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It is a cliché but true nonetheless: 
particle physicists are in the 
business of exploring nature’s 

most remote and mysterious  
territory. At the far frontier of  
the known, they inch forward, 
searching desperately for a path 
through the fog and darkness. 
Particle physicist Jon Butterworth 
has taken this image to heart, 
turning himself into a subatomic 
tour guide who escorts us through 
a Middle Earth-like “map of the 
invisible”.

Yet his guide is not Lord of the 
Rings but the Standard Model. 
This is the high point of funda-
mental physics, a “quantum” 
description of how nature’s three 
fundamental forces glue together 
the ultimate Lego blocks of matter 
– six quarks and six leptons.

Underpinning the Standard 
Model, Butterworth tells us, is the 
idea of symmetry. In 1918, the 
German mathematician Emmy 
Noether (pictured below) discov-
ered one of the most powerful 
principles in science: that the great 
“conservation laws” of physics 
are simply reflections of deep 
symmetries – in the case of the 
conservation of energy, a conse-
quence of experiments having 
“time translation symmetry”, ie, 
producing the same outcome no 
matter what time they are done. 

One of the most extraordinary 
and wonderful consequences of 
Noether’s theorem, enthuses 
Butterworth, is that, to make the 
“quantum wave” of an electron 
display “local gauge symmetry”, 
physicists must add a force with  

a very particular character.  
The force turns out to be none 
other than the electromagnetic 
“interaction”. In other words, the 
force responsible for a bewilder-
ing array of electric and magnetic 
phenomena, which took centuries 
of painstaking experiment to lay 
bare, is little more than a conse-
quence of a trivial symmetry.

Symmetry, Butterworth points 
out, also led to the prediction of 
the Higgs particle, a local “excita-
tion” of the Higgs field, respon-
sible for endowing all the other 
particles with mass. How amazing 
that Peter Higgs, hiking in the 
Cairngorms in 1964, predicted  
a particle that was found almost 
half a century later at a cost of 
tens of billions of euros at the 
Large Hadron Collider (although 
he was actually one of several 
physicists who developed the 
“Higgs mechanism”).

Despite the formidable success 
of the Standard Model in  
explaining and predicting things, 
however, it is known to be a mere 
shadow of a deeper, truer theory. 
It does not tell us, for instance, 
why the top quark is a million 
times heavier than an electron, 
why nature triplicates its quarks 
and leptons, and why neutrinos 
have mass. More seriously, the 
fourth force – gravity – remains 
stubbornly outside the fold.

Now nature has thrown up 
several new mysteries. Only 
5 per cent of the universe’s mass is 
described by the Standard Model. 
About 25 per cent is invisible, 
“dark”, matter (inferred from  
the gravity it exerts on the visible 
stars and galaxies) and 70 per cent 
is dark energy – yet more invisible 
stuff, this time with repulsive 
gravity that is speeding up the 
universe’s expansion. When the 
Standard Model is used to predict 
the energy density of the vacuum 
– the dark energy – it spits out a 
number 1 followed by 120 zeroes 
bigger than we observe. This is 
a strong hint that we are missing 
something, something big.

These are exciting times for 
fundamental physics and Butter-
worth describes with clarity, 
humour and enthusiasm the lie of 
the land at the ultimate frontier. 
You will not find a better tour 
guide.

Marcus Chown, formerly a radio 
astronomer at the California 
Institute of Technology, is author 
of The Ascent of Gravity: The 
Quest to Understand the Force 
that Explains Everything (2017).
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Just a Journalist: On the Press, Life, and the Spaces Between
Linda Greenhouse
Harvard University Press
Linda Greenhouse once got her knuckles rapped when she criticised the Bush 
administration in an address at Harvard – because US journalists were supposed to 
report the facts and keep their opinions to themselves. Yet the “objectivity norm” has 
recently come under severe pressure, with even The New York Times calling Donald 
Trump a “serial fabulist” and referring to his “lies”. Here Greenhouse reflects on her 
own 40 years at the Times, the competing urges she sometimes felt as journalist 
and citizen – and why journalists still have a vital role as “participants in the ongoing 
democratic project of arming fellow citizens with the information they need”.

How to Think: A Guide for the Perplexed
Alan Jacobs
Profile Books
Most books about thinking, writes Alan Jacobs, are “really depressing to read”, 
because they insist on showing us “the infinitely varied paths we can take  
toward the seemingly inevitable dead end of Getting It Wrong”. Even his fellow 
academics seem “reluctant to engage in genuine reflection” or to “question [their] 
impulsive reactions”. Yet we can, he believes, do better. If we disagree with 
someone, we should avoid rushing into a “Refutation Mode”, which may help us 
feel self-righteous but prevents us from learning anything. Debating tricks and 
“talking for victory” may be fun, yet the rewards are far greater when we genuinely 
make the effort to engage with other views.

Graphic Science: Seven Journeys of Discovery
Darryl Cunningham
Myriad Editions
In what his publisher describes as an “alternative Nobel prize gallery”, cartoonist 
Darryl Cunningham has reconstructed the lives of seven scientists who had to 
fight to get their voices heard. Fossil hunter and palaeontologist Mary Anning was 
constantly patronised as a woman, while botanist and inventor George Washington 
Carver was born into slavery. Astronomer Fred Hoyle often found his achievements 
denigrated because of his controversial views. Yet whether or not they ever gained 
their due, their careers – like those of Antoine Lavoisier, Nikola Tesla, Alfred 
Wegener and Jocelyn Bell Burnell – are all fascinating. Cunningham hopes that 
they will also encourage us to “be scientist[s] in [our] own lives”.

Is Capitalism Obsolete?: A Journey through Alternative Economic Systems
Giacomo Corneo; translated by Daniel Steuer
Harvard University Press
Capitalism “wastes resources on a grand scale”, is “an affront to justice” and 
encourages people to “set goals for themselves that are just simply incompatible 
with meaningful self-actualization”. Such is the central challenge put by a 
daughter to her father in Giacomo Corneo’s new book. His response is to carry 
out “a rational analysis of all the serious suggestions for alternative economic 
systems our species has managed to formulate so far”. The result is “an exciting 
journey beyond capitalism”, exploring and critiquing common ownership, 
anarchism, “planning”, shareholder socialism, universal basic income and 
(apparently Corneo’s preferred option) a market economy plus welfare state.

Jealousy: A Forbidden Passion
Giulia Sissa
Polity
Jealousy may be shameful, argues Giulia Sissa, but “how many of us, in the course 
of our lives, could swear to never having experienced such shame? I, for one, must 
plead guilty.” And in many ways it is a highly “realistic” emotion, given that lovers 
are “fully aware of how mobile the desire of another person can be”. So what might 
it mean to write a history of this forbidden passion? Sissa ranges from the ancient 
Greeks, through Shakespeare, 18th-century libertines, Proust and Freud to today’s 
erotically charged memoirs. Far from being something merely to be condemned, 
she concludes, jealousy reveals some essential truths about human relations.
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