tennis. Throughout his life, Bruno would recount how, at age sixteen, he had been included on Italy’s national junior tennis team and been invited to attend a training camp in France. His parents refused to allow him to go, as they regarded the activity to be a distraction from serious study and wanted him to spend his time preparing for college. The disappointment of a young boy came across in the tale, even after nearly half a century had passed. His parents consoled him. They assured Bruno that his achievements in physics were also first-rate, and that with suitable dedication he could achieve great things there too. Bruno acquiesced—sort of: “Yes, but I would also like to be the Italian tennis champion.”7


Bruno’s mother, Maria, had grown up in a highly cultured family. Her father, Arrigo Maroni, had been the director of a hospital in Milan, enjoyed the opera at La Scala, and was well known in Milanese society. Her religious background was Protestant.8 Massimo Pontecorvo, however, was still a traditional Jew when Bruno was born. After Pellegrino’s death, Massimo continued to lead the family rituals, but attitudes toward religion in the home were changing. The younger members took part in the ceremonies, but they did so halfheartedly. Their mother was Christian, and the children were not actively Jewish. A young brother—probably Giovanni—even asked one of his older sisters about circumcision, only to be informed that she didn’t know what it was.9 There were no bar mitzvahs in the Pontecorvo family, no bris rituals, no burials in Jewish cemeteries, but nonetheless they “were Jewish enough for Mussolini.”10


Indeed, the Pontecorvos’ privileged and idyllic life began to unravel with the onset of Mussolini’s anti-Semitic laws. The family dispersed. Guido had already settled in Britain, and in 1939, with the threat of war looming, Giovanni, Laura, and Anna, still teenagers, moved there too. The three siblings completed their education in Britain, becoming, respectively, an agriculturalist, nurse, and language teacher. Bruno’s exodus in 1936, the first of his three great upheavals, had been more gradual.


Many Italian intellectuals—Jewish and Christian alike—believed strongly in the ideals of liberal socialism. Those Jews who foresaw the consequences of fascism from the start had adopted strong antifascist positions long before anti-Semitism became formalized. Bruno’s cousin Emilio Sereni was especially prominent in this regard.11 Sereni’s mother, Alfonsina, was Bruno’s father’s sister. Emilio, born in 1907, was a powerful intellectual, with a strong personality of almost overpowering intensity. By the age of twenty he was reading Marxist classics avidly, and he soon married Xenichka Zilberberg, the daughter of two heroes of the Russian Revolution.12 Sereni joined the Communist Party of Italy in 1927. In 1929, following in the tradition of his parents-in-law, Sereni, along with his colleague Manlio Rossi-Doria, founded an underground communist organization in Italy. The following year, the fascist police arrested Sereni and Rossi-Doria, and the Special Court of State Security, which the fascists had created to “defend the state,” sentenced them to fifteen years in prison. Granted amnesty and freed in 1935, Sereni fled from Italy to Paris, where he became the cultural manager of the Communist Party of Italy, and the chief editor of Lo stato operaio (The Workers’ State). It was during this period, in prewar Paris, two years after Bruno left Italy, that Emilio Sereni would begin to have a considerable influence over his younger cousin—an influence that would frame the course of Bruno’s life.


PHYSICS IN ROME


It was far from obvious that Bruno would end up a great physicist. Initially he followed the same route as his older brother Paolo, and at age sixteen enrolled at the University of Pisa to study engineering. After two years, he was doing well but disliked technical drawing, so he quit engineering and, in 1931, decided to concentrate on physics.


As it happened, Bruno’s childhood coincided with the emergence of atomic physics. He was born in the same year as the insight that every atom is like a miniature solar system, in which “planetary” electrons orbit a compact nucleus at the core. He was a student when physicists realized that an atom’s ability to shed energy through radioactivity results from the instability of the nucleus and began to home in on the neutron, a still-hypothetical constituent of the nucleus. This is when his eldest brother, Guido, made a pivotal intervention.


Guido was insistent: “For physics you must go to Rome.”13 Enrico Fermi was there, building a huge reputation. In 1926 Fermi had been appointed, at just twenty-five years of age, to a professorship at the University of Rome, funded by Orso Corbino, an influential Sicilian. At the time, nuclear physics was an exciting new field. Quantum theory was being used to build mathematical models of the properties of the nucleus, but experimentally it remained virgin territory. Fermi decided that the best way to revitalize Italian physics was to understand the atomic nucleus, in terms of both constituents and construction, and the relationships between the nuclei of different elements. With Corbino’s support, Fermi established a laboratory in the physics department on the Via Panisperna, in Rione Monti, a few minutes’ walk from the main railway station; to help in the endeavor, he gathered a team of young experimental scientists—a group that became known as the “Via Panisperna Boys.”


Guido’s insistence that Bruno go to Rome stemmed from his friendship with one of the Via Panisperna Boys, Franco Rasetti. He and Guido had been friends for years and had explored the Alps together as hiking companions. At that time, Bruno was a child, patronizingly known as “the cub.” Rasetti paid him little attention. Years later, when Bruno presented himself to Rasetti, announcing that he wished to complete his studies in Rome, Rasetti teased him: “Just out of your diapers and you want to become a physicist!”14


Although he was confident and spoke with ease—and was, in the words of Laura Fermi, “uncommonly good looking”—Bruno had a tendency to blush at the least provocation. In response to Rasetti’s joke about his youth, Bruno gave one of his familiar blushes, but Rasetti—well aware of the intellectual strength of the Pontecorvo family—encouraged Fermi to take a look at him.


