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INTRODUCTION  

Professor Sir Peter W. Higgs was born in Elswick, Newcastle-
upon-Tyne in 1929.  I1 was born nearby in Jesmond, near 
Newcastle University, a few years later.

For schooling, Higgs with his parents, was moved to Bristol. 
His father was employed as a BBC engineer1,2. At Bristol, 
Higgs’s left arm was broken by a fall into a crater left by a 
German bomb1,2.   Higgs read Physics at Imperial College, 
London, where he progressed to a Ph.D. in Physics with 
Distinction. This led to Higgs’s appointment at Edinburgh 
University in the Physics Faculty1,2.  From its Tait Institute 
of Mathematical Physics, in October 1964, Higgs published 
a brief communication, “Broken Symmetries and the Masses 
of Gauge Bosons”3.   

In 1965-1966 Higgs spent a sabbatical year at the University 
of North Carolina, Chapel Hill1,2,4.  Higgs expanded upon his 
1964 publication3, and in November 1965 from Chapel Hill  
submitted his paper, “Spontaneous Symmetry Breakdown 
without Massless Bosons” to Physical Review5.    Higgs 
sent simultaneous copies to colleagues he thought would be 
interested in a pre-publication reading1,4.  

CERN: HIGGS FIELD AND THE HIGGS BOSON:

The Conseil Européen pour la Recherche Nucléaire, 
European Organization for Nuclear Research, known as 
CERN, was established with an initial Resolution at a 
December 1951 meeting of the United Nations Educational, 
Scientific and Cultural Organization (UNESCO) in Paris.  
In June 1953 the CERN Convention was signed by twelve 
Member States, and in 1955 construction of CERN’s Geneva 
Research Facility began6. At present membership has 
grown to twenty-three Member States along with Associate 
Members and Observers7.    

The Higgs field causes elementary particles to attain mass8.  
CERN originally defined the Higgs boson as “a particle 
predicted by theory.  It is linked with the mechanism by 
which physicists think particles acquire mass9”.  Proof 
of the predicted particle, it was thought, would complete 
the Standard Model of Particle Physics developed during 
the second half of the last century8,9,10,11,12.   Higgs’ 1966 
1	  This and other first person references refer to the first author.

paper5 and what followed was a crucial turning point in 
understanding this model for all matter1,4, 8,10,11,12. 

Forty-seven years after publication of his 1966 paper, 
submitted from Chapel Hill, Peter Higgs (Fig. 1) was 
awarded the 2013 Nobel Prize in Physics, shared with 

Figure 1. Sir Peter Higgs (1929-) by Victoria Crowe, 
OBE, DHC, FRESE, MA (RCA), RSA, RSW (1945-). 
Oil on canvas, 2014, 127 x 140.5 cm.  Reproduced by 

permission of the Royal Society of Edinburgh.
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Professor François Englert of the Free University of Brussels. 
The Nobel Citation states: “For the theoretical discovery of 
a mechanism that contributes to our understanding of the 
origin of mass of subatomic particles, and which recently was 
confirmed through the discovery of the predicted fundamental 
particle, by the ATLAS [A Toroidal LHC Apparatus] and 
CMS  [Compact Muon Solenoid] experiments at CERN’s 
Large Hadron Collider”13,14,15.  

GEORDIES VISIT  UNIVERSITY OF NORTH 
CAROLINA, CHAPEL HILL

In March 1966, while a Clinical Associate in Anaesthesia 
at Harvard University, I was invited to the University of 
North Carolina, Chapel Hill to advise changes needed 
in the leadership of Surgical Departments.  Welcomed 
with Southern hospitality, I was introduced to my “fellow 
Geordie”, Peter Higgs.  Our dinner host told me that 
‘Wykehamist’ Professor Freeman J. Dyson16,17,18 at the 
Institute for Advanced Study (IAS) in Princeton, New Jersey 
had insisted that the following week, on March 15, 19661,4,   
there should be a Higgs lecture at IAS on the acquisition of 
mass by subatomic particles. 

FREEMAN J. DYSON: IAS, PRINCETON  

Freeman J. Dyson was born at Crowthorne, Berkshire, in 
1923, the son of Sir George Dyson, Composer, and Director 
of Music at Winchester College from 1924, and his lawyer 
wife, the former Mildred Atkey16,17,18,19,20.  He was elected a 
“Scholar” at Winchester College. These select seventy boys 
lived within the College18.  Freeman Dyson was awarded 
prizes in Mathematics and Science. He also  distinguished 
himself in Athletics and became a Shakespearean Scholar18.  

In 1941, Dyson proceeded as Scholar to Trinity, 
Cambridge16,18,19,20.  Paul Dirac was Dyson’s Physics 
Professor21, as was Arthur Eddington22.  Dirac was a   Fellow 
of St. John’s College and winner of the 1933 Nobel Prize 
in Physics for “the discovery of new productive forms 
of atomic theory”21.  He was also Lucasian Professor of 

Mathematics (1932-1967), the chair held by Newton (1663-
1696), and Stephen Hawking (1979-2009)23.  Dyson studied 
Mathematics with the legendary G.H. Hardy24.  World 
War II interrupted Dyson’s Cambridge education and from 
1943-45 he was Civilian Scientist for the R.A.F.17,19,20,25.  
He later elucidated his rationale for civilian scientific work 
in critiques of nuclear and other warfare26. He returned to 
Cambridge to complete his B.A. in the Mathematics Tripos 
in 1945.  Dyson entered Cornell University’s Physics 
Department under future 1967 Physics Nobelist Hans Bethe 
in 194627. At Cornell Dyson developed a collegial friendship 
with Richard P. Feynman, Professor of Theoretical Physics, 
and 1965 Winner of the Nobel Prize in Physics1,19,28,29. While 
Dyson contributed to the mathematics of theories of quantum 
electrodynamics, he did not share Feynman’s Nobel Prize17,19. 

