
B Y  G E O F F  B R U M F I E L

With the discovery of the Higgs boson 
or something very like it under its 
belt, the world’s most powerful par-

ticle collider is ready to take a well-earned rest. 
The Large Hadron Collider (LHC) will shut 
down on 11 February ahead of around two 
years of upgrade work.

The break, known as LS1 for ‘long stop 
one’, is needed to correct several flaws in the 
original design of the collider, which is located 
underground at CERN, Europe’s particle-
physics laboratory near Geneva in Switzer-
land. The fixes will allow the collider to almost 
double the energy at which it smashes protons 
together. 

But there will be no long holiday for the thou-
sands of physicists who depend on the LHC for 
their data. A bruising schedule of maintenance, 
upgrades and forward planning will keep the 
scientists who work on the collider’s detectors 
busy (see ‘Down time?’). Meanwhile, graduate 
students and postdocs will be poring over the 
past three years’ worth of data, refining their 

measurements of the Higgs-like particle discov-
ered last summer and searching for any unusual 
signals. “It’s absolutely not time off,” says Dave 
Charlton, the deputy spokesman for ATLAS, 
the largest detector at the LHC.

The LHC’s spectacular run got off to a shaky 
start in 2008. Shortly after operators fired it 
up, a single bad electrical connection caused 
coolant to vaporize, triggering an explosion 
that damaged an entire sector of the machine 
(see Nature 455, 436–437; 2008). Repairs took 
more than a year, and a subsequent review 
revealed potentially dangerous flaws in the 
original design, according to Steve Myers, 
CERN’s director for accelerators. The worst lay 
in a system of copper bars designed to draw 
current away from delicate superconducting 
cables in the event of an emergency shutdown 
or failure. The way in which the bars had been 
installed made them vulnerable to failure, 
Myers says.

To protect the machine from further disas-
ter, the accelerator team made the decision to 
run the collider at half power until all 10,000 
copper connections could be repaired and 

PA R T I C L E  P H Y S I C S

LHC set to halt  
for upgrades
Maintenance, improvement work and data analysis will 
keep scientists busy as collider’s planned closure begins.

Accelerator: 10,000 joints 
between the LHC's magnets will 
have to be rebuilt to correct a 
potentially dangerous design �aw. 
The �x will allow the machine to 
run at full energy when it restarts.

Dectector: The four large experiments 
around the LHC will be spruced up 
during the outage. New systems will be 
installed and faulty sensors replaced.

Support: While work goes on 
underground, technicians and 
scientists will be installing new 
computers to crunch the LHC's 
data. Power supplies and other 
systems will also be replaced.

DOWN TIME?
The Large Hadron Collider (LHC) will shut down 
for about two years for major refurbishment work. 

to their homes in late December, after 
investigators reported that hydrofluoric 
acid concentrations had dropped to safe 
levels. Officials have allowed farming to 
resume, and work has restarted at Hube 
Global. But some experts worry that resi-
dents should stay away until there has been 
a more rigorous assessment of safety at the 
plant. “Three months is not sufficient time 
for thorough investigations of this inci-
dent,” says Langerman.

Lim adds that long-term monitoring of 
air and water is essential. “Once under-
ground water gets tainted, there is a pos-
sibility that fresh water could become 
polluted,” he says. A stream that lies just 
1.5 kilometres from the Hube Global plant 
flows into the Nakdong River, which sup-
plies water to more than 10 million people 
in the surrounding area.

So far, more than 12,000 people have 
claimed compensation for their injuries, 
and Woo Kuck Hyeun, an occupational 
and environmental physician at Soon Chun 
Hyang University Hospital in Gumi, is lead-
ing a follow-up study of those exposed to the 
gas. “It’s almost an unprecedented case, so 
we are facing a lot of trial and error,” he says.

Woo explains that the survey is mod-
elled on a two-year health investigation 
that followed a 1987 leak at an oil refin-
ery in Texas, when 18 tonnes of HF were 
released (H. H. Dayal et al. Ann. Epidemiol. 
2, 213–230; 1992). In contrast to the acci-
dent at Gumi, however, the authorities there 
acted quickly to contain the leak. Within 
seven minutes of the release, water was used 
to contain and hydrate the escaping gas; 
within 20 minutes, a 0.8-kilometre evacu-
ation zone was established.

