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To the large hadron collider 
Rick Marshall 

Are you intending to visit CERN? It can be somewhat overwhelming. To get the most from the 
experience, it is well worth being fully briefed beforehand.  Then back home, contemplating what you 
have seen and learnt may well throw up further questions to which you want answers.  

The recently published book The Large Hadron Collider (see ‘Further reading’) fulfils both these 
needs.  It is written by physicist Don Lincoln who works at CERN, and is also a seasoned public 
lecturer on the physics and the technology involved.  His book is reliably knowledgeable and easy to 
read. As an insider, he writes about many things that other writers about the LHC are unaware of, or 
perhaps fail to appreciate their significance.  

One of the most impressive things about CERN is its scale —  the scientific, engineering, human and 
computing resources that have been integrated into such a successful endeavour. To appreciate that, 
you need to have some facts and figures that might not be apparent from simply walking around the 
site. For example, about 10 000 personnel from all over the world are needed to operate the 
accelerator, manage the experiments and analyse the data. Data acquisition is limited by the 
computing power rather than what can be detected. 

The LHC 
CERN was proposed by Louis de Broglie only 4 years after the end of the Second World War. It was 
to be for both the victors and the vanquished. Its first accelerator came on line in 1957. The present 
set up — the Large Hadron Collider (LHC) — is so large that the tidal effect of the Moon flexes the 
27 km ring by about 1 mm. This in turn causes detectable changes to the energy of the circulating 
particles. In a way these regular, predictable and measurable changes make the LHC the largest, 
most expensive manmade clock on the planet.  

The LHC is in effect five particle accelerators in series, each building up the energy of the particles.  
Lincoln uses the excellent analogy of the use of a gearbox when accelerating a car to explain the need 
for such complexity. The LHC itself came on stream in 2008, but after 9 days disaster struck.  
Lincoln’s insider’s account of this episode makes for compelling reading.  A faulty solder joint was the 
root cause of a massive explosion that damaged 50 of the 1232 primary magnets. The solder joints 
securing the electrical connections between the magnets were the only components not being 
monitored by safety sensors. They are now. 

The temperature generated by the particle collisions make them the hottest place in the galaxy, 
1 billion (109) times hotter than inside the Sun. The superconducting magnets are cooled to a 
temperature lower than outer space. The vacuum in the beam tubes is ten times lower than that on the 
Moon. When at their maximum energy, the protons are moving just 2.7 m s–1 slower than light. (Most 
of you reading this will be able to run at 2.7 ms–1.)  Lincoln explains why the design of the LHC results 
in the particle beams being made up of 30 cm long bunches separated by 7.8 m. 
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And what if you need to get rid of the beam in a hurry? The circulating protons store 350 MJ, enough 
to melt 0.5 tonnes of copper. The ‘beam dump’ is located in a separate underground cavern where the 
beam is absorbed in 7 m long carbon cylinders inside steel cylinders. The whole assembly is water 
cooled and surrounded by 800 tonnes of concrete. 

Particle fever 
Lincoln’s book is complemented beautifully by Mark Levinson’s film Particle Fever. The information 
detailed in Lincoln’s book comes alive. It was filmed over 5 years including the notorious explosion 
that shut down the LHC for two years, and up to the announcement on 4 July 2012 that the Higgs 
Boson had been found. The film is worth watching more than once. It tells its story through six 
scientists intimately involved with the work at the LHC.  The excitement, tension, emotion and 
dedication engendered by a project that might at first sight seem to be only scientific, tells a very 
human story to complement the awesome technology.  Even Peter Higgs, who was one of the first to 
predict the particle now named after him,  seems to wipe a tear from his eye after hearing the official 
announcement that the particle had been found. You will know why the word fever appears in the title 
by the end of the film.  If you have not been to CERN and seen the technology for yourself then this 
film is a pretty good substitute. 