Fermi gave him an informal exam. Years later, Bruno claimed that he showed only “mediocre knowledge.” Fermi explained to him that there were two categories of physicists: theoreticians and experimentalists. He then added: “If a theorist does not have exceptional ability, his work does not make sense. As for experimental physics, there exists the possibility of useful work, even if the person has only average intelligence.”15


Fermi was infamously slow to praise and blunt in his criticism. It’s unclear if Fermi was delicately giving his opinion, so as to guide Bruno toward experiment, or simply providing idiosyncratic commentary. In any case, in 1931 Bruno Pontecorvo entered the third year of physics at the University of Rome. This meant he had the good fortune to be studying physics in the annus mirabilis of 1932, when the atomic nucleus was discovered to have a labyrinthine structure of it own.16 By 1934 Bruno was ready to take part in genuine research as a member of Fermi’s team, right at the dawning of a new science: nuclear physics. At age twenty-one, he was destined to be at the epicenter of one of the greatest and most far-reaching discoveries of the twentieth century.


THE PREHISTORY OF NUCLEAR PHYSICS


At the end of the nineteenth century, atoms were believed to be the fundamental seeds of all matter. The standard model of that time asserted that all atoms of the same element were identical, that different elements consisted of different types of atoms, and that compounds formed from atoms of the constituent elements.17 Much of this remains true today. However, the scientists of yesteryear also believed that atoms were indestructible and impenetrable objects, like miniature billiard balls. This is not the case.


In 1911, working in Manchester, Ernest Rutherford discovered that an atom is mostly empty space, with a massive, dense kernel at its center carrying a positive electric charge—a kernel that he called the nucleus. In 1913, the year of Bruno’s birth, Rutherford’s colleague, Danish theorist Niels Bohr, proposed that atoms are held together by the electrical attraction of opposite charges. In this model, negatively charged electrons orbit the positively charged nucleus.


At that stage, no one knew what an atomic nucleus consisted of. By the time Bruno started school, Rutherford had shown that the nucleus of a hydrogen atom is the simplest of all, consisting of a single positively charged particle, which he called a proton. Rutherford had deduced that the proton was fundamental to the nuclei of all atomic elements. As a student, Bruno would have learned that atomic nuclei are lumps of positive charge, made up of protons, and that the more protons there are in the lump, the greater the charge. It is the amount of this positive charge that determines how many negatively charged electrons can be ensnared in the outer regions of the atom. The chemical elements are distinguished by the complexity of their atoms—hydrogen, the simplest, consists of a single electron encircling a single proton, while helium has two protons in its nucleus, carbon has six—onward to uranium with ninety-two. The chemical identity of an element is a result of its electrons, and chemical reactions occur when electrons move from one atom to another.


This simple picture first started to change in 1932, when James Chadwick of Cambridge University discovered a third basic seed of matter, the neutron. Neutrons are similar to protons but carry no electric charge; they cluster in atomic nuclei and add to the nuclear mass without changing the total charge. We now know that neutrons are an essential component of all atomic nuclei, except for that of hydrogen, which normally consists of just a single proton.


Every atom of the element uranium has ninety-two protons in its nucleus. The number of neutrons may vary, however. A rare form of uranium known as U-235 contains 143 neutrons, while the most common form, known as U-238, has 146. Adding the neutrons to the ninety-two protons in each case gives a total of 235 or 238 constituents, respectively. These varying forms are called isotopes, from the Greek isos and topos—meaning “the same place” (in the periodic table of atomic elements). Although all the isotopes of a particular element have the same chemical identity, the behavior of their atomic nuclei can vary dramatically. Indeed, the neutron number is the key to extracting energy from the nucleus, either gradually in nuclear reactors or explosively in weapons. For example, U-235 forms the raw material for both nuclear power plants and atomic bombs.18


An atomic nucleus, then, is more than just a core: it is a new level of reality. Within its labyrinthine structures, powerful forces are at work, which are unfamiliar in the wider world. The presence of these forces is suggested by the otherwise paradoxical fact that nuclei exist. Why do the protons, which all have the same electric charge, not repel each other and cause the nucleus to disintegrate? The answer is that there is a strong attractive force that grips protons and neutrons when they are in contact with one another. Within the nucleus this strong attraction between a pair of protons is over a hundred times more powerful than the electrical repulsion.


There is a limit, however, to the number of protons that can coexist like this. For any individual proton, the attractive glue acts only between it and its immediate neighbors. The electrical disruption, however, acts across the entire volume of the group. In a large nucleus, the total amount of electrical repulsion can exceed the localized attraction, in which case the nucleus cannot survive. The neutron, being electrically neutral, helps counteract this disruption and stabilize the nucleus. Even so, many neutrons are needed to do this, especially in larger nuclei. Uranium, with ninety-two protons, is the largest stable example in practice, requiring 140 neutrons to stabilize its protons. Yet the counterbalance is so delicate that the slightest disturbance can split a uranium atom in two, in the phenomenon known as fission.


It turns out that the strong attractive force acts most efficiently when the constituent neutrons and protons pair off exactly. Thus U-238, which has an even number of neutrons, is more stable than U-235, which has one odd neutron without a partner.


Even the simplest element of all, hydrogen, has isotopes. A proton accompanied by one neutron forms a stable isotope, known as a deuteron, the nucleus of deuterium. Water (H2O) contains hydrogen; the analogous molecule consisting of deuterium—D2O—forms “heavy water.” A proton accompanied by two neutrons forms the nucleus of tritium. Tritium is mildly unstable, however, with a half-life of about twelve years.19 These are all the possible isotopes of hydrogen; “quadium” or “H4,” in which a proton is joined by three neutrons, does not exist.


