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Welcome to the digital edition of the September 2018 issue of CERN Courier.
When is the LHC’s birthday?
Ten years ago, on 10 September 2008, two yellow dots on a screen signalled
the first time that protons had circulated CERN’s Large Hadron Collider
(LHC), marking the end of 25 years of design and construction. This issue of
the Courier reflects on the media extravaganza that surrounded “first-beam
day”, and looks ahead as the machine and its experiments prepare for a
luminosity upgrade (HL-LHC). The experience gained in organising, building
and operating the LHC has been crucial for this upgrade and plans for future
colliders, while a recent analysis reveals significant broader societal impact
from the HL-LHC. But the LHC has more than one anniversary. Its first
ever proton collisions were recorded on 20 November 2009, following the
successful repair and consolidation of the machine after an electrical fault
forced a pause in commissioning, and on 30 November 2009 the LHC eclipsed
the Tevatron to become the world’s most powerful collider, reaching an energy
of 1.18 TeV per beam. The LHC physics programme began in earnest on
30 March 2010 with collisions at 3.5 TeV per beam and, for many physicists
working on the ALICE, ATLAS, CMS and LHCb experiments, this was
when the LHC fully came to life. That makes spring 2020 another golden
opportunity to take stock of the LHC’s immense contributions.
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First human 3D X-ray in colour

the new intensified pco.dicam C1
with 16 bit dynamic range - a perfect fit
for high-energy physics

exposure time 3 ns
with 25 mm intensifier

104 fps
@ full resolution

enhanced
extinction ratio gating

intensified sCMOS technology
2048 x 2048 pixel

with

A D colour image of a wrist with a watch on, showing part of the finger bones in white
and soft tissue in red.
levels of the X-ray photons as recorded by
the detector, hence identifying different
components of body parts such as fat, water,
calcium and disease markers.
So far, researchers have been using a
small version of the MARS scanner to
study cancer, bone and joint health, and
vascular diseases that cause heart attacks
and strokes. In the coming months,

Italy and US join forces on sterile neutrinos
On 28 June, the US Department of Energy
and the Italian Embassy, on behalf of the
Italian Ministry of Education, Universities
and Research, signed a collaboration
agreement concerning the international
Short Baseline Neutrino (SBN)
programme hosted at Fermilab. The SBN
programme, started in 2015, comprises the
development, installation and operation of
three neutrino detectors on the Fermilab
site: the Short Baseline Near Detector,
located 110 m from the neutrino beam
source; MicroBooNE, located 470 m
from the source; and ICARUS, located
600 m from the source. ICARUS was
refurbished at CERN last year after a long
and productive scientific life at ran Sasso
National Laboratory.

MicroBooNE, a large 170-tonne liquidargon time-projection chamber, first started
collecting neutrino data in ctober 01 .
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however, orthopaedic and rheumatology
patients in New Zealand will be scanned
by the new apparatus in a world-first
clinical trial. “In all of these studies,
promising early results suggest that
when spectral imaging is routinely used
in clinics it will enable more accurate
diagnosis and personalisation of treatment,”
said Anthony Butler.

NEUTRINOS

Fermilab

sCMOS
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MARS Bioimaging Ltd

intensified

New-Zealand company MARS
Bioimaging Ltd has used technology
developed at CERN to perform the first
colour 3D X-ray of a human body, offering
more accurate medical diagnoses. Father
and son researchers Phil and Anthony
Butler from Canterbury and Otago
universities in New Zealand spent a decade
building their product using Medipix
read-out chips, which were initially
developed to address the needs of particle
tracking in experiments at the Large
Hadron Collider.
The CMOS-based Medipix read-out chip
works like a camera, detecting and counting
each individual particle hitting the pixels
when its shutter is open. The resulting
high-resolution, high-contrast images
make it unique for medical-imaging
applications. Successive generations of
chips have been developed during the past
20 years with many applications outside
high-energy physics. The latest, Medipix3,
is the third generation of the technology,
developed by a collaboration of more
than 20 research institutes – including the
University of Canterbury.
MARS Bioimaging Ltd was established
in 2007 to commercialise Medipix3
technology. The firm’s product combines
spectroscopic information generated by
a Medipix3-enabled X-ray detector with
powerful algorithms to generate 3D images.
The colours represent different energy