While Dyson never received his Doctorate, he taught at Cornell 
from 1949-195217.  Professor Dyson accepted a Permanent 
Position offered by Director J. Robert Oppenheimer30(Table 

1), at the (IAS), Princeton, New Jersey, as a colleague of 
Einstein19 (Fig. 2).  Dyson was elected Fellow of the Royal 
Society in 195220.   Dyson held his Professorship at IAS 
for the remainder of J. Robert Oppenheimer’s directorship 
(1947-1966) and throughout Dyson’s career17,19,25 (Table 1).    
Dyson’s original contributions to mathematics, physics and 

TABLE 1. DIRECTORS, 

INSTITUTE FOR ADVANCED  
STUDY, PRINCETON, NJ30

Director In Office

Abraham Flexner 1930-1939

Frank Aydelotte 1939-1947

J. Robert Oppenheimer 1947-1966

Carl Kaysen 1966-1976

Harry Woolf 1976-1987

Marvin L. Goldberger 1987-1991

Phillip A. Griffiths 1991-2003

Peter Goddard 2004-2012

Robbert Dijkgraaf 2012-2022 

David Nirenberg 2022-

 Figure. 2.  Albert Einstein (1879-1955). Oil-on-canvas, 
1944 by Max Westfield (1882-1971), 40.5 x 30.5 inches. 

Catalog no. NPG.67.16, National Portrait Gallery, 
Smithsonian Institution, Washington, DC. Gift of the artist; 
©Estate of Max Westfield, and reproduced with permission.
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cosmology led to a long list of publications19,31,32,33.  While 
he was never awarded the Nobel Prize, he received many 
honours including the Max Planck Medal (1969), the Harvey 
Prize34(1977), the Wolf Prize in Physics (1981), and twenty-
one honorary doctorates20. 

FOUNDING AND DIRECTORSHIP OF IAS IN 
PRINCETON, NEW JERSEY

The IAS was founded in 1930 with an initial endowment of 
five million dollars (just over one million pounds, or 62.5 
million pounds in 201935), the gift of renowned Newark, 
New Jersey Department Store innovator and philanthropist, 
Baltimore-born Louis Bamberger and his sister, Mrs. Felix 
(“Carrie”) Fuld36.  Bamberger was acquainted with Harry 
Gordon Selfridge from Selfridge’s early career at Chicago’s 
Marshall Field’s.  They corresponded for many years37.  After 
selling his sixteen-story department store to the owners of 
Macy’s at peak before the October 1929 Stock Market Crash, 
Bamberger and his sister considered endowment of a medical 
school in Newark.  They consulted their legal and financial 
advisors, Herbert Maass and Samuel Leidesdorf, to select the 
individual they considered most astute and knowledgeable: 
Dr. Abraham Flexner, author of the eponymous 1910 Report 
on Medical Education36,37,38.  Dr. Abraham Flexner was a 
brother of Dr. Simon Flexner who served as the first Director 
of the Rockefeller Institute for Medical Research, later 
renamed Rockefeller University, from 1911-193539.   The 
Flexners were acquainted with and assisted by President 
Theodore Roosevelt37,39.  Louis Bamberger and Carrie Fuld 
met with Dr. Abraham Flexner in New York City37. 

Abraham Flexner advised against establishing a medical 
school in Newark, New Jersey.  Abraham Flexner advocated 
instead for the foundation of an independent educational 
institution to support and encourage creative scholarship in 
multiple disciplines.   The Bamberger siblings were inspired 
by the potential of Abraham Flexner’s proposal and agreed, 
with the stipulation that Flexner serve as the new Institute’s 
first Director30,37  Dr. Flexner served from 1930-1939 (Table 
1).   Bamberger and Flexner’s appointees to the initial 1930 
Board of Trustees included 1912 Nobel Prize Winner in 
Physiology and Medicine Alexis Carrel40, Johns Hopkins 
Professor of Pathology and Bamberger cousin Florence R. 
Sabin, and former Johns Hopkins Medical School Dean 
Lewis Weed37. A suitable site was acquired in Princeton, New 
Jersey, and Fuld Hall, named for Bamberger’s late business 
partner and brother-in-law Felix Fuld, was built36,37,41 (Fig. 
3).   Louis Bamberger supported the lease of Princeton 
University space for the new Institute until separate facilities 
were available37.    Abraham Flexner developed a close and 
collegial friendship with Louis Bamberger, who maintained 
an active role in the academic and administrative affairs 
of the (IAS), and continued his financial support.   Upon 
Bamberger’s death in 1944, IAS was the beneficiary of the 
greater part of his estate37.  

In October 1932 the Institute announced the appointment of 
its first two Professors of Mathematics, Oswald Veblen and 

Albert Einstein36 (Fig. 2). In 1933, Einstein surrendered his 
German passport at the German Consulate in Antwerp.  He 
proceeded to England where he considered other offers of 
academic positions.  In October 1933, while still a “Research 
Student” at Oxford41 Einstein arrived in Princeton, New 
Jersey to begin what would become a lifetime tenure36,42.     

In February 1966, shortly before Peter Higgs’ March 15, 
1966 guest lecture at Professor Dyson’s invitation, the IAS 
publicly announced the upcoming retirement of its director, J. 
Robert Oppenheimer   who would be succeeded by Harvard’s 
Littauer Professor of Economics, Carl Kaysen43,44,45 (Table 
1).  

