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Future of particle
physics doesn’t rest
onlyonLHCfinding
new particles

Areminder, on the tenth anniversary of the
discovery of the Higgs boson, that there’s
much more to the field than particle hunting.

enyears ago, on 4 July 2012, scientists around

theworld celebrated the momentous news that

researchers had found evidence supporting the

existence of the Higgs boson. This fundamen-

tal particle, whose existence was predicted as
aconsequence of theories developed in the mid-1960s
(refs1,2), was discovered by teams working on the ATLAS
and CMS experiments at the Large Hadron Collider (LHC)
at CERN, the European particle-physics laboratory near
Geneva in Switzerland. The discovery was a crowning
achievement for the LHC, and for the thousands of engi-
neers, researchers, support staff and technicians who
helped to make it happen.

And yet, as the LHC prepares to start the third of its
planned fiveruns, there are those who think that this could
bethelastgasp for particle physics — or, atleast, for physics
dealing with high-energy particle collisions. Their reasons?
Researchers were hoping toimprove onthe current theo-
retical description of fundamental particles and how they
interact — the standard model of particle physics — which
isconsideredincomplete. Many are disappointed that the
LHC hasn’t yet found any hints of something at odds with
the standard model that could represent a step towards a
more complete theory.

The standard model is an ensemble of theories devel-
oped between the 1950s and the 1970s. Despite its phe-
nomenalaccuracy, it does notincorporate gravity or dark
matter, and it doesn’t explain the abundance of matter over
antimatter inthe Universe, nor some aspects of neutrinos.

Field of fear

Inthe search for answers, theoretical physicists routinely
hypothesize the existence of new particles —some of which
should be within the detection limits of existing colliders.
Butthe LHC, the world’s largest, has yet to spot any. Some
fear that the field willbein troubleif the LHC cannot come
up with the goods. Critics argue that, in the absence of any
clear clues, it is unreasonable to expect governments to
find potentially billions of dollars for another large-scale
collider and carry onablind hunt. Without another collider,
the field itself might soon wither.

These concerns are legitimate, but they assume that the
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Particle
physicsis not
yetdone with
what Thomas
Kuhn called
‘normal
science

LHC’s sole purposeisto hunt for particles. Spotting anew
particleis notinany way atrivial outcome. However, parti-
clecolliderssuchasthe LHC are also essential to deepening
our understanding of how known particles — notleast the
Higgs bosonitself —behave. Physicist Peter Higgs is one of
thebest-known namesinscience, but researchersstill know
little about the particle that bears hisname. And, collision
after collision, it is the LHC that continues to reveal new
information about the Higgs boson.

In 2012, researchers at CERN estimated the mass of
the newly detected particle. They cautiously labelled it a
candidate for the Higgs boson, but understood that more
evidence would be needed to establish with certainty that
the candidate fitted the predictions of the standard model.

Thirty times more data

According to theory, particles do not have mass; rather,
their masses result from their continuousinteraction with
something called the Higgs field (or the Brout-Englert—
Higgs field) that permeates the entire Universe. The Higgs
bosonisawaveinthatfield. The strength of any particle’s
interactions with the Higgs field is expected to be propor-
tional to its mass, meaning that heavier particles, such as
the top quark, should interact more strongly than lighter
particles.

Since 2012, the LHC has produced 30 times more data
on particle collisions featuring aHiggs boson. Drawing on
these data, the ATLAS and CMS collaborations this week
reportresults®** onHiggs'sinteractions with heavy particles
(see pages 52 and 60). The results align with the pattern
predicted by theoreticians more than 50 years ago.

To complete the picture, researchers alsoneed to probe
theinteractions between the Higgs boson and lighter par-
ticles — those, such as electrons, that form the building
blocks of everyday matter. As Giulia Zanderighi at the Max
Planck Institute for Physics in Munich, Germany, and her
colleagues discuss in a Perspective on page 41, the LHC
should be able to take scientists some way towards this
aim, but a new generation of colliders will probably be
needed to get thejob done®. How best to investigate these
interactions at the LHC, and the question of what other
experiments mightbe needed, areactive areas of research.

Process matters

Yet deeper questions about the Higgs boson remain unan-
swered. Unlike all other known particles, its interactions
in the Universe do not happen through any of the four
known forces: the electromagnetic force, the weak and
strong nuclear forces, and the gravitational force. This is
remarkable, and physicists hope this unique feature might
allow the Higgs boson to shed light on some fundamental
questions. For example, if the Higgs boson interacts with
dark matter, or with other unknown particles, then those
interactions might leave an observable traceintheboson’s
behaviour. Theoretical and experimental physicists have
been exploring these questions since long before the 2012
discovery, so resolution might still be some way off.
Particle physics is not yet done with what the physicist
and philosopher Thomas Kuhn famously called ‘normal
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science’ in hisbook The Structure of Scientific Revolutions
(1962). Kuhn’s normal science describes the work of sci-
entists theorizing, observing and experimenting withina
given framework, such as the standard model. That is not
to say there couldn’t be what Kuhn termed a “paradigm
shift”, whereby a radical change in perspective is needed
to accommodate evolving evidence. But as Rolf-Dieter
Heuer, whowasthe director-general of CERN at the time of
the Higgs discovery, writes in Nature Physics, LHC dataare
alsoneededinthe search for physics beyond the standard
model®. To spot any anomaly, one must have agood under-
standing of what’s expected.

