
CERNCOURIER
V o l u m e  5 6   N u m b e r  6   J u l y / A u g u s t  2 0 1 6

5

C E R N C our i e r      J u l y/A ugu s t  2 0 16

Viewpoint

By Nigel Lockyer

CERN and Fermilab have a rich history of scientifi c 
accomplishment. Fermilab, which is currently the 
only US laboratory fully devoted to particle physics, 
tends to favour fermions: the top and bottom quarks 
were discovered here, as was the tau neutrino. 
CERN seems to prefer bosons: the W, Z and Higgs 
bosons were all discovered at the European lab. 
Both labs also have ambitious plans for the future 
that build on a history of close collaboration. A 
recent example is the successful test of a novel 
high-field quadrupole superconducting magnet 
made from Nb3Sn as part of the R&D programme 
for the High-Luminosity Large Hadron Collider 
(HL-LHC). The highly successful team behind 
this technology (the Fermilab-led LHC Accelerator 
Research Programme, which includes Berkeley 
and Brookhaven national labs) is also committed to 
developing 16 T magnets for a high-energy LHC and 
a possible larger circular collider.  

Our laboratories and their global communities 
are now moving even closer together. At a ceremony 
held at the White House in Washington, DC in May 
2015, representatives from the US Department of 
Energy (DOE), the US National Science Foundation 
and CERN signed a co-operation agreement for 
continued joint research in particle physics and 
computing, both at CERN and in the US. This was 
followed by a ceremony at CERN in December, at 
which the US ambassador to the United Nations 
and the former CERN Director-General signed fi ve 
formal agreements that will serve as the framework 
for future US–CERN collaboration. The new 
agreements enable US scientists to continue their vital 
contribution to the LHC and its upgrade programme, 

while for the fi rst time enabling CERN participation 
in experiments hosted in the US.

The US physics community and DOE are committed 
to the success of CERN. Physicists migrated from the 
US to CERN en masse following the 1993 cancellation 
of the Superconducting Super Collider. In 2008, lack 
of clarity about the future of US particle physics 
contributed to budget cuts, which together brought 
us to a low point for our fi eld. These painful periods 
taught us that a unified scientific community and 
strong partnerships are vital to success. 

Fortunately, the tides have now turned, in 
particular thanks to two important planning 
reports. The fi rst was the 2013 European Strategy 
Report, which for the fi rst time recommended that 
CERN supports physics programmes, particularly 
regarding neutrinos, outside of its laboratory. The 
following year, this bold proposal led the US Particle 
Physics Project Prioritisation panel to strongly 
recommended a continued partnership with CERN 
on the LHC and to pursue an ambitious long-baseline 
neutrino programme hosted by Fermilab, for which 
international participation and contributions are vital. 

CERN’s support and European leadership are 
critical to the success of the ambitious Long-Baseline 
Neutrino Facility (LBNF) and Deep Underground 
Neutrino Experiment (DUNE) being hosted by 
Fermilab. In partnership with the Italian Institute 
for Nuclear Physics, CERN is also upgrading the 
ICARUS detector for our short-baseline neutrino 
programme. Thanks largely to this partnership with 
CERN, the US particle-physics community is now 
enjoying a sense of optimism and increasing budgets. 

Fermilab and CERN have always worked together 
at some level, but the high-level agreements between 
CERN and the DOE will reach decades into the future. 
CERN recognises the extensive technical capability of 
Fermilab and the US community, which are currently 
working to help upgrade CMS and ATLAS as well as 
accelerator magnets for the HL-LHC, while the US 
recognises CERN’s leadership in high-energy collider 
physics, and more than 1000 US physicists call CERN 
their scientifi c home. 

Yet, not everyone agrees that our laboratories should 
be intertwined. Some in the US think too much money 
is sent abroad and believe that the funds could be used 
for particle physics at “home”, or for other uses entirely. 
On the other side of the Atlantic, some might wonder 
why they should work outside of CERN or, worse, 
outside of Europe. These views are short-sighted. The 
best science is best achieved through collaborative 
global partnerships. For this reason, CERN and 
Fermilab will be intertwined for a long time to come.

Futures intertwined
Recent agreements between CERN and the US are critical to global particle physics.

The ICARUS detector, 
formerly located at Gran 
Sasso National Laboratory, 
is being refi tted at CERN 
before being shipped to the 
US to form part of Fermilab’s 
short-baseline neutrino 
facility.