Professor Kaysen had been President J.F. Kennedy’s 
Deputy Special Assistant for National Security Affairs from 
1961-1963, including the Cuban Missile Crisis, before his 
appointment to the Economics Faculty at Harvard. During 
World War II, Kaysen had served the U.S. Air Force as an 
Intelligence Officer at High Wycombe, where officers were 
quartered in Wycombe Abbey, a school for young ladies.  At 
IAS, Kaysen and Dyson became close colleagues and friends 
who shared reminiscences of their wartime experiences17,45,46.  
J. Robert Oppenheimer died of throat cancer on February 18, 
196719,43.    Kaysen continued as Director of IAS until 1976, 
when he returned to Cambridge, Massachusetts to accept a 
Professorship at the Massachusetts Institute of Technology.  
Here he served as David F. Skinner Professor of Political 
Economy46.  

Figure 3.  Cornerstone-laying ceremony, Fuld Hall, IAS, 
May 22, 1939; Photographer unknown. 

Attendees shown left to right: Alanson B. Houghton (IAS 
Trustee), C. Lavinia Bamberger (sister of IAS founders 
and benefactors, Louis Bamberger and Caroline (Carrie) 
Bamberger Frank Fuld), Albert Einstein, Anne Crawford 

Flexner (wife of Abraham Flexner), Abraham Flexner (IAS 
Director), John R. Hardin (IAS Trustee), Herbert Maass 
(IAS Trustee), Harold W. Dodds (President, Princeton 

University). Louis Bamberger and Mrs. Fuld did not attend 
and were represented by their sister.   From the collections 

of the Shelby White and Leon Levy Archives Center, 
Institute for Advanced Study, Princeton, NJ, USA, no. 

E-36, and reproduced with permission.  
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PETER HIGGS AT HARVARD 

Early in the morning after being dined with Peter Higgs at 
Chapel Hill, I phoned Prof. Fred Mosteller47,48,49,50,51,52 with 
whom my Harvard boss Henry K. Beecher53,54 (Fig. 4) had 
me working on non-parametric statistical problems47,51.  I 
recounted my meeting with Peter Higgs. I learned that Fred 
Mosteller, who had received his Ph.D. from Princeton in 
1946 and maintained strong academic ties throughout his 
career, was acquainted with Professor Dyson, as well as with 
Harvard’s Professor Kaysen (Table 1).  After my telephone 
call to Professor Mosteller, Peter Higgs was invited to speak 

at Harvard on March 16, 1966, the day after his visit to the 
IAS1,2,4.   Peter Higgs gave his lecture and then by request 
was asked to continue in symposium mode. The reported 
attendees included future 1979 Nobel Prize Winner Sheldon 
Glashow of Harvard and later University Professor at Boston 
University55, long-time distinguished Harvard Professor of 
Physics Sidney Coleman56, Harvard Associate Professor of 
Biophysics Walter Gilbert, later Winner of the 1980 Nobel 
Prize in Chemistry57, and Professor Fred Mosteller of Harvard, 
best known at that time for establishing the authorship of 
the Federalist Papers58. In his 2013 Nobel Prize Acceptance 

Lecture, Higgs credited his 1966 Harvard invitation to 
Stanley Deser of nearby Brandeis University, who became 
Ancell Professor of Physics and later Visiting Professor at 
the California Institute of Technology, Pasadena59,60.

CERN

The  proofs for validation of Higgs’ work came from 
two parallel experiments of CMS and ATLAS at 
CERN’s Large Hadron Collider (LHC) beneath Geneva, 
Switzerland2,10,12,61,62,63.  Geordie Peter Higgs’ 2013 Nobel 
Prize was shared with Professor François Englert of the 
Free University of Brussels13,64.  Higgs’ brief communication 
to Physical Review Letters, received on 31 August 1964 
and published on 19 October 19643 had, at the request 
of the Editor4,59 referenced Englert and Brout’s similar 
communication to the same journal published on 31 August 
196464. Englert’s colleague, Robert Brout, had predeceased65.   

At the July 4, 2012 CERN press conference honouring Peter 
Higgs, Queen’s University Belfast-educated Director of 
Accelerators and Technology, Stephen Myers was among the 
CERN leadership62.   Also present were Professors Gerald 
Guralnik of Brown University, Providence, RI66,67, and 
Carl R. Hagen66,67of the University of Rochester, New York 
State, whose parallel efforts4, along with those of Thomas 
Kibble, FRS 1980, Knighted 201468,69, had contributed 
to understanding of the Higgs mechanism and boson 
characteristics.    After the CERN Press conference, Peter 
Higgs took the next flight back to Edinburgh with colleague 
Alan Walker2.

STEPHEN MYERS: BELFAST AND GENEVA 

Physics Review published Peter Higgs’ landmark paper 
submitted from Chapel Hill on May 27,19665. Higgs 
returned from Chapel Hill to Edinburgh in the autumn of 
19661,2,4.  Belfast-born Stephen Myers was then a student 
at QUB.   He received his BSc Degree in Electrical and 
Electronics Engineering with First Class Honours in 1968 
and his PhD in 197270.    Late in 1972, he began his career 
at CERN as Engineer-in-Charge for the operation of the 
Intersecting Storage Rings (ISR)70.  In 1983 he coauthored 
preliminary performance predictions for a Large Electron-
Positron Collider (LEP)70.  Myers was given responsibility 
for commissioning the LEP, and oversaw its preparation. 
During the 1990s Myers was appointed Project Leader of 
the LEP upgrade. QUB awarded Myers an Honourary DSc 
(Eng) in 200370,71.

CERN released the details of the September 19, 2008 
incident which disabled the LHC. Reports state that “…a 
fault occurred in the electrical bus connection in the region 
between a dipole and a quadrupole, resulting in mechanical 
damage and release of helium from the magnet and cold 
mass into the tunnel. Proper safety measures were in force, 
the safety systems performed as expected and no-one was 
put at risk”72,73.   

