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Preface

TO MANY, THE Large Hadron Collider (LHC) at CERN in Geneva is synonymous with Peter Higgs, the physicist after whom the particle accelerator’s primary target—the Higgs boson—is named. But what is the Higgs boson, and why is it so singular to have been dubbed in media headlines the God Particle? And not least, who is Higgs?

This breakthrough goes back to 1964 when the thirty-five-year-old physicist seeded a theory about the nature of matter and the fundamental forces of nature that had remarkable consequences. This theory assumes that even if space were to be emptied completely of matter and all known sources of energy, it would still be filled by a ghostlike field that cannot be shut down. Immersed in this essence forever, we have nonetheless been unaware of it. The concept of an elusive elixir is so revolutionary, and so removed from our normal senses, that it took half a century to prove it, leading to Higgs’ Nobel Prize in 2013.

I have known Peter Higgs for many years, as a colleague in the scientific community and as a friend. After publication in 2011 of my history of particle physics in the late twentieth century, The Infinity Puzzle, Higgs agreed to join me in conversations at several science and literary festivals to help explain the universe and promote public understanding of his work. Elusive draws on those and other discussions, supplemented by a series of lengthy weekly phone conversations held during the COVID-19 lockdown, by letters, and by interviews of other leading actors in the decades-long quest for the Higgs boson. Memories of events that happened in the distant past are easily conflated, and wherever possible I have cross-checked the recollections of Higgs and other interviewees with documentary records, failing which, with one another’s knowledge of the events. If anyone has archived information that would lead to corrections, please let me know.

Originally, I had envisaged a detailed biography of Higgs with some personal memories of reactions to his theory and the path to its experimental proof. All projects evolve, and this one did especially. The unforeseen arrival of the COVID pandemic prevented access not just to Higgs and his papers but also to libraries and other tools of the trade, which we have often taken for granted until they suddenly went out of reach. Thanks to the internet, much of the research I wanted to undertake remained possible, though not access to Higgs himself. Peter Higgs has managed to avoid much of the pace of modern life. In addition to having no television in his Edinburgh apartment, he does not use the internet and is not accessible by email—historically emails sent to him at Edinburgh University would be administered by departmental assistants. He has no public mobile phone contact. Other than personal visits, Higgs has been accessible only by me first leaving messages on a landline answerphone to agree on times for a conversation, or by sending letters through the post.

I am a trained physicist, not a psychologist or social scientist, but as well as describing how the effort to confirm Higgs’ theory appeared to scientists at large for half a century, I wanted to explore the human side of science, not least to reveal the emotional roller coaster that Higgs experienced as the saga consumed his later years to such an extent that he told me it had “ruined my life”.1 The result is not so much a biography of the man but of the boson named after him, from conception through gestation to birth, and its creator’s feelings during the half-century saga that culminated in its discovery in 2012.

As Thomas Edison famously said, “Genius is 1 percent inspiration, 99 percent perspiration”. What drives an individual to invest that 99 percent without any guarantee that the inspiration will follow? Why was it to Higgs and not some other more star-spangled scientist that the discovery fell? Some, uncharitably, dismiss Higgs’ singular success as luck. Without doubt fortune was involved here, as it is in many discoveries, but being in the right place at the right time is not enough; having the preparation to be able to act on serendipity is also important. Higgs’ story is a scientific analogue of the wisdom expounded by golfer Gary Player. After he holed a remarkable putt to win a major tournament, someone remarked, “Gary—that was lucky!” Player supposedly replied: “And the more I practice, the luckier I become!”2 Higgs’ one visible triumph was the result of years of practice, in his case of intense scholarship as he deepened his understanding of a profound enigma in theoretical physics and persisted until perfection was achieved.

As a student, Higgs wrote a theoretical physics paper that excited molecular biologists, but apart from that, prediction of the Higgs boson was his one triumph. There was no previous work by him in particle physics that would have singled him out as midwife of a revolution. Having made the breakthrough, Higgs himself developed no further new pathways; it would be others who built on his creation and drove the quest associated with his name. A shy, modest person, Higgs was fated to be thrust into the limelight when from the late 1980s interest in the boson suddenly blossomed. As the world’s media responded to the needs of particle physicists for a totem to promote their construction of the LHC, his life became public property. There are some who revel in fame and public adulation; Higgs is not one of them. On the morning when the Nobel Prize was to be announced, he disappeared, to avoid the media circus.

How did Peter Higgs feel to have been proven correct after waiting so long? Did he ever doubt his theory, or worry that he was wrong as thousands of scientists and engineers devoted years, decades even, of their careers to the pursuit of the boson? And when the eponymous particle was found, how did he react: with relief, or with trepidation that his life would be irrevocably changed? What does the discovery reveal about the cosmos and our place in the universe? These are the questions that I discussed with him over several years, as he lived through the dramatic days that moved a theory from speculation to lore, revealing for all time some of the most profound implications about the nature of the universe. His answers inspired this book.


Frank Close
Oxford, March 2022
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PRELUDE

The Case of the Disappearing Professor

IN THE WEEKS leading up to the day of the Nobel announcement in 2013, media excitement had grown intense in the expectation that this year the eighty-four-year-old scientist would win. The pressure on Peter Higgs had built over previous years, reporters even occasionally lurking uninvited outside the home of this intensely private man in Edinburgh’s New Town. For Higgs, the potential euphoria of winning the Nobel threatened to be overwhelmed by the demands of the media. Worse, if after all the anticipation the award were to go elsewhere, interest would only be magnified. Whatever the result was going to be, Peter Higgs had spent twelve months preparing.