Nigel Lockyer 
(pictured in the 
CMS cavern) 
became director 
of Fermilab in 

Batavia, Illinois, in 2013, and has 
served at the US lab in a variety of 
roles during the past 25 years. An 
experimental particle physicist, 
Lockyer was previously director of 
TRIUMF in Canada. (Image credit: 
Fermilab/Sarah Charley.)
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News

The past few weeks have been a 
record-breaking period for the LHC, with 
the machine now delivering long fi lls with 
unprecedented luminosity. Following the 
interruption in late May due to problems 
with the PS main power supply, on 1 June 
the operations team established collisions 
with 2040 bunches for the fi rst time this 
year. This is the maximum number of 
bunches achievable with the current 
limitations from the SPS beam dump, which 
allows the injection of trains of 72 bunches 
spaced by 25 ns. 

The following week saw LHC’s 
previous luminosity record at 6.5 TeV 
broken by a peak luminosity of just over 
8 × 1033 cm–2 s–1, representing 80% of the 
design luminosity. This was followed by a 
new record for integrated luminosity in a 
single fi ll, with 370 pb–1 delivered in just 18 
hours of colliding beams. The availability 
for collisions during this period was a 
remarkable 75%, more than double the 
annual average in 2015. Around 2 fb–1 were 
delivered during one week, breaking the 
previous record of 1.4 fb–1 established in 
June 2012.

These records follow the decision taken 
at the end of May to focus on delivering 
the highest possible integrated luminosity 
for the summer conferences. Following a 
short technical stop that ended on 9 June, 
the machine was re-validated from a 
machine-protection perspective for a sustained 
period of 2040 bunch operation at high 

luminosity. Afterwards, new records were 
set immediately, with one fi ll on 13–14 June 
producing more than 0.5 fb–1 in around 27 
hours, and the following fi ll recording a peak 
luminosity of over 9 × 1033 cm–2 s–1. The record 
integrated luminosity delivered in seven days 
now stands at 2.4 fb–1. Finally, on 26 June, 
the team hit the LHC design luminosity 
(1034 cm–2 s–1) for the fi rst time. With such 
performance, the operations team hopes to 
deliver over 10 fb–1 to both ATLAS and CMS 
before the summer conferences.

This is truly a new phase for the LHC 
and thanks are due to all the teams who 
have worked tirelessly to make it possible. 
This year the smaller beam size at the 
interaction points provides almost double the 
instantaneous luminosity compared to 2015, 
yet the machine is behaving impeccably. The 
stunning and surprising availability is due to 
a sustained effort over the years by hardware 
groups such as cryogenics, quench protection, 
power converters, RF, collimation, injection 
and others to maximise the reliability of their 
systems. Of particular note is the major effort 
co-ordinated by the radiation to electronics 
team to mitigate the effects of beam-induced 
radiation on tunnel electronics.

Another case in point concerns cryogenics. 
With so many bunches circulating, the heat 
load deposited by the electron cloud on the 
LHC beam screens in the arcs can reach 
150 W per half-cell (a half-cell in an arc 
includes one quadrupole and three dipole 
magnets). This is just below the maximum 

of 160 W that can be sustained by the 
cryogenics system. With a new cryogenic 
feed-forward system in place to tune the 
beam-screen cooling parameters according 
to the intensity stored in the machine and 
the beam energy, operation with the high 
electron cloud currently present in the 
machine is signifi cantly smoother than in 
2015. Of course, the LHC remains a hugely 
complex machine and the availability is 
always liable to fl uctuations.

Record-breaking production at the LHC
t h E  L h C
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(Left) The luminosity delivered to the 
experiments during a record breaking week 
in June. (Above) Integrated luminosity 
versus time, showing how 2016 is already 
taking the LHC beyond expectations. 
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High Precision UHV
Chambers delivered on time

European Chamber Manufacturer
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Customise & Build your own vacuum chamber -
use our Free online Chamber Builder™ Service

• Highly skilled in-house technicians

• 100% Quality Faroarm® Inspection

• Optional Bake out with RGA

• 316LN Flanges & Materials in Stock 

• Unique Hydra~Cool™ water cooling technology -
 unrivalled performance, low cost

• Contact us for a Chamber Enquiry Today!
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