In October 2008, Myers was nominated CERN’s Director 
of Accelerators and Technology.  In the aftermath of the 

Figure 4.  Henry K. Beecher (1904-1976), Henry 
Isaiah Dorr Professor of Anaesthesia Research, Harvard 
University. Oil on canvas, 1962, 48 x 31 inches, by Jean-

Pierre Alaux (1925-2020).  From the collections of the 
Massachusetts General Hospital, No. 81. Beecher was 

mentored by Harvard Professor of Surgery Edward Delos 
Churchill and Danish Nobel Laureate August Krogh of 
the University of Copenhagen.  Henrik Bendixen and 
I continued the research of Professor Lorraine Smith, 

Musgrave Professor of Pathology at QUB.
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September 19, 2008 incident, Myers organized the repair 
of the LHC and directed its continued operation from 
2010 through 2012.  Under his direction, in 2012, the LHC 
received approval for two large experiments, ATLAS and 
CMS, to confirm the Higgs boson74,75.  Myers was named 
Head of CERN’s Office of Medical Applications from 
January 1, 201474,76.

On April 2, 2014, Myers returned to QUB to lecture on 
“The Large Hadron Collider and the Discovery of the Higgs 
Boson”77,78.      

Work continues at QUB with the development of new 
particle accelerators.  Dr. Gianlucca Sarri, who received 
his Ph.D. from QUB in 2010, has reported on proposals to 
build a powerful yet compact particle accelerator at QUB 
as part of ongoing work by the European Strategy Forum 
on Research Infrastructures79,80.   Plasma, ionised gas broken 
down to its basic components, can provide much higher 
accelerating power than a solid-state accelerator.  The 
proposed accelerator is designed to use lasers to move the 
plasma particles in waves.   Dr. Sarri reports that the space 
required for a plasma-based particle accelerator will be 
reduced ten-fold from 400 by 400 meters to 40 by 40 meters.   
Potential medical applications include enhanced images 
of biological samples and early detection of tiny cracks or 
defects in medical instrumentation79.    

The proposed accelerator at QUB would be used to produce 
accelerated particles used for radiotherapy and nuclear 
medicine. The European Strategy Forum on Research 
Infrastructures is expected to shortly reach their decision on 
the report79,80,81. 

CERN AND MEDICAL PROGRESS 

The history of subatomic particle therapy goes back at least 
a century82,83,84,85.    In recent years, investigators at CERN 
and with affiliations to many universities and hospitals 
worldwide have investigated a broad array of technologies 
and applications.   CERN’s medical endeavors continue76,86,87. 

EPILOGUE

Shortly after my return from Chapel Hill to Harvard, on 
March 17, 1966, Fred Mosteller told me that, “Peter Higgs’ 
lecture-cum-symposium was convincing and well-received. 
A Nobel Prize will follow.” That award, and others, did 
follow.  On November 15, 2013, the City of Edinburgh, 
granted its Freedom of the City to Professor Peter Higgs88.  
Geordie Higgs’ birthplace, as well as mine, granted Freedom 
of Newcastle-upon-Tyne on April 2, 201489.    

On April 17, 2014, Higgs’ Nobel Prize co-winner, 
Professor François Englert, delivered the David M. Lee 
Historical Lecture in Physics at Harvard.  He recounted the 
formulation of the theory known as the Brout-Englert-Higgs 
mechanism3,64. Professor Englert discussed the role of the 
ATLAS and CMS detectors at CERN, and “the implications 
for unknown universal structures that might be revealed at 
even higher energies”90. 

ACKNOWLEDGEMENTS

The authors thank Laura Earley, Records Management Officer 
of the Royal Society of Edinburgh, for their permission to 
reproduce the portrait of Sir Peter Higgs.  The authors thank 
Erin Beasley of the National Portrait Gallery, Smithsonian 
Institution, Washington, DC and Joan Kahn, representative 
of the estate of artist Max Westfield, for assistance with the 
portrait of Albert Einstein. The authors thank Suzanne Foster, 
College Archivist, Winchester College, for assistance. The 
authors thank Erica Mosner and Caitlin Rizzo of the Shelby 
White and Leon Levy Archives Center of the Institute for 
Advanced Study, Princeton, NJ for their assistance with 
archival resources.  The authors thank the Massachusetts 
General Hospital for assistance with the portrait of Professor 
Henry K. Beecher.  The authors thank the Press Office of 
CERN for assistance with the group photograph from July 
4, 2012. 
REFERENCES  

1.	 Sample I. Massive. The missing particle that sparked the greatest hunt 
in science.  Chapter 1. Long Road to Princeton. Chapter 2. Shadow of 
the bomb. New York: Basic Books; 2010. p.1-14; p.15-34. 

2.	 Sample I. Peter Higgs: Profile: The self-deprecating physicist revered 
by his peers. [Internet]. The Guardian. 2013 Oct 3. (cited 2022 Jun 12). 
Available from: https://www.theguardian.com/science/2013/oct/02/
peter-higgs-profile-physicist  

3.	 Higgs PW. Broken symmetries and the masses of gauge bosons. Phys 
Rev Lett. 1964;13(16):508-9.  

4.	 Close F. The Infinity Puzzle. Quantum Field Theory and the hunt for 
an orderly universe. Chapter 9. “The Boson that has been named after 
me,” a.k.a. the Higgs Boson.  New York: Basic Books; 2011. p.151-81.