Higgs’ apartment at the top of a three-storey Georgian tenement building is reached by a bare staircase of well-worn stone steps. As there are no lifts in the architecturally preserved townhouses of this UNESCO heritage site, Higgs has to climb eighty-four steps every time he returns home. In 2013, that meant one step for each year of his life. Such exercise has kept him fit into his ninth decade, well prepared for the sharp hills of Edinburgh’s spectacular volcanic scenery. On that October morning, he planned a stroll of about a mile to Princes Street where he would take a bus to Leith, on the shore of the Firth of Forth. He wanted to be well out of reach when the Nobel Prize was announced.

The view through the two sash windows in Higgs’ living room is historic and inspiring. Directly ahead stretch the cobbles of Darnaway Street, at the base of a canyon of sandstone townhouses which leads into Heriot Row and its pleasantly manicured gardens. Fifty metres away, on the left and opposite those gardens, is India Street, where at number 14 in 1831 was born the mathematician and architect of the theory of electromagnetism, James Clerk Maxwell. It was in Maxwell’s work that Higgs, back in 1964, had found the key to solving a fundamental problem in physics, and had first made himself a candidate for the Nobel Prize. Between the rooftops of Heriot Row and India Street are visible the River Forth and, on a clear day, the shores of Fife by Kirkcaldy, some thirty miles away.

We can imagine the bespectacled, rosy-faced professor, with his domed bald head and strands of white hair, as he stood at the edge of the window, unseen by any lurking journalist. The coast seemed clear. His disinformation plan—that he was away in the Scottish Highlands—appeared to have worked, so any photographers were seeking their quarry elsewhere. The owners of the ground-floor and first-floor flats had been careful not to allow anyone masquerading as a visitor to pass through the secure outer door from the street to the stairwell, but even so Higgs checked the landing outside his flat before starting down to the main entrance.

The basement of the property is below street level, separated from the pavement by a sunken passage. A small bridge, which crosses the well and links the front door to the street, is adorned with ornamental cast-iron railings and a lamp. Now powered by electricity, the light’s casing is the remnant of the gas lamp that illuminated the New Town in Georgian times. After a final glance to left and right he crossed the traverse, descended six steps to street level, and set off eastwards along Heriot Row.

It was a pleasant autumn morning, balmy for October in Scotland, with a gentle breeze from the south-west. Higgs was wearing a green-grey parka jacket, which would have been ideal camouflage had he indeed been in the Scottish Highlands, but still helped him merge anonymously in the streets of Edinburgh. His destination, Leith, was about three miles away. With collar pulled up around his neck, the acclaimed professor made his getaway. It would be another hour before his absence was noticed.

Sixteen months earlier, in June 2012, I had introduced Peter Higgs to the audience at a book festival in Melrose, near Edinburgh. Two hundred people filled a large marquee in the gardens of a mansion adjacent to Melrose’s ancient Abbey, at the height of summer. Peter Higgs was relaxed; it was his story, and he knew his lines. I was nervous. Although I have given talks about physics around the world for forty years, both to specialists and to the public, this was the first time I had taken the role of interlocutor to someone else’s tale.

And what a tale. Nearly half a century before, in the space of a few months, Higgs and five other theorists had independently discovered the key to how beauty and order emerged from the chaotic debris of the Big Bang. Their breakthrough underpins modern understanding of why the universe consists of shapes and forms, rather than of massless particles rushing through space at the speed of light, without any possibility of being caught in atoms or molecules. It also explains why the sun barely stays alight, the force converting its hydrogen fuel into helium and liberating energy being so feeble that the sun, instead of burning its fuel fast and expiring almost immediately, has survived billions of years.

All atomic particles belong to one of two families: fermions or bosons. The names honour two scientists, Enrico Fermi and Satyendra Bose, who in the early days of quantum mechanics studied how particles behave when in large groups. Fermions are the basic seeds of matter, such as electrons or quarks, which in quantum mechanics are like cuckoos: two in the same nest are forbidden. Bosons are like penguins: large numbers cooperate as a colony. Bosons can accumulate into the lowest possible energy state—an effect known as Bose-Einstein condensation, after the two scientists whose work explains this phenomenon. This extremely low-energy state is manifested in weird phenomena, such as the superfluid ability of liquid helium to flow through narrow openings without friction; in superconductivity; and, if the six theorists were correct, Higgs bosons condense to produce a weird substance—today known as the Higgs field—that fills the universe.

Two millennia after Aristotle argued that the realisation of “nothing” is untenable, the Higgs field is in effect a physical confirmation of that philosophy. According to Higgs’ theory, a truly empty vacuum devoid of all matter would be unstable. Add the Higgs field to this void, however, and it becomes stable. This may be counter-intuitive, but that is part of the theory’s magic.

Physics students are taught how in the nineteenth century attempts to find a ubiquitous ether, by sensitive measurements on the behaviour of light-waves as they bounced off mirrors and mingled together, found no evidence for this hypothetical stuff. Moreover, the absence of this ether was presented as a foundation of Albert Einstein’s celebrated special relativity theory on the nature of space and time. Yet in 1964 Higgs and those other theorists had found a loophole in the arguments that had dismissed the ether and, in effect, they resurrected it in the guise of what has become known as the Higgs field. At least, that was the theory; whether nature read their equations remained long unanswered.