The response to the Gumi accident has 
already been the subject of a parliamentary 
inquiry, and South Korea’s government 
has promised to establish a centre that will 
work with local branches of the environ-
ment ministry to oversee the use of danger-
ous chemicals. Lim says that the regional 
approach is an important step. “Most chem-
ical plants are located out of Seoul, so it’s too 
late to wait for government agents coming 
from the capital to deal with an accident.” 

Meanwhile, the clean-up near Gumi 
continues. On 13 December, the govern-
ment began burning about 9,100 tonnes 
of crops and trees killed by the gas, leaving 
the scene of the accident even more barren 
than before. “Surrounded by thousands of 
blighted trees, and watching them every day, 
recreated the trauma,” says Kim Sangho, 
an elementary-school teacher, explaining 
why he has not yet returned to his home. 
“It’s nothing different from the Fukushima 
accident,” he adds. “What kind of people 
would buy the agricultural products from 
my village even if the government says they 
are absolutely safe?” ■
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additional safety measures put in place. These 
repairs will begin almost immediately after the 
LHC switches off and will involve hundreds of 
people working double shifts, Myers says. The 
goal is to restart the collider at its full design 
energy of 14 teraelectronvolts by December 
2014, but the complex schedule will be extraor-
dinarily tight. “There’s no margin,” he says.

CATHEDRALS OF SCIENCE
Meanwhile, crews responsible for the under-
ground detectors will take advantage of their 
first full access to the machines in more than 
three years. “The experiments at the LHC are 
a lot like satellites”, says Paolo Guibellino, the 
spokesman for ALICE, a detector that collects 
data on collisions of heavy ions such as lead 
and gold. 

The innards of the instruments — the largest 
of which is 46 metres long and 25 metres wide, 
half the size of Notre Dame cathedral in Paris 
— have been largely inaccessible since the LHC 
began running in 2009. Now, hard-hat-wearing 
scientists responsible for the machinery will pull 
them open to conduct repairs and upgrades. 
ALICE, for example, will 
get a new set of instru-
ments designed to track 
electrons and photons 
flying from collisions. 

Meanwhile, above 

ground, the team will replace banks of comput-
ers charged with capturing and analysing mil-
lions of events per second. The upgrades will 
help researchers to deal with the torrent of data 
expected when the machine roars to life. Similar 
work will be going on at ATLAS, says Charlton. 

Other physicists will scrutinize the collisions 
that have already been detected. Last July, the 
teams working on ATLAS and another detec-
tor, the Compact Muon Solenoid (CMS), 
announced compelling evidence for the Higgs 
boson, a long-predicted particle and part of 
the proposed mechanism that endows other 
particles with mass (see Nature 487, 147–148; 
2012). But the detectors have accumulated 
double the amount of data since then. “We’re 
past the discovery and now in the measure-
ment phase,” Charlton says. 

Teams will work into the summer to try to 
determine the ‘spin’ of the new particle (theory 
predicts 0). Researchers will also try to fur-
ther nail down its mass and behaviour to see 
whether it is really the long-sought particle, 
or something else masquerading as a Higgs 
boson. Such a particle or particles would look 
much like the Higgs predicted by theorists and 
could do the job of helping to endow other par-
ticles with mass, but might differ in important 
ways that would hint at new physics beyond 
the current set of predictions.

Theorists, too, will be taking a second look at 

the data gathered so far, says John Ellis, a theo-
retical physicist at King’s College London. In 
their rush to discover the Higgs, experimental-
ists conducted only the easiest analyses. “The 
experiments went for the low-hanging fruit,” 
he says. There may be signals of something 
new hidden in the data. 

Ellis plans to continue hunting through the 
data for signs of physics beyond the standard 
model. In particular, he hopes to turn up some 
hint of supersymmetry — a theory to which 
he has devoted years. Supersymmetry pre-
dicts a zoo of new particles, but none has so 
far appeared inside the detectors.

The teams will also spend the break looking 
towards the future. CMS spokesman Joe Incan-
dela says the group is thinking about ways to 
make the most of the LHC’s new potency. “We 
have to start thinking already about replace-
ment detectors for the early 2020s,” he says. 
Although the CMS will keep its magnets and 
metal superstructure, the plan is to eventually 
replace almost all of its electronic innards with 
new, state-of-the-art gear.

With the onset of the shutdown, the rhythm 
of the lab will change. Twenty-four-hour run-
ning shifts will come to an end, as will the fran-
tic late-night analyses of the Higgs. But nobody 
is planning lengthy holidays, Incandela says. 
“Believe it or not, there’s not a lot of time to do 
everything we need to do.” ■
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