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Rolf Heuer,
Director-General

The year 2015 is the last of my mandate, and what a year it has been for
Knowledge Transfer at CERN. Among the many highlights you can read about
in this report, there are three that | would like to focus on: the growing network
of Business Incubation Centres (BICs), the launch of a new network for SMEs,
and a concrete example of a successful transfer of technology from CERN to
industry.

The BIC initiative began in 2012 with the opening of the UK BIC at the Science

and Technology Facilities Council®s Daresbury campus. Since then, it has
expanded to eight centres, in Austria, Finland, France, Greece, Norway, The
Netherlands, Spain and the UK. Several are still in the process of being set up,
AOPSL [OVZL [OH[ HYL HSYLHK® HJ[P]JL OVZ[LK UPUL
covering technologies ranging from sensors for robotics and automation to
nanocoatings for applications in electricity generation and cooling. The BICs
represent an innovative way of giving back to our Member States by making

CERN expertise available to start-ups at the national level, working with partner
institutes in each country.

A new departure, launched in 2015, is the CERN Knowledge and Technology
Transfer Network for SMEs. Maximizing return to society is an important

part of CERNOs mission, and a vital way of achieving that is through strong
communications with those best placed to turn CERN expertise and innovation

into new products. The SME network achieves this by inviting SMEs to sign-

\W L_WYLZZPUN [OLPY ZWLJPAJ HYLHZ VM PU[LYLZ]
provided for them. A bi-annual newsletter is sent to all subscribers, alerting

them to new developments here at the lab.

The last highlight of 2015 that | want to focus on is a tangible success story, taking

CERN particle accelerator expertise into hospitals. 2015 was an important year

for the upgrade of the CERN accelerator chain, with a new linear accelerator,

Linac4, starting to come on stream. Linac4 will deliver high intensity beams to
CERNO:s big accelerators, and it all begins with a device called a Radio Frequency
Quadrupole (RFQ). With the experience gained at Linac4, CERN engineers
developed a miniature version of this RFQ, with characteristics matched to the

needs of medical accelerators for treating certain forms of cancer with particle

beams, and for producing medical isotopes. The resulting compact accelerator

APSS IL Q\Z[ [AV TL[YLZ SVUN HUK VHLYZ HU H[[YHJ[P]
circular machines that have traditionally been used in this role. Tests will get
\UKLY~H" PU HUK PU [OL TLHU[PTL [OL AYZ[ SPJL
has already been granted. CERN accelerator technology, in miniature form, is

about to start appearing in hospitals, making a solid contribution to health.

Knowledge transfer at CERN is in full swing and | hope that the three highlights |
OH]L JOVZLU PSS\Z[YH[L [OPZ UPJLS ;0L AYZ[ [~V L_L
shows itOs an approach that works.



Fabiola Gianotti,
Director-General as of 2016

Thierry Lagrange,

Head of the Industry, Procurement &

Giovanni Anelli,
Knowledge Transfer Group Leader

Knowledge Transfer Department

This report is a tangible sign of continuity in a time of transition
for CERN: it covers knowledge transfer activities in 2015, and
sows many seeds for future developments.

The LaboratoryOs technologies and know-how have an
impressively broad and ever-growing range of applications: from
medicine to aerospace, safety, humanitarian projects, industrial
processes, business development, data sharing and storage,
open-source hardware and software, education and training.

Over the past years, CERN has been harmonizing its Knowledge
Transfer priorities with those of the Member States through the
KT External NETwork: in 2016, the ENET will become the KT
Forum, and will bring even more coherence to the Laboratory and

Collaboration with industry is indeed key to making an impact on
society: health applications are a noteworthy example, as they
must be deployed in hospitals according to safety standards and
usability requirements, at a competitive cost.

6WLU ZJPLUJL PZ HULM AVYSK WHYHKPNT
in CERNOs principles of openness and transparency. Besides
open data, open cloud, and open source, the Laboratory uses
judiciously other Intellectual Property tools B including licences,
patents, and trademarks B to maximize dissemination of its
technologies and expertise.

O

Knowledge transfer is an inherent component of CERNOs

ALTILY :[H[LZ» Z[YH[LNPLZ :OL TLKPJHS ALFAZLBYPs 8O IRSIVEL! FHyYLySZ ZIPLUIPAT .

share in the portfolio of knowledge transfer activities, and this is

technological endeavours alike; it drives innovation, motivates

YLALJ[LK PU [OL OPNO SLJLS JVVYKP U H [ PYYreeperajions ofss¢igpisistang mages4the general public

of 2016.

CERNOs Knowledge Transfer Group will continue to support
CERN researchers who want to turn their ideas into viable
applications through tangible support b via the KT Fund and the
Medical Applications budget line B as well as through events
to boost cooperation with industry and entrepreneurship skills.

aware of the impact of basic science on their lives.

As in the past years, this report showcases many important
activities that take place everywhere at CERN. We are grateful to
all the people who contributed to this report for their help in its
preparation and, most importantly, for supporting with their daily
work the OrganizationOs knowledge-transfer mission.
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From physics to society

The innovative ideas and technologies of high-energy physics
have entered the mainstream of society and transformed the

\ way we live.
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From physics
to medicine and biolog

Physics underpins many techniques and technologies to medical applications, as well as of facilitating the exchange of
used for both the diagnosis and treatment of a variety of ideas among the CERN researchers involved in medical physics.
diseases: discoveries from basic physics research have The |nternational Strategy Committee (ISC) for CMA is composed
been at the heart of medicine for centuries, and numerous VM L_[LYUHS L_WLY[Z PU [OL TLKPJHS ALSK \
[VVSZ KLILSVWLK I° WO ZPJPZ[Z [V W??/‘?\"Le Bp}pice %Plﬂ Begelp AT, | Gonjunction

_ _ _ with the eetlng of the European Particle Therapy Group
have found their way into hospitals around the world. organized through the European Society for Radiotherapy and
Oncology (ESTRO), then in Cracow in September, just before the
annual meeting of the European Network for Light lon Hadron
Therapy (ENLIGHT).
particle physics have been playing an increasingly important
role in medicine over the last 100 years, since the advent As part of the CERN Medical Applications series of seminars, a
t public talk was organized in September. The R&D activities for
_ _ ] medical applications are regularly featured in articles and news
Nowadays, state-of-the-art techniques derived from particle on the various CERN websites and in-house publications, thanks

accelerators, detectors, and physics computing are routinely [V H JVUJLY[LK LHVY[ "P[O [OL *,95 *VTT\UP.

. . . . . "LSS HZ PU THNHaPULZ HUK W\ISPJH[PVUZ M
used in clinical practice and medical research centres: . . o
including the European Commission.

In particular, the innovative ideas and technologies from

of radiation-based medical diagnosis and treatmen

from technology for Positron Emission Tomography (PET)
scanners, to dedicated accelerators for cancer therapy, to KT Life Sciences
simulations and data analytics instruments.
In 2015, the Life Sciences section of the KT Group (KT-LS)
Z\WWVY[LK [OL *4( 61JL PU HSS P[Z HJ[P]P[P
mmunication, to |OiIStICS In terms of organization, the section

O L * 9 5 4 L K P \J H S ( W W S P \] Hi PcaVe UaZpr aﬂaLFangements for various meetings and

activities, including public seminars and meetings of the ISC.
The core mission of CERN is fundamental research in particle
and nuclear physics. Yet, as a publicly funded laboratory, it also  The section has been very active in promoting CMA activities
has a remit to ensure that its technology and expertise deliver  and projects also beyond CERNOs boundaries, for example
WYVTW[ HUK [HUNPISL ILULA[Z [V ZVJP L[ thfdadh¥HelpaMica¥chZrPsti@tegic meetings on the European

health agenda and presentations to medical audiences and
( ZWLJPAJ JOHSSLUNL PZ [V Z[YLHTSPUL dedblal pule HNL [OL [YHUZMLY VM

knowledge and technology from physics to healthcare. In 2014,

[OL *,95 4LKPJHS (WWSPJH[PVUZ *4( 61J0UOHK PKI3U[PAHWWOK \W [OL ZJPLU[PAJ HUK
key initiatives pertinent to on going or recently started medical  of the ENTERVISION Marie Curie Initial Training Network,
applications. They span a variety of topics: tools for data handling coordinated by the section, and ensured the co-ordination of
and data analytics, detectors for medical imaging, radiation  the ENLIGHT network.

dosimetry instruments and techniques, novel accelerators for

optimized cancer treatment, facilities for researching new radio- ~ The proven expertise of the section in science communication
isotopes or for biomedical studies, and the vast realm of non-  and outreach has been a valuable asset for CERN medical
cancer applications. These activities have been followed up by  applications activites. A 3D animation of the Opatient
[OL *4( 61JL [OYVANO [OL *,95 4LKPJHS (W \akperidrid¢® il hadran tié?dpNrfacility was realized, together
Group (CMASG), composed of CERN scientists leading CERN  with an interactive, web-based map of a hadron therapy centre.
WYVQLJ[Z PU [OL ALSK HZ ~ALSS HZ VM Lin %inve¢z205( \hTcolabbrafidd WittSthéK GERN Crystal Clear
;5 YHUZMLY .YV\W HUK [OL *,95 \YVWLHU Vitedm and witlO TERA,( KT-LS organized a Working Group on
has been meeting regularly, with the aim of identifying and medical applications in the context of CERN's High School
exploiting technologies and synergies with potential pertinence  Teachers programme.
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ENLIGHT: a network for the European hadron therapy
community

The European Network for Light lon Hadron Therapy (ENLIGHT)

the challenges of establishing a national platform, taking France
Hadron as an example.

A glimpse at what is happening overseas was brought by

OHZ ILLU JH[HS aPUN LHVY[Z HUK vasﬁﬁa\ﬁ“ﬁﬁw@mﬁwtPé‘E-SA’\LaEORa'%H‘CGf'”Stit“te(’\'c')'
abno

hadron therapy for more than a decade: its annual meeting,
OLSK PU *YHJV”~ PU :LW[LTILY
of the current status and challenges of hadron therapy, as well
as a stimulating discussion on the future organization of the
community.

Hadron therapy: present status and challenges

Emerging topics in medicine are data collection and data
analytics, highlighted in the talks by Michael Baumann (Dresden
University of Technology and OncoRay) and Philippe Lambin

(MAASTRO clinic). Baumann opened the ENLIGHT meeting

with a comprehensive overview of hadron therapy and its
potential, highlighting the need to harmonize clinical data and to
establish a large cooperative database for joint evaluations and
analyses. Lambin presented the issue of medical data collection
and transfer, and the urgency of applying big data analytics to
inspect clinical data. Radiation therapy is especially demanding
when it comes to examining large data sets containing a variety
of data types, with its need to analyze patient and tumour
data as well as complex physical dose arrays, and to correlate
these with clinical outcomes that usually also have genetic
determinants. Big data analytics will be crucial in implementing
decision support systems, allowing to tailor the treatment to
each individual patient.

Hadron therapy is facing a dilemma when it comes to designing
clinical trials: in fact, the large number of operating facilities -
HUK OLUJL VM WH[PLU[Z A~V\SK HSSvV~"
of patients in the most rigorous category of studies, called
randomized trials, in which people are randomly allocated to one
of the treatments under comparison. However, a large number of
patients have already been treated with both protons and carbon
ions, with quite positive results for the main indications: hence,
conducting trials as if no results had been obtained does not
seem appropriate. In addition, most of the patients who contact
a hadron therapy centre are well informed about the technique:
they expect to be treated with ions and not with conventional
YHKPV[OLYHW"
which is being tackled in terms of both strategic planning and
patient enrolment in existing facilities.

>P[OPU [OPZ JVU[L_[ 1>YNLU +LI\Z /0O;
(CNAO) presented patient numbers and dose distribution
studies carried out at their facilities. The data were collected
mainly in cohort studies carried out within a single institution,
and the results often highlighted the need for larger statistics
and a common database. Impressive arrays of present and
future clinical trials were discussed, along with necessary
compromises and assumptions. More patient data on carbon
ions will come soon, with the opening of the MedAustron dual-
ion centre in Wiener Neustadt, Austria. To add to the European

landscape, Jacques Balosso (H™pital A. Michallon) pointed out

10 | Knowledge Transfer

who talke ut the various ongoing and planned trials funded

VHLY LlPé’ pi@ ippqit%es I_Se\‘ﬁrE‘IY quf,lqi_omized and non-randomized

trials have been set-up to compare protons to photons, and to
investigate either the survival improvement (for glioblastoma,
hepatocellular carcinoma, oesophageal and non-small cell lung
JHUJLY VY [OL KLJYLHZL VM HK]LYZL LHLJJ[
oropharyngeal, nasopharyngeal, and prostate cancer, and post-
mastectomy radiotherapy in breast cancer). For pancreatic

cancer, a trial using carbon ions will also take place at a
treatment centre outside of the U.S., as this modality is currently

not available in the country.

Clinical trials and personalized treatments are currently holding
JLU[YL Z[HNL PU [OL ZJPLU[PAJ KLIH[L VI
Meanwhile, technology is not dormant: developments are still

crucial to reduce the costs and to reach an adequate level of
sophistication in beam delivery to treat complex cases such

as tumours inside, or close to, moving organs. Alberto Del

Guerra (University of Pisa, ltaly) reviewed the present status

and challenges in detection and imaging for hadron therapy,

going through well-established and emerging approaches, from

Positron Emission Tomography (PET) to single particle imaging,

to proton radiography and proton tomography. He ended with a

AYT JVUJS\ZPVU [OH[ HZ PU V[OLY TLKPJHS
PTHNPUN [VVS "PSS ULJLZZHYPS  OHI]JL [V JV
modalities (e.g., PET and prompt photons).

PET is of course a mainstay for dose imaging, but a well-known

[ Visdulli¥ Ns%pﬁicgti\)ln]tgiﬁ-ye[a#r\egllﬁm‘% monitoring for hadron
therapy comes from having to allow space for the beam nozzle:
partial-ring PET scanners cannot provide a full angular sampling,
thus introducing artefacts in the reconstructed images. The
[PTL VM APNO[ ;6- [LJOUPX\L PZ VM[LU \ZLK
reconstruction process; Pawel Moskal (Jagiellonian University,
Cracow) presented an innovative concept, called J-PET scanner,
MVY "OPJO ZL]JLYHS WH[LU[ HWWSPJH[PVUZ C
system detects the back-to-back photons in plastic scintillators,
and applies compressive sensing theory to obtain a better signal

+LZPNUPUN LHLJ[P]L JS méhRalithBon[ahB tHismprode the TOFHESSIbEN L

A subject of broad and current interest within the hadron

therapy community is radiobiology. Rolf Lewensohn (Karolinska
Insttlitet) SWdd¥r)\desciibed @ Brddress in the comprehension

of molecular tumour response to irradiation with ions and

photons, and the biological consequences of the complex,

less repairable DNA damage caused by ions. Understanding

[OL ZPNUHSSPUN WH[OMHZ HHLJ[LK |I° OHKY
PTWYV]LTLU[Z PU [OLYHWL\[PJ LIJHJ " ( WHY|
Pz [OL 9LSH[P]L )PVSVNPJHS ,HLJ[P]LULZZ
respect to photons: currently, proton therapy treatment plans are
determined using a spatially invariant RBE of 1.1, both within the

tumour and in the normal tissues. Radhe Mohan (MD Anderson,

Texas, USA) presented an analysis of unanticipated treatment



responses, coming to the conclusion that the use of a variable

The future of ENLIGHT

9), ~"V\SK VHLY ZHMLY HUK JSPUPJHSSTheHIgstHsesSsON bfvthe nwetinvg wals devoted to an open

therapy. Tony Lomax (PSI, Switzerland), while presenting the
impressive proton beam physics developments and experience
at PSl and imaging and treatment planning techniques, defended
the current policy of a 1.1 RBE allocation in all tissues and at
all doses. The lively debate that followed highlighted the need

discussion among the ENLIGHT members on the challenges

and the way forward, both in terms of network structure and of
ZJPLU[PAJ WYPVYP[PLZ ;OLYL "HZ NLULYHS |
such a broad umbrella organization, which is highly appreciated

by the hadron therapy stakeholders and is admired also outside

MVY L_[LUZP]L HUK Z Z[LTH[PJ YHKPVIPVEPR® Z[\KPLZ ~P[O KPHLYLU[

ions, under standardized dosimetry and laboratory conditions:
these could be carried out at the existing and future beam lines
of HIT, CNAO, and MedAustron, as well as at the proposed
CERN OpenMED facility.

Young researchers

ENLIGHT has always given serious attention to young
researchers, making them feel part of the network, and
YLIJVNUPaPUN [OLPY ZJPLU[PAJ TLYP]
prizes were awarded to the three best posters on display during
the meeting, and prize winners were also given the opportunity

arelslincal vengask N L

The focus of R&D for hadron therapy has shifted from technology

to clinical trials and training since the birth of ENLIGHT, if only for

the simple reason that the number of clinical centres (in particular

for protons) has dramatically increased. Also, while technology
developments are still needed in order to ensure safer and more

JVZ[ LHLJ[P]L [YLH[TLU[ WYV[VU [OLYHW" P
hands of industry. The advent of single-room facilities will bring

proton therapy, albeit with some restrictions, to smaller hospitals

i YHUZMLY

From the clinical standpoint, the major challenge for ENLIGHT

[V WYLZLU[ [OLPY AVYR PU [OL AUHS VYHBUZI@EpPIMIPWN lpHYA VP SEVIL [V JH[HS ZL J

Julia Bauer from HIT, who presented recent results on more than

KLAUPUN H YVHKTHW MVY YHUKVTPaLK [YPHS

WH[PLU[Z "OV ALU[ [OYV\NO [YLH[TLU[ RYFAAPYY o YUILYUPUN [LIOUVSVN® KI

CT, covering the full therapeutic spectrum of tumours treated at

/0;" 4AHY['UH EUPLNVJRH MYVT [OL 1HNPL
AOV Z[\KPLK [OL LHLJ[P]JLULZZ VM WYV[VUd

with the administration of an antiangiogenig drug or vitamin D, in
Bomirski hamster melanoma; and Mohammad Varasteh Anvar,
representing Simona Giordanengo, from INFN and the University
of Turin, Italy who are developing a new system to integrate very
fast forward dose computation into a dose delivery system, in
order to evaluate in real time the dose distribution of scanning
ion beams, in presence of intra-fractional target movements and
beam uncertainties.

@ Inoperation (Proton)

In operation (Dual lon)

6]LY [OL SHZ[ KLJHKL
[OPZ YHWPK JOHUNL
,530./; "HZ SH\UJOLK 6U [OL YPNO]

will continue on quality assurance through imaging and on the

Sdgw I9f CBmBaj:nEj(i_c@%ra;i.s a*ng ﬁwlgs for ions heavier

Erotons lnfor (FJn tgch |es WI|| take centre stage, as
ta shanng data ana ytics, and decnsmn support systems will
be key topics.

Training of the new generation of scientists has always been
an essential component of ENLIGHT, and its importance is
growing with the number of facilities: these require more and
more trained personnel, and professionals highly skilled in their
specialty will have to become familiar with the multidisciplinary
aspects of hadron therapy.
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Finally, the community agreed that it is also high time to rethink
the organization of the network itself, in order to sustain it
despite the lack of formal funding. Several schemes have been
discussed, including institutional membership or formally turning

ENTERVISION tackled the development of a characterization
JOHPU [V TLHZ\YL [OL YPZPUN [PTL WYVASLZ
crystals used both for PET and high-energy physics. This
measurement chain allows complete access to thermalization

,530./; PU H UV[ MVY WYVA[ VYNHU P aH [P JengthsoSimylatiopszinizgam# dyvg thg choice of interesting

agreement on the necessity of a core group who will set the

crystal samples and set-up geometries.

ZJPLU[PAJ WVSPJ' VM [OL UL[*VYR JVTWVZLK VM YLWYLZLU[H[P]LZ VM

the various technological and clinical disciplines.

The ENLIGHT Coordinator, Manjit Dosanjh (CERN, FP
Department), has been mandated to appoint three senior
members of the network who will assist her in identifying the

JVYL NYV\W HUK PU KLAUPUN H MVYTHS ZahXthér[éN

,530./; *VVYKPUH[VY! 4HUQP[ +VZHUQO -

4VYL PUMVYTH[PVU! JLYU JO LUSPNO]

ENTERVISION: training young researchers in medical
imaging techniques

Between 2011 and 2015, the ENTERVISION Marie Curie Initial
Training Network has trained 15 young researchers coming
from a variety of backgrounds on topics related to medical
imaging, a key area to ensure a full exploitation of the hadron
therapy potential, in particular through quality assurance during
treatment. Ten academic institutes and research centres of
excellence were partners in the project, together with a leading
European company in particle therapy.

A unique feature of ENTERVISION was its connection with the
EC-funded R&D project ENVISION, which ended in 2014 and
was also co-ordinated by the KT-LS section. In fact, ENVISION
acted as a Ohands-onO training platform for the Marie Curie
researchers, who had the opportunity to interact directly with
senior scientists working at the forefront of research in quality
assurance for hadron therapy. The ENTERVISION researchers

Alternative detector choices have also been explored. One of

the ENTERVISION researchers built a TOF-PET demonstrator

with Multigap Resistive Plate Chambers, achieving a preliminary

time resolution of 240ps sigma, and worked on a proton range
[LSLZIJVWL KL]JLSVWPUN HU -7.( AYTAHYL [
acquisition (1 million event per second). He collaborated with
RVISION researcher in order to prove the feasibility

VM KPZ[YPI\[PUN JSVJRZ VI]LY H 4PJYV;*( |
%etTNBrW H\S Ltl‘tg ﬁynchronize electronic front-end boards at

the picosecond scale. This would allow to perform TOF over a
large-scale system dedicated to in-beam PET.

>P[OPU [OL MYHTLAVYR VM ,5;,9=0:065 |[C
various motion parameters (peakiness, the ratio of inspiration

and expiration, frequency, amplitude, drift and parameter
combination) was investigated through 40 experiments with
radioactive sources performed at the GSI in-beam PET
installation. A potential artefact-compensation method was
proposed, and a preliminary trial was conducted.

Single-particle imaging, i.e. detection of prompt photons,
protons or neutrons also resulting from nuclear interactions
in the tissues, is emerging as a promising modality for dose
monitoring during hadron therapy. ENTERVISION focused on
improving prompt photon detection in the clinical scenario,
through the development and test of gamma cameras, with both
passive and active collimation systems.

One of the research projects carried out detailed comparisons
between a multi-parallel-slit and a knife-edge-slit collimator
JVUAN\YH[PVU +L[HPSLK 4* ZPT\SH[PVUZ HS!

HSZV ILULA[LK MYVT [OL PU]VS]LTLU[ PUMWY JOMVZPUN NOLRVW[PTHS JVUAN\YH[PVU

Throughout the project, the trainees have been encouraged to
build a multidisciplinary network: this will not only help them with
their future careers, but will ultimately improve the transfer of
knowledge and collaboration between the various disciplines of
cancer treatment.

The ENTERVISION researchers were assigned individual
research projects on topics ranging from in-beam Positron
Emission Tomography (PET) or Single Particle Tomography
techniques, to adaptive treatment planning, optical imaging,
Monte Carlo (MC) simulations, biological phantom design.

At present, PET is the most advanced method for particle
therapy quality assurance. The use of heavy scintillating crystals
coupled to silicon photomultipliers is one of the most promising
ZVS\[PVUZ MVY M\[\YL 7,; ZJHUULYZ
particle detectors push for the use of TOF information, which
allows to improve the sensitivity by improving the signal to noise
ratio.