At Melrose I began with a light-hearted provocation: “It is easier to be Shakespeare or Mendelssohn than a theoretical physicist.” Being in Scotland, I suggested that changing a few words in Macbeth, or a few notes in Mendelssohn’s Hebrides Overture, would still leave wonderful works of art; change a mere handful of symbols in Peter Higgs’ equations, however, and they would not work. Higgs’ theory was exciting conceptually, constructed from beautiful mathematical structures. Had this been a symphony or a work of literature, its value would have been recognised decades earlier. However, the ultimate value of a theory in physics is never decided by intrinsic elegance, let alone public opinion, but always by experimental test.

Of that sextet of theorists who had variously stumbled on the same idea—known by colleagues as the Gang of Six—Higgs alone had identified a means of testing the theory by direct experiment. To do so, he drew attention to an exceptionally ephemeral particle, now known as the Higgs boson, which the theory implies must exist. Find it, confirm that it behaves as the theory predicts, and you will have made a profound breakthrough in understanding nature.

On stage in Melrose, I explained that Higgs’ scribbled equations on a sheet of paper half a century ago had inspired CERN—the particle physics laboratory in Geneva—to build a vast machine capable of simulating the conditions of extreme heat that occurred in the aftermath of the Big Bang itself. Some of the smartest brains on the planet—more than ten thousand scientists, engineers, and technicians from around the world—had combined their expertise to collaborate in the quest.

The machine—an engineering marvel—is as large as can be fitted into the stable geology surrounding CERN, between Lake Geneva and the Jura Mountains. It was also at the limit of what could be afforded—about €10 billion. Even then, the combined efforts of many nations, and of the CERN management focusing its resources on this single enterprise for several years, were needed to bring the LHC to fruition. The purpose of all this in the public perception was to find Higgs’ boson. That was not wholly the case (as we shall see), but the amount of publicity which the gigantic venture excited had thrust him into the limelight.

If this huge weight of responsibility weighed on him, he did not show it. So, my first question at Melrose was this: “Peter, if tomorrow you found a mistake in your arithmetic, would you tell anybody?” It was a rhetorical question to help break the ice. There were no mistakes, of course. Over the decades many other mathematicians have checked and verified Higgs’ algebra, its basic ideas used like pieces of Lego to build other theories that have been tested experimentally. Hints of the boson’s existence had been seen and had given clues, like the footprints of some exotic creature in the snow might be used to puzzle out its identity. Forty-eight years previously, in 1964, no one could have foreseen the implications of the equations which Higgs had written on his sheet of paper in his office one July afternoon. One of his colleagues returned from summer vacation to find a note from Higgs on his desk: “This summer I had the only really original idea I’ve ever had.”1
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CHAPTER 1

A Name on the Board

PETER WARE HIGGS was born on 29 May 1929, in Newcastle upon Tyne. When Higgs first came to public notice in the 1980s, his Edinburgh professorship caused some media to describe him as Scottish, or even “Scotch”. He was in fact one-quarter Scottish. His parents came from Bristol, and his father’s family, who were descended from Saxon peasants, had lived in the west of England for generations.1

Peter’s grandfather, Albert Higgs, was in his late forties when he died suddenly, in 1911, after losing all his money. The cause of his death was probably suicide following ruin from gambling, but the truth remained a family secret. None of them would tell Peter the reason, and he clearly got the message: “Don’t ask!” Albert’s widow, Charlotte, now penniless and facing destitution, was left to care for Tom, their only child.

Charlotte and Tom joined forces with her widowed sister-in-law, Nelly, and her son, John, Tom’s cousin; the two families lived communally in the Redland area of Bristol. Charlotte contributed to the finances by working as a shop assistant, while Nelly looked after the boys’ welfare at home. Peter’s father, Tom, then age thirteen, was a high-flying classics scholar at Bristol Grammar School and was offered a bursary to cover his fees. With his interest in classics and influenced at home by Aunt Nelly, who was “disgustingly pious”, Tom expected to go into the church as a career. But World War I changed everything.2

In November 1916 Tom reached eighteen years of age and was conscripted. The first Battle of the Somme had been raging for four months. He was sent to fight in the trenches of northern France for what became two years of abomination and was “absolutely disgusted by the Church of England padres who exhorted the troops to go over the top and kill Germans”. As a child he had been fed Christian dogma, whose representatives in the trenches acted hypocritically, and he had also been instructed to follow the Ten Commandments, whose interpretation appeared now to be negotiable. These experiences established in Tom a sceptical attitude to religion, while the relegation of his colleagues to mere cannon fodder at the whims of remote generals encouraged a hatred of war which his son later inherited.

In France Tom was befriended by a fellow Bristolian, Charles Coghill, who after demobilisation in 1919 introduced Tom to his sister Gertrude, Peter’s mother. Gertrude had been born in 1895 in Shropshire close to the Welsh border, where her father was a physician. It was through her father’s side that Scotland could claim its quarter of Peter Higgs’ ancestry.

