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Viewpoint

By Frédérick Bordry

LHC proton running for 2016 reached a conclusion on 
26 October, after seven months of colliding protons 
at an energy of 13 TeV. The tally for the year is truly 
impressive. I could mention the fact that the machine’s 
design luminosity of 1034 cm–2 s–1 was regularly 
achieved and exceeded by 30 to 40%. Or I could say 
that with an integrated luminosity of 40 fb–1 delivered 
in 2016, we comfortably exceeded our year target of 
25 fb–1 – allowing the LHC experiments to accumulate 
sizable data samples in time for the biennial ICHEP 
conference in August.  

But what impresses me the most, and what really 
sets a marker for the future, is the availability of 
the machine. For 60% of its 2016 operational time, 
the LHC was running with stable beams delivering 
high-quality data to the experiments. This is 
unprecedented. Typical availability fi gures for big 
energy-frontier machines are around 50%, and that 
is the target we set ourselves for the LHC this year. 
Given the scale and complexity of the LHC, even 
that seemed ambitious. To put it in perspective, 
CERN’s previous and much simpler fl agship facility, 
the Large Electron Positron (LEP) collider, achieved 
a fi gure of 30% over its operational lifetime from 
1989 to 2000. 

After hitting its design luminosity on 26 June, 
the LHC’s peak luminosity was further increased 
by using smaller beams from the injectors and 
reducing the angle at which the beams cross inside 
the ATLAS and CMS experiments. The resulting 

luminosity topped out at around 1.4 × 1034 cm–2 s–1, 
40% above design. This year’s proton operation 
also included successful forward-physics runs for 
the TOTEM/CT-PPS, ALFA and AFP experiments.

The LHC is no ordinary machine. The world’s 
largest, most complex and highest-energy collider 
is also the world’s largest cryogenic facility. The 
difficulties we had when commissioning the 
machine in 2008 are well documented, and there 
is more to do: we are still not running at the design 
energy of 14 TeV, for example. But this does not 
detract from the fact that the 2016 run has shown 
what a fundamentally good design the LHC is, what 
a fantastic team it has running it, and that clearly it is 
possible to run a large-scale cryogenic facility with 
metronomic reliability.

This augurs well for the future of the LHC and 
its high-luminosity upgrade, the HL-LHC, which 
will take us well into the 2030s. But it is not only 
a good sign for particle physics. Other upcoming 
cryogenic facilities such as the ITER fusion 
experiment under construction in France can 
also take heart from the LHC’s performance, and 
who knows where else this technology might take 
us? If it is possible to run a 27 km-circumference 
superconducting particle accelerator with high 
reliability, then a superconducting electrical-power-
distribution network, for example, does not seem so 
unrealistic. With developments in high-temperature 
superconductors proceeding apace, that possibility 
looks tantalisingly close.

With the way that the LHC has performed this 
year, it would be easy to be complacent, but the 
2016 run has not been without difficulties. From 
the unfortunate beech marten that developed a 
short-lived taste for the high-voltage connections 
of an outdoor high-voltage transformer in May to 
rather more challenging technical issues, the LHC 
team has had numerous problems to solve, and the 
upcoming end-of-year technical stop will be a busy 
one. With a machine as complex as the LHC, its 
entire operational lifetime is a learning curve for 
accelerator physicists. 

Which brings me back to the question of the 
LHC’s design energy. With proton running fi nished 
for another year, the LHC has now moved into a 
period of heavy-ion physics. When that is over, we 
will conclude the year with two weeks dedicated to 
re-training the magnets in two of the machine’s eight 
sectors, with a view to 14 TeV running. News from 
this work will provide valuable input to the LHC 
performance workshop in January, which will set 
the scene for the coming years at the energy frontier. 

A record year for the LHC
The success of the CERN accelerator’s 2016 proton run augurs well for future projects. 

Celebrations in the CERN 
Control Centre on 25 March 
2016, as Run 2 of the LHC got 
under way.
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News

On 5 October, Ukraine became an associate 
Member State of CERN, following offi cial 
notifi cation to CERN that Ukraine’s 
parliament has ratifi ed an agreement signed 
with CERN in October 2013. “Our hard and 
consistent work over the past two decades 
has been crowned today by a remarkable 
event – granting Ukraine the status of CERN 
associate member,” says Yurii Klymenko, 
Ukraine’s ambassador to the United Nations 
in Geneva. “It is an extremely important 
step on the way of Ukraine’s European 
integration.” 