Why don’t clusters of tens or hundreds of neutrons exist on their own, without any protons mixed in? In short, it is because neutrons are inherently unstable. A neutron is slightly heavier than a proton. Given Einstein’s equivalence between mass and energy, this implies that a neutron has slightly more energy locked within it than a proton does. This extra energy leads to instability—so much so that an isolated neutron cannot survive for more than a few minutes on average, whereas a single proton can exist for eons, possibly even forever. As a general rule: if there are too many neutrons in a nucleus, the assembly becomes unstable.20


The result of all this is that only a limited number of stable isotopes exist, namely those where the number of neutrons is close to, or larger than, the number of protons. As we go further up the periodic table of the elements, the atomic nuclei become larger, and the number of excess neutrons expands as well.


It is difficult to predict in advance which isotopes will be stable and which will not. Much of the work on atomic weapons and nuclear reactors in the 1940s and 1950s would rely on experimental tests or rules of thumb. The different isotopes of uranium, plutonium, and hydrogen would become central players in this saga, all as a result of the discovery of the neutron. Indeed, the whole course of history was changed as a result of this discovery, causing the astrophysicist Hans Bethe to describe the years leading up to 1932 as the “prehistory of nuclear physics.” Everything that came after was history.21


It was the perfect moment for an ambitious young scientist to start a career—a moment when he could investigate the mysteries of the atomic nucleus. And Enrico Fermi’s group in Rome was ideal. Bruno Pontecorvo was about to become an expert in neutron physics.




TWO


SLOW NEUTRONS AND FAST REACTIONS


1934–1936


IT WAS IN 1934, JUST AS BRUNO WAS ABOUT TO JOIN THE TEAM, THAT Enrico Fermi’s genius began to bear fruit. The circumstances that inspired him resulted from a setback in his attempt to explain one of the fundamental natural processes: a form of radioactivity known as beta decay.


Ernest Rutherford had identified three different varieties of radioactivity in 1899, and named them after the first three letters of the Greek alphabet: alpha, beta, and gamma. Alpha radiation consists of massive, positively charged particles, which emerge in a staccato burst when spontaneously emitted by substances such as radium. (Despite its name, the “alpha particle” is not a fundamental particle, since it is built from protons and neutrons—two of each, or four particles in all. However, the quartet is so commonly produced in radioactive decays that it was identified before its nuclear structure was recognized, and the name stuck.) Beta radiation consists of electrons, not those preexisting in the atom but ones created when an unstable isotope changes into a more durable form. Gamma radiation involves high-energy photons, with much shorter wavelengths than visible light. Although these three forms of radioactivity were known at the start of the twentieth century, no one understood how they arose, or what effects they had on the nucleus, for another two decades.


Beta decay was especially tantalizing, since energy seemed to be disappearing without a trace. As an explanation, Austrian theorist Wolfgang Pauli proposed in 1930 that the electron—the beta particle—is accompanied by an unseen, electrically neutral particle, which carries away the missing energy. This is the neutrino, literally the “little neutral.”1 Unfortunately, Pauli’s hypothetical neutrino was so ghostly that he feared it might never be detected. The idea of the neutrino excited Fermi, however, who used it in a theory of beta decay in 1933.2


Fermi’s inspiration came when he visualized a nucleus made from neutrons and protons. He realized that a neutron behaves much like a proton with its electric charge removed, and he guessed that the neutrino might be similarly related to the electron. He proposed that beta decay occurs when a neutron, within a nucleus, spontaneously changes into a proton, conservation of electric charge is maintained due to the appearance of an electron, and the overall energy balances due to the creation of a neutrino.


Today we know that Fermi was fundamentally correct. However, the editor of Nature, the journal to which Fermi submitted his paper, “Tentative Theory of Beta Rays,” for publication, rejected it on the grounds that it contained “speculations too remote from reality to be of interest to the reader.”3 Fermi’s paper was eventually published in another journal, but the arguments with the editor of Nature had exhausted Fermi to such an extent that he decided to switch from theory to experiments “for a short while.”4 In fact, this change of focus lasted for the rest of his life.


In January 1934, Fermi went on a skiing trip to the Alps. It was on his return that he saw the way forward, thanks to a discovery made in France by Irène Joliot-Curie (the daughter of Marie Curie) and her husband, Frédéric. The Joliot-Curies had been exploring the uncharted inner space of the atomic nucleus since at least 1930. Four years later, after a series of misadventures, they made a discovery that would inspire Fermi and his group—including its new member Bruno Pontecorvo.


This discovery was made possible through the investigation of radioactivity, which enabled scientists to unravel the deep structure of atomic nuclei. Radioactivity intrigued many physicists, but for Irène and Frédéric there was a special motivation. Irène’s mother, Marie Curie, had discovered that the element radium is so highly radioactive that it is warm—one can literally feel it pour out energy spontaneously. This energy is carried off by alpha particles. A few grams of radium can therefore function as a practical source of large numbers of alpha particles, which are like atomic bullets, able to smash into atoms of other elements. In this respect, Irène and Frédéric were in a privileged position. Thanks to Marie Curie, their laboratory in Paris had access to more radium than anywhere else in the world. This inspired the Joliot-Curies to use this invaluable element as a source of alpha particles, which they used to bombard atoms of other elements. The result was a memorable series of experiments in the early 1930s. In one such experiment, the Joliot-Curies bombarded a sample of aluminum with alpha particles. A Geiger counter near the target sample started crackling when the irradiation began; when the barrage ended, the crackling continued, decreasing to half its original intensity after about three minutes.