Her grandparents, Higgs’ great-grandparents, John and Alexandrina Coghill, came from Thurso, the northernmost town on the British mainland. They had two sons. The elder, John George Sinclair Coghill, Peter Higgs’ great-uncle, himself had scientific distinction, collaborating at the University of Edinburgh in 1869 with James Simpson on pioneering work in anaesthesia. Peter’s grandfather was the younger brother, James Davidson McKay Coghill, who was born in Edinburgh in 1839.3

James also studied medicine, though at a less rarefied level than his brother. A general practitioner (GP) interested in tropical diseases, he spent twenty years in Ceylon (now known as Sri Lanka) until in 1891 he returned to the United Kingdom, divorced his wife, and took a post at the General Hospital in Birmingham. There he met and married a nurse—Peter Higgs’ free-spirited maternal grandmother Emily Margaret, known to everyone as Maggie, who memorably spoke with a pronounced “Brummie” accent. Maggie’s background was a Victorian classic. She was one of nineteen children, few of whom survived childhood. Her mother had given birth to her first child at age nineteen, followed by one every year until she herself died, age thirty-eight, in childbirth.4

James and Maggie had three children: James, Charles, and their elder sister, Gertrude—Peter Higgs’ mother. Their father appears to have been a typical remote Victorian patrician, leaving the children’s upbringing to Maggie. He teased her about her Brummie accent, so much so that Gertrude feared lest any child of her own one day might speak that way, or indeed with anything other than good elocution. Two of Maggie’s sisters lived in Bristol, so when her husband James died in 1906, she and the three children moved to that city to be near them.

A SOLITARY CHILD

Like many others who had experienced the horrors of the trenches, on demobilisation Tom Higgs returned home to Bristol deeply traumatised. His thoughts of the church gone, an interest in radio steered Tom towards electrical engineering. Born with natural curiosity and an enquiring mind, he was among the one in a hundred who entered university in those days. In his opinion, Oxford and Cambridge “were for the sons of the idle rich to waste their time and also that of their tutors”, so he enrolled in his hometown at Bristol University. After graduation, in 1922 he joined the nascent BBC in Newcastle upon Tyne, as deputy chief engineer for the north-east region.

Tom and Gertrude married at Christ Church in the Clifton area of Bristol in 1924 and settled in Newcastle. Seriously depressed by the trauma of fighting on the Western Front, and convinced that humankind had no future, Tom didn’t want to add to human misery by producing children. After five years of marriage, however, Gertrude managed to “sabotage their traditional method of contraception”,5 fortunately for Peter, who would be their only child.

A few months after Peter was born, the family moved to Birmingham, where they lived for the next decade. If the child is father of the man, then Peter Higgs’ tendency to be a loner who would go his own way, never mind what other people think, was the product of his early years. Peter was a sickly boy. He was born with severe eczema, so bad that at night he wore cardboard tubes encasing his forearms to prevent him from scratching the rash in bed. After a time, the eczema disappeared only to be replaced with chronic asthma. As the asthma seemed to be brought on by vigorous exercise, his parents banned him from playing with other children. This quarantine carried on beyond his fifth birthday and prevented him starting primary school in September 1934.

His father was uncomfortable with children and left Peter’s upbringing to his mother. Gertrude was now haunted by memories of her own maternal upbringing, and of her mother’s distinct elocution. Because Peter’s family had moved away from Newcastle while he was still a baby, he had escaped speaking like a Geordie—a native of that city—but only by the irony of the family ending up in Birmingham, the locus of Maggie’s fear. Her son was now “at risk of speaking Brummie English!” She insisted that Peter have private schooling to ensure that he learned “received pronunciation”.6

Because of Peter’s fragile health, his formal education was delayed as he remained at home for a year. A school inspector came to their house to ask why they weren’t sending the boy to school. As Higgs recalled, his mother had taught him “the three R’s and the Lord’s Prayer” and “convinced the guy she’d taught me as much as was reasonable for a five-year-old child to learn”. More than reasonable, even, for by the time he started school in 1935, age six, he could already read and write fluently and was so far ahead of his contemporaries that he was put in a class of children two years older than himself. “My health problems gave me a head start”, he said, adding: “I grew up a rather isolated child.”7

This isolation helped determine his personality. On the one hand it amplified some of the disadvantages of being an only child: a tendency to be socially distant and ill at ease with strangers or in groups. It also developed a single-mindedness that would make it hard for him to compromise when circumstances were not, in his view, ideal. More positively, this early experience of learning on his own helped establish a lifelong love of scholarship and independent study. Gifted with an excellent memory, he accumulated a wealth of knowledge, with interests in politics, history, art, and food, all of which in his adult life made him a welcome companion for those with whom he felt at ease.

Within a year Higgs’ belated schooling was interrupted when in 1936 he had bronchitis and then double pneumonia, which put him in bed for six weeks. This happened three times at intervals of two years—at age seven, then at nine, and finally in 1940 at age eleven. This was at a time before antibiotics. His father, as was common back then, was a heavy smoker. On the third occasion, the family doctor finally realised that this was part of the problem and warned, “If you want your son to live, don’t go near him while you’re smoking”. Not surprisingly, Peter Higgs himself never smoked.

Higgs’ mother came from a strict Episcopalian background, where she had received “a taste of Christianity enough to think she should do something about my religious upbringing”. In addition to having taught him the Lord’s Prayer, she read him Bible stories “to make sure I wouldn’t go to Hell!” By age nine, however, he suddenly realised “I didn’t know why I was doing this” and stopped listening. “Having survived the year without being struck by a thunderbolt I called myself atheist or agnostic.”

The hardship which Tom Higgs had experienced during childhood, an era when the workhouse was ever present in the background, had taught Tom to live frugally and responsibly, as a role model for his younger cousin John, and had given him a rigid sense of right and wrong. Tom’s experiences would fuse in his son and, together with Peter’s isolation from other children in his early years, help to mould the scientist’s character and life as a loner.8

Most children who have no siblings learn social politics from their interaction with playmates and school friends, but Higgs’ early education in Birmingham had been as much from home as from school and, secluded from much wider merrymaking, he had to find ways of self-entertainment. His father’s bookshelves contained several texts on engineering from his student days at Bristol University. Thanks to this home library, Peter taught himself basic trigonometry, algebra, and calculus “before anyone at a school I went to taught it to me”. He attributes his dedication to mathematics as a direct result of his circumstances: “Physical health problems enabled me to forge ahead of my contemporaries, in maths especially.”

