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Inside Story

The Super Proton Synchrotron (SPS) was 
approved by CERN Council in December 
1970. By mid-May 1976 a beam circulated for 
the fi rst time, although it took another month 
to get the radio-frequency system to operate 
correctly. The fi rst beam was accelerated to 
300 GeV on 17 June (the SPS was originally 
approved as a lower energy machine called 
the 300 GeV Project), which happened to be 
the day of the Council meeting. John Adams 
formally asked the Council for permission to 
accelerate the beam further to 400 GeV, and 
10 minutes later we were there!

The approval of the SPS was a long process 
that began in the early 1960s. Initially it was 
supposed to be a completely new laboratory 
located in the south of France, but there was 
deadlock in the Council when it was realised 
that the additional infrastructure would add 
considerable extra cost to the project. Adams 
broke the deadlock when he proposed to 
build the machine deep underground across 
the road from the Meyrin site.

Even during the construction of the 
SPS, events were taking place elsewhere 
at CERN that would prove to be pivotal in 
turning CERN into the world’s greatest 
particle-physics laboratory. The fi rst was the 
demonstration of stochastic cooling, already 
proposed in 1968 by Simon van der Meer as 
a method of increasing the density of particle 
beams in the Intersecting Storage Rings. The 
second was the discovery of weak neutral 
currents at the Gargamelle bubble chamber 
fed with a neutrino beam from the smaller 
Proton Synchrotron (PS). The existence 
of neutral currents had been predicted by 
the nascent electroweak theory, which also 
predicted the existence of two vector bosons 
with a rough estimate of their masses. 

Carlo Rubbia was the fi rst to realise that the 
SPS could be converted into a storage ring 
with a suffi cient energy to create these W and 
Z bosons. Since the SPS was a single ring, he 
proposed that the protons were collided with 

the counter-rotating antiprotons produced by 
the PS and then stored in a special ring where 
they could be cooled using stochastic cooling. 
Once a suffi cient number of antiprotons had 
been accumulated and cooled, they would 
be transferred to the SPS and accelerated, 
together with protons, to the maximum 
energy that the SPS could muster (initially 
270 GeV). In 1978, work started on building 
the Antiproton Accumulator and to convert 
the SPS into a part-time storage ring. In 1983 
the fi rst W and Z particles were observed, 
winning Rubbia and van der Meer the Nobel 
prize the following year. 

Although the SPS is not a superconducting 
machine, the proton–antiproton collider 
was also an essential step towards the design 
of the LHC, for instance by elucidating the 

physics of bunched-beam hadron colliders. 
The SPS has proven to be an extremely 
versatile machine, mainly because of the 
quality of its design and construction. It has 
provided particle beams, protons and heavy 
ions to fi xed-target experiments for 40 years, 
including a neutrino beam for the detectors 
in the Gran Sasso laboratory 800 km away. 
The SPS has also served as the injector to 
LEP, where it accelerated electrons and 
positrons to 22 GeV, and today it accelerates 
protons to its maximum energy of 450 GeV 
for injection into the LHC. Yet thanks to the 
care with which it has been maintained, the 
core of the machine is still the same as it was 
40 years ago. 

The SPS, together with the PS, continues 
to be the workhorse of CERN today. It 
serves thousands of users, both for the 
LHC experiments and the fi xed-target 
community, in addition to providing test 
beams for high-energy physics and also for 
a new plasma wake-fi eld experiment called 
AWAKE. Thank you SPS. We look forward 
to another 40 years!

 ● Lyn Evans, former LHC-project leader and director 
of the Linear Collider collaboration.

Super Proton Synchrotron turns 40 

The workhorse of CERN’s 
accelerator complex continues 
to drive discoveries. 

Left: The occasion of the fi rst beam accelerated in the Super Proton Synchrotron on 17 June 
1976, showing (back row, left to right): Claudio Aramatea, machine operator; 
H P Kindermann, radio-frequency system; Bas de Raad, beam transport; Michael 
Crowly-Milling, who built the control system; and the present author Lyn Evans, then a 
junior physicist. Front row: Simon van der Meer (left) and J D Pahud, who were responsible 
for the SPS power supplies. Right: Inside the 7 km-circumference SPS tunnel.
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Initially it was planned to 
site the 300 GeV Project in 
the south of France. 
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Bookshelf

Particles and the Universe: From the Ionian 
School to the Higgs Boson and Beyond
By Stephan Narison
World Scientifi c

This book aims to present the 
history of particle physics, 
from the introduction of the 
concept of particles by Greek 
philosophers, to the discovery 
of the last tile of the Standard 

Model, the Higgs boson particle, which took 
place at CERN in 2012. Chronologically 
following the development of this fi eld of 
science, the author gives an overview of 
the most important notions and theories of 
particle physics.

The text is divided into seven sections. 
The fi rst part provides the basics concepts 
and a summary of the history of physics, 
arriving at the modern theory of forces, 
which are the subject of the second 
part. It carries on with the Higgs boson 
discovery and the description of some 
of the experimental apparatus used to 
study particles (from the LHC at CERN 
to cosmic rays and neutrino experiments). 
The author also provides a brief treatment 
of general relativity, the Big Bang model 
and the evolution of the universe, and 
discusses the future developments of 
particle physics.