5.	 Higgs PW.  Spontaneous symmetry breakdown without massless bosons. 

Figure 5.  CERN, July 4, 2012; Announcement of the 
proof of the Higgs boson.  Co-Nobel Prize winners in 

Physics 2013, Englert and Higgs are shown.
The central physicists, CERN management and 

officers: Front row, left to right: Physicist Francois 
Englert, Physicist Peter Higgs, ATLAS spokeswoman 

Fabiola Gianotti, CERN Director Steve Myers. 
Second row, left to right: CERN Director Sergio 
Bertolucci, CERN Director- General Rolf Heuer, 

CMS spokesman Joe Incandela, Physicist Carl Hagen, 
Physicist Gerald Guralnik.  From the Photograph 
Collection of CERN, Geneva, Switzerland, and 

reproduced with permission.



Higgs Boson: Chapel Hill, CERN, QUB 163

UMJ is an open access publication of the Ulster Medical Society (http://www.ums.ac.uk).
The Ulster Medical Society grants to all users on the basis of a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International Licence the right to alter or build upon the work non-commercially, as long as the author is credited 
and the new creation is licensed under identical terms.

Phys Rev. 1966;145(4):1156-63.

6.	 CERN. Home page. About. What’s in a name. [Internet].  (cited 2022 
Jun 12). Available from: https://home.cern/about/who-we-are/our-history 

7.	 CERN. Home page. About. Our Member States. [Internet].  (cited 
2022 Jun 12). Available from:  https://home.cern/about/who-we-are/
our-governance/member-states

8.	 Schirber M. Nobel Prize - Why particles have mass. [Internet].  Physics. 
2013 (Oct 11);6:111. (cited 2022 Jun 14). Available from:  https://
physics.aps.org/articles/v6/111).  

9.	 CERN. Glossary. Higgs field. [Internet].  (cited 2022 Jun 14). Available 
from:  https://public-archive.web.cern.ch/en/Science/Glossary-en.
php#H 

10.	 CERN.  The Higgs Boson. [Internet].  (cited 2022 Jun 14). Available 
from:  https://home.cern/science/physics/higgs-boson 

11.	 CERN. The Standard Model. [Internet].  (cited 2022 Jun 14). Available 
from:  https://home.cern/science/physics/standard-model 

12.	 Butterworth J. Most Wanted Particle. The inside story of the hunt for the 
Higgs, the heart of the future of Physics.  New York: The Experiment; 
2014. 

13.	 Nobelprize.org. The Nobel  Foundation Official  Website. The Nobel Prize 
in Physics 2013: François Englert, Peter Higgs. [Internet]. Amsterdam: 
Elsevier;  2022. (cited 2022 Jun 14). Available from:  https://www.
nobelprize.org/prizes/physics/2013/summary/ 

14.	 CERN. The Atlas Experiment. [Internet].  (cited 2022 Jun 14). Available 
from:   https://atlas.cern/about 

15.	 CERN. CMS. [Internet].  (cited 2022 Jun 14). Available from:   https://
home.cern/science/experiments/cms 

16.	 Disturbing the Universe. Dreams of Earth and Sky. Freeman Dyson 
(Coll.1936-41). Winchester College. Annual Report. 2013. p.16-19. 

17.	 Freeman J. Dyson (1923-2020), Scientist and writer who dreamt among 
the stars dies at 96. Obituary. February 28, 2020. [Internet]. Princeton, 
New Jersey: Institute for Advanced Study; 2020. (cited 2022 Jun 14). 
Available from: https://www.ias.edu/press-releases/2020/freeman-j-
dyson-1923%E2%80%932020  

18.	 Foster S. Communication to authors from Winchester College Archivist. 
Email to: S. Foster. Located at Winchester College Archives, Winchester, 
UK; 2021 Apr 26 [cited 2022 Jun 14). 

19.	 Dyson F. Maker of Patterns: An autobiography through letters. New 
York: Liveright Publishing Corp; 2018. 

20.	 The Royal Society. Professor Freeman Dyson FRS. Elected 1952. 
[Internet].  London: The Royal Society; 2020. (cited 2022 Jun 14).  
Available from: https://royalsociety.org/people/freeman-dyson-11371/   

21.	 Nobelprize.org. The Nobel Foundation Official Website.The Nobel 
Prize in Physics 1933: Paul A.M. Dirac.  Facts  [Internet]. Amsterdam: 
Elsevier;  2022. (cited 2022 Jun 15). Available from:  https://www.
nobelprize.org/prizes/physics/1933/dirac/facts/ 

22.	 Plummer HCK. Obituary. Arthur Stanley Eddington, 1882-1944. 
Biograph Mem Fellows Royal Soc. 1945;5(14):113-45.

23.	 Knox KC, Noakes R, editors. From Newton to Hawking. A history 
of Cambridge University’s Lucasian Professors of Mathematics. 
Cambridge, UK; New York: Cambridge University Press; 2003.

24.	 Titchmarsh EC. Obituary. Godfrey Harold Hardy, 1877-1945. 
[Internet]. Biograph Mem Fellows Royal Soc. 1949;6(18):446-61. (cited 
2022 Jun 14). https://royalsocietypublishing.org/doi/epdf/10.1098/
rsbm.1949.0007 

25.	  Dainton J. Freeman J. Dyson FRS (1923-2020). [Internet].  Phil Trans 
R Soc. 2020:378:20200139. doi.org/10.1098/rsta.2020.0139. (cited 
2022 Jun 15). Available from: https://royalsocietypublishing.org/doi/
epdf/10.1098/rsta.2020.0139 

26.	 Dyson F. Foreword. In:  Bruce M, Milne T, editors.  Ending War. The force 
of reason. Essays in Honour of Joseph Rotblat, NL, FRS. Houndmills, 
Basingstoke, Hampshire, UK: MacMillen Press; 1999.  p. ix-xii.