THE COTHAM SCHOOL ALUMNUS

In 1940 Higgs gained a place at Halesowen Grammar School, just beyond the western fringe of Birmingham where the family was living. He found it a pleasure to be at a good state school—“and one for pupils of both sexes”—where he mixed with children from various social classes. He recalled, “Some of them spoke with Brummie-type accents, which I was no longer likely to acquire to any significant extent”. Classes were frequently interrupted by spells in the air-raid shelter during the Battle of Britain.9

After only two terms at Halesowen, news arrived that the BBC were shifting his father to Bristol. The BBC had decided to move its headquarters from London, which it thought was going to be bombed to destruction in the next stage of the war, to somewhere safer, and judged that Bristol, 120 miles westwards, would be sufficiently far from German aircraft. But they were wrong. On Good Friday 1941, just hours before Tom—by now a senior engineer—and his wife prepared to return to the city of their childhood, its medieval centre was destroyed by Luftwaffe bombing.

They found a house much bigger than they would normally have been able to afford because the owner, who was scared by the bombing and had moved out into the countryside, was letting it at a very modest rent. The house was in Stoke Bishop, an affluent suburb on the way out to Avonmouth. While there the Higgs family had to move out for a couple of days and stay with friends because a German aircraft returning from an attack on the oil storage facilities at Avonmouth had jettisoned one of its bombs in woodland across the road from their house. The bomb disposal officer said the device was “ticking like a clock”, but when he dealt with it, he discovered it was faulty. He thought it had been built in Czechoslovakia by workers who didn’t want to help the Nazis and were sabotaging the ordnance.

A consequence of the blitz of Avonmouth and Bristol was that the BBC decided it had made a mistake to relocate there. By October 1941, Higgs’ father had been moved away, along with lots of other staff, to Bedford, which is where they set up the new BBC headquarters, in the rural east of England. Although closer to Germany, and only fifty miles from London, it wasn’t a military target.

Higgs and his mother continued to live in Bristol for the next five years, separated from his father because the accommodation available in Bedford was far too small to house families. They moved to a flat at 102 Coldharbour Road in the same Redland area of Bristol where Tom had grown up. The absence of his father in Bedford during the war—he visited the family at weekends whenever possible—helped quarantine Peter from tobacco smoke, and by age fourteen his respiratory problems were gone. His father eventually quit smoking after the war. In the postwar Labour government, Chancellor of the Exchequer Stafford Cripps imposed a huge tax on tobacco. Tom Higgs, whom Peter described as a staunch Tory, stated, “I’m not going to contribute to a load of socialists!” and never smoked again. “He was foul-tempered for about six months, and then came out of it.”10

In Bristol, the intention was that Peter should attend Bristol Grammar School, where his father had been a pupil. However, his father took a dislike to the headmaster, so they settled for the most academic of the local state schools, then called Cotham Secondary School. During their decade in Birmingham, his mother had successfully ensured that he went to middle-class schools and spoke with “received pronunciation”. Now at Cotham, he picked up the local intonations. The gentle Bristolian burr with its rhotic regal pronunciation of “off” as “orf” would remain with him thereafter.

Cotham School played a crucial role in Higgs’ life. Each morning, pupils and staff assembled in a hall that doubled as a gymnasium. Children were in the body of the auditorium while the staff conducted the singing of “dreadful hymns” from a platform at the front. On his first day, standing at the back of the assembly hall, Higgs scanned the honours board that listed distinctions won by former pupils. One name, which appeared several times, attracted his attention: Paul Adrien Maurice Dirac. That made Higgs curious: “What had this boy done?”11

He soon discovered that Dirac was a Swiss national whose father, Charles, from the Valais in Switzerland, had become the principal teacher of French at the school. Paul’s mother was a Bristolian; he and his father became British by naturalisation in 1919 when Paul was seventeen.12 Higgs’ discovery of Dirac’s achievements came later with one of Higgs’ own prizes: a book token with which he bought a popular work titled Marvels and Mysteries of Science. From that book he first learned of the “new-fangled quantum mechanics”, which Dirac had pioneered. Higgs discovered too that his first physics teacher, Mr Willis, had thirty years earlier also taught Paul Dirac.

Paul Dirac was intensely shy, almost incapable of conversation, but hugely eloquent in the language of mathematics. Today he is perhaps best known for his prediction in 1928 of the existence of antimatter, a mirror world to our familiar material one. This revelation emerged from his equations like a rabbit from the magician’s cloak when he combined the two great theories of twentieth-century physics into one with his marriage of quantum mechanics—which describes the behaviour of atoms and their basic particles—and Einstein’s special relativity theory. Surpassing even this, Dirac created the quantum theory of electromagnetism: quantum electrodynamics (QED).

More than sixty years previously, in 1865, the Edinburgh scientist James Clerk Maxwell had posited his theory of the electromagnetic field that exerts a force on electrically charged objects. Maxwell’s equations describe how a static-electric charge is surrounded by an electric field. Shaking the charge disrupts the electric field, and a burst of electromagnetic radiation spreads out at the speed of light. Something similar happens if a magnet is shaken and its magnetic field disturbed. In quantum theory, developed by Dirac, the resulting electromagnetic waves are staccato bursts of photons, massless particles of light. Furthermore, photons can appear and disappear. Strike a match or flick a light switch and vast numbers of photons will flash into existence. But photons are not forever. For example, those in sunlight are being absorbed by plants and their energy turned into life through the process known as photosynthesis; as you read this page, photons of light are entering your retina and vanishing, their energy triggering electrical signals in the optic nerve.