In the main body of the book, the topics 
are presented in a non-technical fashion, 
in order to be accessible to non-experts. 
Nevertheless, a rich appendix provides 
demonstrations and further details for 
advanced readers. The text is accompanied 
by plenty of images, including paintings and 
photographs of many of the protagonists of 
particle physics.

Beyond the Galaxy: How Humanity Looked 
Beyond our Milky Way and Discovered the 
Entire Universe
By Ethan Siegel
World Scientifi c

This book provides an 
introduction to astrophysics 
and cosmology for absolute 
beginners, as well as for any 
reader looking for a general 
overview of the subject and an 

account of its latest developments.
Besides presenting what we know 

about the history of the universe and the 
marvellous objects that populate it, the 
author is interested in explaining how 
we came to such knowledge. He traces a 
trajectory through the various theories and 
the discoveries that defi ned what we know 
about our universe, as well as the boundary 
of what is still to be understood. 

The fi rst six chapters deal with the 

state-of-the-art of our knowledge about 
the structure of the universe, its origin and 
evolution, general relativity and the life of 
stars. The following fi ve address the most 
important open problems, such as: why there 
is more matter than antimatter, what dark 
matter and dark energy are, what there was 
before the Big Bang, and what the fate of the 
universe is.

Written in plain English, without formulas 
and equations, and characterized by a clear 
and fl uid prose, this book is suitable for a 
wide range of readers.

Modern Physics Letters A: Special Issue on 
Hadrontherapy 
By Saverio Braccini (ed.)
World Scientifi c

The applications of nuclear and 
particle physics to medicine 
have seen extraordinary 
development since the discovery 
of X-rays by Röntgen at the end 
of the 19th century. Medical 

imaging and oncologic therapy with photons 
and charged particles (specifi cally hadrons) 
are currently hot research topics.

This special issue of Modern Physics 
Letters is dedicated to hadron therapy, which 
is the frontier of cancer radiation therapy, 
and aims at fi lling a gap in the current 
literature on medical physics. Through 10 
invited review papers, the volume presents 
the basics of hadron therapy, along with the 
most recent scientifi c and technological 
developments in the fi eld. The fi rst part covers 
topics such as the history of hadron therapy, 
radiation biophysics, particle accelerators, 
dose-delivery systems and treatment 
planning. In the second part, more specifi c 
topics are treated, including dose and beam 
monitoring, proton computer tomography, 
innoacustics and microdosimetry.

This volume will be very useful to 
students, researchers approaching medical 
physics, and scientists interested in this 
interdisciplinary and fast-moving fi eld.

The Penultimate Curiosity: How Science 
Swims in the Slipstream of Ultimate 
Questions 
By R Wagner and A Briggs
Oxford University Press

This book uses an original 
perspective to trace the history 
of the human quest for making 
sense of the world we live 
in. Written in collaboration 
by a painter specialising in 

religious subjects and a physical scientist 
who is a professor in the UK and also the 
director of a centre for research in quantum 
information processing, it starts from the 

assumption that both religion and science 
are manifestations of human curiosity.

Science and its methods, based 
on reproducible experiments and 
evidence-based conclusions, are able to fi nd 
answers to the “how” questions, to explain 
how nature works. This is what the authors 
call the “penultimate curiosity”. But the 
“ultimate curiosity” is “why” the world is 
like it is. Science doesn’t necessarily have 
the answer to such a question. Religions 
were born to try and give an answer to this.

In the book, science and religion are not 
placed in opposition to one another. On the 
contrary, it is shown how they can live in a 
mutually enriching relationship. The authors 
sweep human history from caveman times 
to the present day, explaining the nature and 
evolution of the entanglement between the 
two. The text is also accompanied by many 
beautiful illustrations that are an integral 
part of the argument.

Entropy Demystifi ed: The Second Law 
Reduced to Plain Common Sense (2nd 
edition)   
By Arieh Ben-Naim
World Scientifi c

In this book, the author explains 
entropy and the second law 
of thermodynamics in a clear 
and easy way, and with the 
help of many examples. He 
intends, in particular, to show 

that these physics laws are not intrinsically 
incomprehensible, as they appear at fi rst. 
The fact that entropy, which is defi ned in 
terms of heat and temperature, can be also 
expressed in terms of order and disorder, 
which are intangible concepts, together 
with the evidence that entropy (or, in other 
words, disorder) increases perpetually, can 
puzzle students. Some mystery seems to be 
inevitably associated with these concepts. 
The author asserts that, looking at the 
second law from the molecular point of view, 
everything clears up. What a student needs to 
know is the atomistic formulation of entropy, 
which comes from statistical mechanics. 

The aim of the book is to clarify these 
concepts to readers who haven’t studied 
statistical mechanics. Many dice games and 
examples from everyday life are used to 
make readers familiar with the subject. They 
are guided along a path that allows them to 
discover by themselves what entropy is, how 
it changes, and why it always changes in one 
direction in a spontaneous process.

In this second edition, seven simulated 
games are also included, so that the reader 
can experiment with and appreciate the 
joy of understanding the second law of 
thermodynamics.
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