27.	 Nobelprize.org. The  Nobel Foundation Official Website. The Nobel 
Prize in Physics 1967: Hans Albrecht Bethe. [Internet]. Amsterdam: 
Elsevier;  2022. (cited 2022 Jun 15). Available from:  https://www.
nobelprize.org/prizes/physics/1967/summary/ 

28.	 Feynman RP, Leighton RB, Sands M. The Feynman Lectures on 
Physics. Vol. 1. Mainly mechanics, radiation and heat; Vol II, 
Mainly electromagnetism and motion; Vol III, Quantum mechanics. 
Reading, MA: Addison Wesley; 1964; Revised ed. 2005. (cited 
2022 Jun 16). Available from: https://feynmanlectures.caltech.edu/  

29.	 Nobelprize.org. The Nobel Foundation Official Website. The Nobel 
Prize in Physics 1965: Richard P. Feynman. [Internet]. Amsterdam: 
Elsevier;  2022. (cited 2022 Jun 15). (cited 2022 Jun 16). Available 
from: https://www.nobelprize.org/prizes/physics/1965/feynman/facts/ 

30.	 Institute for Advanced Study. Directors. [Internet]. New Jersey: Institute 
for Advanced Study; 2022. (cited 2022 Jun 16). Available from: https://
www.ias.edu/scholars/directors 

31.	 Dyson F. Dreams of Earth and Sky. New York: New York Review 
Books; 2015.

32.	 Dyson F. Imagined Worlds. Cambridge, MA: Harvard University 
Press; 1997.  

33.	 Dyson F. The Scientist as Rebel.  New York: New York Review Books; 
2006. 

34.	 Harvey Prize. [Internet]. Mount Carmel: Technion, Israel Institute 
of Technology; 2022. (cited 2022 Jun 16). Available from:  https://
harveypz.net.technion.ac.il/ 

35.	 About Measuring Worth. [Internet]. Chicago, Illinois: measuringworth.
com; 2022. (cited 2022 Jun 16). Available from:  https://www.
measuringworth.com/ 

36.	 Institute for Advanced Study. [Internet]. About. Mission and History. 
New Jersey: Institute for Advanced Study; 2022. (cited 2022 Jun 16).  
Available from: https://www.ias.edu/about/mission-history 

37.	 Forgosh LB. Louis Bamberger: Department Store Innovator and 
Philanthropist. Introduction. Chapter 8. Bamberger, Einstein and the 
Institute for Advanced Study, 1930-1944. Waltham, MA: Brandeis 
University Press; 2016. p.1-12; p.167-205.  

38.	 Flexner A. Medical Education in the United States and Canada. A 
Report to the Carnegie Foundation for the Advancement of Teaching, 
No 4.  New York: Carnegie Foundation; 1910.

39.	 Rous PF. Simon Flexner (1863-1948). [Internet]. Bio Memoirs Fell Royal 
Soc. 1949;6(18): 408-45. (cited 2022 Jun 16). Available from: https://
royalsocietypublishing.org/doi/10.1098/rsbm.1949.0006 

40.	 Hedley-Whyte J, Milamed DR. Blood and war. Ulster Med J. 2010; 
79(3):125-34. 

41.	  Institute for Advanced Study. Shelby White and Leon Levy Archives 
Center. Albert Einstein, E 36.  Fuld Hall Cornerstone Ceremony 
(Photographer unknown). [Internet]. New Jersey: Institute for Advanced 
Study; 2022.  (cited 2022 Jun 16). Available from: https://albert.ias.edu/
handle/20.500.12111/1332 

42.	  Clark RW.  Einstein. The Life and times. New York: World Publishing; 
1971.

43.	 Bird K, Sherwin M. American Prometheus: The triumph and tragedy of 
J. Robert Oppenheimer. Chapter 40. It should have been better done the 
day after Trinity.  New York: Vintage Books; 2006. p. 574-88.

44.	 Schumach M. Kaysen named to succeed Oppenheimer at Institute.  New 
York Times. February 14, 1966. p.1. 



164 The Ulster Medical Journal

UMJ is an open access publication of the Ulster Medical Society (http://www.ums.ac.uk).
The Ulster Medical Society grants to all users on the basis of a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International Licence the right to alter or build upon the work non-commercially, as long as the author is credited 
and the new creation is licensed under identical terms.

45.	  Institute for Advanced Study. Press Release. Carl Kaysen, 1920-2010. 
February 10, 2010. [Internet]. New Jersey: Institute for Advanced Study; 
2022. (cited 2022 Jun 16). Available from:  https://www.ias.edu/press-
releases/carl-kaysen-1920%E2%80%932010 

46.	 Fisher FM. Carl Kaysen, 5 March 1920-8 February 2010. Biog Memoirs 
American Philosoph Soc.  Proc Am Philosoph Soc. 2012;156(3):340-6.  

47.	  Hedley-Whyte J,  Frederick Mosteller (1916-2006): Mentoring, a 
memoir. Int J Technol Assess Health Care. 2007;23(1):152-4.

48.	 Frederick Mosteller Papers. American Philosophical Society Library. 
Mss.Ms.Coll.137. Group 1. Correspondence. Hedley-Whyte, John. 
2001. Box 2. Milamed, Debra R. 2004. Box 4.  Located at: American 
Philosophical Society, Philadelphia. (cited 2022 Jun 16).  Available 
from: https://search.amphilsoc.org/collections/view?docId=ead/Mss.
Ms.Coll.137-ead.xml  

49.	  Milamed DR, Warfield CA, Hedley-Whyte J, Mosteller F. Laminectomy 
and the treatment of lower back pain in Massachusetts. Int J Tech Assess 
Health Care. 1993; 9(3):426-39.