12 | Knowledge Transfer

MVY JHYPV\Z [YHKL VHZ IL[ALLU LIJPLUJ HUI
Measurements with a dedicated detector concept demonstrated

MVY [OL AYZ[ [PTL [OL JHWHIPSP[" VM HJX\P"
beam current, and further validated the results of simulation.

Active collimation systems - Compton cameras - have been also

explored in depth. The ENTERVISION researchers assembled

and tested a variety of detector geometries, materials, and read-

out schemes. One of these is a three-layer Compton telescope

based on continuous LaBr3 crystals and silicon photomultipliers.

In parallel, a Compton camera has been developed and
extensively tested in various beam conditions. Commercial PET

block detectors made up of LSO and BGO crystals have been
L_[LUZP]LS  [LZ[LK HUK HUHS ZLK H[ KPHLYLL
to compare their performance and choose the absorber material.

+L]LE YWIZRKEZ YAHU SO b FALSKAMM THKL [V PTWYV]L

speed of the multi-threaded custom data acquisition system and
to develop a platform for fast analysis. A prompt gamma-ray
[PTPUN TL[OVK MVY PU ]JP]V YHUNL JLYPAJH][



and tested at a clinical proton therapy facility, showing the great
potential of this timing technique, with low footprint and cost
and fast range retrieval.

In this variegated detector landscape, one ENTERVISION
project aimed at developing a multi-purpose Data Acquisition

prototype for prompt-gamma monitoring was developed and
optimized, focusing on obtaining the best possible precision in
the retrieval of the ion range inside the patient and on providing
additional data for comparison with simulations at the same
time.

7Z[LT +(8 Z\P[HISL MVY KPHLYLU[ TLKPJar® P thal ENTERMSIQOM Zesedichers participated in an
TLaaHUPUL IVHYKZ A"VYR AH~SLZZS  HUK ekParimént TdeHofmed Zn AcbllBdd@tio with University La

[LZ[LK HUK AVYRPUN ;0PZ AYTAHYL PZ
framework for detector developers, providing all the necessary
tools to implement a full-featured DAQ without dealing with the

Pdpipbia KRdfhe[ Whetré @ |Rolyhzethiyl methacrylate) (PMMA)
WOHU[VT "HZ PYYHKPH[LK ~P[O 4L=\ JHYI
compared with MC simulations performed with Geant4, using

IVHYK Z JVTWSL_P[° Q\Z[ "YP[PUN [OL HWW KPHL[PNVW[ ZMIKIPSZ! JOKL84+ TVKLS VM |

needed.

Highly realistic calculation models and fast simulation codes
are required for most of these quality assurance tools. The
validity of such models has to be assessed through extensive
comparisons with as many sets of experimental data as
possible. One of the ENTERVISION research projects focused
on improving the nuclear models for carbon ion break-up. The
researcher had the opportunity to work in collaboration with
iThemba LABS, analyzing data from the only experiment with
2C ions on target that studied all the fragments produced by the
quasi elastic breakup of carbon in helium and beryllium. Puzzling
features in the energy distributions of the fragments were
hinting at hydrogen contamination of the targets, hypothesis
JVUAYTLK I H ZLJVUK L_WLYPTLU[ ~P[O
The contribution of hydrogen contaminants to carbon break-up
experiments has been studied, modelled, and included in the
FLUKA simulation code, and will be available for future studies.
It will be useful especially in proton therapy simulations, as it will
more accurately reproduce the production of high linear energy
transfer particles.

ENTERVISION also contributed to the simulation for the
INFN project INSIDE, a multimodal monitoring system for the
assessment of particle therapy accuracy. One of the researchers
developed and benchmarked various FLUKA-based simulations

and the Binary Cascade light ion model (BIC). An acceptable
agreement, both qualitative and quantitative, was obtained

between energy spectra (experimental and simulated) and
WYVTWI[ ° YH[LZ LZWLJPHSS MVY 84+ TVKLS
HSSVALK [V JVUAYT [OH[ 84+ TVKLS PZ TVYL
TVKLS [V YLWYVK\JL IV[O © "PLSKZ JHS\LZ HLU
the case for charged particles.

ENTERVISION also investigated how graphics processing units
(GPUs) can be used to speed up analytical dose calculation for
hadron therapy. A prototype for a simple dose calculation engine
was implemented in Matlab together with a graphical user
interface and the necessary facilities to open CT images in the
standard DICOM format. The simple dose calculation engine was
ddbasguétiy ingpletnientdd thhuvi IiLGPU, and a layer between
the GPU code and the Graphical User Interface was created to
allow data to be loaded, stored and analysed in Matlab, but the
calculation to be carried out on a GPU. Following this proof-of-
WYPUJPWSL Z[\K® [OL AVYR ILNHU [V JYLH[L I
implementation of the widely used pencil beam algorithm. The
implementation was tuned and validated through comparisons
between data and MC simulations. The results produced by the
GPU implementation showed the same level of accuracy as the
dose distribution calculated by the analytical algorithm provided
with the commercial treatment planning system used for the
treatment. The sub-second calculation times also compared

MVY KPHLYLU[ ZJVWLZ ;0L 4* WYLKPJ[Ra&tfavodrdblymith thdse uhd i Yh¥e ierature, and were short

agreement with data, and the code could then be used for the
simulation of the full-size detector. Another important aspect
was the evaluation, through the simulation of realistic treatment
conditions, of the radiation damage induced on the detector by
the neutrons produced during patient irradiation. The lifetime

enough to allow for on-line dose calculation applications.

On the clinical side, weekly 4D CT datasets (9 Non-Small Cell
Lung Cancer patients, representing 70 weekly 4D CT datasets)
from the University of Texas MD Anderson Cancer Center, USA,

VM [OL 05:0+, KL[LJ[VYZ ~"HZ [O\Z LZ[PTH{el¢ Used th irdgstiyatel thé¢ ilpact of several parameters on
“LHYZ -PUHSS® [OL ZWLJPAJ [YLH[TLU[ Weldelively, tdrgal bdverage] afdYheérdgéneityl t¢ eventually

at CNAO was simulated using FLUKA, and the results were
compared with the commercial Treatment Planning System (TPS)
used at the facility. The isodose distributions were found in good
agreement, and the simulation could then be used to evaluate

allow recovery for dose delivery errors caused by intra- and inter-
fraction motion. In-depth studies showed that the combination
of Internal Target Volume (ITV), isotropic margins, and range
margins yielded the best results in terms of target coverage, even

[OL YLSH[P]L IPVSVNPJHS LHLJ[P]LULZZ KhoUBHINS [&tLtel {HE Lirkafliatich &F & Mghe portion of normal

gamma monitoring is emerging as a promising imaging modality
to monitor the range of the particles used to treat tumours, it is
of the utmost importance to have an accurate description of the
physical models used in MC tools for modelling the emission
of prompt gammas. ENTERVISION performed an extensive
and comprehensive analysis of several experiments, in order to
create a vast set of data to benchmark simulations. A real-size

[PZzZ\L -PUHSS® ZPT\SH[PVUZ \ZPUN VUL [*
performed; for each case, results obtained using ITV only and

ITV with additional isotropic and range margins were compared.

;OL ILZ[ YLZ\S[Z ~LYL VI[HPULK \ZPUN [OYL
to additional isotropic and range margins in terms of target
JVILYHNL <ZPUN ZL]JLYHS ALSKZ HSZV WLYT
high dose delivery regions in normal tissue.
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Finally, ENTERVISION also tackled issues related to biological where 700 patients have been treated so far with remarkable
and physical doses. Development of clinical treatment protocols  results (74% of them with carbon ions, 26% with protons). The
for any type of cancer radiotherapy is dependent on the HJJLSLYH[VY [LJOUVSVN" VM *5(6 OHZ ILLU
HIHPSHIPSP[" VM OPNO X\HSP[® PUMVY T HfRAWPIMMS [d@ricepP PN P WBdital Itedhine Study),
of radiation doses using a range of beam qualities. This is true  developed at CERN in the late nineties. The accelerator
especially in hadron therapy. In order to gain robust data for use  construction has been accomplished from 2004 to 2010, starting
in clinical protocols, multiple cell irradiation experiments must  from the project of TERA Foundation, with the strong contribution
IL WLYMVYTLK H[ KPHLYLU[ KVZL WYV P U][Zof INER (tNiarNatibnalNktitut&/of Nlcléar PRysics), CERN, GSI,
HUK WH[PLU[ ZWLJPAJ [\TV\Y JLSS SP UL ZartlmBrg dHiemiativraHand ipiérnatiadalSnistifudons.
JLYPM® X\PJRS® [OL IPVSVNPJHS LHLJ[Z VM JVTWSL_ KVZL KPZ[YPI\[PVUZ
in homeomorphic phantoms, alongside measurements of  After the CE (OConformitZ EuropZenneO) label obtained at the end
physical dose. A dedicated phantom was designed, tested, and  of 2013, the health authority of the Region Lombardy approved
optimized to correctly correlate the biological and physical dose  hadron therapy treatments within the national health system.
distributions. AVZ[ VM [OL WH[PLU[Z [YLH[LK OHK THSPNUF
organs.
OU [OPZ JVU[L_ [ H ZWLJPAJ ZVM["HYL MVY PUKP]PK\HS JLSS YLJVNUP[PVU
for microbeam targeting and tracking post-irradiation was  Since summer 2014, the treatment of liver and pancreatic cancers
KLILSVWLK *\YYLU[S® [OL ZVM[AHYL JHU Hasl startéd] wih cerbdrvibng Py madnskof a new treatment
irradiate roughly 1200 cells when real-time tracking is needed, technique, developed in collaboration with Polytechnic of Milan:
while this number can be increased to more than 2500 when this technique performs an active dose delivery, synchronized
GPU is used. If real-time tracking is not necessary, then the  with the patientOs breathing and repeated various times on the
number of cells capable of irradiation and tracking is only limited ~ same tumour slice in order to deliver the full dose (repainting).

by the mechanical properties of the end-station microscope. ;OPZ [YLH[TLU[ TVKHSP[® TPUPTPaLZ [OL LHL
while allowing a uniform delivery of the dose to the tumour

A selection of the highly valuable and interesting results obtained ]VS\TL ;OL +VZL +LSP]JLY  :"Z[LT ++: PZ |

by the ENTERVISION researchers has been published in a medical device produced by CNAO. MedAustron has purchased

special issue of the Frontiers in Oncology journal. AL ++: MYVT *5(6

,5;,9=0:065 *VVYKPUH[VY! 4HUQP[ +VZH U @6hsidéting the/ slitédrhé. ¢f the treatments performed at CNAO,

(CUNTILY VUL VM [OL AYZ[ HUK JLY® PTWVY[HU[ YLZ\S
AVYL PUMVYTH[PVU! JLYU JO LU[LY]PZPV xicity. Treatment outcomes show a very limited acute adverse

LHLJ[ VM OPNO KLNYLL ZJHSL *;*(, ] "RV T
The CNAO hadron therapy centre Criteria for Adverse Events). Reports of the late toxicity data

show similar good results as well. In addition, it is also to be
The National Center for Oncological Hadrontherapy (CNAO) in remarked that 20% of the patients are re-treated patients,
Pavia, Italy is a multi-ion facility at the forefront of technology, i.e. patients with already one or more records of radiotherapy
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before coming to CNAO. Despite the relatively short period of

* HOYT AMNK[VA[WWUVAPS - THNUL]J
_ YH Z MWK JVUL ILHIVMT

ILPUN SVALYLK
4LK(\Z[YVU

WYV[VU ILHT PU[V H [YLH[TLU[ YVVT PU H\|[\

MVSSVA \W WVZP[P]L WYLSPTPUHY  YLZ\&¢Atidhbf pptimizatidn) $Br}ihdfiomhZhd/iMedtion_side into the

treatment are reported; also, the outcome shows a substantially
stable disease after treatment in most of the patients.

In order to enable the consolidation and the increase of CNAOQOs
capacity to cure patients, and to make it a benchmark in a
global landscape where interest in hadron therapy is growing,
P[ PZ ULJLZZHY [V LUZ\YL [OL Av~r VM
and development. The ongoing construction, in collaboration
with INFN, of a beam line dedicated to research is key to this
advancement: it will allow to perform preclinical multidisciplinary
research in a fully dedicated area with the necessary laboratory
equipment, independent access with respect to the operation
of therapeutic beams, and ample available beam time. Along
the same line it is also worthwhile to mention the ongoing
collaboration with TERA Foundation to envisage the future
expansion of the centre, including one or two single room
facilities for proton therapy, a gantry for ions, a radio-isotope
facility for advanced imaging modalities, and a future facility for
Boron Neutron Capture Therapy (BNCT) in collaboration with
INFN and University of Pavia.

4VYL PUMVYTH[PVU! JUHV P|[

The MedAustron hadron therapy
centre

2015 has been a very busy, challenging, and exciting year for

synchrotron up to the extraction, the intensity of the delivered ion

ILHT JVASK IL PUJYLHZLK ZPNUPAJHU[S® 0U V
LHVY[Z MVY [OL TLKPJHS MYVU[ LUK OH]L |
focusing on dose delivery with active pencil beam scanning

and on the implementation of an automated technical machine
AVYRAVA +LSPJLYPUN H WLUJPS ILHT ZJHUUL
MbrkedZd ajbt ileRtdme Wliethrit¥ f@chine commissioning.

Further on, the machine commissioning of the MedAustron
accelerator focused on the optimization of its performance

and the introduction of essential features. A big success for

[OL VILYHSS JSPUPJHS "VYRAVA PUJS\KPUN
Z[LT ;7 "HZ HJOPL]LK PU SHI[L (WYPS! N\
WH[O VW[PTPaLK [YLH[TLU[ WSHU JV]LYPUN
chain was implemented.

In September 2015, the single heaviest component of
MedAustron, the MBV-F magnet, was lifted through the roof

into Irradiation Room 2. This magnet weighs 120 tons, has

a length of 5.8 metres, and a maximum connected load of

624 kW. Its installation marked another important milestone for

the completion of the treatment rooms, in which it will be used

[V KLALJ[ [OL WHY[PJSL ILHT I’ KLNYLLZ [
from above.

September also brought changes on the personnel side: long-
time Medical Director of MedAustron Ramona Mayer retired and
made way for her successor Eugen B. Hug. He is certainly no

ALK(\Z[YVU OU LHYS  (WYPS [OL AYZ[ W H [ Bilabgenintterpmmvunieyoipatticre tharapy) and ranks as an

accepted in Irradiation Room 2: the so-called exacure system
for patient positioning and the imaging ring are two innovations

PU[LYUH[PVUHSS  YLJVNUPZLK WPVULLY PU |
of experience as a clinician and researcher.

[OH[ "PSS IL \ZLK JSPUPJHSS  MVY [OL AYZ[ [PTL H[ 4LK(\Z[YVU

On the accelerator side, the ongoing beam commissioning has

In the last weeks of 2015, a so-called Oone plan runs throughO
test marked another huge milestone in the commissioning

THKL O\NL WYVNYLZZ HM[LY OH]JPUN WYWPKLKZZOD[AYEZRTLAHZHMNLK Z] [OL PU[LYMHJL
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systems. From the beginning of 2016, the accelerator will be
VWLYH[LK [V PU[LUZPM®

of the medical product MAPTA (MedAustron Particle Therapy
Accelerator) will take place. In parallel, commissioning for clinical
use of MAPTA by the Medical Department will be performed.
Technical commissioning of carbon ions and missing beamlines
will progress step-by-step after starting clinical operation in
2016.

OU HKKP[PVU [V HSS
developments that took place in MedAustron during 2015,
another important milestone was reached. Discussions between
CERN KT and MedAustron concerning the exploitation status
of the Intellectual Property that was developed and is being
used to build and operate the facility, came to a successful end.
The result is the signature of a joint IP agreement that gives the
freedom to both parties to exploit the technologies as they best
ZLL A[

4VYL PUMVYTH[PVU! TLKH\Z[YVU HJ[

CERN MEDICIS: producing radio-
Isotopes for medicine

The CERN-MEDICIS project started as a KT Fund project in
2011, when it received around 80 000 CHF to build a shuttle
robot for automated handling of irradiated beam targets for
radio-isotope recovery. Since then, the project has gone from
strength to strength and now forms the bedrock of the MEDICIS-
PROMED Marie Sklodowska-Curie Innovative Training Network
(ITN) of the EU Horizon 2020 programme (see page 73).

Radioisotopes are widely used for functional medical imaging,
and are expected to play a major role in cancer treatment in the
JVTPUN "LHYZ oO0U
alpha-emitter 229 HKP\T JO S VY P}Xolwag apprbived by the
USAQOs FDA, and is now used as therapeutic and pain relief drug
in advanced bone cancers resistant to hormones. However, the
development of new radiopharmaceuticals for both traditional
and personalized medicine is severely threatened by a shortage
of the most commonly used medical isotope, Technetium-99m,
as well as by the lack of access to new chemical elements with
adequate radioactive emission properties.

In this framework, the MEDICIS-PROMED ITN builds upon the
planning and fabrication of the new CERN-MEDICIS facility
within the present ISOLDE infrastructure. CERN-MEDICIS will
provide a wide range of radio-isotopes and of chemical species.
Its establishment has triggered the interest of neighbouring
medical institutions and beyond, and several collaborative
studies are already being planned.

In addition to the ambitious cross-disciplinary medical
applications of the project, the shuttle robot from the original
KT Fund proposal has also found application beyond CERN.
In 2015, the knowledge and expertise used to tailor it to the
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extremely harsh environment of the ISOLDE beamline was
SPJLUJLK [V H :~PZZ JVTTLYJPHS VYNHUPaH]|
engineering analyses.

*VU[HJ[! ;OPLYY" :[VYH ,5 +LWHY[TLU]

The miniature linear accelerator

In the framework of its medical application programme, CERN
has progressed in the construction of a Ominiature acceleratorO:
a compact Radio Frequency Quadrupole (RFQ) proton linear
accelerator operating at 750 MHz frequency, about twice what
has been used so far in this type of accelerators. Thanks to the
higher frequency and to an innovative beam optics design, the

[OL AYZ[ YHKPVW®GWELND IEeisH & marg (hap fuige that of conventional

RFQOs: in the prototype under construction, the protons reach

HU LULYN" VM AJL 4L= PU VUS" [*"V TL[LYZ O].
13 cm, making this RFQ a simple light-weight accelerator that

can easily be manufactured in small mechanical workshops.

;OL AYZ[ HWWSPJH[PVU VM [OPZ PUUV]H]
injector for proton therapy linacs. A new generation of small
and low-cost accelerators for the treatment of tumours is
under development, with the goal of being installed directly in
hospitals. High-frequency and high-energy (3 GHz, 230 MeV)
linear accelerators are one of the most promising designs, but
so far their performance has been limited by the lack of an
appropriate injector. The new RFQ design constitutes an ideal
injector for these accelerator and represent a remarkable boost
[V [OPZ [LJOUVSVN' ;0PZ AYZ][ HWWSPJHI[P
PU[LYLZ[ MYVT *,95»Z ZWPU VH (+ (4 : ( [O
of its parent company, will commercialize this accelerator as
part of complete proton therapy systems, under a licence with
CERN. Beyond proton therapy, the compactness, light-weight
and low beam loss features of this RFQ design open several
new perspectives for applications requiring operation in non-
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UVSLHY LUJPYVUTLU[Z HUK VY WVY[HIP $EB{Choline] EDA dpprovedlirv2BNifbr PEZT imaging in recurrent

being developed for a hospital-based facility for on-demand
production of PET isotopes; the accelerator could be installed
in a standard hospital room next to the scanner, the radiation
shielding being limited to the isotope production target requiring.
Acceleration of alpha particles to generate the isotopes required
by new advanced radiotherapy techniques for cancer treatment
PZ HUV[OLY HWWSPJH[PVU [OH[ JV\SK
cost linear accelerator.

A new interesting application being explored is that of a portable

accelerator for spectrometric analysis of artworks (archeometry).

Particle-Induced X-ray Emission (PIXE) is a powerful yet non-
destructive elemental analysis technique now used routinely by
geologists, archaeologists, and art conservators. The innovative
CERN design would allow to reach the three MeV energy
required for PIXE analysis in about one metre. The portable 100-
kg accelerator, equipped with an ion source and two racks of

power supplies, could then be deployed in museums or used

on site for the analysis of frescos and other non-transportable

artefacts. In the industrial world, PIXE spectrometry could be

used for e.g. on-line continue analysis of coatings.

A4VYL PUMVYTH[PVU! O[[W!
TPUPH[\YL HJJLSLYH[VY [YLH[ JHUJLY

*VU[HJ[Z! 4H\YPaPV =YL[LUHY +. +0 +(;
), +LWHY[TLU[ :LYNL 4H[OV]

into a hospital lift
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prostate cancer. The delivery of FDG in large production centres

PZ H JVZ[ LHLJ[P]L ZVS\[PVU MVY WVW\SH[LK

for other PET isotopes and tracers has raised expectations that
cannot be met by this concept of centralized production.

A new production method cq‘sable of providing single doses of

VYh'é' ‘Jréqtﬁs}{e/\s for non-standard
PET demands would be of interest. Following this approach,
one of the goals of the AMIT project was to develop a compact
cyclotron for in-situ single dose production of ¥F and C,
providing the minimum required energy and current in order to
reduce the system footprint and shielding needs.

Within this framework, the project AMIT was started in the year
2010, setting out a multilateral collaboration of Spanish institutes
and industries, led by the company SEDECAL and funded in the
framework of a governmental CDTI program. CERN participated

PU [OL WYVQLJ[HZ H ZJPLU[PAJ WHY[ULY ]PH

with CIEMAT in order to provide consultancy and contribute on a

ZWLJPAJ JVTWVULU[ VM [OL HJJLSLYH[VY Z Z

THe’ \éyc\iéﬁ/réﬁwH H’o%osed was a Lawrence-type machine

FEippk W HYHHE KN VM 4L=

with a superconducting magnet. The Low-Tc magnet under
consideration and its thermal shielding circuits are cooled down

7, PZ VUL VM [OL TVZ[ LIJPLU[ TVsSLJ\sHWh B¢ soepladCrypeaie PURRly 2ystem (CSS), developed

for clinical and preclinical needs. Around 90% of the PET clinical
scans are currently performed with the isotope *F, due to the
suitability of the FDG radiotracer for a vast number of applications.
In the last years, other tracers have also been considered,
including some based on C. A representative example is

by CERN. The CSS is a two-phase helium closed circuit re-
condensed externally by using a cryocooler. The technical
contribution of CERN to the project is complemented by a
very low loss transfer line from the CSS to the magnet, already
delivered to CIEMAT.
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In 2015, CIEMAT and the company ANTEC, the industrial partner

PU [OL WYVQLJ[ JVU[YPI\[PUN [V [OL HJJLS

the superconducting magnet and its corresponding cryostat,
while CIEMAT also worked on the radiofrequency system, the ion
source, the target system, the shielding and the control system.
On CERNGO:s side, the CSS has been fully validated in stand-alone
mode. It is expected that during Spring 2016, CERN, ANTEC
and CIEMAT will collaborate to adapt the system so that it can
be coupled to the cyclotron. It will be shipped to the CIEMAT
WYLTPZLZ |I° 1\S®
will be the CSS integration with the magnet, in order to validate
the operation of the full system.

O[ PZ L_WLJ[LK [OH[ M\SS J JSV[YVU PUJ
HUK [OL AYZ[ SVA LULYN® ILHT [LZ[Z ~

validate the whole concept.