There is no place in Maxwell’s classic theory where photons appear from nowhere and then disappear into oblivion. Dirac’s quantum description of the electromagnetic field generalises Maxwell’s laws and accommodates the creation or destruction of photons. Combining quantum mechanics, special relativity, and electromagnetic theory, Dirac’s construction of quantum electrodynamics has for nearly a century been the paradigm for quantum theories of force fields. In 1933, Dirac became Cotham School’s first Nobel laureate, and, by the 1940s, Peter Higgs’ role model.

During Higgs’ time at Cotham School, he won prizes for mathematics, languages, and chemistry, and for the best overall aggregate. But he found the school physics syllabus “very boring” and, appreciating the irony, admitted, “I never won a prize for physics at school”. By 1944, his interest in the subject had come mainly from his own reading, including Max Born’s classic text, Atomic Physics, which included information about Dirac’s achievements. It had also become clear to him that he would not become an engineer (like his father) because of his lack of practical skills; instead, he would become a physicist. However, that same lack of practical skills, which made him incompetent in the laboratory, would prevent him from becoming an experimental physicist. Instead, theoretical physics would become his domain.13

A NUCLEAR AWAKENING

In 1945 Peter Higgs was in the science sixth form, at age sixteen. Politically, he was still very much following his parents’ example. As the 1945 general election happened, the school staged a mock election and Higgs took the side of the Conservatives, which was the family tradition. Once the Attlee government was elected and he saw how it was transforming the country, he was very rapidly converted. “The NHS [National Health Service] was part of it but the whole programme was quite inspiring. It was clear that it would transform the country in a way I was sympathetic to”, he explained. He went on to support socialist ideals for the rest of his life.

Higgs’ teenage search for self-identity was settling around a love for physics inspired by Paul Dirac when suddenly news broke that atomic bombs had been dropped over Hiroshima and Nagasaki. He was distraught. His father’s experiences in World War I had already imprinted a hatred of warfare, and now tens of thousands of Japanese civilians had been extinguished by the result of the physics which drew him. For a time, he even “contemplated a change of career”.14

Within days of the announcement, Bristol City Museum hosted a small topical exhibit showing a rod of the metal uranium—the fuel for the bomb dropped on Hiroshima—and the natural ores from which it is obtained. These included pitchblende from Slovakia and Ontario, and torbernite from Cornwall. They were accompanied by a label giving the main principle of the atomic bomb.15

Bristol University physics professor Neville Mott spoke about the bomb at a Bristol Rotary lunch on 20 August, in a talk titled “The Bomb Which Might End Wars—or Civilisation”. He told the audience, “The centre of the atomic bomb explosion is very like the core of the sun—hotter if anything.” Mott warned that “the bomb dropped on Hiroshima was a Mark 1. In 10 years, these things will be bigger and better. We must improve the Charter of the United Nations to the point where there is only one armed-force in the world.”16

Mott’s remarks to this small gathering were reported in the press and piqued public interest. He and his physics colleague, Professor Cecil Powell, decided it was their duty to stage a public lecture and inform Bristolians of the background to the bombs, insofar as it was possible for them to do so. The US War Department had issued 250 pages of information about the weapon’s development in the Smyth Report on 12 August, just three days after the bombing of Nagasaki, but many technical details of the project remained highly secret. The university was near to Cotham School but a long way from his home, so after school was ended for the afternoon, Higgs remained and then walked over to the university to listen.17

The event took place in early October. Powell gave an account of the basic nuclear physics involved, followed by Mott’s assessment of the political and practical implications. Higgs recalled that the hall in the university was full, “the audience packed tightly on the benches”.18

There is no surviving record of Powell’s speech, but its context suggests that Powell would have explained how the basic physics of an atomic bomb begins with the fact that everything is made of atoms. An atom consists of electrons encircling a compact central nucleus. The atomic nucleus is positively charged, whereas electrons are negatively charged. An atom is then held together by the electrical attraction of opposite charges.

Chemical elements are distinguished by the complexity of their atoms. The simplest, hydrogen, normally consists of a single electron circling a single positively charged proton; the nucleus of helium has 2 protons, carbon has 6, and the atom of the heaviest naturally occurring element, uranium, has 92. In 1932, the neutron was discovered. The neutron is an electrically neutral twin of the proton. Along with the proton, the neutron is one of the two fundamental constituents of all atomic nuclei and plays an important role in their stability.

The rule of electric forces—like charges repel—means that the large numbers of positive protons in heavy nuclei mutually repel one another. This makes very large nuclei inherently unstable. That nuclei exist at all is because deep within these clusters of particles, a strong attractive force is at work in which the neutral neutrons play an important role. Even so, in the case of uranium with 92 positively charged protons, the electrical disruption is at the limit beyond which dense clusters of protons and neutrons no longer survive.