50.	  Bentkover JD, Sheshinski RH, Hedley-Whyte J, Warfield CA, Mosteller 
F.   Lower back pain. Laminectomies, spinal fusions, demographics, and 
socioeconomics.   Int J Tech Assess Health Care. 1992; 8(2):309-17.

51.	 Mosteller F. The Pleasures of Statistics. The autobiography of Frederick 
Mosteller. Fienberg SE, Hoaglin DC, Tanur JM, eds. New York: 
Springer; 2010. 

52.	 Bailar JC III, Mosteller F, editors.  Medical Uses of Statistics. 1st ed. 
Waltham, MA: NEJM Books; 1986.     

53.	 Beecher HK. Altschule MD. Medicine at Harvard: The first three 
hundred years.  Hanover, NH: University Press of New England; 1977.

54.	 Hedley-Whyte J. Pulmonary oxygen toxicity: Investigation and 
monitoring.  Ulster Med J. 2008; 77(1):39-42. 

55.	 Nobelprize.org. The Nobel Foundation Official Website. The Nobel 
Prize in Physics 1979: Sheldon Glashow. [Internet]. Nobel Lecture. 
Towards a unified theory – Threads in a tapestry.  December 8, 1979.  
Amsterdam: Elsevier;  2022. (cited 2022 Jun 16). Available from: https://
www.nobelprize.org/prizes/physics/1979/glashow/lecture/  

56.	 Georgi H. Sidney Coleman. March 7, 1937-November 18, 2007. 
Biographical Memoirs National Academy of Sciences. [Internet].  
Washington, DC: National Academy of Sciences; 2011. (cited 2022 
Jun 16).  Available from:   http://www.nasonline.org/publications/
biographical-memoirs/memoir-pdfs/coleman-sidney.pdf 

57.	 Nobelprize.org. The Nobel Foundation Official Website. The Nobel 
Prize in Chemistry 1980: Walter Gilbert. Nobel Lecture, December 
8, 1980. DNA sequencing and gene structure. [Internet]. Amsterdam: 
Elsevier;  2022. (cited 2022 Jun 16).    https://www.nobelprize.org/
prizes/chemistry/1980/gilbert/lecture. 

58.	 Mosteller F, Wallace DL. Inference in an authorship problem. 
A comparative study of discrimination methods applied to the 
authorship of the disputed Federalist papers. J Am Statistical Assoc. 
1963;58(302):275-309.

59.	 Nobelprize.org. The Nobel Foundation Official Website. The Nobel 
Prize in Physics 2013: Peter W. Higgs. Nobel Lecture. December 13, 
2013. Evading the Goldstone Theorem. [Internet].  (cited 2022 Jun 
16). Available from:  https://www.nobelprize.org/uploads/2018/06/
higgs-lecture.pdf  

60.	 American Institute of Physics.  Physics History Network. Deser S 
(Stanley) 1931-.  Biography. [Internet]. College Park, MD: American 
Institute of Physics; 2022. (cited 2022 Jun 16). Available from: https://
history.aip.org/phn/11506023.html 

61.	 CERN experiments observe particle consistent with long-sought Higgs 
boson. July 4, 2012. [Internet].  (cited 2012 Jun 16). Available from:    
https://home.cern/news/press-release/cern/cern-experiments-observe-

particle-consistent-long-sought-higgs-boson 

62.	 A small part of the team that made it all happen. ILC Newsline Special 
Issue: The Higgs (CERN). 5 July 2012. [Internet].  (cited 2022 Jun 4). 
Available from:  http://newsline.linearcollider.org/2012/07/05/  

63.	 CERN. News Release. New results indicate that new particle is a Higgs 
Boson. 14 March, 2013. [Internet].  (cited 2022 Jun 16). Available 
from:  https://home.cern/news/news/physics/new-results-indicate-new-
particle-higgs-boson  

64.	 Englert F, Brout R. Broken symmetry and the mass of gauge vector 
mesons. Phys Rev Lett. 1964;13(9):321-3.  

65.	 Englert F. Robert Brout. Obituary. Physics Today. 2011;64(8):63-4. 
(cited 2022 Jun 16). Available from: https://physicstoday.scitation.org/
doi/10.1063/PT.3.1225 

66.	 Guralnik GS, Hagen CR, Kibble TWB. Global conservation laws and 
massless particles. Phys Rev Lett. 1964;13(20):585-7.

67.	 Guralnik GS. The history of the Guralnik, Hagen and Kibble development 
of the theory of spontaneous symmetry breaking and gauge particles.  
Int J Modern Physics A. 2009;24(14):2601-27.

68.	  Honours and Awards. Central Chancery of the Orders of Knighthood. At 
Windsor Castle, Friday 17 October 2014. Professor Sir Thomas Kibble, 
CBE, FRS. [Internet].  The Gazette. London.  11 August 2015;14:40; 
issue no. 61320, p.14934.  (cited 2022 Jun 16). Available from: https://
www.thegazette.co.uk/notice/2382614  

69.	 Czyzewski A. Sad farewell to physicist who transformed our 
understanding of the universe. Sir Tom Kibble, Emeritus Professor 
of Physics at Imperial,  has died at the age of 83. Obituary  [Internet]. 
London: Imperial College; 2015. (cited 2022 Jun 16). Available from: 
https://www.imperial.ac.uk/news/172768/sad-farewell-physicist-
transformed-understanding-universe/ 

70.	  CEng. Engineering Council. Dr. Stephen Myers, CEng, FREng, FInstP 
FEPS, FAPS.  [Internet].  London: Engineering Council;  2012. (cited 
2022 Jun 16). Available from: https://www.engc.org. uk/media/1369/
ceng-stephen-myers.pdf 