This is what had happened: An aluminum nucleus consists of thirteen protons and fourteen neutrons. The addition of an alpha particle to the mix temporarily supplies two more protons and two more neutrons; however, the collision of the particles chips off a single neutron from the nucleus, leaving a cluster of 15 neutrons and 15 protons. This group of thirty is a radioactive isotope of phosphorus, called phosphorus-30. It decays with a half-life of three minutes, which explains the behavior of the Joliot-Curies’ Geiger counter.


This was revolutionary work. In 1933, Ernest Rutherford had famously remarked that anyone who believed in extracting energy from the atomic nucleus was talking “moonshine.” If natural radioactivity had been the only possible kind, Rutherford would have been right. However, Frédéric and Irène had discovered that it is possible to alter the nucleus, and thereby induce radioactivity in otherwise inert material, such as ordinary aluminum. Their experiment showed that it is possible to liberate part of an atom’s latent nuclear energy at will, potentially in amounts far exceeding anything known to chemistry.


The vista the Joliot-Curies revealed included a wealth of opportunities for medicine, science, and technology. Frédéric and Irène received a Nobel Prize for their discovery in 1935. Upon receiving the award, Frédéric presciently remarked that by modifying atoms this way it might be possible to “bring about transmutations of an explosive type.” He went on: “If such transmutations do succeed in spreading in matter, the enormous liberation of useful energy can be imagined.”5 It was a chance observation by Bruno Pontecorvo that began the transformation of this idea from imagination to reality, and marked the start of a new age.


THE VIA PANISPERNA BOYS


Fermi’s group of young researchers, based at the laboratory on Rome’s Via Panisperna, had been working together for about a year when Bruno joined them. This team of brilliant individuals was the brainchild of Orso Corbino, the head of the physics department at the University of Rome. Combative and quick, the Sicilian Corbino was an astute politician with sound judgment, and he would tirelessly pursue any goal that enthused him. He saw Fermi’s talent, hired him, and provided the funds to build a research team.


Part of what enabled Corbino to accomplish this was his membership in Mussolini’s cabinet, despite never having joined the Fascist Party. Fermi, although barely in his thirties, had enough political acumen to appreciate the delicacy of the situation, realizing that the group’s resources were ultimately a gift of the government. He therefore insisted that physics and politics be kept separate within his team. This meant that Bruno’s first experience of scientific research was as an apolitical enterprise. Much would change later.


With Corbino’s support, Fermi attracted a handful of talented young people to the group. The eldest, Franco Rasetti, born in 1901, was the same age as Fermi. He would burst into high-pitched cackles of laughter at the least provocation. The two whom Bruno was closest to throughout his life were Emilio Segrè and Edoardo Amaldi. Segrè, four years younger than Fermi and Rasetti, was the most serious of the group, cautious and not inclined to go along with the tomfoolery of some of his colleagues. Amaldi, two years younger than Segrè, with a cherubic face and a mass of brown hair, was the baby until Bruno’s arrival. Fermi, with his infallible intellect, became known as the Pope; Corbino, holding the purse strings, was the Eternal Father; Rasetti, Fermi’s deputy, was the Cardinal Vicar. Segrè was called the Basilisk, reflecting what the others perceived as his rather irritable character, and Amaldi was called the Child. The final member of this holy caucus was Giulio Trabacchi, who provided them with a source of neutrons, which became key to their research; Trabacchi was thus known as the Divine Providence. When Bruno arrived, five years younger than Amaldi, he became known as the Puppy.6


Bruno’s first piece of research followed the discovery by Amaldi and Segrè that the spectra of the gaseous form of certain elements alter when other gases are present. Fermi theorized that this is because the electrons at the periphery of heavy elements are nearly free, move relatively slowly, and bounce off the surrounding atoms. This changes the energy of the electrons and, in turn, the spectrum of light they emit. To test Fermi’s theory, Bruno repeated the experiment, and measured the spectrum of mercury vapor in the presence of various gases. The measurements were delicate; their analysis complicated. Based on this work, Bruno published the first paper of his life, at the age of twenty-one. Fermi must have been impressed, for in the summer of 1934 he co-opted the young experimenter onto his team.


BY THIS TIME, FERMI AND THE VIA PANISPERNA BOYS HAD BEEN working on induced radioactivity for six months—ever since Fermi had returned from his ski vacation and learned of the Joliot-Curies’ discovery.7 Fermi had decided this phenomenon was ripe for his team to investigate—not using alpha particles, as the Joliot-Curies had, but neutrons.


In hindsight, this is an obvious idea, but at the time it was radical.8 The fact that others hadn’t immediately tried it came down to logistics: free neutrons are very rare. To create beams of neutrons, you first have to bombard atoms of the element beryllium with alpha particles. Because most of these fail to hit the beryllium nuclei, the process generates only one neutron per 100,000 alpha particles. This seemed so wasteful that most laboratories dismissed the project, if they considered it at all.