In atomic nuclei, the neutrons and protons adjust themselves to make the most stable configuration. This is an example of nature’s golden rule: the most stable structure is the one that will survive the longest. Just as a pile of stones stabilises by collapsing to rubble, for an atomic nucleus to achieve stability the effects of the electrical forces disrupting the cluster of protons must be minimised. Atomic nuclei adjust naturally from configurations of higher to lower energy, emitting the excess energy in what we call radioactivity, until stability is reached. Radioactivity typically emits a million times more energy, atom for atom, than that liberated in a chemical reaction, and it was chemical reactions that formed all processes known from primitive times until the early twentieth century.

Powell continued by telling the audience what physicists had known since around the start of the war before secrecy took over atomic science. The breakthrough that led to the atomic bomb was the discovery in 1938 of nuclear fission, which releases nuclear energy on a scale previously unimagined. The key is a rare form of uranium known as U-235—where uranium’s 92 protons are delicately stabilised by the presence of 143 neutrons, making a total of 235 constituents in the nucleus.

Nuclei of these atypical uranium atoms are so fragile that a mere touch by a slow neutron can be enough to split the pack. When the nucleus of a uranium atom splits this way, the total energy released is over one hundred times greater even than in radioactivity. Comparison to chemical reactions is stark: fission frees nearly a billion times the energy. This, the audience learned, was the first step towards the newly arrived atomic age. The discovery that opened the route to the atomic bomb had come early in 1939 when scientists found that the fission of a uranium nucleus also liberates neutrons. If these secondary neutrons hit other atoms within the lump of uranium and cause them to divide with the release of both energy and further neutrons, a self-sustaining nuclear chain reaction is possible. This causes an immense release of energy and in extremis a nuclear explosion.

Higgs now heard Powell explain that this was the basic idea behind the bomb that had been dropped over Hiroshima. The horror didn’t end there as Powell then announced that the newly released information revealed there was another way of making an atomic explosion, which was used at Nagasaki. Scientists had discovered that when neutrons hit uranium, it is possible to make an entirely new element, one not found naturally on Earth and existing beyond uranium in the periodic table: plutonium.

Mott’s vision of the implications was depressing. No one yet knew for sure, because much was still highly secret, but he suspected—correctly—that nations would build arsenals of these new atomic weapons. He conjectured that a United Kingdom of big cities would be vulnerable to attack by atomic bombs, and he portrayed a dystopian society readjusting to a form of existence more familiar in the days of Henry V, when the population was scattered among many small towns. He also warned that if an atomic bomb exploded on the ground instead of in the air, the place where it fell “might remain radioactive for weeks or even years”. Humans visiting the site would sustain internal burns which would develop later. “You would go and do rescue work on an atom-bomb site at your peril”, he warned the audience. He added more optimistically that there was vast potential for atomic energy to be used for peaceful means such as power, though he tempered this vision with an observation about the vast cost: “At the moment it is not an economical alternative to coal petrol and other existing fuels.”

The effect on the young Higgs was a lifelong abhorrence of nuclear weapons.

The experience convinced Powell that there was an audience for popular science lectures, so the following year, 1946, he gave a series of talks about his own research. These lectures, in which he described photographic emulsions and demonstrated their ability to reveal the passage of particles smaller than atoms, were Higgs’ first exposure to the experimental side of a new field of science: particle physics.

Whereas the first public lecture in Bristol had presented Higgs with a hellish picture of nuclear physics, this time he learned there was a more optimistic vision of what it could offer in understanding the workings of nature. Powell’s talk also implicitly pointed at a profound puzzle: the fact that atomic nuclei exist at all. The audience were familiar with the force of gravity, which controlled the motion of the planets, and the effects of electrical discharges and magnets, which were manifestations of the electromagnetic force. But if gravity and electromagnetic forces were everything, then atomic nuclei could not exist. The electrical disruption among electrically charged protons is huge and their mutual gravitational attraction trifling by comparison. That atomic nuclei manage to survive implies the existence of a strong attractive force between protons and neutrons, at least when they are in close proximity. One of the questions puzzling Powell and other scientists was the nature of this strong force. One means of finding out could be to see how easily nuclei could be disrupted by violent impacts, and what happens when they are.

The newly elected Labour government had set up a scientific committee to encourage nuclear research outside the immediate concerns of national defence—in other words, nuclear physics as a route to knowledge. There were two ways forwards; one was to develop accelerators of particles, and the other was to investigate ways of recording the passage of energetic subatomic particles using photographic emulsions. Powell told his audience that the latter was the route he planned to follow with the goal of understanding the atomic nucleus.

Although atoms are very small—typically 100,000 of them could span the width of a single human hair—they are nonetheless vast compared to the atomic nucleus. In relative size, the nucleus is like a fly in the atomic cathedral. The atomic nucleus may appear inaccessible, but Powell began with the exciting announcement that nature has gifted us a way of smashing it apart. He told his audience about cosmic rays.

Thousands of metres above the Earth’s surface, the outer atmosphere experiences a continuous bombardment of atomic particles, known as cosmic radiation. The particles—which are mainly the nuclei of atoms—have been whisked to very high energy by magnetic fields deep in space. The Earth’s own magnetic field reaches out for tens of thousands of miles and attracts some of these extraterrestrials. They smash into atoms in the upper atmosphere and break them up, their energy spawning showers of novel particles.