Judging from the positive experience of the collaborative work
done so far, the four main partners involved in this development
(ANTEC, SEDECAL, CIEMAT and CERN) are willing to continue
this fruitful research and development line by starting a new
phase in order to turn this prototype into an industrial product,
bringing advanced technologies from basic research science to
society.

;OL AUHS KLSP]LYHI

( *SLHY7,4 JY Z[HSOFH[YP _

interaction with one single readout. The work is carried out in
collaboration with the university of Milano Bicocca, Italy, LIP
and the company PetSys in Portugal, within the framework of
Crystal Clear Collaboration.

7YVQLI[ JVVYKPUH[VY! 3\PZ .HYJPH ;HIHYt{Z

A SiPM-based detector module for
breast imaging

In the framework of the Crystal Clear Collaboration, a dedicated

PET for breast imaging has been developed: ClearPEM. This
project started in 2001, and since then two prototypes have

been built: one is currently installed in a hospital in Coimbra,

Portugal, the other in the hospital San Girado, Italy. The
modules of both ClearPEM machines consist of 32 LYSO crystal
matrices (2*2*20mm?), read out on both sides by an array of 32
APDs(2x2mm?) for depth of interaction (DOI) determination.

In order to lower the production cost of ClearPEM modules, a KT
Fund project was launched at the beginning of 2014 to replace
the APD array by a SiPM array. Due to their excellent timing
properties, SiPMs allow the reduction of the coincidence window
from 6ns to less than 1ns, leading to a strong suppression of
random coincidences and to a higher signal over noise ratio. The
YLZ\S[PUN PUJYLHZL PU PTHNL X\HSP[®
reduction of the dose rate given to the patient. In addition, SiPMs

In 2018,’gr8’gjress on the optimization of the reconstruction
method of the crystal position was made. The team investigated
a number of methods to extract information about the depth
of interaction by reading out the light only on one side of the
crystal. The general approach implies depolishing the side
faces of the crystals in order to create a light attenuation inside
[OL JY Z[HS P[ZLSM PU JVTIPUH[PVU ~"P[O Y
the direction opposite to the detectors back into the crystal,
as well as implementing light sharing among several photo-
KL[LJ[VYZ +PHLYLU[ TH[YP_ JVUAN\YH[PVU:
of depolishing, were tested. An average depth-of-interaction
of 4mm for 64 channels was obtained without deteriorating
[OL HJJ\YHJ® VM [OL JY Z[HS WVZP[PVU PK
HWWSPJH[PVU OHZ ILLU ASLK MVY [OPZ [LJO

AVYL PUMVYTH[PVU! JLYU JO JY Z[HSJSLHY
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PicoSEC-MCNet: training on ultra-
fast photon detectors for medical

[N 8 ¢ Buad Frigk-ene Ryushiyasics

HSSV~ [OL JVUZ[Y\J[PVU VM ZPNUPAJHU][She WMaNe-Cuh¥é TiWidd JtaifingKPiSdr@mme PicoSEC-MCNet

operating at lower voltage B below 100V B and with a higher gain.
Currently available commercial SIPMs have a typical active area
of 3x3mmz2. In order to keep the spatial resolution of ClearPEM
unchanged, i.e. at the level of 1.5mm, the CERN team proposed
to use matrices of 64 crystals of 1.5*1.5*15mm? coupled to a
4*4 array of multi-pixel photon counters of 3x3mm 2 active area.
The project was also meant to investigate the approach of light
sharing, in order to identify the crystal in which the signal has
been created, as well as a new approach to measure depth of
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(Picosecond Silicon photomultiplier Electronics & Crystal

research B Marie Curie Network) was carried out under the
auspices of the European Commission until 30 November 2015.

The network was established in order to develop ultra-fast
WOV[VU KL[LJ[VYZ PU WHY[PJ\SHY MVY HW
PET and future high-energy physics calorimetry. The network

partners are distributed over six European countries; seven

of them are public research entities, while four belong to the

private sector.



,_ WLYPTLU[HS ZL[ \W PU *,95 I\PSKPUN
VM PU[LYHJ[PVU JHWHIPSP[" MVY 3@:6 JY2044HHRenetWorkVob CERNI@sthodP kitd has expanded to over

*,95 *Y Z[HS*SLHY

Four experienced researchers and 18 early stage researchers
from 15 nations worldwide (Argentina, Bulgaria, China, Cuba,
France, Greece, Hungary, ltaly, India, Iran, lIsrael, Latvia,
Lebanon, Poland, and Spain) were recruited. During their two- or
three-year contract, respectively, these young scientists gained

Medipix: a hybrid silicon pixel
detector with many applications

The Medipix2 and Medipix3 Collaborations continued to be

very active during 2015 with four well-attended collaboration
meetings and a large number of papers published in the
ZJPLU[PAJ SP[LYH[\YL ;OLYL HYL UV~ [LU HJ]J
technology (including the chips Medipix2, Timepix and Medipix3),

and seven of these are held by start-up companies. In large part

due to this proliferation of licenses, Medipix-based devices have

found themselves in more and more varied applications varying

MYVT PTHNPUN [PTL VM APNO[ THZZ ZWLJ[YV
of historical art and artefacts through to the inspection of huge
composite aircraft components.

/IPNOSPNO[Z VM [OL "LHY PUJS\KL JVUAYTF
performance of the Timepix-based dosimeters which were
HU[PJEZ[KOMPKNWI@L 5(:( 6YPVU YVJRL[ [LZ[ AF

50 active systems throughout the UK, and teachers in other
countries have expressed interest in starting similar projects.
These activities are detailed in the section on aerospace.

WLIJ[YVZIVWPJ ? YH  PTHNPUN PZ HRL® HWW
Although there are numerous conferences and workshops on
medical imaging and nuclear science instrumentation, there is

JVUZPKLYHISL L_WLY[PZL PU ZLILYHS ZJPdit/d Rebd1d ity Hs eMefoin itrddinld hodfiyih ¥ Yocused

light output and transfer, to optimization of photon detectors, to

electronics and data acquisition, to system integration and data
analysis. This was achieved both through the actual research
work and through dedicated trainings organized by the network.
Most of the researchers had the opportunity to present their

AH' *,95 VYNHUPaLK H AYZ[ "VYRZOVW VU 4|
of Spectroscopic X-ray Detectors in 2011, followed by a second
one in 2013. The third workshop was organized at CERN in April
2015. Over 100 delegates attended this meeting which was by
PU]P[H[PVU VUS' "P[O H ZPNUPAJHU[ MYHJII

ZIJPLU[PAJ YLZ\S[Z H[ OPNO SL]LS PU[LY uirdpstty U(+p8%) \apdvethersy fiany world-renowned medical

PicoSEC-MCNet also organized trainings on soft skills, such

as communication to the general public, management, and

entrepreneurship, in order to boost the young researchersQ
future careers. Outreach activities were highly encouraged. The
PicoSEC-MCNet researchers based at CERN presented their
projects to 16- to 18-year-olds from local French and Swiss

high schools: afterwards, many students said that they would

consider a career in science.

After four years of research, networking, and training, the
PicoSEC-MCNet ITN has brilliantly achieved its mandate of
transnational and multidisciplinary knowledge exchanges,
through training of a new generation of young scientists.

4VYL PUMVYTH[PVU! JLYU JO WPJVZLJ
J( U\NTILY

research centres.

:[L]L 4°LYZ OLHK VM [OL *,95 4LKPJHS (WW
ALSJVTLK [OL KLSLNH[LZ [V *,95 VU [OL AYZ
presentation overviewing CERN medical applications with an
emphasis on hadron therapy. Dushyant V. Sahani, a leading
radiologist from Massachusetts General and Harvard Medical

School, presented the workshop keynote talk. He reported

[OH] VM HSS *VTW\[LK ;VTVNYHWO" *; Z
K\HS LULYN® TVKHSP[" HZ P[ NP]JLZ H ZPNUI
diagnostic precision without adding dose. In the round table
discussion which followed the industry session, it became clear

that each of four biggest equipment suppliers has major internal
LHVY[Z KLKPJH[LK [V L_WSVP[PUN [OPZ ULA"
which emerged was that spectral CT permits more information

to be extracted from the dose to which the patient is subjected.

As well as sessions on reconstruction algorithms, prototype

7PJV:,* 4*5L[ IYVJIO\YL VU ZJPLU[PAJ HJOmaging systems and\ymaging performance there were quite a
NV I MX number of papers from companies which have grown out of

7PJV:,* 4*5L[ |PKLV VU [OL [YHPULLZ» L _ \highrenergy] physios ydgvelagpments. These companies have
YLIVYK often targeted the synchrotron market to begin with, but are now
7PIV:,* 4*5L[ *V VYKPUH[VY! ,[PLUUL[[L (\moviAg tovwaglS medital agplications. The last regular sessions

7/ +LWHY[TLUJ[ were devoted to high-Z semiconductors and readout ASICs.
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Cadmium Telluride and Cadmium Zinc Telluride are now reported ~ The CERN team is focusing on the development of an easy-to-

[V IL HISL [V KLHS ~P[O [OL A\_LZ YLX\PWeMC Qualitk Rssttahce (QAXIdol for radiation therapy based

readout ASICs are, of course, a key element in the system and  on FLUKA, which will be able to recalculate conventional proton

ZPNUPAJHU[ WYVNYLZZ "HZ YLWVY[LK HUK PVU [YLH[TLU[ WSHUZ MVY ZPUNSL HUK T
provide an exhaustive set of information. The QA tool will be used

On the CERN side, Rafael Ballabriga (PH Department) presented for improving the treatment outcome in various respects. One

a review of the currently available ASICs, highlighting some is the independent recalculations of the dose deposition maps:

important trends. He showed that the highest count rates the MC can contribute to more accurate results, especially for

can be obtained with small pixel pitches but then the use of ion therapy studies, and provide guidelines for further treatment )

JOHYNL Z\TTPUN HUK OP[ HSSVJH[PVU AVYFHYUGYN VWEPTREREFWY PU ILY ZWLJIPAJ J

is essential if useful spectroscopic information is to be retained. numerous heterogeneities in tissues. Alsg, the information on

Erik Frojdh (ARDENT Marie Skiodowska-Curie fellow at CERN) 67910 secondary radiation s extremely valuae during he
presented the Timepix3 chip which could become an important P plamization p X P ;

. . e . 7,; HUK WYVTW[ WOV[VU WHY[PJSLZ PTHNLZ
tool in understanding the charge deposition process in detector

. L o robustness to range uncertainties of the resulting TP.
materials, thereby helping in the optimization of new ASIC

readout architectures. Finally, the QA tool will have to handle information about the

Linear Energy Transfer (LET), as the LET distribution can be

The workshop summary talk was given by Anthony Butler, a ZOHWLK KPHLYLU[S  I° JOHUNPUN [OL HYYHU
radiologist from Christchurch (NZ) and member of the team ALSKZ HUK [O\Z IL \ZLK MVY H [Y\S® HKHW]F
developing the MARS Medipix3-based scanner. In addition, studies have been carried out about the possible

advantages in terms of PET monitoring of using radioactive
There was a lot of enthusiasm from the delegates because of  peams, 1C or 150, as therapeutic beams.

the sharp focus of the workshop and the invitation-only format
which permitted very deep discussions and interactions between 7H[PLU[ ZWLJPAJ HIZVYILK KVZL JHSJ\SH[PVI
HSTVZ[ HSS L_WLY[Z PU [OPZ ]JLY  ZWLJRAJopicloBidcreasigNriReest, Wwith [fArtiduMr attention to 3D

enthusiasm they are likely to request another meeting in 2017. radiation dosimetry. Recent preliminary studies have shown that
-3<2( PZ Z\P[HISL MVY WLYMVYTPUN WH[PLU
4VYL PUMVYTH[PVU! JLYU JO TLKPWP _ through direct simulation on PET-CT and SPECT-CT images. A

;OPYK >VYRZOVW VU 4LKPJHS (WWSPJH [ PORRK-I8\rojsltlaihied dtdévéldping a web interface to provide

? YH" +L[LJ[VYZ! PUKPJV JLYU JO LJLU[ high-level access to FLUKA for performing internal dosimetry
*VU[HJ[! 4PJOHLS *HTWILSS 7/ +LWHY[TL khjculations is under consideration.

The FLUKA simulation code Thanks to the recent developments, the users would easily
JVUJLY[ WH[PLU[Z *; HUK 7,; :7,*; PTHNLZ P

FLUKA is a particle transport and interaction simulation code, ~ geometry and material description. The interface would then

originally developed by CERN and INEN for particle physics, which ~ Provide the corresponding dose distributions at voxel level,

AUKZ HWWSPJH[PVUZ PU THU  V[OLY KVTYipgtpe reabpatient geqmety apg pissye composition. This
in the simulation of the entire process of particle therapy, starting "VISK OLSW PU PTWYV]PUN KVZL JHSJ\SH[P\
hospitals without requiring dedicated clusters and advanced

from what happens within the accelerator itself and ending with
MC knowledge.

atomic and nuclear interactions inside the patientOs body. In
particular, through long standing collaborations with advanced ) o
treatment centres (CNAO and HIT), and the participation in During 2015, fou!' F.LUKA.commerC|aI licence agreemer.lts
JHYPV\Z ,< M\UKLK WYVQLJ[Z *,95 OHZ zﬂ"ﬁrﬁrﬁoﬂﬁwmg'thjwm%ﬁ?rfrﬂ[e}? b three of them with
to the development of ad-hoc simulations tools and to their JVIWHUPLZ HITPIL PUT[OL ALSK VM TLKPJHS

! - ) , H TH[[LY VM JOHUJL I\[ YH[OLY [OL WH VH )\
deployment in the clinical settings. F!_UKA-based phyS|.cs and extensively tested and benchmarked physics models: this
daiabases _ar.e at the core of the commercial Treatment Planning level of precision is exactly the added value that the industrial
Systems clinically used at HIT and CNAO, as well as of the TPS partners in the medical sector are looking for.
for carbon ions being developed for MedAustron.

One of the companies with which CERN concluded a licence

7YLSPTPUHY  LHVY[Z "P[O -3<2( MVY 4* é&gehgnt\(s\’\ﬁ[aee-roﬁiﬁd"iﬁtw&ﬂe b’r%lucts for TPS that are
the treatment plans (TPs) computed with the analytical TPS  rapidly building a solid reputation as being in the leading edge
at CNAO and HIT were performed with encouraging results. VM [OLPY ALSK (UV[OLY HNYLLTLU[ "HZ AU
-\Y[OLYTVYL PU JP]V [YLH[TLU[ JLYPAJH][RgaRyPdakiig "ty TprdvaVife iaMWafe products used in
and prompt charged particles are new, promising modalities that OHKYVU [OLYHW ™ JLU[YLZ ;0L [OPYK SPJLU
were experimentally investigated. Both topics are at the heart of  is intended for a hadron therapy centre being commissioned
the activities carried out at CERN and described in the following. in China by a leading European industrialist. Finally, the fourth
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agreement was concluded with a prominent European company
active in nuclear industry, and meant to be applied for the
decommissioning of nuclear facilities.

In addition, FLUKA is extensively used by the academic
community, where the total number of users around the world,
is increasing every year and has now reached more than 9000
registrations.

4VYL PUMVYTH[PVU! A\RH VYN
*VU[HJI[! (SMYLKV -LYYHYP ,5 +LWHY[TLU]

Studying liquid samples in a vacuum:
revolutionizing metallic biochemistry

Metal ions play key roles in the functioning of biological systems

in both prokaryotic and eukaryotic organisms, however the

precise purpose of the major ions (iron, manganese, magnesium,

zinc) and the minor ions (copper, cobalt, nickel, molybdenum,

tungsten) remains unclear. This is due to the fact that such metals

are often chemically invisible to standard biophysical techniques.

A novel technology developed at CERN and funded by the KT

Fund in 2013 aims to address this chemical blindness by allowing

liquid samples to be hosted in a high-vacuum environment and

to utilise the decay properties of polarized beams of metal ions.

:OPZ "PSS WLYTP[ MVY [OL AYZ[ [PTL [OL KPYLJ[ Z[\K> VM TL[HS PVUZ PU
SPX\PK ZHTWSLZ \ZPUN [OL OPNOS" ZLUZPJ[P]L t 549 [LJOUPX\L O[] PZ
hoped that this will help to shed light on the detailed functions of

metals in biology through the advancement of such biochemical

and biophysical studies.

In addition, the system can also be used to study the behaviour
and function of pharmaceuticals in aqueous solution, which are
currently only observed by indirect methods using desiccated
samples. For material science, it will enable investigations using
spectroscopic techniques not currently performed on liquids
or gels, allowing the study of aging, swelling & changing of
materials exposed to humidity.

The technology comprises a new experimental investigation

JOHTILY "P[O ZHTWSL SVHKPUN HUK H KPHLYLU[PHS WATWPUN Z Z[LT
for integration with the beamline vacuum. The following features

are included: ability to suspend the sample in-situ for extended

periods without desiccation or degradation of the substrate,

permitting ample experimentation time; fast and easy exchange

of samples, thanks to the liquid feedthrough system that allows

YLTV]HS HUK A\ZOPUN VM TH[LYPHSZ" LHZL VM VWLYH[PVU" WVZZPIPSP["
[V TVK\SH[L [OL ALSKZ VM YV[H[PVU ZHTWSL SVHKPUN HUK Z Z[LT
ZL[ \W KPZTHU[SPUN ~P[O H TPUPT\T VM KPZY\W[PVU" HIPSP[ " [V Z[\K"
a wide range of samples including biological, pharmaceutical,

materials and food.

4VYL PUMVYTH[PVU! JLYU JO ]P[V t UTY
*VU[HJ[! 2HYS 1VOUZ[VU 7/ +LWHY[TLUJ
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-YVT TL[YLZ ILSVA NYVAUK [V KLLW ZWHJL! WHY[PJSL WO ZPJZ HUK HLYVZWHJL ZOHY
3H\UJO VM + (47, ZH[LSSP[L VU PTHNL +75* <50.,
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From physics to aerospace

(LYVZWHJL PZ HU PTWVY[HU[ HWW S PCERRNPN applidncs fer theloper@img system, éngironment, will
be produced and a CERNVM-FS repository dedicated to Euclid

is playing a critical and increasingly recognized role from _ i
software will be created for evaluation purposes.

IV[O [OL ZJPLU[PAJ HUK [OL [LJOUVSVNPJHS WVPU[ VM ]PLA

:OPZ

KVTHPU PZ JVUZPKLYLK HZ OPNOS" ZBAVWHELRPMVIY THERV Uy N\ d SPHG, 2J VYN

"WVRLZWLYZVU NISPK *VUZVY[P\T 3LHK! @H

institutional and industrial partners in the Member States k , (z[yvwWO ZPX\L KL 7HYPZ

and beyond.

Missions just launched

J)V[O ZWHJL HUK [OL 3/* HYL L_[YLTLSl\‘IUaEloYNZO LUIPYVUTLU[Z
posing stringent technological requirements that often The NUCLEON project is a Russian-led satellite experiment

VILYSHW OUKLLK

applications in space, and the KT Group is committed to

support this activity.

4VYL PUMVYTH[PVU! JLYU JO RUV"SLKNL[OYnI-bbJa;d\/l[IJ,IEYREéU

Science

In 2015, Euclid has been granted the status of CERN Recognized
Experiment. Several supported projects have achieved key

* 95»7 [LJOUVSV N fiesignedy (tpk ingegfigate (diteetly,A apave the atmosphere,

the energy spectra of cosmic-ray nuclei and the chemical

composition between 100 GeV and 1000 TeV. NUCLEON

consists of silicon and scintillator detectors, a carbon target, a

[\UNZ[LU ° JVUJLY[LY HUK H ZTHSS LSLJ[YV"

The experimental apparatus was launched on 26 December 2014
%&%V}(@ ga{'[ellite, on a Sun-synchronous

orbit at 475 km. The planned exposure time is of more than

AJL "LHYZ o0uU 5<*3,65 OHZ ILLU JVTTPZ

data have been collected, and the instrumentOs performance

has been compared to the results of the many calibration tests

performed at CERN using the SPS high-energy beams. In 2015

operational milestones (NUCLEON, CALET, DAMPE, LISA the instrument performed well, and collected a total of 12 million

7TH[OAUKLY
achieved and published by missions under exploitation (in
particular AMS-02 and Fermi-LAT).

4PZZPVUZ PU KLAUP[PVU WOHZL

Euclid

Euclid is the second Medium Class mission of the ESA Cosmic
Vision Science Programme, devoted to mapping the geometry
of the dark Universe. The mission will investigate the distance-
redshift relationship and the evolution of cosmic structures. It
achieves this by measuring shapes and redshifts of galaxies
and clusters of galaxies out to redshifts ~2, or equivalently to
a look-back time of 10 billion years. It will therefore cover the

LU[PYL WLYPVK V]LY "OPJO KHYR LULYN[AW%HHg_VKYHTEFLWPﬁ&IﬁU

in accelerating the expansion. Euclid will produce a massive
legacy of deep images and spectra over at least half of the entire
sky, and will be a major feeder for more detailed studies both
with ground-based facilities and future satellites. The mission is
expected to generate a grand total of some 175 PB of data, which
cannot be handled using classic data-centric architectures.

In December 2015, Euclid has passed its Preliminary Design
9L]PLA WYV]PKPUN JVUAKLUJL [OH] [OL Z WAL Ik
can be built. Euclid is a CERN Recognized Experiment since

March 2015. CERN is supporting the development of Euclid

Science Ground Segment (SGS) Architecture. In particular, a

prototype for the Euclid-SDCs computing resource infrastructure
based on CERNVM-FS for software distribution, and on the

HUK V\[Z[HUKPUN ZJPLU/[PddmicYrayé\BrbFmin@r dkperlrhdntdl results were reported at

the 34" International Cosmic Ray Conference (ICRC) in Summer
2015.