The SBN programme aims to search
for exotic and highly non-reactive sterile
neutrinos and resolve anomalies observed
in previous experiments (CERN Courier
June 2017 p25). Due to their different
distances from the source, but employing
the same liquid-argon technology, the
three SBN detectors will be able to
distinguish whether their measurements
are due to transformations between
neutrino types involving a sterile neutrino
or are due to other previously-unknown
neutrino interactions.
The signing of the SBN programme
agreement is an addendum to a
broader collaboration agreement on
neutrino research that the US and Italy
signed in 2015.
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A virtual particle therapy centre.
The availability of technically
still-challenging gantry systems for ions
is one of the elements that would lead to
faster, more efficient and flexible therapy
systems for the routine treatment of “big
killers” such as lung cancer. Two approaches
for a next-generation therapy system were
discussed at the Archamps event: one,
relying on proven delivery schemes, could
be based on a superconducting synchrotron;
another involves novel approaches such as
linacs with a high pulse-repetition rate.
Compared to the situation for
state-of-the-art photon therapy, where
3D imaging is seamlessly integrated in
virtually every setup to guide the treatment,
new options for image-guided therapy must
be accommodated into ion-therapy systems.
As pointed out at the conference, the
pinnacle of this development could be fast,

SHiP collaboration
meets in Russia
The 14th international meeting of CERN’s
Search for Hidden Particles (SHiP)
collaboration took place on 6–8 June at
the National University of Science and
Technology (NUST) MISIS in Moscow.
During the event, more than 50 specialists
from 12 countries discussed current projects
and plans.
Proposed in 2013, SHiP would explore
the domain of very weakly interacting
particles, which may make up dark matter,
and study the properties of tau neutrinos.
The experiment is designed to be installed
at a new beam-dump facility at the Super
Proton Synchrotron (SPS) at CERN (see

Participants at the SHiP collaboration
meeting in Moscow.
CERN Courier March 2016 p25). The SHiP
collaboration comprises 52 institutions
from 17 countries, including nine Russian

adaptive particle therapy combined with
online magnetic resonance imaging and
monitoring of prompt emissions to assess
the particle-beam range. This would
finally enable the precise elimination of
tumours in complex anatomical locations or
moving organs.
During the closing discussion session,
it was made clear that the community is
eager to establish a dedicated collaboration
resulting in a proposal to the European
Commission for a new European facility for
ion therapy and research. Discussions about
a possible R&D programme raised the need
to compare the linac- and synchrotron-based
designs, for example, and a dedicated
meeting is proposed in the autumn to define
how best to proceed.

● Maurizio Vretenar, CERN, Yiota Foka, GSI,
Louis Rinolfi, ESI.

institutions, and is part of CERN’s Physics
Beyond Colliders programme.
During the meeting, the main
topic discussed was the detector and
instrumentation challenges associated with
the search for weakly interacting particles
such as heavy neutral leptons from the
decays of heavy hadrons. The discovery
of these particles would constitute proof
for physics beyond the Standard Model.
Likewise, the absence of the particles would
place limits on a wide range of models
describing dark matter and its properties.
N ST MISIS, which officially oined
the SHiP experiment in 2015, is heavily
involved in the development of a prototype
of a tungsten–molybdenum target, one of the
central nodes of the experiment. CERN is
currently testing the prototype at SPS and the
results will be published later this year.
●

Dina Moiseeva, NUST MISIS.

or a fifth consecutive year, the annual
symposium of the High-Energy hysics
Technology Transfer Network (HE Tech),
fostered by CERN, brought together
early-stage researchers in high-energy
physics and related scientific domains to
help them transform their research ideas into
marketable innovations. The symposium took
place on 11 15 une, and was hosted by the
brand-new ELI-AL S research institute in
Szeged, Hungary. Sixteen young researchers
from 10 European countries had the chance
to meet six experienced professionals,
entrepreneurs and technology-transfer
experts from the business world to learn how
science can impact society.
Along with the traditional topics, such
as entrepreneurship in physics, negotiation
skills, intellectual-property protection
and investor readiness, several new topics
were introduced this year. These included
the specifics of “open innovation” in a
knowledge-based economy and how
to conduct research in a scientifically
responsible way.
A special session was dedicated to the
creation and funding of spin-offs, during
which delegates were introduced to the
principles of entrepreneurship as well as to
grant schemes for financing start-ups and to
the importance of the geographical definition