At ground level, the overlying atmosphere protects us from the full force of cosmic rays, so to study their full power Powell planned to send photographic emulsions to high altitude in balloons. Collisions between cosmic rays and nuclei of atoms in the emulsion would disrupt these nuclei, and the results would energise the emulsion, enabling their trails to be revealed once the images were returned to Earth and developed. He had great hopes for this new venture, not least as cosmic rays had already revealed hints of unusual varieties of stuff hitherto unknown on Earth. Bristol’s greatest scientific product, Paul Dirac, had predicted the existence of antimatter, and this had been dramatically confirmed in 1932 with the discovery in cosmic rays of the positron, the positively charged antimatter counterpart to the negatively charged electron. In 1937, cosmic rays had revealed a heavy version of the electron, known today as the muon. Whereas the positron had been predicted and fitted into the emerging world view, the muon was a complete surprise. One scientist exclaimed “Who ordered that?”, a question that remains only partly answered even today.19

Powell speculated that cosmic rays would reveal many surprises. Even as he spoke, this prediction was being fulfilled with the imminent discovery in cosmic rays of strange particles. Within a few years, earthly analogues of the collisions of cosmic rays in the form of experiments at particle accelerators would become feasible. As Higgs prepared to move on to university, in 1947, a new field of research—high-energy particle physics—was about to flower.

THE CITY OF LONDON

At the end of the war, the BBC had transferred Tom Higgs to their World Service headquarters at Bush House in London. Reuniting the family was now possible, and in 1946 they moved to a red-bricked Victorian flat at 29 Goldhurst Terrace, Swiss Cottage, a multilingual North London area full of refugees. Peter attended the City of London School for one year.20

The school was just two hundred metres south of St Paul’s Cathedral in the heart of the city—or what remained of it after the wartime bombing. Most of Christopher Wren’s churches had been destroyed or badly damaged. What remained of the office blocks were stumps about a metre high, leaving cavities in the landscape. Exposed to view were the remnants of the Roman Wall of ancient Londinium, which followed a roughly semicircular route from the Tower to the Watergate. The largest piece in the north-west corner, where the wall turned southwards, was the area known as Barbican, which is now host to 1970s brutalist architecture.

During lunch breaks as Higgs explored these sites, he developed an interest in archaeology. Meanwhile, he had joined the Mathematical Sixth Form stream, who received extra lessons that he found “quite novel. Maths that was fun!”

The school was training this select group of students in the hope they would be admitted to Cambridge for the Maths Tripos—the undergraduate course in pure and applied mathematics. Higgs’ teachers were upset when he said that he didn’t want to go to either Oxford or Cambridge University. He was influenced by his father and his prejudice that “Oxbridge was where the children of the idle rich went to waste their and their tutors’ time”. To add insult to injury, in the end-of-year exams he scored the highest mark and won the school’s mathematics prize.21

Mathematics contains a logical scheme with explicit rules, such that a mathematical theorem once proved is good forever. Fresh axioms might produce extensions of the theorem, or reveal assumptions that when correctly accounted for lead to new implications. Higgs loved the machinery of mathematics—its algebraic codes, the differential geometries of shapes and maps, the strange symbols of integration and differential calculus. Some find joy in manipulating the equations, much as for some the technical performance of Vladimir Horowitz at the piano keyboard is a wonder in its own right; for Higgs, however, the music was the delight, the ability of mathematics to reveal the beauty hidden in nature. That is what crystallised his decision to become a theoretical physicist.

The question now was at which university he might pursue this goal. He “didn’t like the sound of ‘Imperial’” in London University’s Imperial College of Science and Technology and instead applied to two other London schools, University College and King’s College. He knew of King’s by chance; in the other flat at Coldharbour Road in Bristol there had been a young man who was studying engineering at the college. University College’s offhand response was that they would “get in touch eventually”. Higgs regarded their admissions process as “very bureaucratic”, whereas King’s, which was just around the corner from the City of London School, was more engaged. So Higgs visited King’s, where he was welcomed for a chat and received an offer while University College was still making up its mind. Most people enrolling in colleges and universities at that time were ex–service people, which made it hard for a school-leaver like Higgs to get in. He felt he couldn’t be fussy.

Thus in the autumn of 1947 Higgs enrolled at King’s College London as an undergraduate in physics. For the atheist student, King’s was an ironic choice as the motivation, for its foundation in 1829 had been to have a college in London with a Christian ethos, unlike the “godless [University] College in Gower Street”.22 Here, in central London, in Georgian buildings between the Thames embankment and the Strand, Higgs was introduced to the mathematics of quantum theory and began to understand how to apply the creations of Cotham School’s former pupil Paul Dirac.

Among Higgs’ fellow students at King’s was Michael Fisher. They met in Higgs’ second year and became lifelong friends. Fisher’s entry to King’s mirrored Higgs’ own experience. Fisher too had preferred the “godless” University College but, tired of waiting, accepted a place at King’s. He lived at home in Finchley, North London, and Higgs grew to know the family very well. Higgs found the household vibrant, full of ideas, and always open to discussion, in contrast to his own parents who, in his perception, had “limited cultural horizons”. “In a sense the Fishers were more influential on my development than my own parents.”23

Fisher was two years younger than Higgs and started at King’s the year after him. At school, Higgs had focused on succeeding, saying that “I had to be top dog”. Fisher was the first contemporary of whom Higgs would say, “I could see he was smarter than me”. After graduating in 1958, Fisher first took a PhD at King’s and then continued to lecture there, eventually becoming professor in 1965. The two maintained regular contact, tutoring one another about developments in their respective fields—Higgs in particle physics and Fisher in the theory of materials, today known as “condensed matter”. In 1966, Fisher joined the brain drain to the United States and joined Cornell University. Contact became more sporadic but continued throughout their lives. Whatever their relative merits they were both singular, destined to win the Wolf Prize in physics, and both entered the Nobel orbit. Fisher’s expertise would influence Higgs’ own.
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