4VYL PUMVYTH[PVU! ZPUW TZ\ Y\
'WVRLZWLYZVU! +PTP[Y'  7VKVYVaOuU' :R)\
VM 5\JSLHY 70'ZPJZ 3VTVUVZV] 4VZJVA
70! 3 . ;RHJOL] 1VPU[ OUZ[P[\[L MVY 5\JSLHY
*VU[HJ[! 5 0 APTPU 1VPU[ OUZ[P[\[L MVY 5\JS

CALET
The CALorimetric Electron Telescope (CALET) is a detector
designed by a Japanese-led international collaboration to
identify cosmic electrons, nuclei and gamma-rays and to provide
high-resolution measurements of their energy. In particular, using

H \ﬁi%@PJSL PKLU[PAJ
perform high-precision measurements of the electron energy
spectrum from 1 GeV to 20 TeV. Several calibration tests have
been performed at CERN using SPS high-energy beams. On 19
August 2015, with a launch on board the Japanese H2-B rocket
operated by JAXA, CALET left the Tanegashima Space Center
[V YLHJO [OL OU[LYUH[PVUHS :WHJL :[H[PVU
JVTWSLr'_[!)PVU VM [OL JOLJR V\[ WOHZL HUK V

i

Méf Halt"a'ﬂaﬁli&st\yn‘é'd %\Uétgber 2015, with a

target of 5 years.
4VYL PUMVYTH[PVU! JHSL[ WP PUMU P][

70! :OVQP ;VYPP >HZLKH <UP]JLYZP[® ;VR'V '
4HYYVJJOLZP <UP]JLYZP[" VM :PLUH HUK 05-E
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ANJSPK ZH[LSSP[L pHNfPZ[PJ ]PL" 5<*3,65 L_WLYPTLU[ VU 9,:<9: 7 BTHEH[0SP[L

L30:( HUK 3PZH 7H[OAUKLY DAMPE is a CERN Recognized Experiment since 2014. The
The evolved Laser Interferometer Space Antenna (eLISA), ,UNPULLYPUN HUK 8\HSPAJH[PVU 4VKLSZ
previously called LISA (CERN Recognized Experiment since came to CERN to be calibrated using SPS beams. DAMPE was
2000), is a proposed large ESA mission designed to detect successfully launched on 17 December 2015 on a Long March
and accurately measure gravitational waves from astronomical 2D rocket from the Jiuquan Satellite Launch Center into a sun-
ZV\YJLZ O0[ ~V\SK IL [OL AYZ[ KLK P X3pahronoms\wrbitret the-sitituge of 500 km.
gravitational wave detector. The experiment intends to measure
gravitational waves directly by using laser interferometry, with 4VYL PUMVYTH[PVU! KWUJ \UPNL JO KHTWL
. . . 70! 1PU *OHUN 7\YWSL 4VA\U[HPU 61ZLY]H[VY
a constellation of three spacecrafts, arranged in an equilateral R
. . . . . *OPUH AYVWLHU 70! ?PU >\ <UP]JLYZP[ VM
triangle with million-kilometre arms. A precursor mission, LISA
7H[OAUKLY 37- APSS [LZ[ PU APNO[ [OL JVUJLW[ VM SVA MYLX\LUJ®
gravitational wave detection: it will put two test masses at Missions in exploitation
around 40 cm in a near-perfect gravitational free fall, and control
and measure their motion with unprecedented accuracy. To do  Fermi-LAT
this, LPF will use inertial sensors, a laser metrology system, a The Large Area Telescope (LAT), a space based high-energy
drag-free control system and an ultra-precise micro-propulsion ~ gamma-ray telescope launched in 2008 on a 565 km orbit,
system. CERN experts took part to technical reviews to support IS the main component on NASAOs Fermi Gamma Ray Space
the development and critical choices related to LPF. The launch ~ Telescope. Fermi-LAT measures energetic light rays from about
of LPF took place on 3 December 2015, and the spacecraft will 20 MeV to more than 300 GeV, as it scans the entire sky every
reach early 2016 its operational orbit around L1. three hours while orbiting the Earth. The LAT performance
metrics and optimization heavily rely on Geant4 simulations of
A4VYL PUMVYTH[PVU! LSPZHZJPLUJL VYN theinstrument, which have been validated with a large beam test
L30:( :WVRLWLYZVU! 2HYZ[LU +HUaTHUU campaighsaHCERN in 2006 Ffearmi-LAT is a CERN Recognized

/HUUVI]LY Experiment since 2000). Strong relationships with the Geant4
KLILSVWLYZ H[ *,95 ~"HZ ]P[HS MVY [YHJRP
DAMPE issues in the simulation toolkit. This powerful instrument studies

/OL +(YR 4H[[LY THY[PJSL ,_wsvvLy &4 s> apd biagh holgspang searches for signatures of |
satellite mission funded by the Chinese Academy of Science h HYR TfH [[LY PU _L K P_H \Z Lh YHKPH[PVU -LY
and involving several European institutes (including University the source of many important discoveries such as on gamma ray

of Geneva and INFN). DAMPE aims to measure electrons ZVAYJLZ OU,WHY[P‘]\SHY PU 5V]LT|LY PI
and photons in the range between 5 GeV and 10 TeV, with gamma-ray pulsar in a galaxy other than our own, which sets
unprecedented energy resolution (1.5% at 100 GeV), in order anew record for the most luminous gamma-ray pulsar known.

to detect dark matter annihilation in these channels. It will also 4VYL PUMVYTH[PVU! MLYTP NZMJ UHZH NV]
TLHZ\YL [OL A\_ VM U\WJSLP \W [V HIVIL - WwkRANRLQAILSBHUL 4PJ0OLSZVU [HUMVYK -

energy resolution (40% at 800 GeV), thus bringing new insights  *vVU[HJ[ WLYZVU MVY *,95 \YVWLHU JVVYKP
into the origin and propagation of high-energy cosmic rays. J)LSSHaaPUP 05-5 7PZH
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*(3,; KVIJRLK VU [OTtHRAL! 5(:( 3H\UJO VM 3PZH 7H[OAUKLY ZHfESSP(L VU

AMS-02 magnets for radiation shielding in space has been completed in
The Alpha Magnetic Spectrometer (AMS-02) is a state-of-the-  the frame of SR2S European project.

art particle detector operating as an external module on the
International Space Station (ISS) since May 2011. It exploits the Timepix
unique enywonmenF of space to study the unl\{erse and its orlgln The position-sensitive semiconductor detectors of the Medipix

by searching for antimatter and dark matter, while also performing ) . o o
WYLJPZPVU TLHZ\YLTLU[Z VM JVZTPJ Y H 30dpYalgRed B s jaineyerkor lne Medipix2 and Medipix3 ‘
AMS-02 was assembled and tested at CERN, where the Science *VSSHIVYH[PVUZ WYV]PKL OPNO ZLUZP[P]P]
Operations Center (SOC) is also located. Detector components counting), wide-dynamic range, high spatial resolution and

were constructed at universities and research institutes around ~ noiseless (dark-current free) detection. The hybrid architecture

[OL AVYSK O0U P[Z AYZ[ MV\Y "LHYZ PU VWIPYTR4Z [OOHZLIVEADYEZKYZ JVTWVZLK VM K
more than 60 billion cosmic-ray events up to multi-TeV energies.  Si, CdTe, GaAs) and thicknesses (e.g., 300 um, 700 pm, 1000
Important results have been presented during the OAMS Days pum, 1500 um). The detector consists of a matrix of 256 ! 256

at CERNO meeting in April 2015, an event that brought together  (total of 65 536) pixels, with a pixel pitch size 55 um and a full
many of the worldOs leading theoretical physicists and principal  gansitive area of 14 mm ! 14mm (1.98 cm 2).

investigators of some of the major experiments exploring the

ALSK VM JVZTPJ YH® WO'ZPJZ <UL _WLJ[LK UL” YLZ\S VU [OL . .

HU[PWYV[VU WYV[VU YH[PV PU [OL JVZTPﬁa\??T?‘%r? ﬂ%&eg)#%g?_v'%v%f?})& proyjges extended
OLSP\T A\_LZ ALYL WYLZLU[LK ;0L HJJ\yNctonat a &g, ysl ol Pgrerpiye integrated electronic

VM [OL KH[H ZPT\S[HULV\ZS" MYVT THU" ®8R E3d gixet ofjhe Zrpagix sigteciop an be independently

rays, require a comprehensive model to ascertain if their JVUANVYLK [V VWLYH[L PU VUL V[ VM [OY]
origin is from dark matter, astrophysical sources, acceleration  Particle counting, energy integration, or arrival time. Equipped

mechanisms or a combination. A"P[O H dT [OPJR ZPSPJVU ZLUZVY ;PTLWP
OPNOLZ[ LIJPLUJ" PU [OL YHUNL f RL= HL
4VYL PUMVYTH[PVU! HTZ VYN KL[LJ[PVU LIJPLUJ" AP[O H KL[LJ[PVU

4. 7 "WVRLZWLYZVU! :HT\L i PUN  * ; . _ . L
( 0 v \LS ;PU 95 Zl<g\’/. Thanks to these technical characteristics, Timepix is very

well suited for detection and track visualization of radiation and
cosmic rays in open space and for astronaut dosimetry. Several
ZWHJL WYVNYHTZ TPZZPVUZ OH]L JVU[YPI\[L

=HS\HISL HUK KPJLYZPALK PU APNO[ L_w LPPP[MAIGe ipsRace; ProYiding §yesy gppgreturn of experience

on CERNOs Timepix chips by the Orion and PROBA-V missions PU ZWLJPAJHSS ! [OL 796)( = [LJOUVSYV
and by the educational experiment LUCID. A CERN-driven ZH[LSSP[L [OL 6YPVU ZWHJLJYHM[ [LZ[ APNC
CubeSat demonstration programme, CELESTA, has been set TechDemoSat-1, as well as direct use on the ISS.

up to space-qualify the RadMon technology and to open the

CHARM facility to users from the aerospace community. The 4VYL PUMVYTH[PVU! JLYU JO TLKPWP_

feasibility assessment related to the use of superconducting *VU[HJ[! 4PJOHLS *HTWILSS 7/ +LWHY[TLU]J

Technology
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PROBA-V
PROBA-V is a miniaturized ESA earth observation satellite
launched on 7 May 2013 onto an 820 km altitude orbit. The

primary objective of the mission is to map the land coverage
and vegetation growth across the entire planet every two days.

*3,:;( *,95

Detector) for radiation monitoring purposes. The BIRD-acquired
radiation data are vital for understanding the impacts of transient
trapped belt radiation exposures on crew health and safety for
future manned exploration missions. In addition, seven active
radiation detectors employing Timepix (Radiation Environment
Monitors or REMs) have been successfully deployed on-board
the ISS, providing reliable dose-equivalent information on a

0U HKKP[PVU [V [OL THPU WH SVHK 796)faly kRgsjszThe acfiye parigerpgigfipnngnitors currently being

experiments including two radiation instruments to sample the
charged particles that hit the satellite during its orbit. One of
these instruments is SATRAM (Space Application of Timepix-
IHZLK 9HKPH[PVU 4VUP[VY
of Timepix in open space. SATRAM provides high-sensitivity
radiation monitoring across a wide dynamic range. Uniquely,
it features real-time track visualization of charged particles
and low-energy X-rays along the satellite orbit. The payload
has been successfully commissioned and data are being
continuously acquired since more than two years. This wealth
of data provides very detailed spatial- and time-correlated

AOPJO YLWYL%Y I[ZJ[[

developed by NASA for the future Orion missions are also based
on Timepix technology from Medipix2.

' 3HAYLUJL 7PUZR <UP]JLYZP[®

LUCID

In addition to the main space demonstration activities, the use
of Timepix technology in space has proven very valuable for
educational projects. In particular, LUCID (Langton Ultimate
Cosmicray Intensity Detector) is a payload on the TechDemoSat-1

THWWPUN VM [OL JVTWSPJH[LK TP_LK YHHERSIsaalitewhisiyaslqynohed;ipJuhyf2014; it was devised

in-orbit, allowing the decomposition of the information into the
individual radiation components, which are both spatially and
spectrally resolved.

4VYL PUMVYTH[PVU! WYVIH ] IN[ ]JP[V IL
*VU[HJI[!

70°ZPJZ *;< TYHN\L

Orion and the International Space Station

Orion is NASAOs new Multi-Purpose Crew Vehicle (MPCV),

intended to be launched on the Space Launch System for future
human exploration missions to the ISS and beyond. The MPCV's

by UK students using Timepix chips as part of the CERN@school
programme. Surrey Satellite Technology Ltd built the detector
as part of a competition organized by the UK Space Agency.

ZH[LSSP[L "P[O :3;8*0+ KL[LJFVY5 9HKPH[PVU 4VUP[VYPUN Z Z[LT 9HK4VU

l\ﬂVYY'I'ﬂ[RYWSUH.IZLI-bf\IV] L WSVYH[PVU

VM [V

(M[LY H WLYPVK VM VW[PTPaPUN [OL KL[LJ[V"

been captured over a large geographical area in order to build up

of TDS-1. These data should be of value to the space weather
community.

‘[HUPZSH] 7VZWxGPS OUZ[P[\[L VHI JVIWWSBRTL UMW NMK[OLVWASP MM YHKPH[PVU

4VYL PUMVYTH[PVU! YLZLHYJOPUZJOVVSZ VY

*VU[HJ[! )LJR> 7HYRLY OUZ[P[\[L MVY 9

AYZ[ [LZ] APNO[ "HZ SH\UJOLK H[VW H +CBIEST:=CubdSat demamstrator U

+LJLTILY VU H APNO[ SHZ[PUN
It reached a maximum altitude of 5 800km. Two Timepix chips
were inside the BIRD (Battery-operated Independent Radiation
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with the University of Montpellier in the framework of a

LZLHY

O CEYESTA (OERN LateHdld Experiment Student Satellite) will be

KLILS



'VW! HY[O YHKPH[PVU ALSK THW TLHZ\YLK NUHKJIY{4 VM *,95 (:0 JVSSHIVYH[PVU HNYLLT
796)( =0,(7 *;< )V[[VT! HIZVYILK KVZL YH[L SIWNLF [WUIHMMZ[VU VUHo5 7/6:6
[OL 0:: 9,4 <WP[Z

JVSSHIVYH[PVU HNYLLTLU[ KLAULK HUK ZRNWBX fRperconductind. tepey WasLkeen tested at CERN
supported through the KT Fund, has two main objectives: one is PU HUK H WVZZPISL HJ[P]JL ZOPLSK JVL
KLILSVWPUN HUK APUN H ZWHJL JLYZPVU WMLE P FPMUHKPHEKR KUY TR UBRBIVYWYV[V[ WL JVPS
(RadMon) coupled with a latch-up experiment; the second is [OL LHLJ[P]LULZZ VM [OL Z\WLYJVUK\J[PUN
showing that the space radiation environment of Low Earth Orbit technology.

can be reproduced in the CERN High energy AcceleRator Mixed

ALSK MHJIPSP[" */(94 ;OPZ "VA\SK VWLU [QlyYZLp\\¥ & Wiby 21216 T 1\

X\HSPAJH[PVU HI[P]P[PLZ HUK WYVIPKL H o/ KPHORYP yINYRBYHTYKNSEy Uy kY vy kP
for future missions. The platform and the Ground Segment of

the mission will be provided by the Centre Spatial Universitaire
(CSU) of the University of Montpellier, while the payload will be
developed and provided by CERN (coordinated by KT and the
R2E project). The microsatellite will be based on a ROBUSTA ~ are under discussion between CERN and public organizations
platform (also supported by CNES), and will be atypical CubeSat VY WYP]JH[L JVTWHUPLZ HJ[P]L PU [OL HL
(1kg, 1 dm3, 1 W). The payload will include a space grade version ~ Wwillingness to have a structured and focussed bilateral co-
of RadMon, the technology deployed in the LHC to monitor the operation framework with the European Space Agency, aimed
LHLJ[Z VM YHKPH[PVUZ VU LSLJ[YVUPJZ ;0 9HKIVIP ZPNT[OY VRRKUIPAJH[PVU HUK L_
KH[H VU [V[HS PVUPaPUN KVZL UL\[YVU L XpiRiditS, e Id\to thé lsigihidré oD & NiQeral agreement in
LULYN® OHKYVU A\LUJL +H[H JVSSLJI[LK 2RALOrh8 i ¥oklis RWth& Wiplehlentation, which started in

can be used to qualify CHARM, which is in principle designed 2015 has been set on radiation environments, technologies
for characterizing devices in accelerator environments, as well

as for conducting space radiation hardness assurance tests of
subsystems or even small satellites, as well as online mission

Institutional relations
Several co-operation frameworks have been established or

and facilities: rad-hard electronics, radiation testing, reliable
micro-technologies, radiation monitoring, radiation protection

and radlatlon mode Sev aI Natlo al Space Agencies in
PUMVYTH[PVU ;0L *,3, (WYVQLJ[Z\JJLZZM El
in collaborating with

TPSLZ[VUL [OL 4PZZPVU +LAUP[PVU 9|_]F>L';l \ieﬂ;\;)er tﬁt‘?;i eiho Uﬁfrel o
is expected to be ready for launch in 2018. any exchanges nave taken place in parthU ar wit

CNES, the biggest national Space Agency in Europe. A bilateral
4VYL PUMVYTH[PVU! JLYU JO JLSLZ[H CERN-CNES collaboration agreement is under discussion. The
7YVQLJ[ JVVYKPUH[VY! 4HYR\Z )Y\NNLY ,#Halian @pace pgengy has signed a collaboration agreement with
CERN in April 2015, which is based on technology domains
Space Radiation Superconducting Shields ZPTPSHY [V [OVZL WYL]PV\ZS® PKLU[PALK 7
relationship has been established also with the Swiss Space
In the framework of the SR2S (Space Radiation Superconducting  Center based at EPFL (Lausanne), which will provide to CERN
Shields) EU project, CERN is studying the use of magnesium [OL ZHTL ZLY]PJLZ VHLYLK [V P[Z TLTILY,

diboride coils to shield spacecraft from high-energy particles. possibility to set up joint R&D projects in areas of common
In the framework of the project, a racetrack coil wound with interest (e.g. microtechnologies for thermal control).
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From physics to safety

CHMLD
Z[VULZ VM
ZHML[

*95»Z ZHML[® WVSPJ®

Pz LJLY'VUL»Z YLZWVUZPIP S/PPPf‘UfrOﬁ the Wiea_CthWiti{BQARDENWDUI B Mgt of emphasis

clralitloasy

t elr resear

tr, 2015, the ESRs presented
T hd BRI 4

Sec pecial Workshop on Neutron

PZ YLALJ[LK UV[ VUS" PU [OL Ibktdeton wRrNié Patterk G [Tetédibrs/(MPG bS] bt CERN;

[LIJIOUVSVNPLZ HKHWJ[LK

ronment B and to other settings as well.

[V

ARDENT: a training network on
advanced instrumentation for
radiation monitoring

ARDENT (Advanced Radiation Dosimetry European Network
Training) is a Marie Curie Initial Training Network funded under
the FP7 Framework of the European Commission. ARDENT
RPJRLK VH PU -LIY\HY"

year contracts, and three ESRs on short-term (six months)
contracts. Twelve of the 18 ESRs ended their contract in 2015,
and ten of them have already found their post-ARDENT job.

ARDENT focused on the development and testing of
instrumentation based on advanced technologies for measuring
energy distribution and dosimetric variables in complex radiation
ALSKZ
solid-state detectors, and tracking detectors. A combination
of gas and solid-state detectors was also evaluated. ARDENT
addressed the potential uses of a class of instruments based
on these technologies for radiation dosimetry, photon and
neutron spectrometry (to obtain information on the energy

:OYLL THPU [LJOUVSVNPLZ ALYL PUPLZHP N M YLK PNHZ \KL[UHVYZ :PSHYP

Barcelona at the 54th Annual_Conference of the Particle

95»Z2 W Iﬂ'He\;pl/D Eo Op%l’gulé/ érglu[p gTCd‘Glf ’n San Diego; at the

Third International Conference on Radiation and Applications in
Various Fields of Research (RAD 2015) in Montenegro; and at
the IEEE NSS conference in San Diego. Outreach activities were
conducted at an Italian High School and at LBNL, USA. Stuart
George, one of the ESRs hosted by CERN, received a 2015 IEEE
NPSS Paul Phelps Continuing Education Grant.

;OL AUHS (9+,5; "VYRZOVW ~HZ OLSK PU
Technical University (CTU) in Prague, with the participation of a
group of high school students from Australia, who also visited

1\UL

HUK ~Pss LUk FNae; theg workshop. o 1py N

15 Early Stage Researchers (ESR) on three-year or nearly three-

With the project approaching its end, a Olegacy webpageO is

under completion, which will become the homepage of the

website as of February 2016. Scientist-in-charge Marco Silari
WYLZLU[LK H Z\TTHY® VM [OL THQVY (9+,5; Y
of medical applications at the CERN Medical Application Study

Group (CMASG) in December 2015.

4VYL PUMVYTH[PVU! JLYU JO HYKLU]J
[, <UP][

B-RAD: a hand-held radiation survey
meter

B-RAD is a portable radiation survey meter, capable of operating

KPZ[YPI\[PVU VM [OL JHYPV\Z JVTWVULU[ZPUM[DQL WHIKPH[P VM LBK VHNKIHNUL[PJ ALSI

TPIJYVKVZPTL[Y"
main applications of such instruments are the characterization

[V TLHZ\YL [OL X\HSP["

VM GO LY HKWP[H P Vi) XHINL ;M YHKPH[PVU PU

neutrons) with high sensitivity. Originally developed at CERN for

VM YHKPH[PVU ALSKZ H[ WHY[PJSL HJJLMBAnjorn/iv radiaien areas eychapthe kHE\eKperiments, a

and in space, as well as in case of medical uses of radiation in
diagnostics and therapy.

Throughout its four yearsO duration, the project kept constantly

VU ZJOLK\SL AP[O UV ZPNUPAJHUJ KL]P.ﬂjEW@%aﬁwll?szgqu$

Program of Work. About half of the individual research projects

were fully or partially devoted to the development of detector

technologies for medical applications. Throughout the project,

experimental work has been conducted at CNAO in Pavia, Italy;
at HIT in Heidelberg, Germany; at HIMAC in Chiba, Japan; at the
INFN Laboratories of Legnaro and Catania, Italy; at the Czech
Proton Therapy Center in Prague (in 2015); at the Klinikum rechts
der Isar in Munich, Germany (in 2015); and at the West German
Proton Therapy Centre of Essen, Germany.

number of other applications quickly became apparent and the
project applied to the KT Fund to further develop its functionality
and scale-up for manufacture. In 2015, B-RAD was successfully
licensed to the Italian company ELSE Nuclear, who specialize
Scbq_'ogucts for a wide

e of applications in sectors such as environmental radiation
monitoring systems, radiation protection instrumentation,
nuclear power plant decommissioning, and nuclear medicine.
Through partnership with CERN, ELSE Nuclear will therefore
ensure dissemination of the technology by bringing B-RAD to
the market as a commercially available product (see page 52).
(Szv PU ) 9(+ "HZ [LZ[LK PU H ; THNUL|
MRI scanning facility at the Centre Hospitalier Universitaire
=H\KVPZ */<= PU 3H\ZHUUL :~P[aLYSHUK
its operational capacity. Readout displays, both the LCD of the
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B-RAD device and a 2.70 e-paper display (for potential use in
the commercial product), were also tested in the scanner and
found to function without problem. Radiation measurements at

for B-RAD, so data collected from such a site is very useful
PU JVUAYTPUN M\UJ[PVUHSP[®
future development.

measurement time required to determine the received dose from

weeks to a few days or even hours. The device also eliminates
the need for manual calculations, is equipped with an integrated
TLKPJHS 7,; 490 ZJHUULYZ HYL H WYPUJRWABSHHYRUK NWWSP BHH{PVRIU[LYMHJL MVY M

possibility of remote data connection.

HUK OPNOSPNO[PUN HYLHZ MVY WV[LU[PHS

Major features of the technology include its compact, portable
nature (hand-held), fast processing time, and direct assessment

The commercial version of B-RAD will consist of a central unit VM LHLJ[P]JL YHKVU KVZL ;0PZ THRLZ P[ Z\
HUK H ZLYPLZ VM WYVILZ MVY IL[H NHTT Hagphtationy, khEludihy: Hafaty BridLed\ibnmental monitoring of
that also includes a telescopic version for measurements at YHKVU PU KALSSPUNZ ~VYR HUK W\ISPJ ZWH

distance, measurements of surface contamination, gamma
spectrometry and neutron dose rate measurements.

;LJOUPJHS JVU[HJ[! 4HYJV :PSHYP

RaDoM: a novel, fast radon detection
device

RaDoM (Radon Dose Monitor) is an active radon monitor co-
developed at CERN that measures air radon concentrations
and provides a direct assessment of the absorbed dose to the
lung. Given that radon is a colourless, odourless radioactive gas
[OH] PZ LHZPS® PUOHSLK
environment is important for public safety and some workplaces.
Naturally-occurring radon is responsible for the majority of
public exposure to ionizing radiation, and epidemiological
studies have demonstrated a clear link between breathing in
high concentrations of radon and lung cancer.