Nonetheless, Fermi persevered with neutrons because they had one huge advantage over alphas: neutrons are electrically neutral. Because alphas are electrically charged, like the atomic nuclei they are invading, getting an alpha particle into a nucleus is like forcing the north poles of two magnets to touch. When alphas (like those used by the Joliot-Curies) enter the dense forest of atoms in a bulk target, they are rejected by the positive nuclei and ensnared by the negative electrons, usually within a fraction of a millimeter of the sample’s surface; even a sheet of paper can absorb them. There is little chance of an alpha particle hitting an atomic nucleus in so short a journey. Neutrons, being electrically neutral, can enter a nucleus without this difficulty. On March 20, 1934, Fermi accomplished his goal, inducing radioactivity in aluminum by means of neutrons, before doing the same with fluorine. In each case the balance of neutrons and protons in the target atoms is delicate, and the invader disturbs it. The new grouping gives up some energy and attains equilibrium by readjusting the ratio of neutrons and protons, which it achieves by emitting an electron or a positron—the phenomenon of beta radioactivity.9 Fermi announced his discovery in a letter to La ricerca scientifica on March 25, 1934: “Radioactivity induced by neutron bombardment.”


Next, Fermi attacked heavier elements. Frédéric and Irène Joliot-Curie had successfully induced radioactivity only in elements that were relatively light, mainly because such elements had only a limited amount of charge with which to resist the alpha-particle invader. Fermi saw that neutrons had a huge advantage when it came to bombarding heavier atoms, so he decided to launch a systematic attack—firing neutrons at every element on the periodic table.


This would require a team effort, so Fermi co-opted Amaldi, Segrè, and Rasetti, as well as a young chemist named Oscar D’Agostino. By the summer of 1934, they had tested about sixty elements, and induced radioactivity in about forty of them. Some elements released more radioactivity than others—hydrogen gave none; fluorine a little; aluminum more. These qualitative differences were clearly real, but some means of quantifying the results was needed.


Fermi’s team developed a standard scale based on silver, which had been in the middle of the qualitative range. By this stage the team had mastered the techniques, meaning that the continuing work of recording these measurements was straightforward, ideally suited to a novice. So the task of building the scale fell to Bruno Pontecorvo, working with Amaldi.


BRUNO EXPERIENCES A MIRACLE


The team’s protocol called for samples of each element to be engineered into hollow cylinders, into which they placed the neutron source. To protect the surroundings from radiation, they placed the sample and the source inside a box of lead and left them, giving the neutrons time to activate the sample. After a while they removed the sample and measured its activity.


Eventually Bruno noticed something odd: the position of the sample within the box, and the box within the room, influenced its ultimate degree of radioactivity, as if some strange telepathy linked it to surrounding objects. Bruno recalled his astonishment later: “There were wooden tables in the laboratory which had miraculous properties. Silver irradiated on these tables became much more radioactive than when an identical sample was irradiated on the marble tabletops in the room.”10 Bruno and his partner described this phenomenon to Rasetti—the Cardinal Vicar—who thought it was nonsense. Although he knew that Bruno had precocious abilities, Rasetti considered his laboratory work “extremely clumsy” and feared that Pontecorvo’s sloppiness had infected Amaldi. Hearing of their observations, he diplomatically suggested that their results were nothing more than evidence of “anomalies due to statistical error and inaccuracy of measurements.”


Fermi agreed that “the results did not make sense at all,” leaving Amaldi and Pontecorvo to suffer a terrible couple of weeks.11 However, as Fermi was always open-minded about the surprises nature might contain, he decided to investigate the phenomenon for himself, despite his misgivings. He later recalled, “It occurred to me to see what would happen if I put a piece of lead in front of the source of neutrons”—that is, between the source and the silver.12 He was preparing the lead on a lathe very carefully, when he noticed a piece of paraffin wax lying around. Then, “without any conscious reason,” he left the lathe and decided to use the paraffin instead of the lead. He confirmed that the radioactivity of the silver was much higher than it had been without the paraffin. Perhaps his criticism of Amaldi and Pontecorvo had been unfair.


It was the morning of Saturday, October 20.13 Amaldi, Rasetti, and Pontecorvo were in their offices. Fermi showed them his results, and then it was time for lunch.14 What happened next would become part of the folklore of physics.


During lunch, Fermi continued to ruminate. What do paraffin and wood have that marble does not?15 He visualized a neutron in flight, bumping into atoms in its surroundings and slowing down. A lightweight atom, such as hydrogen, would be especially good at reducing the neutron’s speed. Hydrogen is present in water, which is found in wood but not marble. It is also present in paraffin. Could slowed-down neutrons be the key to the riddle? Then he saw the answer: whereas alpha particles have a positive charge and need high speed to penetrate the repulsive electric fields that surround a nucleus, neutrons don’t need any such aid. For neutral neutrons, impervious to electrical impediment, the rule is: the slower, the better. Lumbering neutrons, slowed to the point that their motion is no more than thermal agitation, remain in the vicinity of the target atoms for longer than fast-moving ones, giving them a greater chance of being captured and activating the sample. Fermi had experienced an epiphany: slow neutrons are especially good at inducing nuclear reactions.16


This was a remarkably bold conclusion. Up to that time, the received wisdom had been that the harder you hit a nucleus, the more likely it is to fragment. If Fermi was correct, then this wisdom was wrong: nature is more subtle. In fact the radioactivity would become especially strong if there were some means of slowing the neutrons radically. His musings had already suggested a way to do this: use a substance containing plenty of hydrogen, such as water.