71.	 2003. MYERS Dr. Stephen. DSc (Eng). [Internet].  Queen’s University 
Belfast (formerly Queen’s College Belfast). Honorary Degrees 1871-
2019.   Belfast: Queen’s University Belfast; 2019. (cited 2022 Jun 16). 
Available from: https://www.qub.ac.uk/about/Leadership-and-structure/
Registrars-Office/FileStore/Filetoupload,911473,en.pdf 

72.	 CERN  Releases analysis of LHC incident. 16 October 2008. [Internet].  
(cited 2022 Jun 12). Available from: https://home.cern/news/press-
release/cern/cern-releases-analysis-lhc-incident 

73.	 CERN. Summary Report of the Analysis of the 19 September 2008 
Incident at the LHC.   16 Octobre 2008. [Internet].  (cited 2022 Jun 
12). Available from: http://cds.cern.ch/record/1135729/files/LHC_
incident_080919_eng.pdf?version=1 

74.	 CERN. Celebration Coloquium for Steve Myers. 12 December, 2013. 
[Internet].  (cited 2022 Jun 12). Available from: https://home.cern/news/
news/cern/celebration-colloquium-steve-myers   

75.	 Myers S.  The Large Hadron Collider 2008-2013.  Int J Modern Physics 
A. 2013;28(25):13300354; 1-65.  DOI:10.1142/S0217751X13300354

76.	 Dosanjh M, Cirilli M, Myers S, Navin S. Medical Applications at 
CERN and the ENLIGHT Network.  Front Oncol. 2016;6:9(p.1-8).  
doi: 10.3389/fonc.2016.00009.

77.	 Ferguson A. Dr. Steve Myers returns to Queen’s University Belfast for 
Large Hadron Collider and Higgs Boson Lecture. [Internet]. Belfast 
Telegraph. 2014 Mar 31. (cited 2022 Jun 16). Available from: https://
www.belfasttelegraph.co.uk/news/education/dr-steve-myers-returns-to-
queens-university-belfast-for-large-hadron-collider-and-higgs-boson-
lecture-30140457.html  

78.	 Myers S, Schopper H, eds. Particle Physics Reference Library. Vol. 3. 



Higgs Boson: Chapel Hill, CERN, QUB 165

UMJ is an open access publication of the Ulster Medical Society (http://www.ums.ac.uk).
The Ulster Medical Society grants to all users on the basis of a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International Licence the right to alter or build upon the work non-commercially, as long as the author is credited 
and the new creation is licensed under identical terms.

Accelerators and Colliders. [Internet].   Cham, Switzerland; Springer 
Open; 2020.  [cited 2022 Jun 16]. Available from: https://link.springer.
com/book/10.1007%2F978-3-030-34245-6  

79.	 Sarri G. It’s no Large Hadron Collider, but our new particle accelerator 
is the size of a large room. [Internet]. Belfast: Queen’s University 
Belfast. Development and Alumni Relations Office; 2020. (cited 2022 
Jun 16). Available from: https://daro.qub.ac.uk/Particle-accelerator-
size-of-large-room- 

80.	 Assmann RW,  Weikum MK, Ahkter T, Alesini D, Alexandrova AS, 
Anania MP, et al.   EuPRAXIA Conceptual Design Report. Eur Phys J 
Special Topics. [Internet]. 2020; 229:3675-4284. (cited 2022 Jun 16). 
Available from: https://link.springer.com/content/pdf/10.1140/epjst/
e2020-000127-8.pdf 

81.	 Sarri G, Calvin K, Streeter M. Plasma-based positron  source at 
EuPRAXIA. Plasma Phys Control Fusion. [Internet]. 2022;64:04401.
p1-8.  (cited 2022 Jun 15). Available from: https://iopscience.iop.org/
article/10.1088/1361-6587/ac4e6a/pdf  

82.	 Hedley-Whyte J, Milamed DR. Proton beams and Nobel laureates. 
Ulster Med J. 2021;90(1):22-7.

83.	 Degiovanni A, Amaldi U.  History of hadron therapy accelerators.  Phys 
Med. 2015;31(4):322-32. 

84.	 Durante M, Parodi K. Radioactive beams in particle therapy: Past, 
present and future.  Front Phys. 2020;8:326 (p.1-13).

85.	 Silari M. Applications of particle accelerators in medicine.  Radiat Prot 
Dosimetry. 2011;146(4):440-50.

86.	 Farr JB, Flanz JB, Gerbershagen A, Moyers MF. New horizons in particle 
therapy systems. Med Phys. 2018;45(11):e953-e983.

87.	 Hortala T. CERN collaborations open new horizons for cancer therapy. 
February 4, 2021. [Internet]. (cited 2022 Jun 16). Available from: https://
home.cern/news/news/knowledge-sharing/cern-collaborations-open-
new-horizons-cancer-therapy 

88.	 The Newsroom. Professor Peter Higgs to get Freedom of Edinburgh. 
[Internet]. The Scotsman.  2013 Nov 15. (cited 2022 Jun 16). Available 
from: https://www.scotsman.com/news/professor-peter-higgs-get-
freedom-edinburgh-1553148 

89.	 BBC News. Professor Peter Higgs awarded Freedom of the City of 
Newcastle. [Internet]. London: BBC; 2014 Apr 2. (cited 2022 Jun 
16). Available from:  https://www.bbc.com/news/av/uk-england-
tyne-26861665. 

90.	 Powell A. Working toward the Higgs. [Internet]. Harvard Gazette. 2012 
Apr16.  (cited 2022 Jun 16). Available from: https://news.harvard.edu/
gazette/story/2014/04/a-short-history-of-the-higgs/