Conventional radon detection involves passive monitoring,
often over a period of weeks or months, to determine air
radon concentrations. In contrast, RaDoM has absorption
characteristics similar to those of a human lung and directly
TLHZ\YLZ
tissue. Another major advantage of RaDoM is that it reduces the
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and risk assessment; oil and gas industries; uranium mining,
production, and exploration.

/:, <U Béveral commercial organizations have already shown initial

interest in the RaDoM technology, and plans for development

to provide enhanced performance and functionality are foreseen
for 2016 and beyond.

*VU[HJI[! 4HYJV :PSHYP /:, <UP]

Kryolize: novel cryogenic safety
software

LHLJ[P]L TVUP[VYPUN VM P[Z WYLZLUJL PU [OL

Kryolize is a software tool for sizing the minimum discharge area
of a safety protection device, against overpressure. Based on
international (ISO), European (EN) and American (API) standards,
Kryolize allows calculation and sizing of safety valves for
cryogenic systems and is a hovel tool that assists engineers with
a uniform approach in the sizing of safety valves for cryogenics
applications.

In 2014, the KT Group sought trademark protection for the
Kryolize name and logo and in 2015, the tool has continued to

[OL LHLJ[P]L KVZL VM YHKPHDBPpecdrhe mdreSdhplLnyorekKsofight Sftdd Bs safety application in
[OLYL HYL

[OL ALSK VM JY'VNLUPJZ ;V KHJ[L



;OL JVVSPUN HUK VWLYH[PVU VM Z\WLYJVUK\J[PUN 9- JH]P[PLZ HUK THNUL[ Z Z[LTZ M
YLX\PYLZ SHYNL X\HU[P[PLZ*¥M Y VNLUPJ A\PKZ

CERN, and six academic licences have been granted to research
laboratories around the world.

(Z H 2; -\UK WYVQLJ[ L_WLYPTLU[HS JLYPAJH[PVU VM [OL JY VNLUPJ
parameters used within the tool, together with software development

of a Graphical User Interface and harmonization, are major goals.

Excellent progress has been made on the latter, and the former is

currently about to begin via an R&D collaboration with the Karlsruhe

Institute of Technology in Germany. At the end of the project in

mid-2017, it is hoped that a complete software package will be

readily available, not just for academic organizations as is the case

currently, but also for the wider commercial market. Kryolize expects

[VAUK HWWSPJH[PVUZ PU JY'VNLUPJ NHZ Z\WWSPLYZ ]JHS]L THU\MHJ[\YLYZ
JY ' VWSHU[ THU\MHJ[\YLYZ VY KLZPNU VIJLZ HUK JY'VNLUPJ Z Z[LTZ
at research laboratories, as well as expanding its reach to the wider

ZJPLU[PAJ JVTT\UP[®

*VU[HJI[! (UKYL /LUYPX\LZ /:, <UP]
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From physics
to global communities

(U PUJYLHZPUN U\TILY VM *,95 [LJO AVtBe/20¥5 leditidn wfl_the KHEUPR Aackathon, one of the
teams was inspired by the solar collector technology, initially
developed at CERN, to design an autonomous system providing
and economic development, also in domains far removed ater heating, room air heating, and cooking power, especially

from particle physics. This embodies the main objective be adapted towards typical houses and conditions of high-altitude
i i l.
OPUK RUVASLKNL [YHUZMLY H[ * 95 1 BaRinNse

] ) ) ) The students who participated in the 2015 CBI Course held at
Socially and globally relevant ideas and innovation are nurtured OKLH:X\HYL HSZV PKLU[PALK H U\TILY VM VV

in the Laboratory, in particular through in}erdisciplinary and * 95 [LJOUVSVNPLZ [V [OL ILULA[ VM LK\JH[P\

multicultural exchanges. Some of CERNOs technologies are pgiects. These include: using monitoring software to track food

changing the market and industrial landscape in a lasting delivery boxes, thereby reducing food waste; employing sensor

manner. technology to oversee the status of drinking water wells in
developing regions; increasing labour mobility through an on-

(UK AUHSS® P[ PZ VM[LU MVYNV[[LU [OHPYU WUWMYdH MUK AWAHSEM LUNHNPUN JVT

PUJLZ[TLU[Z PU *,95»7Z ZJPLU[PAJ WYVN el idglexprhencesland $¥IArE Sofdrhhity issues.

LHLJ[ VU V[OLY YLZLHYJO SHIVYH[VYPLZ HUK \UPJLYZP[PLZ "VYSK”PKL

Indeed, the spirit of cooperation is a mainstay of the Laboratory: 4VYL PUMVYTH[PVU! JLYU JO NV )Q J

tools and technologies are designed for a global community

VM ZJPLU[PAJ \ZLYZ ~OV ILIJVTL H UH[\YTi5el SUMY PMYoIveY sk Réivanced
[OL ILULA[Z VM *,95»Z HKIHUJLZ [V V[OLRRYZRIFEF Lt (SHARE

the primary testers B with considerable savings in development

as having the potential of contributing to culture, education,

costs and time. Proper treatment of biological wastes can recover valuable

. . . nutrients and energy while neutralizing potentially polluting
CERN technologies for humanitarian contaminants and pathogens. In particular, hydrothermal
needs and development processes have emerged as a promising way to derive high-

energy fuels and high quality fertilizers process from organic

matter, and especially wet biowaste. However, since biomass

is often produced in contexts lacking the energy sources,
chemicals, and technology needed for proper local treatment,

and haul costs to a remote treatment facility are prohibitive,

these materials are left unutilized as waste, or even as a hazard.
:VSHY LULYN® VHLYZ [OL WV[LU[PHS MVY HI
heat source, but most solar thermal collectors cannot achieve

the temperatures needed for hydrothermal digestion.

In 2015, a number of innovation events related to humanitarian
needs and development were held at CERNOs IdeaSquare, in
cooperation with the KT group. These included the Challenge
Based Innovation (CBI) Course and THE Port Hackathon (see
page 68). Increasingly, organizers and patrticipating teams alike
have been requesting to incorporate CERN technologies and
expertise into the various projects.

At THE Port Hackathon in 2014, one of the teams came up with The SHARP project is a pilot which aims to explore the niche

a better type of body bags for humanitarian operations: for the VM VH NYPK ZVSHY KYPJLU O KYV[OLYTHS W
insulation material, the team was inspired by the metallized OPNO LIJPLUJ" AH[ WSH[L ZVSHY [OLYTHS JV
BoPET foils used for the recent ATLAS Inner Detector upgrade.  « ,95»Z ZWPU VH :9) ,ULYN' HZ H OPNO [LTWL
Also, technical contacts have been established to identify  gjrectly driving a hydrothermal biological waste treatment reactor
possible synergies with vacuum expertise at CERN. In 2015, {5 produce sterile biocoal and usable nutrients from animal
the concept has been turned into a full-scale R&D project in  waste. While the initial installation is intended to characterize
collaboration with the International Committee of the Red Cross  the operating characteristics and viability of operation using

0*9* O0U HKKP[PVU 7"OPSL YL]PL"PUN [OkPHHLI¥IY®H B LAW L2 PAR PAVYWK VMW LYH[PUN JVU!
similar multi-layer foils designed for the food industry, the team to explore the socio-technical, economic, and energetic factors
PKLU[PALK IL[[LY HS[LYUH[P]LZ ;O0OLZL TPRhaOnourdhllpwysthalihly sdMihydrokhkenhhlksystems to broader
for the ATLAS ITK Upgrade foreseen for 2023. utility in developing country settings.
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The project is a collaboration between Ben Gurion University of
the Negev in Israel and CERN. In 2015, after collaborative design
visits and modelling of the system, a set of SRB panels and
an especially designed reactor from a German company were
received and installed in the Ben Gurion facilities at Sde Boker,
with operation and testing of the integrated system to take place

over the course of 2016. The pilot has aroused the interest of

YLZLHYJOLYZ HUK KLJLSVWTLU[ WYHJ[P[PYV
JVSSHIVYH[P]L LHVY[Z HU[PJPWH[LK ~P[O

in developing country settings, including the Palestinian areas
located in close proximity to the Ben Gurion facility.

WVUZVYZ! :LYNPV )LY[VS\JJP 9LZLHYJO
*HYTP 7YLZPKLU[ ).<

7YVQLJ[ SLHKLYZ! )LH[YPJL )YLZZHU
). <

;LJOUPJHS JVVYKPUH[VYZ! -YP[a *HZWLY
(TP[ .YVZZ ).<

*,9

Managing and preserving the UNOs
VIJPHS KVJ\TLU[Z HUK W\I

;05+ PZ H *,95 ZWPU VH WYV]PKPUN SPIY
digital repositories, and research data management solutions
based on Invenio, the CERN open source technology for digital
libraries and document repositories.

CERN technology can contribute to preserving and making
available our societal heritage: this is demonstrated by the
United NationsO selection of TIND as provider for the cloud-
based Digital Library System, which will be used at the UN Dag
Hammarskjsld Library.

From the Universal Declaration of Human Rights (1948), through
the Geneva Convention Relating to the Status of Refugees
(1951), to the Report on the Post-2015 Development Agenda
(2014), the library contains the complete historical record of

-

B

« 95 HI *¥

;OL +HN /HTTHYZRQ€SK 3PIYHY  H[ [OL <UPJ[L
IJLHKX\HY[LYZ PU &SUPIL@Y¥N[RVUZ 3PIYHY' 5L" @VYR

SPJH[PVUZ

new versions of these processes and data structures in real

Hite. T i ﬁri'é'ir%awéége%bgo[ S EERN in the early 20000s, in
collaboration with CNRS, France, and the University of the West

of England (UWE) in Bristol, UK. It was designed to track the
construction of the ECAL and Preshower detectors of the CMS

L WLYPTLU[ [OYVINO JOHUNPUN WYVJLZZLZ
from R&D prototypes to full production without requiring data

migration.

CRISTAL provides a radically new strategy to implement new
business process systems, or to adapt existing ones, in real
time. In late 2014, version 3.0 of CRISTAL was released as
free software under the open LGPL 3.0 license on the Github
website as part of the EC IAPP project CRISTAL-ISE.

VIJPHS <5 +VJ\TLUJ[Z [V IL HJJLZZLK I P[Z VIJPHSZ HZ ~LSS HZ

by the public.

Digital preservation has become a strategic policy matter for
many libraries. As the amount of data is growing rapidly, yet costs
need to be controlled, libraries are looking at solutions which
OLSW [OLT THUHNL [OLPY KH[H ZLHYJO
with increased storage needs. Cloud solutions, like TINDOs, have

In 2015, new features requested by the users have been added,
and new ideas for a stronger model description language have
ILLU PTWSLTLU[LK ;0LZL PUJS\KL H +VTHPU
(DSL) for model expression and a new description graph model

Pft)rl_eﬁﬁiej [qui)ﬁrglencp_/I mﬁwaggrp‘egtL V)e[_s'glé 3.1 is currently

in beta, and work has begun on version 3.2, which should be

[OL ILULA[ VM ZOPM[PUN [OL KH[H Z[VY HRleased nextiApzil. Yot rpmppreptprrveoeen released as

thereby reducing the libraries® investments in physical storage
HUK ILULA[ VM LJVUVTPLZ VM ZJHSL K\L
large amounts of customers.

4VYL PUMVYTH[PVU! JLYU JO NV >-Q

A software platform to manage data
and process information

CRISTAL (Cooperative Repositories & Information System for
Tracking Assembly Lifecycle) is a software application that lets

Open Source, such as the default directory and XML database

piMgids Vary REET WM #H htcebsiviy TRISTAL from more
WSH[MVYTZ HUK H <50? KHLTVU 5; ZLY]PJL
many users still use the the legacy 2.x version, which carried

the non-free license, and the migration to the 3.x open source

version is taking place slowly: although there has been interest

in the Github repositories, there are no known users yet.

A generic data indexing system was developed with CRISTAL
for the EU-funded project neuGRID and its follow-up project,

\ZLYZ KLAUL WYVJLZZLZ [V JVSSLJ[ KH[HN4Jhkw KorhplefB® JHS S JYLH[L
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The project successfully produced an easy-to-use grid platform
for neuroimaging analysis, which can integrate and index

HU 67* <( ZLY]LY MVY [OLPY ZWLJPAJ OHYK"
licensing model is such that users are free to commercialize the

YLZLHYJO KH[H AP[O KPHLYLU[ Z[Y\J[\YL Zemdss Heyzdreatsi Biing°queldart ipBoMeInents to the quasar

This Atlas can be browsed and cherry-picked by end-users
for computational analyses, for which the system also collects
provenance for easy monitoring and resubmission.

framework itself must be fed back into the open source project,
[OLYLI® ILULA[PUN [OL LU[PYL \ZLY JVTT\UI
includes any industrial manufacturer wishing to connect its

devices to the Internet through a standards-based approach.

CRISTALOs successful use in industry has expanded. The two The quasar framework is already in use for numerous research

companies that were already exploiting CRISTAL have gained
new customers over the past year. M1i, in the Business

7YVILZZ 4HUHNLTLU[ ALSK ZLJ\YLK H
while Technoledge successfully delivered a manufacturing

provenance application to a large pharmaceutical client. A third

company has now developed a product based on CRISTAL: the

French company Alpha3i, partner in the CRISTAL-ISE project,
has developed an enterprise application using the new REST
API for optimizing and tracking personnel shift planning. This

year, project bids around CRISTAL are returning to its roots,

targeting manufacturing optimization as part of the European

CommissionQs initiative OFactories of the FutureO.

projects both at CERN and in related institutes. In addition,

CERN is currently embarking on a series of collaborations with
YR\ ZKPHE\ZHY PHISYWH Y[ULYZ PU VYKLY [V
hardware into modern standards-based control systems as used

at the Laboratory, in other research institutes, and in industry.

The use of quasar will reduce the development time and the total

cost in terms of maintenance, to the advantage of CERN, of the

whole research community, and also of the industrial partner.

In the case of companies that are not necessarily focused on
ZVM[*HYL [OL \ZL VM X\HZHY PZ H ZPNUPAJ
new markets while removing the need for lengthy bespoke
software development.

4VYL PUMVYTH[PVU! NP[O\I JVT JYPZ[HS PMYL PUMVYTH[PVU!

Reducing the development and
maintenance cost of OPC-UA servers

JLYU JO NV 7J N
O[[WZ! NP[O\l JVT 8<(:(9 [LHT 8<(:(9

Scalable Readout System (SRS) for
Micro-Pattern Gas Detectors

6WLU 7SH[MVYT *VTT\UPJH[PVUZ <UPALK (YJOP[LJ[\YL <(

is an industrial standard, which is widely employed to provide
an interface between software and hardware in a safe, reliable,
manufacturer- and platform-independent manner. At CERN,
OPC-UA servers are often used to link control systems software
with a range of hardware sourced both from commercial vendors
and from in-house development (generally rather specialized in
nature). Hardware users can thus conveniently, and remotely,
control and monitor a variety of target devices.

As the OPC-UA standard is widely used in research and in
PUK\Z[Y"
of standards-based connectivity is key in the Olnternet of ThingsO
paradigm, and device manufacturers are increasingly adopting
OPC-UA to boost interoperability.

Writing OPC-UA servers, however, can be complex and time
consuming. CERNOs quasar project lowers the cost of developing
and maintaining OPC-UA servers through three main pillars: a
model-based approach to describe the hardware as it will be
represented by the server, code generation to transform the
model into executable code, and high-quality libraries providing
access to well-tested functionality commonly found on OPC-UA
servers (for example, logging).

Initially, quasar was born from an internal collaboration within
CERN, between the ATLAS experiment and the EN-ICE Group, to
ZH[PZM"
Since then, with expert assistance from the KT Group, quasar has
evolved into an open source project. Hardware manufacturers
and users can freely download quasar and use it to rapidly build

Micro-Pattern Gas Detectors (MPGDs) can be used for

tracking and detecting particles in experiments of all sizes,

from detecting muons in huge detectors like CMS, to detecting

neutrons and gamma rays for oil and gas exploration. A major

driving force behind the development of these detectors is the

RD51 collaboration, which comprises over 450 scientists from
KPHLYLU[ \UP]JLYZP[PLZ HUK SHIVYH[VYPLZ

One of the development axis of RD51 is the design and
implementation of the Scalable Readout System (SRS), a

OHJPUN [OPZ ['WL VM ZLY]LY PZyFyds 'el'é'c\(rohk%}s&[n fopréalengt]Jﬂ-Wst In order to

satisfy all possible application needs of the vast user community,

the SRS is designed in a modular way that scales from very small

to extremely large systems, provides a common standardized
interface, relies as much as possible on commercially available

VH [OL ZOLSM JVTWVULU[Z HUK PZ Z\WWVY
acquisition system. The advantage of a common read-out

Z Z[LT MVY H KP]JLYZPALK JVTT\UP[  PZ
focused on novel detector solutions, while avoiding duplication
VM LHVY[Z VU [OL YLHK V\[ HUK KH[H HJX\P
initially developed by CERN, UPV Valencia in Spain and IFIN-HH

in Romania.

[OF

2015 saw a further step for the SRS to become an accessible
and standardized foundation for MPGD applications in and
outside of high-energy physics, through the granting of two

JVTTVU YLX\PYLTLU[Z VU ZVM][”"Hpfddu€tibhY li€érdeé LioPcdrhpdw¥HihPGERN Member States:

eicSys GmbH in Germany, and Samway Electronics SRL in
Romania. In particular, the SRS is now available in the form of
H Z[HUKHYK (;*( WSH[MVYT HU PU[LYUH[PV
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mechanical and back-end properties for crate systems, with
JHYPV\Z JVUAN\YH[PVUZ VM :9: TVK\SLZ"'ME'PUN H]HPSH
ObladesO which can be introduced into the modular crate.

-hﬂ
—
AVYL PUMVYTH[PVU! JLYU JO 9+ 7\ISPJ mm»
:LJOUPJHS JVU[HJ[! ,YHSKV 6SP]JLYP 7/ +=\/=~|:¢Y[TL
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;OL ILULA[ VM H SVUN [LYT ]PZPVU VU #H:JLIJOUVSVNg. P
L_LTWSPALK I' [OL 5056 JOPW HU (WWSPJH[PVU ‘WLIPAJOU
Circuit (ASIC) originally developed in 2001 for the time-of- g '+ N -
APNO[ KL[LJ[VY VM [OL (30%*, L_WLYPTLUEVYPNPUESS 5

YLTHYRHIS® MHZ[ JOHUULS MYVU[ LUK HMWEPALY KRZJIYP.
means that it can be interfaced to eight detector circuits, and ROXIE s
provide information on the time and energy of a particle hitting

a detector to which it is connected. It is fast enough to handle

particles from collisions at multi-TeV accelerators.

96?0, ZPT\SH[PVU VM [OL ALSK PU [OL THNUI
ou MV\Y UL” SPJLUZLZ OH]L ILLU ZPNMMK[OgLAf?VZ[Jﬁﬁ’JJQBQN Z4Z[PVU [*PU HWLY[\YL
granted to INFN, Italy, for the use of NINO chips in the front- s Uzhvie m.9s
end electronics of a newly developed multi-wire chamber. A thereby keeping yoke modelling and coil modelling entirely
license was also granted to Delhi University, India, to optimize separated.
the integration of Resistive Plate Chambers (RPCs). LPC CAEN,

the Physics Laboratory in Caen, France, requested NINO chips |, 5015, three more laboratories have taken licences on ROXIE
for use on its double-side multi-strip detectors that will be used for the optimization of their accelerator magnets: INCDIE, the

PU HJJLSLYH[VYZ [V HJ[ HZ OLH]" PVU ILhfio W tinfure-threfealch Kol BelbiBpment in Electrical

that can Osh;peﬁ) tk’lﬁN'gn hbeartr: acco[:dlng tct)) prt;det\?rnjlr;?d Engineering in Romania, the Texas Center of Superconductivity
parameters. Finally, as been chosen by the Variable at the University of Houston in the USA, and the Rutherford

EnPTrgy Cyclptron Centre .|r.1 Kolkellta, India, and th.e chip will Appleton Laboratory (RAL) at Harwell, in the UK.
be installed in large quantities for its RPC and Multi-Gap RPC

(MRPC) detectors. 4AVYL PUMVYTH[PVU! JLYU JO YV_PL

. . . o ;LJOUPJHS JVU[HJ[! :\ZHUH 0aX\PLYKV )LYT\K
The increased interest in the use of the NINO chip in other

HJJLSLYH[VY MHJPSP[PLZ ZOV"Z [OL PTW L.V : YY[Z MVY
R&D projects, in order to support the worldwide particle physics éé%ﬁﬂd a §’fnﬂj\f§t\’d°rf%dﬂ2ﬁ’

community. ) . o
The Geant4 software toolkit provides all the capabilities

AVYL PUMVYTH[PVU! JLYU JO RUVASLKN L[®IEd No_ §mpfateothey teagsgort of radiation in matter. It
[YHUZMLY L_[LYUHS WHY[ULYZ UPUYV PUJS\KLZ JVTWYLOLUZP]L WO'ZPJZ TVKLSS

;LJOUPJHS *VU[HJ[! *YPZWPU >PSSPHTZ ®lueturgienables use(s toseled the components of the toolkit,
or even extend it to best respond to their application needs.

:OL ZPT\SH[PVU [LHT PU [OL 7/ :-; .YV\W HJ *
ROXIE: a tool for simulation and of many aspects related to the development and support of
optimization of accelerator magnets Geant4, since its conception and initial design; developments in

Z[HUKHYK LSLJ[YVTHNUL[PJ WO ZPJZ HZ ~L¢

(UV[OLY L_HTWSL VM 3/* PUJLZ[TLU[Z [O HMo9gleareaqaried @yt aincERN Hegether with overall physics
accelerators physics community is ROXIE, a software tool for validation and developments and maintenance of the geometry
electromagnetic simulation and optimization of accelerator ~ Modeler. The CERN team is also responsible for the release
magnets. ROXIE has been developed with the following design management and testing infrastructure of the Geant4 software.

principles in mind: ease-of-use, adaptation to optimization  Initially developed to address the numerous high-energy

problem solving, solid mathematical models, and integrationwith ~ requirements of the LHC experiments, Geant4 is today adopted

[OL TVZ[ JVTTVUS® \ZLK *(+ *(4 LU]PYV U Talsg py thougangs\gf users worldwide for application in domains

Aided Design and Computer-Aided Manufacturing). beyond high-energy physics.

One of ROXIEGs key characteristics is that it does not require As detailed in an ESA (European Space Agency) report

meshing of the coil (i.e. a geometric approximation of its  presented at the Geant4 Space Users Workshop in Hiroshima
JVTWSPJIJH[LK ZOHWL MVY [OL JHSJ\SH][PYhAuyugt 2BX5\Vddftaare packeges/ddsddidn Geant4 have been
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extensively used in past, recent and future ESA missions, leading
to the development of radiation engineering tools and models.
For instance, Geant4-based tools have been used to tune the
instruments on board of the Solar Orbiter space mission (launch
planned for fall 2018), which will investigate how the Sun shapes
the heliosphere. Geant4 low-energy extensions to electro-
magnetic physics are being employed for radiation background
studies in the Athena mission (launch planned for 2028), aiming
to map hot gas structures and searching for super-massive
black holes.