The HEPTech-symposium participants at the ELI-ALPS research institute in Hungary.
of their potential markets.
The story of the creation and growth
of Raspberry i an affordable,
credit-card-sized computer designed to
be used in educational environments
revealed how developments in research were
transformed into successful marketable
products. The story also addressed
issues concerning the development of a
commercially sustainable product, such as
the role of competition and improvement of
the product to meet users’ needs.
Topics relating to intellectual property
and patent applications triggered lively
discussions, with special attention paid
to intellectual-property rights in an
open-innovation system. The exposure to

win win negotiation techni ues allowed
delegates to discover their own negotiation
styles, and a great challenge for participants
was the preparation of five-minute pitches
of research pro ects to attract investors’
attention. The last day of the symposium saw
the early-stage researchers delivering their
pitches before a panel of experts who gave
them constructive feedback.
This year’s HE Tech-symposium
participants ualified their experience
as “a high- uality environment for
developing business skills”, “a perfect
place for networking and learning”, and “an
outstanding opportunity for bridging the gap
between science and business”.
●

Eleonora Getsova, HEPTech.

CERN openlab goes to Europe’s premier computing event
rom 2 to 28 une, more than 3 00
members of the scientific computing
community gathered in rankfurt,
ermany, for the annual ISC High
erformance conference. The event
showcases the latest developments in a
host of fields related to high-performance
computing (H C) and features a significant
industry show, with more than 150
companies and research organisations
exhibiting. It also plays host to the biannual
announcement of the “T 500” list of
the world’s fastest supercomputers, with
ak Ridge National Laboratory’s Summit
supercomputer taking this year’s top spot
following a five-year period of domination
by the Chinese machines Tianhe-2 and
Sunway TaihuLight.
Maria irone, CT of CERN openlab,
gave the keynote talk for this year’s

Maria Girone, CTO of CERN openlab,
speaking at the ISC High Performance
conference in Frankfurt.
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Sixty experts from all over the world met
on 19 21 une at the European Scientific
Institute (ESI) in Archamps, France, to
explore future medical accelerators for
treating cancer with ions. The workshop,
jointly organised by CERN, ESI and
GSI in Darmstadt, Germany, focused on
designs for a next-generation medical and
research facility for ion therapy in Europe.
The event was the second in the series
“Ions for cancer therapy, space research
and material science”, which was
initiated by GSI to highlight the
increasingly important interface between
physics and its applications.
Particle therapy, also known as hadron
therapy, is an advanced form of radiotherapy
that uses protons, carbon and other ions to
precisely target tumour cells while sparing
the surrounding healthy tissues. While
commercial proton-therapy equipment is
now available, there are only a few bespoke
facilities providing treatment with heavier
ions such as carbon. Ions are effective
with tumours that are resistant to photon
irradiation, and their action on DNA is
fundamentally different, resulting in the
release of more complex DNA fragments
from destroyed cells. These, in turn, could
also trigger the immune system to attack
unirradiated metastases across the body,
particularly if combined with the right
immune-modulating agents. However, the
cost, complexity and size of ion-therapy
facilities are hampering the widespread
adoption of this treatment modality (see
CERN Courier January 2018 p25 and p32).

HEPTech exposes
young researchers to
the business world

ELI-ALPS

Weighing options for better ion-therapy systems

conference. CERN openlab is a uni ue
public private partnership between CERN
and leading companies such as Intel, racle,
Siemens and Huawei to make research
carried out at CERN and other laboratories
possible. irone’s talk, titled “tackling
tomorrow’s computing challenges today at
CERN”, discussed the schedule of upgrades
for the LHC which will culminate in the
operation of the High-Luminosity LHC
(HL-LHC) in around 202 and how
this will result in a host of new challenges
(CERN Courier November 201 p5). sing
current software, hardware and analysis
techni ues, the re uired computing
capacity when the HL-LHC comes online
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