To those who worry that particle physics could be
approachingits last gasp, we urge you to allow science to
take its course, to be prepared for surprises and to recall
that it took more than four decades for one aspect of a
theory to be confirmed by experiment. In science, the
process rarely makes headlines, but it matters every bit
asmuch as the result.
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Europe must
not backslideon
climate action

European nations led the world in promoting
strong climate action. They risk undoing all of
that work now that European energy security
is atrisk because of the war in Ukraine.

ast November’s 26th United Nations Climate

Change Conference of the Parties (COP26) in

Glasgow, UK, ended withaglimmer of hope. After

two weeks of debate, nationsinked an agreement,

the Glasgow Climate Pact. This affirmed that, by
2030, carbon dioxide emissions must fall by 45% from 2010
concentrations if global warming is to be limited to 1.5 °C
above pre-industrial levels.

Ashas historically beenthe caseinglobal climate policy,
European Union member states were outin front, pledging
to cutemissionstoatleast 55% below1990 levelsin the next
8years. Thiswas anincrease from a previous pledge of 40%.
Sincethe 1990s, EUmember states and the United Kingdom
have adopted some of the world’s more ambitious climate
targets. At the same time, Europe’s scientists, policymakers
and campaign groups have had a key diplomatic role in
working with the United States and low-and middle-income
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Europeis
notalonein
experiencing
precarious
energy
security.”

countries (LMICs) to try to reach consensus on an issue
on which opinions are exceptionally polarized. Now, the
threat to Europe’s energy security from Russia’s invasion
of Ukraine risks unravelling decades of hard work.

Sanctions on Russia are crushing global supplies of fossil
fuels — one reason why energy prices are skyrocketing
around the world. But these sanctions have also meant
that Europe, once a big importer of Russian gas and oil,
is now pulling every available fossil-fuel lever to keep the
lights on. Whether reopening coal-fired power plants or
uppingoilimports, Europe’s governments aren’t keeping
anything off the table.

What Europe needs to realize is that such a strategy
carriesmultiplerisks, for the planet and, more widely, for
trustinthe COP process. For decades, LMICs have argued
that they need to be allowed to increase emissions so
that everyone can benefit from the most basic amenities
—just as households in high-income countries do. This
is especially true for countries in Asia and sub-Saharan
Africa where often a majority of the poorest households
are not connected to water, gas or electricity networks.
But many of Europe’s policymakers, researchers and cam-
paign groups have urged LMICs to go directly to renewable
energy rather thanbuilding energy systems around fossil
fuels, and especially to avoid digging for coal.

They cite their own examples: the EU more than doubled
its share of renewable-energy consumption from 9.6% of
total energy in 2004 to 22.1% in 2020 without harming
economic growth. Since 2012, coal-fired power has fallen
by almost one-third. Ten countries, including Austria,
Portugal and Sweden, were coal-free as of 2021. Another
six, including France and Italy, have pledged to go coal-free
inthe next three years. And yet, since February’s invasion of
Ukraine, Europe’s leadership (with ahandful of exceptions,
such as the European Parliament) has mostly been silent
onits climate ambitions.

Europeneedstoacceptthatitisnotaloneinexperiencing
precarious energy security —and thatit now finds itselfin
the same position as other countries. Just as it is advising
others to do, the continent’s leadership must prioritize
renewable or low-carbon energy rather than automatically
seeking to plug the energy gap with fossil fuels. If it fails to
doso, theargument that LMICs must quickly decarbonize
will be much harder tojustify.

Trust between nations is once again wearing thin. One
positive outcome for LMICs from the Glasgow talks was
the promise to discuss ‘loss and damage’, aform of finance
whereby historically high-emitting countries would
compensate countries for any damaging effects from
the former’s emissions. But one round of talks in Bonn,
Germany, last month ended in effective stalemate.

With just four months to go before the next UN climate
conference, COP27, takes place in Egypt, Europe needs a
continent-wide plan to accelerate low-carbon forms of
energy inthe wake of Russia’s attack on Ukraine. Unless it
can change its own energy stance in the coming months,
any future call on LMICs to reduce greenhouse-gas emis-
sions more quickly, or phase out coal, will ring hollow, and
the world will be the poorer for it.
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