Geant4 has been adopted for radiation analyses, shielding and
background studies on platform and instruments for the Jupiter
ICy moons Explorer (JUICE) mission, whose launch is planned
in 2022. Detailed charging and radiation monitoring simulations
OHJL ILLU WLYMVYTLK AP[O .LHU[ MVY [OL 30:( 7TH[OAUKLY TP
(see page 24). Simulations with Geant4 were used to compute
the response functions of the ESA radiation-monitoring device 5\JSLVZVTL VM [OL ) +5( H[VTPZ[PJ TVKLS
(SREM) on board of the Rosetta spacecraft, which reachedthe TVKLS [OH[ PZ ILPUN JVTIPULK ~P[O .LHUJ[
7 *O\Y‘\TV] LYHZPTLURYV JVTL[ PU (\N\Zt"" ZJPLUJLKPYLJ[ JVT ZJPLUJL HY[PJSL WPP :

Geant4 is being used to study the radiation environment on LED emergency lights. However, initial tests demonstrated that

[OL 0:: HZ "LSS HZ YHKPH[PVU LHLJI[Z vUCRNTSPOLE PORR spriies of ihese fanting systems fails

space missions to the Moon or Mars. In this framework, the most YHWPKS o L;J L —ngﬁ LK [V I'Yb||_| K FI) H [PVU (Y
recent developments related to the simulation of DNA damage power converter turned out to be the most reliable solution.

from radiation are especially relevant, and are included in the A + of the CERN phil hvt ‘ idel
latest Geant4 release (10.2, from December 2015). This very s par (_) € phriosophy fo source components as widely

SVA LULYN' L_[LUZPVU .LHU[ +5( uv~s vHEYSSRE \?‘E’Q"Er?#'b'\ﬁel:“bf(/smes' and to share the
. ; . . Investments in this upgrade with other research laboratories,
model physical, physicochemical, and chemical processes up . . .
. . . . it was decided to make a reference design for such a power
to the microsecond scale, therefore allowing for the simulation

VM LHYS' IPVSVNPJHS LHLJ[Z PUK\JLK |‘SUBW@ECaEIBURlnd\}ok{"l%eﬂfry?}'ﬂo'e# dprifie CERN Open

. - . Hardware Licence b thereby erisuring thatall'laboratories facing
subcellular scale. With Geant4-DNA it is also possible to make “
- PTPSHY YHKL JOHSSLUNLZ JHU ILULA[ N
use of the Protein Data Bank® 7+) ASLZ MVY [OL PT\%SL%3 fgvv [

CUH
of realistic molecular geometries, which are used to identify the Funded through the Knowli% Transfer Fund in 2015, the

WYLJIPZL WVZP[PVU VM [OL +5( Z[YHUK HH }bj]e[:{‘rh(asl nearIere|_|a}c<:hFé(|j_| ompll'ejtioLnHal'f?]L end of the year,

. . p
and to estimate the corresponding damage. AP[O H AUHSPalLK YLMLYLUJL KLZPNU :OL

dissemination through the CERN Open Hardware Repository
and a video promoting the use of this reference design at other
institutes and laboratories.

The successful application of Geant4 in high-energy physics
experiments, space and material science domains, as well as in
medical physics is due to the toolkit's structure and openness,
P[Z "LHS[O VM WO ZPJZ TVKLSZ HUK J\Z[V4T\,PYq_LI|§U]MVANNTIH\[/%\(L;{/OHVKVYN

its open architecture. The feedback from a wide and diverseuser .| JOUPJHS JVU[HJ[! 1HTLZ +L]PUL ,5 +LWHY]
community, together with the use of open source, have resulted

in the transparency of physics results and have contributed to

make Geant4 a mission-critical tool in many domains.

4VYL PUMVYTH[PVU! JLYU JO NLHUJ[
.LHU[ ZWVRLZWLYZVU! 4HRVI[V (ZHP :3(*
*VU[HJ[Z! 1VOU (WVZ[VSHRPZ .HIYPLSL *VZTV 7/ +LWHY[TLU][

Radiation Resistant Power Supply for
Safety Lighting

As the LHC tunnel required new emergency lighting systems, the
opportunity was taken to move from the current low pressure
Sodium lights, which are approaching obsolescence, to state-
of-the-art lighting solutions based on commercially available
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Open knowledge

* 95 PZ [OL LWP[VTL VM VWLUULZZ Hbraugh SBOARPalithors rtgin Tnielauial roperty to their
ZJPLUJL [LJOUVSVN' HUK RUVA OVAYR#$ 3N ‘pehﬁﬁﬁ'\f‘asﬂﬁ?"ﬁe @“’E}?ﬂ‘% licences  allow

immediate re-distribution an the publications®
A"VYSK

(IYPSSPHU[ L_HTWSL PZ [OL Zonténeskrea b Khlargs, lidr arffy purboseY pfédided they are duly
H[ *,95 MVY [OL ILULA[ VM ZVJPL[ H attributed ithe aythors. To datesapout 0 00pauthors from some

. N VA\ULYP HIL VY [OLZL ILULA[Z H]
[OL 3HIVYH[VY »Z J\S[\YL VM RUV~SLK EN%@&EE@N blﬁg’oooll\%r

nded by'its members leveraging an
mitment goes hand in hand with the collaborative nature of innovative business model: publishing companies participating
research in high-energy physics, and has now become a i SCOAP® no longer sell subscriptions to their customers,
who in turn redirect these funds to a common SCOAP 2 pool at
CERN. Thanks to its global structure, SCOAP? costs per Open
(JJLZZ HY[PJSLZ HYL IL[~LLU HUK
Enabling Open Science with Open Funding agencies in certain research-intensive countries make
Access and Open Data an additional contributionﬂ to SCOAP® PU VY K“LY [V YLALJ
SHYNL ZJPLU[PAJ V\[W\[ PU [OL Ac&tsaréZ TVZ

6WLU :JPLUJL PZ LTLYNPUN Hz VUL v NPeyom fupds alreadyiaxjsiing|ipifg research environment, the
WHYHKPNT ZOPM[Z PU [OL ~H' zJpLUJLadditienal costs per Opep Agaess ayticles for these agencies is
ULA [LJOUVSVN' P[ PUJVS]LZ VWLUS  zZ®\ZPuUN YMPWYEPABSPUNSIHILZ VM V[OLY 6WI
ZVM["HYL HUK [OL \UKLYS'PUN KH[H ZV [OH[ RUVASLKNL JHU LHZPS"®
IL [YHUZMLYYLK HUK ULN PKLHZ JHU AV\YTIhQ&JCCESS[@f this[ edel sOmartifestingyitself: over 2015,
ZIJPLU[PAJ JVTTV\UP[> HUK TVZ[ PTWVY [Hseyeral fundingZ agérties and libBaky tonsortia worldwide, with
L N [OYVINO JP[PaLU ZJPLUJL PUP[PH[P]thé interest and support of the publishing industry, started
experimenting with approaches to transform their subscription
*,95 I\WPS[ P[ZLSM PU [OL ZWPYP[ VM VWekidhtiuges infolddlufions 40- athiel& Opéd Access of their
TPZZPVU PU Z\WWVY[ VM 6WLU :JPLUJL QHJPLQ,L(/PAJ WYNKAY BV Y!
,B;DOL YLzZ\S[Z VM P[Z L_WLYPTLU[HS HUK [OLVYL[PJHS VYR ZOHSS IL

WANISPZOLK VY V[OLY~PZL THKL NLULYHSSOJI]HHRDKSIJ_'[IFS\}’lj OHZ ZLLU [OL AYZ[ SHYNL

* 95 PZ UVA H YLIVNUPaLK NSVIHS SLHKLgtE’eLPlEBRNZ(I?l@le ?S‘?E? OuﬁlﬁI?St']‘-ﬁ%b{]th?CERNnD"ictﬁr'
PUUV]H[VY PU 6WLU +H[H eneral In , rving tor all particle physics resulits o e

Organization to be published under Open Access. Thanks to
both SCOAP® and bi-lateral agreements with key publishers,
CERN has published over 96% of its particle physics results

. . under Open Access in 2015, an amazing result when compared
Open Access is the opportunity to read and re-use, free of

JOHYNL [OL ZJPLU[PAJ W\ISPIH[PVUZ kL2JVETB [} eVALH ¢f 5y cppaizgions,

is a moral imperative for publicly-funded research, and a motor 4VYL PUMVYTH[PVU! ZIJVHW VYN
of growth and innovation. It is a growing trend in the Member
States and beyond, with Funding Agencies, charities and
international bodies such as the European Commission making

PLH YLXAPYLTLU[ MVY [OL YLZLHYJO [OL", AR\t 2014, CERN launched the CERN Open Data Portal,

which allows the LHC experiments to share their data with a dual
MVJ\Z! VU [OL VUL ZPKL [OL ZJPLU[PAJ JVTT\

worldwide trend.
VM

Open Access

Open Data

CERN has transferred its model of international collaboration

to initiate the SCOAP? consortium (Sponsoring Consortium for
Open Access Publishing in Particle Physics). The partnership
consists of more than 3000 libraries, funding agencies, and
research institutions from 47 countries. SCOAP ? has supported
more than 8000 Open Access articles in ten high-quality peer-
reviews high-energy physics journals, published by both
learned societies and large commercial publishers. The SCOAP?
international partnership and the participating publishers are
now making arrangements for a continuation of the initiative at
least through the end of the decade.

scientists and researchers outside of CERNOs experimental

teams, and on the other training and education through specially

curated resources. All data is dedicated to the public domain

\UKLY [OL *YLH[P]JL *VTTVUZ ,aLYV! SPJLUZL
SVUN OPZ[VY® HUK THKL JP[HISL PU [OL ZJPlI
H \UPX\L +PNP[HS 61QLJ[ OKLU[PALY

During 2015, the CERN Open Data Portal has been augmented

with further data and code releases. This last year has seen
increased use of these resources, and, in the spirit of Open
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Science, a re-use of the data for applications which were not
initially thought of, such as training in big-data analytics and data

mining. The Open Data team has transferred experience to, and
inspired, many teams around the world through participation to

conferences and online fora.

At the end of 2015, the Open Data Portal hosts selected
reconstructed data sets from the four major LHC experiments

(;3(: *4: 3/*I HUK (30,
run (2009-2012) as well as some of the tools used by those
experiments for pre-processing, analyzing and visualizing data.

4VYL PUMVYTH[PVU! VWLUKH[H JLYU JO

Open Source technology for Open
Science: storing, sharing and
collaborating

Beyond data, the Organization has since long invested in a
free Open Data repository for the long tail of science: Zenodo.
Co-funded by the European Commission, Zenodo allows
researchers to share articles, data, and software. Zenodo has
seen considerable growth in 2015, especially as the repository
of choice to publish science software via a link to the popular
ZVM["HYL ZOHYPUN ZP[L .P[O\I
science packages thus released. In a further push to share
technology to enable Open Science, CERN started contributing
to the European Commission funded EUDAT project, through
the B2SHARE service, which allows researchers to store and
share research data.

The CERN Open Data Portal, Zenodo, and B2SHARE are all
based on the CERN open source Invenio software. The Invenio
software suite, originally developed at CERN to run the CERN
Document Server, is nowadays co-developed by an international
collaboration comprising institutes such as CERN, DESY, EPFL,
-5(3 :3(* HUK PZ ILPUN \ZLK I® V]LY
worldwide. Invenio has been refactored in 2015 to enhance
reusability of individual modules, which resulted immediately in
diverse software projects from around the world building on the
experience in those modules. In complement to the increased
number of outside institutes which have installed Invenio
[OLTZLS]LZ K\YPUN * 95 ZWPU VH
page 34) has also seen a strong interest and steady growth of
customers wishing to have Invenio installations built for them,
including CALTECH and the United Nations.

The Indico conferencing package is another open source tool
developed at CERN. Through a KT Fund project, Indico has been
better packaged for external use and better promoted through a
modern download site, resulting in a greater uptake by external
institutes. The number of sites now running instances of Indico
JYVZZLK PU
collaboration and conferencing easier and better, CERN also

released in 2015 a dashboard for CERNOs video-conferencing
infrastructure based on Vidyo. This proved extremely useful for

other Vidyo clients, and resulted in universities, hospitals, and

40 | Knowledge Transfer

companies installing instances of CERNOs Open Source Software
(OSS) in 2015. The impact of CERNOs larger OSS projects has
also been growing over the course of 2015.

Through a number of collaborations, the CERN disk-storage
system for LHC computing, known as EOS, has been exposed to
both companies (including Comtrade, through a CERN openlab
project) and user communities (such as the Australian research

VI[HPULK K\Y P UNmfrDnity /ol th¢ BU *Joint Research Centre for Digital Earth

and Reference Data). In doing so, the aim is to make the EOS
solution available for their big-data systems, or to enable them
to use EOSOs data-distribution capabilities to build distributed
data repositories. EOS, which is in production for all LHC
experiments, has provided several thousand users with access
to 70 petabytes of data distributed across the CERN Meyrin and
the Wigner data centres. The development team is currently
collaborating with several user communities, notably AARNET
(the Australian Academic and Research Network) and the JRC
(EU Joint Research Centre).

4VYL PUMVYTH[PVU! aLUVKV VYN
PUJLUPV ZVM[AHYL VYN

L\KH[ L\

| ZOHYL L\KH[ L\

PUKPJV ZVM[*HYL VYN

rpro TVRYKFOINUWLYU KPHLYLU]

The Helix Nebula initiative: towards a
European Open Science Cloud

CERN is also working towards building a European Open
Science Cloud. The concept of Open Science and of a European
Open Science Cloud seems to be widely accepted, but how
to implement it remains a challenge: Helix Nebula provides an

L HTWSL [OH[ JHU IL \ZLK [V KLAUL [OL M\[\Y

indeed building on the experience gained through the Worldwide
LHC Computing Grid (WLCG) project, the Enabling Grids for

Z JP-$ci¢hEEABGER) 20® $UhseYudt European Grid Infrastructure

(EGI) projects, together with the Helix Nebula initiative B a public-
private partnership. The work of Helix Nebula caused CERN to
lead a Horizon 2020 project to create a procurement network
of public research organizations, named PICSE (Procurement
Innovation for Cloud Services in Europe), interested in making

J vdeVoH tdbmmetGat cladidl lservices to support their research

programmes. In 2015, PICSE investigated the feasibility of
a cross-border PCP (Pre-Commercial Procurement) for one
shared common procurement across public organizations. This
led the European Commission to decide to co-fund "the Helix
Nebula - The Science Cloud (HNSciCloud)" PCP project led by
CERN, which will start in January 2016.

HNSciCloud will pull together commercial cloud service
providers, publicly funded e-infrastructures and the buyers®

9LALJ[PUN *,95»Z JVT TnFhpoliseUésdcdsHRBRMHN hybrid cloud platform on top of
which a competitive marketplace of European cloud players

can develop their own services for a wider range of users. This
project will bring EuropeOs technical development, policy, and
procurement activities together to remove fragmentation and



maximize exploitation. The alignment of commercial and public
(regional, national, and European) strategies will increase the rate
of innovation. Through a competitive series of design, prototype
and pilot steps, HNSciCloud will contract suppliers to deliver
a 5%-scale deployment of a hybrid cloud platform that can

the experiments. CMS, ATLAS, and ALICE have also deployed
OpenStack on their high-level trigger farms, providing a further
45 000 cores in compatible clouds for use when the accelerator
is not running, as it was the case during LHC Long Shutdown 1.

HKKYLZZ [OL L_[YLTL ULLKZ VM AVYSK JSHZZ ZJPLU[PAJ YLZLHYJO
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CERN at the heart of vibrant global
open source communities

As well as leading and developing its own OSS projects, CERN
has contributed to outside OSS projects, such as Flask and
SQLAIchemy, in order to adapt them to the organizationOs needs,
thereby avoiding re-developing complete solutions from scratch
while at the same time contributing its knowledge to external
initiatives. There is a whole spectrum of contributions to OSS,
some of the largest being to ownCloud, which is now used to
provide the CERNBOXx service as a secure and scalable Dropbox
equivalent for CERN users; to OpenStack which is now used to
deploy the Cloud services in the computer centre on the Meyrin
site and remotely at Wigner in Budapest; and to Ceph, the most
popular network block storage backend for OpenStack.

CERNBox provides synchronization capabilities between a
user machine (desktop PC, smartphone, or tablet) and a central
repository, managed by the CERN IT Department. The sync and
web access layers are based on ownCloud, while the data are
stored on EOS, the disk-storage provided by the IT Department
for LHC computing. The latter allows users to access data
]JPH S_WS\Z S_IH[JO HUK
devices. The team contributes actively to the ownCloud
community. By integrating EOS as the backend of CERNBoX, the
team extended the ownCloud original model. They also created
SmashBox, a framework for end-to-end testing of the core
storage functionality of the ownCloud-based service installation.
This test framework is run interactively from a command line

HUK WLYMVYTZ JVU[PU\V\Z [LZ[Z ]PH JYVltJs V,
[OL UVU WYVA[ VYNHUPaH[PVU WYe

>0;%/

for the Swiss universities' networks and NIC services for .ch,
now uses it, and likewise many other sites, while ownCloud
integrated it in its QA cycle. In 2015, the team also integrated a
viewer based on the ROOT data analysis framework developed
H[ *,95 I [OL 7/ :-; .YV\W ;0L AYZ[ *:
Storage Synchronization and Sharing) took place at CERN at the
end of 2014 and the team is involved in the upcoming one that
will take place in January 2016 at ETH Zurich.

The IT Department started using OpenStack in 2012, and
it has been running in production since July 2013. There has

Through various collaborations, such as with BARC (Mumbai,
OUKPH HUK [OL *,95 VWLUSHI
has contributed over 90 improvements in the latest OpenStack
release along with over 160 companies and organizations. The
team also made over 20 presentations at industry and academic
conferences on experiences deploying clouds at scale such as

[OL ©/,7;LJO (JHKLTPH TLL[Z OUK\Z[Y » L]JLU[ ¢

Data Alliance symposium.

With over 4500 attendees at the last OpenStack summit, there

HYL THU® VWWVY[\UP[PLZ [V IV[O JVU[YPI\[L

work of others. CERN has been regularly participating in the
OpenStack working groups in areas such as scaling clouds
and operations show-and-tell sessions, so that the OpenStack
community can continue to provide the framework for the
ZPNUPAJHU]
to meet the needs of Run 2. CERN also contributes to the
governance of the OpenStack foundation, since Tim Bell (IT
Department) has been serving as a community elected member
of the OpenStack management board during the last three years
and as a member of the user committee until September 2015.

As mentioned in the KT report 2014, the CERN IT Data and
Storage Services Grou_P had initiated_a close collaboration with
?PVU MYV OLPY TVIPSL

]JPH Z°UJOYVUPaH

Inktank Storage Inc. (later acquired by Red Hat, Inc.) to evaluate
their OSS, Ceph. The initial objective was to build a block-storage
service for the CERN OpensStack cloud, but it had expanded to
include R&D of Ceph-based solutions to solve future LHC data-
storage challenges. Building on the successful results of 2014,
the development team has performed in 2015 a number of scale
F;rif%o\ét{l cgﬂ%ﬁérgfénqsﬁ\{ﬁi{'/tﬁi[ l|<'e§ [dzesigners of Ceth,
exploring the limits of scalability of this system. For long CERNOs
production instance was the world largest (several petabytes)
and the team even reached 30 petabytes for a single instance in

ZWLJIPAJ [Lz[z! [OPZ L_WLYPLUJL HUK ZVTL J
IV U EERN fdve baeh Keinjected in the main Ceph software

distribution and are now part of the current distributions. In
2015, Dan van der Ster from the IT Department has been invited
to join the Ceph Advisory Board.

4VYL PUMVYTH[PVU! SHZR WVJVV VYN

ILLU H ZPNUPAJHU[ [YHUZMVYTH[PVU VMZXSHSJ®3 T0; VIANTW\[PUN

infrastructure during the LHC Long Shutdown 1 to support the
growth of capacity needed for Run 2. As a consequence, the
compute capacity of the CERN cloud has nearly doubled during
the last year and now provides over 150 000 computing cores for

JLYUIV_ ALI JLYU JO"
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UNOSAT: technology for the
international humanitarian and
development communities

The IT Department hosts the United Nations Institute for Training
and Research (UNITAR) Operational Satellite Applications
Programme (UNOSAT), a UN entity. This partnership allows
<56:(; [V ILULA] MYVT *,95»Z 0; PUMYHZ[Y,
situation requires, allowing the UN to be atthe forefront of satellite-
analysis technology. Specialists in geographic information
systems (GIS) and in the analysis of satellite data, supported
by IT engineers and policy experts, ensure a dedicated service
to the international humanitarian and development communities
24 hours a day, seven days a week.

<56:(;
KL]JLSVW ZVTL VM [OL AYZ[ YLZWVUZL
during 2015, such as the 7.8-magnitude quake that hit Nepal on
(WYPS
48 hours. Also on 27 April, UNOSAT published a web-supported
LiveMap capable of hosting UNOSAT analysis and other data

ILULA[LK MYVT JVTW\[PUN YLZVA\YJILgG H] S\$BUNHYPHU AVYRLYZ

It was based at CERN and relied on data hosted on CERN
servers.

Citizen Cyberlab, a partnership established in 2009 between the
University of Geneva, CERN, and UNITAR, organized the fourth
CERN Summer Student Webfest in 2015. In recognition of the
partnership linking CERN and UNOSAT, one of the focus areas
this year was humanitarian applications that involve Web-based
Soldiohd: THe bﬂrbl'rchln% {Htbwon the best design prize was
built on a platform, named GeoTag-X, which is a humanitarian
project developed by UNOSAT as part of the Citizen Cyberlab
project. GeoTag-X is a platform for volunteers to learn about
and contribute concretely to identifying important information
in a photo and create relevant, structured datasets that can be
used by those working to respond to an emergency situation.
The purpose of GeoTag-X is not for volunteers to replace
IN[ YH[OLY |

M{,‘%Z thi ¥ter-td lbg BLréhd Bskidtance to the latter. The

winning application created during the CERN Webfest enables

OL AYZ[ WYL WVZ[ PTHNLY" HURSTHAS (PSS MAEREY PO R HW] LV HN 2 [v

without requmng any computer programmlng experlence.

MYVT WHY[ULYZ PUJS\KPUN JYV~K ZV\YJL4<V)§(LSFKUWQVT\HZ['F1‘M-U4. MV FEW YN \UV ZH[

uploaded in real time to UNOSAT servers at CERN.

The Institute not only provides maps in response to emergencies,
but also supports national and regional capacity-development,
training initiatives and disaster risk-reduction. In addition,
UNOSAT provides technical assistance in Central America, Asia,
and Africa. In 2016, millions of vulnerable people globally may be
HHLJ[LK I
PUZLJ\YP[®
East Africa, UNOSAT started to work on capacity development
activities in 2015, providing modelling and rapid mapping with
CERN IT support. UNOSAT also works with the Government of
Chad and the Swiss Agency for Development and Cooperation
(SDC), as well as other partners, to support sustainable water
management in Chad through the use of satellite imagery and
GIS database creation. The database is developed at CERN
and constitutes fundamental baseline information for studying

YLZLH\ [JOHK VYN
JP[PaLUJ ILYZJPLUJL UL][
NLV[HN_ VYN

CERN openlab

OU 1HU\HY" *,95 VWLUSHI LU[LYLK P[Z

,S 5P|V PUJS\KPUN [OYV\NO Kphasa OThis  ynignek pulplicivatey pactnership  accelerates
'V OLSW YLZWVUK [V Z\JO M thevevetapmeantrol sting-edge sqdtiopsUfor the worldwide

3/* JVTT\UP[® HUK ~APKLY ZJPLU[PAJ YLZLHY.
openlab, CERN collaborates with leading ICT companies and
research institutes.