Hydrogen is the lightest element of all, its atomic nucleus consisting of a single proton. For our purposes, the key feature is that the proton has almost the same mass as a neutron. As can be seen in the analogy of two billiard balls colliding, it is when two particles of the same or similar masses collide that energy is most rapidly dissipated. Bounce a billiard ball against the edge of the massive table, and the ball bounces back at (almost) the same speed; in the case of a neutron, this is analogous to the neutron hitting a massive atom of lead and recoiling unslowed. However, if one billiard ball hits another ball, which was initially stationary, they both recoil, the first ball slowing in the process. As for billiard balls, so for neutrons and protons. It was the presence of hydrogen—each atom of which contains but a single proton—that slowed the neutrons most efficiently. The presence of hydrogen atoms in the wooden tabletop, and their absence in the marble, thus explained the difference in behavior that Pontecorvo and Amaldi had noticed. The hydrogen in the paraffin explained Fermi’s results too.


This conclusion had not been obvious. The place to test it, however, was. Senator Corbino, who had founded Fermi’s laboratory, had a spacious apartment in the building, with access to a walled garden. Enclosed by the physics buildings and the church of San Lorenzo in Panisperna, it contained an almond tree, a classical water fountain, and a goldfish pond. The physicists rushed to Corbino’s pond, armed with their neutron source and silver sample.17 They put them underwater and watched expectantly. Corbino’s goldfish continued to swim unperturbed while the scientists leaned over the edge of the pond, full of eager anticipation. That historic afternoon—October 22, 1934—they found the answer. The activity in the silver rose dramatically. That same evening, highly excited, they drafted a paper for publication in a scientific journal.


Beyond supplying the pond, Corbino had not been involved, but he was always interested in the work of his “Boys.” Sensing their animation, he asked what was going on. Once he was told about the slow-neutron phenomenon, he became excited, and joined them in Amaldi’s small apartment as they drafted a paper. Corbino was initially relaxed, but when they started to write a second paper he erupted.18 He waved his hands and screamed, “Are you crazy?” This Sicilian man of the world had realized what the young scientists, living in an ivory tower, had not: their discovery could have industrial applications. Previously, the quantity of radioactive material that could be created using alpha particles or neutrons had been trifling. However, the slow-neutron technique could produce it a hundred times more abundantly, and the practical implications were tantalizing. “Take a patent before you give out more details on how to make radioactive substances,” he urged.19


SATURDAY NIGHT AND SUNDAY MORNING


The story just related was told by Laura Fermi in her biography of her husband, Enrico. The book was a best-seller, which helped turn the tale into folklore, and then into received wisdom. The story was then retold by Edoardo Amaldi and repeated by many, including Enrico Fermi himself. However some details are wrong, and reveal the tricks of false memory.


Enrico Fermi’s laboratory notebook shows that the first hint of the breakthrough came on Saturday, October 20, as stated above. However, Laura Fermi, Edoardo Amaldi, and Emilio Segrè, who wrote later from memory, placed it on the same day that they drafted the paper: October 22. Fermi’s logbook, which dates from the time in question, shows that two days elapsed between the epiphany and the paper. What really happened?20


Fermi’s own record shows that he performed tests, with and without paraffin, on Saturday, October 20. His insight about water matured during lunchtime. However, one cannot immediately rush to a pond, dunk samples in it, and see them spontaneously burst into radioactive life. First you have to irradiate the samples with neutrons, underwater, for some considerable time.


There seems to have been a bucket of water in the laboratory, which a cleaner had left.21 Fermi immersed samples of cesium and rubidium nitrate in this water, and irradiated them overnight, from Saturday night to Sunday morning. On Sunday, he measured the amount of induced activity in these two samples.


The results convinced him that he was on the right track, so he continued the exercise. He now prepared samples of sodium carbonate, lithium hydroxide, platinum, ruthenium, and strontium. Overnight, from Sunday to Monday, he irradiated them “in the water.”22 On Monday morning, October 22, he measured the amounts of induced radioactivity in each sample. He began with the sodium carbonate at 9:45 a.m., continued with lithium and platinum during the late morning, and completed the task with ruthenium and strontium after midday.


The two-day discrepancy with regard to the date is not important in itself, other than as proof that memory can be an unreliable guide. The story of Corbino’s pond is so delightful that I hope it really happened. By the afternoon of the twenty-second, Fermi was satisfied that the samples had become more active underwater. If the cleaner had removed the water bucket, as in some versions of the story, it is plausible that the excited youngsters would make a student demonstration in the goldfish pond. In any case, the fact that the paper was drafted on the evening of the twenty-second is certain. This took place at Edoardo Amaldi’s house. His son Ugo, who was then just a baby, recalls being told at several family gatherings that “I was asleep upstairs” on that fateful night, and also that the next day Ugo’s nanny asked his mother whether the “signori the night before had been tipsy.”23
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IMAGE 2.1. The Via Panisperna Boys, from left to right: Oscar D’Agostino, Emilio Segrè, Edoardo Amaldi, Franco Rasetti, and Enrico Fermi. The photograph was taken by Bruno Pontecorvo. (COURTESY GIL PONTECORVO AND DEPARTMENT OF PHYSICS, SAPIENZA UNIVERSITY OF ROME.)


PAPERS AND PATENTS


Fermi’s name appeared as the first author on the paper. This reflected his leadership in the discovery. His collaborators then appeared in alphabetical order: Amaldi, Pontecorvo, Rasetti and Segrè. Four days later, the discovery became the subject of a patent: “To increase the production of artificial radioactivity with neutron bombardment.” The patent owners are the above quintet, along with chemist Oscar D’Agostino and Giulio Trabacchi, who had provided the neutron sources.