You might be forgiven for thinking that the only raisin d’être for the LHC was to find the Higgs Boson.  
Many more questions are posed now the illusive particle has been tracked down. Where does the 
Higgs get its mass from, and why does its mass have the tantalising value of 125 GeV/c2 (or about 
125 times that of a proton)? Had it been higher then speculations that we might inhabit a multiverse 
would have received support. Had it been lower then the principle of supersymmetry (SUSY, the idea 
that each quark and lepton in the Standard Model of particle physics has a supersymmetric partner) 
would have received support. One third of Lincoln’s book is devoted to what the LHC will be doing 
next. 

The LHC came back on line during 2015 after a 2-year shutdown for refurbishment. It is operating with 
about twice its previous energy at 14 TeV. Despite being by far the highest particle energy facility on 
the planet, it can still be dwarfed by the highest energy cosmic ray particles, which are a factor of 108 
more energetic than the LHC. However, 14 TeV should ensure that if SUSY is a viable theory then at 
least some of the supersymmetric particles that partner those of the standard model should show up.  

Another question that occupies scientists at CERN is why does ordinary matter dominate (at least in 
our part of the cosmos) when we have such sound reasons for expecting that antimatter should have 
been produced in equal quantities to all the ordinary matter? 

Cosmic cocktail 
And what about dark matter? Dark matter is not part of the standard model, but it is a feature of SUSY.  
The LHC is also involved in the search for dark matter.  What a coup if after finding the Higgs, it also 
proves the existence of dark matter. There are many potential candidates for dark matter particles. 
Katherine Freese’s book The Cosmic Cocktail is the one to read to sort out this intricate story so far. 
First conceived long before CERN came into existence, the discovery of dark matter is now 
considered to be close by many researchers.   
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On 12 January 2015 the Institute of Physics journal Physics World reported a claim by one of the 25 
groups searching for dark matter. Unlike the relatively well defined Higgs Boson, there are a myriad of 
possible candidates for dark matter particles and so many different ways they might be detected. 

The dark matter candidates relevant to the LHC are weakly interacting massive particles (WIMPs). 
The quark collisions result in jets of particles that could well include WIMPs. As they would hardly 
interact with the ordinary matter that the detectors are made from, they could easily escape actual 
detection. Analysis of the decay products that are detected might reveal that apparently momentum 
had not been conserved. This way to discover a dark matter WIMP would be similar to the discovery 
of the neutrino  — the neutrino was originally 'invented' because energy appeared not to be conserved 
in beta decay. 

Dark matter WIMPs do arise as a consequence of SUSY. If SUSY does describe nature then every 
particle in the standard model (leptons plus quarks) has an additional SUSY partner  — photons and 
photinos, quarks and squarks, electrons and selectrons. The least massive, and hence stable, of 
these supersymmetric particles is the candidate for dark matter. Dark matter particles need to be 
stable to have been able to have been involved in the evolution of the universe. 

The present director of CERN, Rolf-Dieter Heuer, hands over to Fabiola Gianotti in January 2016. 
Fabiola is one of the scientists featured in Mark Levinson’s film. All the signs are that she will have as 
an exciting time as director as her predecessor has done. 

References and further reading 
The Large Hadron Collider, Don Lincoln, Johns Hopkins University Press (Distributed by John Wiley & 
Sons) 2014, £19.50, 223 pages 

Time in Powers of Ten, Gerard’t Hooft and Stefan Vandoren, published by World Scientific in 2014: 
the LHC, the Higgs Boson and dark matter also feature in this fascinating journey for the very shortest 
timescales 10-44 seconds to the very longest 1032 seconds. 

Particle Fever, directed by Mark A Levinson (2014).     

Before turning to making films, Levinson trained as a particle physicist and obtained his PhD at 
Berkeley.  

http://particlefever.com/ 

http://www.bbc.co.uk/programmes/p0285jj2/p0285jmz 

The Cosmic Cocktail, Katherine Freese, Princeton University Press (distributed by John Wiley & 
Sons), 2014. 

By including many personal anecdotes this book also gives you an impression of what it is actually like 
to be a globetrotting cosmologist. 

PHYSICS REVIEW at CERN 
PHYSICS REVIEW has included many items on the technology and discoveries at CERN, as well as 
keeping abreast of previous developments in dark matter physics. You can access these articles via 
the magazine's online archive.   
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