Huawei, Intel, Oracle, and Siemens are all partner companies for
[OL AM[O WOHZL VM *,95 VWLUSHI )YVJHKL
and Seagate are contributors, while Comtrade and Yandex are
associate members. These companies are interested in working

*

O'KYVNLVSVNPJHS JVUKP[PVUZ PU *OHK wiflDreseatgPgammubigPty soike 6ominon problems and are
MVY [OL *VVYKPUH[PVU VM /\THUP[HY PH WbleHtéi praviie leadity=¢qge techroloQies and ideas. For the

mobilizes and coordinates humanitarian assistance to people in
need worldwide, developed the Humanitarian Data Exchange
[+7? <56:(; OLH]PS® JVU[YPI\[LK [V [OL
repository, as well as to many other ones. Those repositories
contain downloadable data sets which humanitarian personnel
can incorporate into their analysis and planning. UNOSAT
actually shared the largest number of data sets on HDX in 2015.

(Z WHY[ VM P[Z [YHPUPUN
2015 the 5th edition of its master-level training course .LV
OUMVYTH[PVU PU +P ZH& ¢hurse: ewadifsRekéatian
to the collaboration between the University of Copenhagen
and UNOSAT, which was motivated by the desire to expose
Master students to the most recent development of geospatial
technologies and satellite analysis in support of humanitarian
relief and emergency preparedness.
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also invites other public research organizations as members.
The? ELgpédn | Bioikferfrdtics Institute (EMBL-EBI), the GSI
Helmholtz Centre for Heavy lon Research, and Newcastle
<UPJLYZP[® HYL [OL AYZ[ Z\JO VYNHUPaH[PVL

Testing in demanding and extreme environments pushes
technology to its limits, providing the ICT industry collaborators

\UKLY [HR P WihzvaluatBesfeedbaghidn ek préducts, while enabling CERN

and the other research laboratories to assess the merits of new
technologies in their early stages of development for possible
future use.

*,95 VWLUSHI
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of requirements; these involved CERN openlab industrial
collaborators, representatives of CERN, members of the LHC
collaborations, and delegates from other international research
organizations. The topics selected include next-generation data-
acquisition systems, optimized hardware- and software-based
computing platforms for simulation and analysis, scalable and
interoperable data storage and management, cloud-computing
operations and procurement, and data-analytics platforms and
applications.

[ LILY *,95 VWLUSHI OUUV]H[PVU HU]
LH[\YLK WYLZLU[H[PVUZ VU JVTTLY.
Y[ULYZOPW PU[LSSLJ[\HS WYVW|I
VU HUK LUFYolsW M LsUso\Y ZO P W

City University and the National University of Ireland Maynooth.
;OYVANOV[ [OL AlL O0*, +07 Z[\KLU[Z JV
industrial secondments, producing results that are relevant to

both the LHC experiments and numerous business sectors.

*95 VWLUSHI AM[O WOHZL PZ SLK I" (SILY[V
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CERN Open Source Hardware

0U 1\UL *,95 VWLUSHI OLSK P[Z AYZ[ °VWdegknSdhctivelylthdking ¥ k¥R IGE &hl technology available

people with the opportunity to learn about the exciting work
the collaboration is doing. Attendees learnt about CERN
openlab projects in a range of technical areas, and were given
presentations on the future plans of N as well as the challenges
faced by N other research organizations. The event proved
an exciting forum for sharing knowledge, with much cross
fertilization of ideas. In 2016 there will be an expanded version
of this event.

(UV[OLY UL” L]JLU[ PU
collaboration®s work N was the CERN openlab Innovation and
Entrepreneurship event, which was organized in collaboration
with  CERN's Knowledge Transfer Group and IdeaSquare.
Participants had the opportunity to discuss their own business

ideas one-to-one with invited experts. They provided tailored

advice and helped the participants to assess the technical and

business feasibility of their proposals. The event was supported
by CERN openlab partner company Intel as part of a joint project
on innovation and entrepreneurship.

The Intel-CERN European Doctorate Industrial Programme (ICE-
DIP), which is co-funded by the European Commission, builds
on CERNO:s longstanding relationship with Intel in CERN openlab.
Through ICE-DIP, students are granted CERN fellowships while
enrolled in doctoral programmes at partner universities: Dublin

MVY [OL ILULA[ VM ZVJPL['  HUK KVLZ ZV [OYV'
mechanisms. Open hardware has in recent years established
P[ZLSM HZ H JLY  LHLJ[P]L "H® MVY *,95 [V THR
and in particular printed circuit board layouts, accessible to
anyone, while also facilitating collaboration and design re-use. It
is creating an impact on many levels, from companies producing
and selling products based on hardware designed at CERN, to
new projects being released under the CERN Open Hardware
Licence. Today the open hardware community includes large

- YLALJ[PUN [OLrdcBthY hstitdidsy Wrkivefdies O individual enthusiasts and

companies. Many of the companies are actively involved in the
entire process from design to production, delivering services
and consultancy and even making their own products available
under open-source licences.

White Rabbit

White Rabbit (WR) is an extension to Ethernet technology
developed in collaboration with many institutes and companies.
It allows users to synchronize remote pieces of equipment to
within one billionth of a second. The project is completely based
on free software and Open Source Hardware. Users of WR
technology can purchase equipment from commercial vendors.
This combination of open source and commercial approaches
allows users to build on top of well-supported solutions without
any risk of vendor lock-in.
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Precise network synchronization is a very active area of
KLILSVWTLU[ "VYSKA”APKL
of WR technology, the IEEE 1588 working group is currently
working on a new revision of the standard which includes
HU LHVY[ [V [HRL JVUJLW[Z MYVT >9
1588 standard to tackle synchronization applications in the
nanosecond realm.

;OL OHYKAHYL KLZPNU HZ "LSS HZ HSS ZVM["F

9LJVNUPaPUN [@ilb&nademvaiadble vid apdr ddlrée[licenses.
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KiCad: a tool for designing open-source hardware

2015 has been a pivotal year for the KiCad project in many

4VYL PUMVYTH[PVU! VO~Y VYN WYVQLJ[Z ways Perhapsithe inost important one is the shift in perception

CERN Data Centre Environmental Sensor

from professional users who gradually start to adopt it as
[OLPY WYVK\J[PVU [VVS! [OPZ PZ JVUAYTLK
KLILSVWTLU[ LHVY[Z HUK [OL Ilaa HYV\UK |

* 95 THUHNLZ [OL SHYNLZ[ ZJPLU[PAJ K Hhe glebaldeweldpment co@rhundyPweRed hard to polish the

energy physics (HEP) domain. The archive currently holds over
130 petabytes of custodial data from past and present HEP
experiments, with some of its data being 40 years old, and most
of it to be preserved ad aeternum. The CERN data archive is
stored on around 20 000 tape cartridges that are held inside
tape libraries residing in the CERN Data Centre. Robotic arms
inside the libraries load the tapes into tape drives where they can
be read and written.

An important aspect for ensuring long-term data preservation
is protecting the physical environment against contamination
hazards. Bit areal density for tape media is augmenting
exponentially, with a corresponding decrease of bit sizes.
TodayOs tape media bit size is already below a car emission
particle. Contrary to disk systems which are perfectly sealed,

ZVM[*HYL A_ I\NZ HUK PTWYV]L [OL KVJ\TLU
distribution; all this with a strong contribution from CERN,
supported via the KT Fund. The result is the 4.0.1 Stable Release
available for download from the project website, for Windows

IP[ 6: ? <I\U[\ +LIPHU HUK V[OLY 3PU\

KiCad has now powerful capabilities typical of high-end
Electronics Design Automation (EDA) suites, such as a push &

shove (P&S) routing engine in the layout tool and the ability to

YVA\[L KPHLYLU[PHS WHPYZ HUK JVU[YVS [OL
particular is an extremely powerful tool, which saves designers

lots of time when routing moderately complex designs. KiCad

Pz [OL AYZ[ MYLL [VVS [V PTWSLTLU[ Z\JO H
present even in some widely used proprietary tools.

[HWL TLKPH AST NL[Z L_WVZLK [V [OL LUhR YW hasUljedn piesentefizin Ranumber of international

direct contact with rollers, reels and heads every time a cartridge
is mounted and winded on a tape drive, and whenever a cartridge
is accessed through a tape drive. To make things worse, most

events, including FOSDEM, a two-day event organized by
volunteers to promote the widespread use of free and open
source software, which is broadly recognized as the best such

[HWL SPIYHYPLZ HYL ULP[OLY AS[LYLK UWbnferehteHi$ Euoped lo R0, HFOZIDEMIwddHhald in January,
KYP]LZ JHU JYLH[L HPYAVAZ [OH[ HYL Z\IJiBrugdssls: Zt [nchided a] Well-#ttend#ZEDA HeveloperOs room

airborne particles from outside the library.

CERN itself was recently impacted by a limited media
JVU[HTPUH[PVU PUJPKLUTJ!
many scratches and holes on long stretches of media. This
incident was likely caused by foam or concrete particles. In order
to prevent a similar incident to happen again, CERN therefore
prototyped and built custom environmental sensors that are
hosted in an empty tape drive tray inside tape libraries, sampling

[OL ZHTL HPYAVA~ HZ [OL Z\YYVVUKPUN KYP]LZ

on a Raspberry Pi board and an Arduino processor reading
out data coming from a raw HVAC (heating, ventilating, and air
conditioning) dust counter detecting particles above 0.5 pm.

Humidity and temperature information are also collected. The
sensor continuously samples the surrounding air and raises
an alarm if airborne particle density, humidity or temperature
JYVZZLZ JVUAN\YHISL [OYLZOVSKZ
period, the team who designed the system has found that its
sensors behave comparably in terms of precision and reaction
time as proprietary systems, but at a small fraction of the cost
(around 100CHF per sensor so about 50 times less than the ones

where KiCad raised a lot of interest.

Strong interest was also shown by the 25 participants during a

[OL PTWHJ[L KwiahdpOrganizkd in theLffainéwadrkYoftie 2015 International

Conference on Accelerator and Large Experimental Physics
Control Systems (ICALEPCS) that took place in Melbourne in
October. Attendees recognized the potential of KiCad as a tool
to share designs and enable easy collaboration among institutes
and companies.

;OL KLZPNU PZ IHZLK

Amateur developers have been knowing and using KiCad for a
long time, but now an increasing number of companies adopt
it for their designs. Olimex, a Bulgarian company with a strong
presence in the Open Source Hardware market, recently decided
to start migrating to KiCad for their Printed Circuit Board (PCB)
design work. In particular, they have designed an ARM"-based
computer board that runs Linux, proving that the tool is ready for

(M [ Lrélatively complex@lesigrywork J [P V U

CERN has also implemented a fundraising scheme through the
CERN & Society Foundation. Donations come not only from
individuals, but also from some illustrious corporate contributors.

J\YYLU[S® HIHPSHISL VU [OL THYRL[ "P[O AiigPtBeadey tEaARasidryHPi FFoundatiod decided to fund

with no maintenance required.

44 | Knowledge Transfer

ZVTL VM [OL KL]JLSVWTLU[ MVY Z\WWVY[PUN



layout tool: this is a recognition of KiCadOs potential to connect
KPJLYZPALK JVTT\UP[PLZ VM KLZPNULYZ HYV\UK WYVQLJ[Z Z\JO HZ

the various add-on modules for the Raspberry Pi.

KiCad is now transitioning into a new development phase, after
a stabilization stage required for the release of KiCad 4. This
new phase will be dominated by improvements in usability and
also by the addition of features needed for complex PCB design,
such as pin swapping. FOSDEM 2016, to be held in Brussels at
the end of January, will serve as a forum to present progress and

discuss future plans.

A4VYL PUMVYTH[PVU! RPJHK WJI VYN
*VU[HJI[! 1H]JPLY :LYYHUV ), +LWHY[TLU]
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From Siberia to the depths of the Mediterranean Sea
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WR has found uses in areas which are very removed from accelerator control systems. Groups in the Nether -
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have developed extremely robust WR hardware because they need it to operate in extreme conditions. One
example is the WR-based timing system of the HISCORE Gamma and Cosmic Ray detector in the Tunka

valley in Siberia. The KM3NeT neutrino detector provides for an even more dramatic setting: WR nodes have
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How KT does KT

2UVASLKNL [YHUZMLY PZ HU PuL_[YPwéﬁﬁfyamgrwéWElE[RMé@qlndégies
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on the latest physics results and technical developments,

VWWVY[\UP[PLZ MVY [YHUZMLY

JVSSHIVYHIPVU 2P[O PUKAZIYPHS WH Y[ fedhfoloby-diSAIBSHES- £ 1o thrdskblit 2 HI
TLL[PUNZ HUK JV\LL [HISLZ! HSS [-OLagﬁfoa{-ClryL WHY[ VM OV~ YL

ZLHYJO PZ KVUL H[ *,95

CERN members of personnel can get in touch with the KT

* A ) . e ever 2 é? logy or know-how of
95»Z 2UVASLKNL 5YHUZMLY 25 .Y VA \é?otc‘aljln%| \N markgt eri eLHLS Ffltflja: ontact is deliberately
MLY VM RUVASLKNL MYVT [OL 3HIVY Hlept'as idformél\ds) gdssible ifoetiér td éAdiréVa low-threshold

ing ideas into viable applications.

disclosure process. Further to this contact, a meeting with

VUL VM [OL 2; 61JLYZ PSS IL[[LY LZ[HISPZO

disadvantages of the technology over others, ascertain CERN
Intellectual Property (IP) ownership, target possible applications
outside high-energy physics and draw an initial list of partners

[OH[ JV\SK ILULA[ MYVT [OL [LJOUVSVN"

technology disclosure form.

INET: the KT Internal Network

OP

;OL PKLU[PAJH[PVU VM UL~ RUVASLKNL [YI

within the Organization is facilitated by the Departmental KT
Coordinators: they act as focal points for each Department
on knowledge transfer matters, and as liaison between their
Department and the KT Group. Together, the KT Coordinators
form the Interdepartmental KT Network (INET), which meets
regularly with the KT Group to discuss the latest developments
on both sides.

KT Innovation Days

(Z HKKP[PVUHS TLHUZ [V MVZ[LY [OL

technologies and know-how, the KT Group organizes
Departmental Innovation Days, in close cooperation with
each Department. A KT Innovation Day is a great opportunity
for all Department members to showcase their ideas on
potential knowledge transfer cases in front of their colleagues,
their management, and the KT Group. It is also an occasion
for Department members whose technologies have been
successfully transferred, or who have otherwise been involved
in KT activities, to share their experience.

P Kl

6U 6J[VILY [OL AYZ[ 2; OUUV]H[PVU +H |

Department took place. Besides the nine new technologies

“OL AN\YL ZOVAZ ZVTL RL® WLYMVYTHUJL % presenied, 2 Righlight was (thg discussion on how to

U\TILY VM RUVASLKNL [YHUZMLY JVU[Y H Jtansiep fae) socalled) OPassive| KnowlgdgeO generated within
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instructions, but can best be transferred by showing how it is
performed. One idea for transferring such passive knowledge
would be to publish videos of CERN engineers or technicians
performing certain procedures in which CERN has unique skills.

65%

INDUSTRY

17%

LABORATORY

-VY UL VWWVY[\UP[PLZ AP[O HU L_[LYUHS WHY[ULY L N YLX\LZ[ MVY H [LJOUVSVN"
[OL WYVWVY[PVU I° WL VM WHY[ULY PUK\Z[Y  SHIVYH[VY  \UPJLYZP[ VY V[OLY

Title of disclosure TE Technical Contact
Capacitor Charging and Discharging Power Supply with Floating Output G. Grawer
Non-destructive Testing for Single Event Burnout in HV Semiconductors V. Senaj
Radiation Hard Flexible High Current Striplines M. Hourican
Storage Capacitor Accelerated Test Facility F. Boattini

Radiation Tolerant Electronics Permitting a Laboratory Accuracy on Large Scale Cryogenic J. Casas-Cubillos
Systems Instrumentation

Cryogenic Refrigerator for a Superconducting Mini-Cyclotron (already ongoing) F. Haug

Thermal Anchoring of Temperature Sensors and Side-Development J. Casas-Cubillos
concerning the Use of Uncalibrated Cernox Sensors

Distributed High-Precision Detection Systems for the Protection R. Denz

of Superconducting Elements in the LHC

Dynamic Harmonic Magnetic Field Correction (already ongoing) G. Kirby

Passive Knowledge E. Carlier

5L [LJOUVSVNPLZ WYLZLU[LK H[ [OL ;LIOUVSVN" +LWHY[TLU[ OUUV]H[PVU +H"
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Choosing the best dissemination for conferences or workshops), they can be a highly valuable
Strategy starting point for products or services by industry. The preferred

route for dissemination is through open-source licensing with
6UJL H WV[LU[PHSS  PU[LYLZ[PUN [LJO U Mxe\approMiitelapsh lsdurEeZsoftiwdreZand- hartiware licenses.
ZPUNSLK V\[ P[ PZ ULJLZZHY [V JOVV UK W\Y a{)o.h[ | - . .
KPZZLTPUH[PVU Z[YH[LN' [V HJOPL]L H ﬁhf@wﬁgﬁnslg%%@ﬁ}qu_ ' epc{%e[m'gaﬂon' while ensuring
WHY[PJ\SHY [V 4LTILY :[H[LZ» PUK\Z[Y [espgctyfer GRRNOS IPyrights. \Additiopally, whenever possible,
VM *,95»Z VYPNPUHS PKLH ;OLYLMVYL CERMWDES Lfdt the spychlledZ ®tbpyleftCS litshces, which also

YLX\PYLZ H JHYLM\S PKLU[PAJH[PVU V'V'ﬂ&ﬂje%o%&ahb%%th@Pea;!ﬁeduoma%é.mprovementsto
HUK VM "OPJO 07 YPNO[Z *,95 ZOV\SK HWW HZ [D
VY [YHKLTHYRZ the deS|gns or software equally avalla le under the same open-

source licence.

Know-how

B Patents
A majority of CERNOs knowledge transfer activities concerns

RUV~A OVA! [OPZ YLALJ[Z [OL \UPX\LULZZ VM *,95»7 JVTWLJOl[UJIaZ
In"many cases, a techrniology developed at CERN may be
in areas not covered by industry, such as ultra-high vacuum,

cryogenics, RF technology or detectors. A key characteristic
of know-how is that it cannot be easily documented: hence, = However, the mere patentability of an invention is not a good
transferring the knowledge implies close collaboration with the  yardstick for choosing whether to apply for a patent or not B

WHY[ULY PU[LYLZ[LK PU [OL ZWLJIPAJ L_Wdn¥dk %lthe Morn¥hoh bilidrVh&braiig YOUNMER the number
training, consultancy, or laboratory tests. of patents is often considered as an indicator of innovation.
In view of the objective of dissemination, a patent is only

LJOUPJHS KLZPNUZ KYH"PUNZ ZWLt]aEeﬁi]fl_{ I'eﬁa\élysqheﬂérlnéer of a technology which would

software otherwise not be transferable: this happens in particular when

patentable, i.e. it meets the criteria of novelty and inventiveness.

the industrialization of the technology requires a substantial

In view of the number of innovative technologies developed at
CERN, there is a wealth of technical documentation produced, JHWP[HS HUK VY [PTL PUJLZ[TLU[ -VY [OPZ Y
Z\JO HZ KLZPNUZ KYHAPUNZ HUK ZWL grcanienpinatiCERN; @@ svery[mssible patent application is

HYL YHYLS® W\ISPZOLK HZ WHY[ VM ZJdﬂtlchJI[/HhékbdWM\‘E@\Udﬂtth’ddtZinvdlvN.

Filing date Application number Application Owner(s)
type
Continuously Transposed Conducting 3 August 2015 EP15179513.5 EP CERN
Cable
Scintillator array for gamma ray 22 October 2015 7*; ,7 PCT CERN, Univ. Of
or X-ray detection with Milano Bicocca,
Depth of Interaction information PETSYS

Electronics SA

7H[LU[ HWWSPJH[PVUZ ASLK PU
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*95»Z 4HPU >VYRZOVW PZ "OLYL Z[H[L VM [OL HY[ TLIOHUPJHS HUK TH[LYPHSZ LUNPL
*,95 7/6;6 *,95 7/6;6

Trademarks As a consequence, the Technology Readiness Level (TRL)
of CERN technologies tends to be Oearly stageO according to

CERNOs projects, especially when they have an impact and industry standards, making it challenging to attract interest and
visibility outside the Laboratory, need to have a distinctive and  Investments from potential partners. The KT Fund is a tool for
recognizable name that can be used freely and peacefully CERN to increase the likelihood that its technologies and know-

Trademark registration gives the Organization a safeguard how will have an |r(rj1p§ct out5|de~ thi Lablor(zjitory. Par; of the.n.e_t
against claims by third parties to the names of its projects, as revenue generated by CERNOs knowledge transfer activities

LJLU UVU WYVA[ VWLYH[PVUZ JHU MHSS ?}bb% bV (9 5viw Wi 9ﬂrj\10HJEUb’?UHUJL W
UHTL °PU [YHKL» VUL VM [OL JYP[LYPH %Wﬁveg‘yegiwwvf etability or

s . L. sablllty of |st|ng technologie very year, the projects to
infringement). It is not uncommon for names of visible and

] . . ) be funded are carefully selected by a committee composed of
recognized projects to be abused by less well-intentioned

L o ~ . ) the Heads of Department and members of the KT Group (non-
individuals, thereby diluting CERNOs impact on society. voting)

A trademark gives CERN the legal means to limit such abuses, tho kT Fund represents an important incentive for CERN

a possibility that is not to be used lightly. Trademarks are also  |agearchers to bring their work into the outside world. The

HU PTWVY[HU[ PUZ[Y\TLU[ VM RUV/ASLKNLPYKIBZMY YL G985 ZWRY MEBZV PTWVY[HU[! 2; -
HUK Z[HY[ \WZ JHU ILULA[ MYVT [OL YLJViNdRER&dUith\tReHeld Y FEfOYY dMbBctoral Students, who

[OL [YHKLTHYR I *,95 >OPSL P[ PZ UV[ klébYgaihtitrowied§\ol Briyth| GSEHRN ¥chnologies, but also

register names of CERN initiatives and projects systematically,  in product industrialization and project management, real cases

the KT group is available to perform clearance searches to  of OKT through peopleO.

HzZZLZZ [OL YPZR VM JVUAPJ[ "P[O L_PZ[PUN [YHKLTHYRZ

:PUJL P[Z PUJLW[PVU PU WYVQLJ[Z OH]
The Knowledge Transfer Fund: amounts ranging from 15 000 to 190 000 CHF. Several projects
an essential tool to bl’lﬂg CERNOS have ended in the meantime, bringing results presented in this

YLWVY[ HUK PU P[Z WYL]PV\Z LKP[PVUZ *,¢
encouraged to submit project proposals for innovative industrial
] ] ) ] ] applications of CERN technologies throughout the year by
Innovation at CERN is driven by the exacting needs of its contacting the KT Group. The projects supported by the KT

ZIJPLU[PAJ WYVNYHTTL! KLILSVWPUN [LaRd S48 & Fstelil bhKpad? YY ‘Updates on the ongoing

how that go well beyond the state of the art is mandatory to  prgjects are given throughout this report, with three highlights
meet the performance requirements of high-energy physics  presented in this chapter.

as well as the operating conditions. It is, however, often still

a steep hike for these technologies to become industrialized

products or services, with additional constraints ranging from

\ZLY MYPLUKSPULZZ [V JLY[PAJH[PVU WHZZPUN [OYV\NO JVTWHI[ULZZ
weight, and design.