The scientists knew they had stumbled upon something with potentially immense importance. To record the moment they took a photograph, which has since become iconic. It shows the young men—Fermi, Rasetti, Amaldi, and Segrè—and D’Agostino the chemist. Years later, Edoardo Amaldi’s son Ugo asked Bruno why he too was not in the famous picture. The answer: “I was on the other side of the camera.” As the youngest member of the team, Bruno was given the responsibility of taking the photograph.24


Although Bruno was the last person to join the team, his role in the discovery had been honored by his inclusion on the patent. On November 1, he received more formal recognition, receiving an appointment as a temporary assistant at the Royal Institute of Physics and the University of Rome.25 On November 7, his significance was further highlighted when a second paper about slow neutrons was sent to La ricerca scientifica for publication. This one had just three authors: Fermi, Pontecorvo, and Rasetti. This was an outstanding achievement: Pontecorvo’s name stood alone between those of the two senior professors on the team.


This paper provided experimental confirmation of Fermi’s conjecture: it is indeed the presence of hydrogen that causes neutrons to slow. It also reported that, in addition to being activated, the targets absorb the slow neutrons. Furthermore, the team discovered that there is an enormous range in the ability of various substances to absorb slow neutrons. This would become important later in selecting materials for use in nuclear reactors.


Soon afterward, Pontecorvo performed a series of experiments using substances that contained no hydrogen. He measured how effectively they slowed neutrons, and published a paper as sole author in April 1935. In less than a year he had become an expert in a new field of huge importance.26


The key to nuclear power is to slow neutrons efficiently, and the most effective way to do so is to use either heavy water or graphite.27 At the time, however, it didn’t occur to Fermi’s team that this could be the key to practical nuclear power—further discoveries would be needed before that route opened.


Even so, others were already anticipating the future. Hungarian physicist Leo Szilard believed that energy could be liberated from the atomic nucleus so abundantly and cheaply that an “industrial revolution could be expected.”28 Corbino remarked that nuclear physics could become a new “super-chemistry,” producing more energy than conventional chemical reactions, with potential benefits for national electricity production. In 1934, however, these were little more than well-considered speculations.


Bruno Pontecorvo’s first real steps into physics had led to a patent for a means of inducing radioactivity through the use of slow neutrons. Years later he recalled how the process was sold to the US Government, leading to payments for many years—to “everyone except me.”29 The US patent, which was filed on October 3, 1935, includes the assertion “To obtain radioactive substances in quantities of practical importance.” Uranium is explicitly mentioned. The implications of this discovery, and the corresponding patents, were to prove far-reaching. They would affect both the world at large and Bruno Pontecorvo’s personal destiny. He had been a midwife at the birth of the nuclear age.


NIELS BOHR EXPLAINS THE NUCLEUS


Despite their success, Fermi’s team was still exploring in the dark. They had stumbled on a phenomenon—the efficacy of slow neutrons—and exploited it, but the breakthrough had given them no real understanding of what was going on deep in the atomic nucleus.


In Copenhagen, Niels Bohr was puzzled by the Italian team’s discovery that slow neutrons affected the nuclei of some elements more than others. Years before, he had published his model of the atom, which treated electrons like planets orbiting a central nuclear sun. He turned now to the nature of the nucleus itself.


Given the miniscule diameter of an atomic nucleus, a speeding neutron would pass through one in a billionth of a trillionth of a second. To capture a neutron, the nucleus first has to stop it, which involves absorbing its kinetic energy somehow. Because overall energy must be conserved, this kinetic energy has to be transferred somewhere, and there was no obvious way of getting rid of it in such a short time span. Fermi’s measurements unambiguously showed that the neutrons were captured. Bohr took it upon himself to find where the energy went.


One day in 1935, while listening to a seminar in Copenhagen describing these problems, Niels Bohr suddenly “sat still, his face completely dead.”30 Others in the audience at first thought that he was ill. Then he stood up from his seat and exclaimed, “Now I understand it!”


Bohr went to the board and explained his vision of the atomic nucleus. He saw it not as a single lump of charge acting like a lone particle, but as a tightly packed cluster of protons and neutrons, which touch one another. During a reaction the constituents are excited into a temporarily unstable compound state, which returns to a stable configuration once the reaction is over.


Bohr’s picture explained how Fermi’s neutrons were slowed, reduced in energy, and captured, all in a way that was consistent with what the Rome team had found. Like a cue ball in pool hitting the rack, a neutron hitting a crowded nucleus gives up its energy to the nucleus’s individual components, which recoil, bump into one another, and spread the impact around, sharing the energy among themselves. The nucleus becomes hot, and then cools down by radiating gamma rays, but no individual constituent member escapes. Having been the first to envision a picture of the atom, he had now come up with the model of the nucleus that is still, in essence, the foundation of modern nuclear theory.31


The discovery by the Via Panisperna Boys had inspired Bohr’s explanation of the dynamics of atomic nuclei, and this, along with the breakthrough by the Joliot-Curies, opened up possibilities for mining the energy latent within the nucleus. By the mid-1930s, nuclear physics was fast becoming the frontier area of research worldwide. In the opinion of Maurice Goldhaber, one of the foremost Americans in the field, the leaders were Rutherford’s group in Cambridge, followed by Fermi’s group in Rome and the Joliot-Curies’ group in Paris. Igor Kurchatov, in Leningrad, led the team that Goldhaber ranked fourth.32


Known as “the General” because he was a leader and liked to give orders, Igor Kurchatov was energetic, argumentative, and prone to expressive swearing. In 1932, at the age of twenty-nine, Kurchatov heard about the discovery of the neutron and the Joliot-Curies’ breakthrough. Although he had been working on the electrical properties of materials, he abruptly changed course to nuclear physics, and when the Via Panisperna Boys discovered the slow-neutron phenomenon, Kurchatov immediately saw its importance and decided to specialize in neutron physics. Between July 1934 and February 1936, his team published seventeen papers on induced radioactivity, one of which particularly impressed Bruno Pontecorvo.33


Kurchatov was at the start of a stellar career. Within ten years, he would lead the Soviet efforts to develop nuclear weapons, and be recognized as the father of the Soviet atomic bomb. In the 1930s, the number of scientists working in the field of nuclear physics was still small, and its practitioners around the world were all known to one another. The possibility that its future would be full of secrecy, paranoia, and military applications was still undreamed of.