Ukraine has been a long-time contributor 
to the ALICE, CMS and LHCb experiments 
at the LHC and to R&D in accelerator 
technology. Ukraine also operates a Tier-2 
computing centre in the Worldwide LHC 
Computing Grid. 

Ukraine and CERN fi rst signed a 
co-operation agreement in 1993, followed 
by a joint declaration in 2011, but Ukraine’s 
relationship with CERN dates back much 
further through the Joint Institute of 
Nuclear Research (JINR) in Dubna, Russia, 
of which Ukraine is a member. CERN-JINR 
co-operation in the fi eld of high-energy 

accelerators started in the early 1960s, 
and ever since, the two institutions have 
formed a bridge between East and West that 
has made important contributions to the 
development of global, peaceful scientifi c 
co-operation. 

Associate membership will open a new 
era of co-operation that will strengthen 
the long-term partnership between CERN 
and the Ukrainian scientifi c community. 
It will allow Ukraine to participate in the 

governance of CERN, in addition to allowing 
Ukrainian scientists to become CERN 
staff and to participate in CERN’s training 
and career-development programmes. 
Finally, it will allow Ukrainian industry to 
bid for CERN contracts, thus opening up 
opportunities for industrial collaboration in 
areas of advanced technology.

“It is a great pleasure to warmly welcome 
Ukraine into the CERN family,” says CERN 
Director-General Fabiola Gianotti.

Ukraine becomes associate Member State of CERN
i n t E r n a t i O n a L

Sommaire en français
L’Ukraine devient État membre associé du 7 
CERN 

L’expérience CLOUD affi ne les prévisions sur 7 
le climat   

n_TOF va chercher encore plus loin le lithium 8 
cosmique manquant 

ATLAS détecte la diffusion lumière-lumière 9

CMS étudie la production de bosons 9 
électrofaibles 

LHCb à la recherche d’une forte violation  10
de CP 

ALICE se prépare pour le LHC à haute 11 
luminosité 

KATRIN fête son premier faisceau  11

Début de la mise en service pour le projet 12 
européen XFEL 

Des bourdons de bonne humeur 13

90 % des galaxies éloignées échappent à 15 
Hubbles 

Former Ukrainian 
vice prime minister 
K I Gryschenko 
signing the 
agreement with 
former CERN 
Director-General 
Rolf-Dieter Heuer 
in 2013, leading to 
today’s associate 
membership status.

A 
Pa

nt
el

ia

Future global climate projections have been 
put on more solid empirical ground, thanks 
to new measurements of the production 
rates of atmospheric aerosol particles by 
CERN’s Cosmics Leaving OUtdoor Droplets 
(CLOUD) experiment. 

According to the Intergovernmental 
Panel on Climate Change, the Earth’s 
mean temperature is predicted to rise 
by between 1.5–4.5 °C for a doubling of 
carbon dioxide in the atmosphere, which is 
expected by around 2050. One of the main 
reasons for this large uncertainty, which 
makes it diffi cult for society to know how 
best to act against climate change, is a poor 
understanding of aerosol particles in the 
atmosphere and their effects on clouds. 

To date, all global climate models use 
relatively simple parameterisations for 

aerosol production that are not based on 
experimental data, in contrast to the highly 
detailed modelling of atmospheric chemistry 
and greenhouse gases. Although the models 
agree with current observations, predictions 
start to diverge when the models are wound 
forward to project the future climate. 

Now, data collected by CLOUD have 
been used to build a model of aerosol 
production based solely on laboratory 
measurements. The new CLOUD study 
establishes the main processes responsible 
for new particle formation throughout the 
troposphere, which is the source of around 
half of all cloud seed particles. It could 
therefore reduce the variation in projected 
global temperatures as calculated by 
complex global-circulation models. 

“This marks a big step forward in the 
reliability and realism of how models 
describe aerosols and clouds,” says 
CLOUD spokesperson Jasper Kirkby. “It’s 
addressing the largest source of uncertainty 
in current climate models and building it 
on a fi rm experimental foundation of the 
fundamental processes.” 

Aerosol particles form when certain 

CLOUD experiment 
sharpens climate 
predictions
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