THE VIA PANISPERNA BOYS HAD BECOME ACKNOWLEDGED LEADERS of a new field of physics. Although their famous breakthrough involved little more than a bucket of water (or perhaps a goldfish pond), many attacks on nuclear structure required large machines. In Cambridge, during 1932, John Cockcroft and Ernest Walton had built a five-meter tower of capacitors, which they could charge to about 500,000 volts. This created powerful electric fields, enabling the Cambridge team to accelerate electrically charged particles, such as protons. When these high-energy protons hit the nuclei of atoms in a target, Cockcroft and Walton discovered that these nuclei were shattered. They had built what later became known as an “atom smasher.”


In Berkeley, California, Ernest Lawrence built a machine that used a mix of electric and magnetic fields to guide charged particles around curves, speeding them up as the arc grew bigger. This invention, known as a cyclotron, gave birth to what is known today as high-energy physics. Although Rutherford was reluctant to embrace large-scale physics at Cambridge, elsewhere—most notably in Berkeley—a new age of particle accelerators was beginning. Those who didn’t join this new adventure were in danger of being left behind. James Chadwick, discoverer of the neutron, was disappointed in Rutherford’s reluctance and left Cambridge in 1935. He moved to Liverpool, where he built a cyclotron with help from Cockcroft.


Fermi and his team recognized the importance of this new strategy, but they were unable to get the financial support needed to build an accelerator. The team began to break up, partly due to this difficulty, and partly due to the growing threat of fascism. For Pontecorvo, young and ambitious, it was time to move on.


In 1935, Frédéric and Irène Joliot-Curie won the Nobel Prize for the work that had inspired Fermi and set Pontecorvo on his own research path. Whereas Fermi’s Italian team had shone like a supernova, bursting into brilliance and then fading, the Joliot-Curies’ lab in Paris was emerging as a steady star of nuclear physics. The couple began to attract foreigners to their lab. That same year, Pontecorvo won a scholarship from the Italian Ministry of National Education. Funded by this award, he moved to Paris in 1936 to work alongside the Joliot-Curies. Pontecorvo was certainly well placed within the scientific community: he was a member of one internationally famous team of nuclear researchers and about to join another.




THREE


PARIS AND POLITICS


1936–1940


BRUNO PONTECORVO’S CHILDHOOD, ADOLESCENCE, AND EARLY adulthood spanned an era bracketed by two world wars. He was born just before World War I started, was five when it ended, and had recently graduated from college when World War II began. It is a cliché to say that much had changed during that quarter century, but for Bruno Pontecorvo and his family this was cruelly true.


Although Italy was involved in World War I for only three years, it spent more money in that short time than it had during the previous half century, and nearly two million Italian citizens were killed or wounded. Having suffered such extreme costs, both financial and personal, the Italians expected some reward for their contribution to the victory. Such hopes were soon dashed. At the Paris Peace Conference that followed the war, the “Big Three”—the United States, the United Kingdom, and France—regarded Italy’s delegation as minor players. This slap in the face generated great resentment. Italians viewed their government as weak; dissatisfaction festered. Unions were formed. Demonstrations, strikes, and militancy quickly followed.


Soon, Italy was in turmoil. During 1920, many factories were occupied. Industrial unrest spread rapidly, and at one point half a million workers were involved, spearheaded by the Italian socialist and communist parties. Fascism too began its rise. Benito Mussolini, having been expelled by the socialists in 1914, formed the National Fascist Party. By 1922 he was prime minister, and by 1925 he was the self-styled “Il Duce”—the Leader.


The Pontecorvo family’s reaction was typical of many intellectuals opposed to fascist rule, with its censorship, overweening propaganda, and (later) active anti-Semitism. In 1936, following Hitler’s example in Germany, Mussolini enacted laws forbidding Jews from holding positions of authority, such as in universities, and limiting their right to work in a variety of ways. Anti-Semitism soon erupted into violent persecution.


At the time, Italy had large numbers of people who were technically Jewish but didn’t actively practice the religion. The Pontecorvos fell squarely into this category. However, in such a vicious environment, you became Jewish whether you liked it or not. It was in this climate that the Pontecorvo family dispersed.


The rise of fascism also led to the breakup of Fermi’s group in Rome. Fermi himself emigrated to the United States in 1938. By this time Bruno had already moved to Paris, where he’d joined the team of Frédéric and Irène Joliot-Curie. As it happened, Frédéric was an active communist, and Irène was a fellow traveler. Against the backdrop of the 1936–1939 Spanish Civil War, which caused thinking people around the world to declare their political allegiances, Bruno soon joined Europe’s intellectual nexus in the fight against fascism.


YEARS LATER, AFTER BRUNO DISAPPEARED INTO THE SOVIET UNION, the British security services would identify the Paris years as the time when Bruno Pontecorvo had been “exposed to the virus of communism.”1
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