Innovations closer to somety
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Title Department

Fostering Global Collaboration through INDICO IT
Celesta - A CubSat Demonstrator for RadMon and CHARM applications EN
Emergency Lighting Power Converter EN
3D Multiline Interferometry EN
Kryolize DGS
Design of a linear accelerator for light ions to inject into LEAR BE
Electron gun for EBIS injector BE
7YVQLJ[Z Z\WWVY[LK I [OL 2; -\UK PU

KT Fund Project: from photonic
crystals to improved breast cancer
diagnosis

* 95 OHZ H ZVSPK L_WLY[PZL PU [OL L_WS
TH[LYPHSZ MVY WHY[PJSL WO ZPJZ KL[LJ]|
[OPZ HYLH OHZ ILLU Z[YVUNS' KYPJLU I’
SPNO[ V\[W\[ HUK IL[[LY [PTL YLZVS\[PVU
ZJPU[PSSH[VYZ PZ NLULYHSS' HHLJ[LK I
PUKL_ ~OPJO JVTLZ HZ H JVUZLX\LUJL VM
YLX\PYLK 7OV[VUPJ JY Z[HSZ HYL VW[PJI
HHLJ[ [OL SPNO[ WYVWHNH[PVU TVKL H]J
JY Z[HS" WV[LU[PHSS  [OL> JHU ZPNUPAJ
VA[W\[ MYVT ZJPU[PSSH[VYZ "P[O H OPNO

:OL ULLK MVY OPNOLY [PTL YLZVS\[PVU
PTWYV]PUN [OL WYLJPZPVU VM 7,; ZJHUZ PU VYKLY [V YLK\JL IHJRNYV\UK LJLU[Z HUK
T\JO IL[[LY PTHNL X\HSP[" "OPSL H[ [OL@HTPVBTLMHIE SMAMP\UNK[®YV ZPLUPU[V [OL WH[PLU]

JOHURZ [V [OL 2; -\UK V\Y *,95 NYV\W OHZ ILLU HISL [V AUHUJL [OL ULJLZZHY  YLZL
JHU PUKLLK PUJYLHZL [OL SPNO[ V\[W\[ VM ZJPU[PSSH[PUN JY Z[HSZ I' TVYL [OHU H
+LWHY[TLU[ ,HUK [V KL]LSVW [VNL[OLY ~P[O [OL JVTWHU" :03:,3- MYVT /H\[L :H]VPL -\
+LWHY[TLU[ H WH[[LYUPUN WYVJLZZ ZJHSHISL [V [OL ZPaLZ HUK JVS\TLZ ULLKLK H[ H!

‘OPZ PUJYLHZL PU ;LJOUVSVN' 9LHKPULZZ 3L]LS OHZ LUHISLK [OL Z\JJLZZM\S HWWSP.
PZ H WYVQLJ[ SLK I" [OL -YLUJO 5(7( ;LJOUVSVNPLZ JVTWHU  [VNL[OLY AP[O :03:,- J\
OVZWP[HS PU 3H\ZHUUL *,95 HUK 6UJV]PZP}U H :WHUPZO JVTWHU  JVTTLYJPHSPaP!
KL]JLSVW H UL_[ NLULYH[PVU PUK\Z[YPHS NYHKL 7,; ZJHUULY MVY LHYSPLY KPHNUVZP
PZ H YLHS JOHSSLUNL HZ AL OH]L [V IYPUN [VNL[OLY JLY  KPJLYZL JVTT\UP[PLZ ;OL
AOH[ KYP]JLZ \Z [V THRL [OPZ WYVQLJ[ H Z\JJLZZM\S ,\YVWLHU JVSSHIVYH[PVU? JVTTLU
HJ[P]P[  H[ *,95 HUK PZ [OL *,95 :JPLU[PZ[ PU JOHYNL MVY ;<9)6 7,;

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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KT Fund Project: from safety at CERN to
HU VH [OL ZOLSM WYVK\J[ PUK)

'HML[> VM HSS WLYZVUULS HUK ]PZP[VYZ VU [O
JVUZ[HU[ WYLVJJ\WH[PVU MVY [OL 6YNHUPaH[P
LUJPYVUTLU[ H[ *,95 [LJOUPJHS ZVS\[PVUZ [V
UV[ HSAH Z YLHKPS  H]JHPSHISL VU [OL THYRL]
PZ [OL YPZR VM YHKPH[PVU L_WVZ\YL JV\WSLF
THNUL[PJ ALSKZ ;YHKP[PVUHS YHKPH[PVU TL[
[OL WYLZLUJL VM L]JLU TVKLYH[L THNUL[PJ ALS
YPZR VM \URUVAPUNS  L_WVZPUN WLVWSL [V Y
YHKPVHJ[P]P[ PU HJJLSLYH[VY VY KL[LJ[VY JVT
KLILSVWLK H ULA WL VM YHKPH[PVU Z\Y]L  TL[
YLSPHIS  PU [OL WYLZLUJL VM H OPNO THNUL[PJ ALSK

;OL KL]PJL OHK ILLU KL]JLSVWLK \W \U[PS [OL WYV[V['WL SL]LS _/VAL]JLY AL UV[ VUS
AOPJO JHU IL \ZLK I’ *,95»Z ZHML[> WLYZVUULS I\[ HSZV [V THRL [OL [LJOUVSVN" HJ.
YLZLHYJO SHIVYH[VYPLZ HUK PU OVZWP[HSZ! L_WSHPUZ 4HYJV :PSHYP /:, <UP[ 7O\
7VS [LJOUPJ VM 4PSHU

;OL 2; -\UK OHZ LUHISLK [OL JVSSHIVYH[PVU AP[O H "VA\UN O[HSPHU JVTWHU" ,3:, 5\JSI
PUK\Z[YPHS WYVK\J[ ;OL ILULA[Z MVY *,95 HYL ["VMVSK! VI[HPUPUN HU PUK\Z[YPHS N
LUHISPUN V[OLY MHJPSP[PLZ [V OH]L HJBMWN [V [OPZ UV]LS *,95 [LJOUV

©00000000000000000000000000000000000000000000000000000000000000

Promoting and marketing CERN the attention of their national and regional industrial ecosystems.
technologies to industry As of 2016, the ENET will become the KT Forum.

OKLU[PM 'PUN [YHUZMLYYHISL *,95 [LJO UWdusiyefocusedexensand eghjoitigng
VUS® \ZLM\S PM WYPTHY  Z[HRLOVSKLYZ PUK\Z[Y" PU WHY[PJ\SHY MYVT
ALTILY :[H[LZ HYL H*HYL VM [OLPY WV [Thi¢EgHdsit lthé)yeArl Zhe KT Group is involved in industrial
exhibitions at CERN organized by the Member States. Promotion
The KT website of CERN technologies also happens through contacts and
events organized by chambers of commerce, such as the CCI
;OL WV[LU[PHS PUK\Z[Y  ILULA[Z VM [L {@&hanps\da Sanmereretde indnstia) de I0AIn, the French
dissemination are summarized in a technology brief ® a regionin which CERN is partially located.
document highlighting the key advantages and characteristics of
atechnology D which is published on the KT website. A selection  From 14 to 18 September 2015, the annual Conference on
of these technologies is also emphasized in the KT Newsletter, 9HKPH[PVU ,HLJ[Z VU *VTWVULU[Z HUK :"Z[L1
which is distributed to all members of the SME Network (see  place in Moscow. RADECS gathers more than 500 experts from
page 61). research laboratories and industry, mainly from the accelerator
and aerospace communities. The KT Group joined forces with
4VYL PUMVYTH[PVU! JLYU JO RUV~ASLKN L [R2E (CERN. Radiation to Electronics project, EN Department) to
ZL[ \W HU L_OPIP[PVU Z[HUK PU VYKLY [V WY
Relations with Member States activities, to attract students, and to showcase the technologies
and facilities that CERN has developed and can share with
An important forum for raising awareness about CERN external partners. This strongly enhanced the visibility and
technologies in Member States, and for identifying potential YLW\[H[PVU VM [OL 6YNHUPaH[PVU PU [OL AL
synergies, is the External Network (ENET). The ENET comprises RADECS 2017, which will take place in Geneva.
[OL VIJPHS 2UVASLKNL ;YHUZMLY YLWYLZLU[H[P]LZ MYVT LHJO
Member State. ENET members meet the KT Group at least On 23 September 2015, CERN participated in the Smart Factory
once a year at CERN. ENET members form the bridge between  Networking Conference in ZYrich, which was organized by the
the Laboratory and the industry in Member States, and can  Swiss-Swedish Innovation Initiative, and united major industrial
therefore bring the newly disclosed technologies and ideas to  actors such as Volvo, Saab, ABB and Ericsson. From 6 until 8
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KT Fund Project: Indico b spreading the
PTWHJ[ VM LIJPLU[ L]JLU[ THUH]I
MYVT *,95 [V [OL "OVSL ZJPLU]

community.

[HY[LK HZ H ,\YVWLHU *VTTPZZPVU WYVQLJJ
IlLJvrtL ;/, JVUMLYLUJL HUK L]JLU[ THUHNLTLU[
\ZLK L_[LUZP]LS® VU H KHPS® IHZPZ -YVT ZPT
]JPKLVIJVUMLYLUJLZ "P[OPU SHYNL ZJPLU[PAJ JV
\ZLYZ [V ZLHTSLZZS  VYNHUPaL L]JLU[Z MYVT ILN
YVVT IVVRPUN \WSVHKPUN HUK YL[YPL]HS V
HUK [OLPY HYJOP]HS H\[OVYPaH[PVU THUHNLT
JVSSHIVYH[PVU [VVSZ MVY JPKLVJVUMLYLUJPUN

;OL 2; MV\UK LUHISLK [V LHLJ[P]LS® KPZZLTPUH[L

IVIUKHYPLZ

JHU IL J\Z[VTPaLK HUK [YHJRLK

YLKLZPNU VM [OL OUKPJV ~ALIZP[L WSH LK H RL"
PUZ[P[\[LZ "VYSKA"PKL

OUKPJV PZ UV~ \ZLK |I° V]LY

;OL UL_
JVTT\UP[

[ KLILSVWTLU[Z

October 2015, the KT group was present at SEMICON Europa
in Dresden, the largest trade fair and conference in Europe
dedicated to the Semiconductor industry. At a stand shared

with the IRT NanoElec consortium (ESRF, ILL, and CEA), CERNOs

technologies in medical imaging, radiation-hard electronics,
Monte Carlo simulation, and radiation testing have been actively
promoted to over 4000 visitors.

On 28 October, the KT group met with representatives of key
industrial players in the Belgian region of Wallonia, to present
and discuss opportunities for collaboration. This event was
organized by AWEX, the OAgence Wallonne " IOExportation et aux
InvestissementsO, and WBI, Wallonie-Bruxelles International.

Legal advice on IP matters

Always with the objective of optimizing knowledge transfer by
establishing a suitable and legally safe framework for it to take
place, CERN relies on the advice of IP law specialists within the
KT Group, who provide support on KT matters as well as on
general IP issues.

The KT legal advisers identify and analyse potential legal issues,
and decide the best course of action together with the Knowledge

T is
5 YHUZMLY 61JLYZ HUK *,95»Z [LJOUPJHS (/LY

best legal structure is then determined for serving the purpose
of managing the knowledge transfer. This includes proposing
the most suitable IP management schemes for the case at
hand, drafting the agreements, negotiating with the partners
and their legal counterparts. The advisers also provide frontline

;OLZL LUOHUJLTLU[Z

A"OPJO YLJLP]JLK M\UKPUN PU
MVJI\ZLK ZLHYJOLZ HZ LSS HZ KPHLYLU[ H\[OLU[PJH[PVU TL[OVKZ

©00000000000000000000000000000000000000000000000000000000000000

legal support for all KT activities. As an example, negotiations
on several legal issues, especially related to IP, have been
conducted by the KT Group with EBG MedAustron; these have

led to the conclusion of an agreement for protection and use of

IP related to the MedAustron hadron therapy facility.

In addition, advice is regularly provided in connection with IP
management aspects of EC-funded projects. This include
[OL PKLU[PAJH[PVU VM IHJRNYV\UK 07
that is contributed by the Organization to the project, and
the corresponding IP due diligence. For instance, within
the framework of the MEDICIS-PROMED ITN (see page 73)
coordinated by CERN, the KT Group has assisted the project
coordinator in identifying the LaboratoryOs background IP. It was
concluded that access would be needed to two CERN patents
related to ONanostructured Target for Isotope ProductionO and to
OMethod for production of radio-isotope preparations and their
use in life science, research, medical application and industryO.
OU HKKP[PVU HJJLZZ
L WLY[PZL "HZ HSZV KLAULK

also reiula iﬁ consulted durlng procurement activities,

intellectual property clause contained in the CERNOs General
Conditions. Finally, the KT legal advisers also provide input iinto
matters of licensing of CERN material or any IP-related topics of
interest to the Organization.
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;OL [HISL VU [OL YPNO[ ZOV~Z [OL 2; HNYLLTLU[Z AUHSPZLK PU
;OL THW HIV]L ZOV~Z [OLPY KPZ[YPI\[PVU HJYVZZ JHYPV\Z * 95 4LTILY :[H[LZ HUK IL VI
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Technology

Solar Collector
Hadron therapy
Hadron therapy
Hadron therapy

Fluka particle physics Monte Carlo simulation software
Carbon nanotubes nanocomposites

Photonic Crystals

Giga Tracker

High Temperature Radiation Resistant Piezo Stack
Fiber Bragg Grating Fiber Optic Sensors

Kryolize software for sizing safety valves

Kryolize software for sizing safety valves

ActiWiz radiological hazard assessment software

Roxie software for the electromagnetic simulation and
optimization of accelerator magnets.

Navigation for Unmanned Aerial Vehicles in GPS denied
environments.

Know-how relating to vacuum set-ups and connections
SRS-Scalable Readout System for Micropattern Gas Detectors
3D Tracking Semiconductor Detector

2S°Z[YVUZ A"P[O PTWYV]LK LIJPLUJ"®
GEM

NINO-IRPICS chip

NINO-IRPICS chip for large-scale use

Portable radiation survey meter

Medipix3 chip

Large scale automated system to monitor radioactivity in waste
containers

Medicis - Radiation-hard conveyor system
High Pressure Laminates

Silicon Photomultiplier-based ClearPEM detector module
Timing and High Rate Capable Gas Detector
CELESTA ("CERN Latch-up Experiment Student Satellite")

CubeSat Radiation Monitoring Project

Software framework for standards-based control and
communication with hardware devices

IT platform for Innovation Monitoring

Type of agreement

R&D License Agreement

Partnership Agreement

License Agreement

Agreement for Protection and Use of IP

4 License Agreements

Technology assignment & revenue sharing
agreement

Licence agreement

Partnership Agreement

Collaborative R&D Agreement
Collaborative R&D Agreement
4 License Agreements
Collaborative R&D Agreement
3 License Agreements

3 License Agreements
2 Framework Collaboration Agreements

License Agreement

2 License Agreements

Assignment of IP Rights

Research Collaboration Agreement
License Agreement

3 R&D License Agreements
License Agreement

License Agreement

3 License Agreements
Collaborative R&D Agreement

License Agreement
Collaboration Agreement

Collaboration Agreement

Protection and exploitation of jointly
owned IP

Framework Collaboration Agreement
Assignment of IP Rights

BIC Agreement
BIC Agreement

Collaborative Research Arrangement

Type of
partner

Commercial
Commercial
Commercial
Commercial

Commercial
Academic

Commercial

Commercial
and
Academic

Commercial
Commercial
Academic
Academic
Academic

Academic
Commercial

Commercial
Commercial
Academic
Commercial
Academic
Academic
Academic
Commercial

Commercial
Commercial

Commercial
Academic

Commercial
and Aca-
demic

Academic
Academic

Academic

Academic
Commercial

Academic

Country

ES
AT
CH
AT

DE, CN,
SE, IT

CH

FR
UK

DK
PT
DE, CA
DE
uUs, SE

RO, US,
UK
FR

UK

RO, DE
CZ, DE
FR

PK

IT, FR, IN

IT, PT

IT
FR
ES

Fl

EU

2015| 55



-YVT [LJOUPJHS JVUJLW[ [V THYRL[ YLHSP[ ! *,95 U\Y[\YLZ JYLH[P]L HUK PUUV]H[P]L P
IYPKNL [OL NHW IL[ALLU IHZPJ ZJPdsUdé;eHUK PUK\Z[Y"

56 | Knowledge Transfer




Innovation for business

THY[PJSL WO ZPJZ PZ H RL™ KYP]LY Idadtisulap onbightgigdien X-bardadceleradg structures and
fully committed to streamlining the passage of technology on ion beam diagnostics.
from fundamental research to industry. The Laboratory en 4VYL PUMVYTH[PVU! PUUVNL_ MY LU

courages cross-sectoral activities and the creation of spin-

Cyy F \
VI JVTWHUPLZ THZLK WHY[PHSS" VY Tl‘éa\:zg?egmen tL(J)egt’a%hSSh[tllTeJF%é{Meslé{nnish BIC of CERN

NPLZ HUK RUVASLKNL technologies, was signed on 16 September 2015 in Geneva
by CERN, the Helsinki Institute of Physics (HIP), and the
Business Incubation Centres in CERN Tampere University of Technology (TUT). The FBC is operated

under the technology programme of HIP, a physics research
Member States institute jointly managed by the University of Helsinki, the

J\ZPULZZ OUJVIH[PVU *LU[YLZ )o0*z vm 3GQunive [rsi?b %Wﬁ%i?wwas'(yls thtf]Liﬁ’pﬁgntrantta
HZZPZ[ LU[YLWYLUL\YZ HUK ZTHSS OPNd‘J Kej%y ology, 2 [£Pgsthe mandate to

PUUVIH[P]L PKLHZ MYVT [LJOUPJHS JVUJE ‘ﬁ‘{} ""FW?%L“W?‘?F‘ECM‘ basic and applied physics
as well as in physms research and technology developments

* 95 JVU[YPI\[LZ AP[O [OL [YHUZMLY VM YithPB uintesmational -accelenator\laboratories. The institute is
OV~ [OYVI\NO [LJOUPJHS |PZP[Z [V [OL 3tesponsiblevfar thezRinmigh\research cottaboration with CERN,
JVTWHUPLZ PU [OL )0*Z HUK WYLMLYLU] &andSt alde[¢ooRiMatesthe> Eimnisk \dontrisufion to the FAIR
PU[LSSLJ[\HS WYVWLY[" ;0L )0* THUHN L YaBor3tory\FRdifity furl AntiprotdtlaNd" lon Research) currently
ovr HJJLZZ [V SVJHS HUK UH[PVUHS Udde? ¥ohdtrdction i Darhstadt, Gekifany.
M\UKYHPZPUN Z\WWVY]

OL *.95 10* 5LIAVYR JVIUIZ H IVIHS VM L HIPOsTechnoIo ﬁProgramme HIP- TECH)|sIed by Saku MSkinen
N ! ) [ [ [VI frym ‘I{U'P’ cur on %Qc\érlrd ent to CERN. The programme
OPJO OH]L QVPULK PU

focuses on technology development, as well as on academic
and industrial collaborations in big science. At present, HIP-
TECHOs areas of interest include green computing, computing
LIJPLUJ® HUK [LJOUVSVNPLZ MVY TLKPJHS
accelerators and nuclear safety. Active since 1995, HIP-TECH
has been successfully involved in a number of projects with
CERN and Finnish companies. The programme also trains and

BICs established in 2015

France
InnoGEX, the BIC of CERN technologies in France, opened its
doors on 18 May 2015. The centre is hosted at the Technoparc

in Saint-Genis-Pouilly, just a few hundred metres from the CERN  ogts post-doc researchers as well as Ph.D. and M.Sc. students

main site. INNOGEX is a partnership between the French state, i, opical areas ranging from detector technologies to industrial
CERN, the Ain Department, and the CommunautZ de Communes management.

du Pays de Gex; it represents a real political ambition to promote
the creation of innovative enterprises on the territory of the Pays  H|p.TECH has been playing an increasingly proactive role
de Gex. to facilitate industrial collaboration and knowledge transfer

) IL[ALLU PUK\Z[Y  HUK IPN ZJPLUJL (Z WHY["
(AYZ[ ZLSLI[PVU JVTTP[[LL [VVR WSHIJL VW YQNYHTHEPNA WWMTIWPRUIR AR P[Z Z\WWVY[ [V

to CERN of Mr. Damien Abad, President of the Ain Department,  companies by incorporating the FBC into its core activities.
on 25 June. The committee accepted one company, Terabee,

HZ [OL AYZ[ WYVQLJ[ OVSKLY [V LU[LY O4ANUM. ,RPUNLDMHIHLPKUWSYW A IPJ
robotized sensors, developed with the support of CERNOs

RUVA OV~ [V WSHJLZ ~OLYL HJJLZZ PZ KSfbbih\S[ K\L [V WO ZPJHS

constraints or environmental conditions. The eighth BIC of CERN technologies was established in Spain,

with an agreement signed on 19 October 2015 between the
A second selection committee took place on 15 December, and  laboratory and INEUSTAR.

approved one of the three projects submitted for evaluation. The

ZLSLJ[LK WYVQLJ[ "PSS IL AUHUJLK HUHKNEBEFSIAR Bh&hish BeieheeUndu¥tlythEBodiktion) is a national

of the European subsidiary of RadiaBeam Technologies B a association of companies working with organizations involved
manufacturer of particle accelerator components, diagnostics in the conception, design, construction, maintenance, and

and turnkey accelerator systems. To develop some of theirnew VWLYH[PVU VM ZJPLU[PAJ MHJPSP[PLZ HUK P
products, RadiaBeam Europe will rely on CERN expertise, in  promotes networking and cooperation between industry,
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academia, and research centres, and it will help identify new
routes to transfer CERN technologies to the market through the
INEUSTAR-Pioneers programme.

2015 also saw the decision to expand the geographical reach of

the BIC to include the existing STFC site at Harwell in Oxfordshire

as well as The Higgs Centre for Innovation in Edinburgh, which

will open to businesses in 2016. The Harwell Centre welcomed

[OL AYZ[ PUJ\IH[LL 6_MVYK 5HUVZ Z[LTZ
ILULA[PUN MYVT *,95%Z L_WLY[PZL [OYV\NO
heat transfer nanocoating technology in detector environments

and through the processing of test results.

INEUSTAR-Pioneers aims at bridging the gap between
fundamental research and industry, by supporting businesses
and entrepreneurs who want to develop innovative products
based on technologies related to high-energy physics.
INEUSTAR-Pioneers will identify local incubation centres
across Spain where ideas based on CERN technologies can be
explored and nurtured further, and taken from technical concept
to market reality.

The original STFC-CERN BIC site in Daresbury greeted its new
manager, Delyth Lloyd, in October. Delyth is warmly welcomed
and together with the KT Group at CERN, has a range of exciting

After a selection process supervised by CERN and INEUSTAR, ngw plans fgr the_ centrg, including the _possibility of teaming up
Z\JJLZZM\S HWWSPJHU[Z PSS ILULA[ MY Y ypvemsity \pusipesg ge)agly \ppefdgr to reach out to
ZJPLU[PAJ RUVA OVA HUK I\ZPULZZz L_wL Ppieigl oghnglogysiag-ups angentrepreneurs.

INEUSTAR, and the local incubator infrastructure. INEUSTAR
will be CERNOs unique initial contact point to implement the
whole process.

4VYL PUMVYTH[PVU! Z[MJ JLYU IPJ VYN \R

The Netherlands
4VYL PUMVYTH[PVU! JLYU JO RUVASLKN L [Mteritg lduneh irr2014,1the Duteh BIC of CERN technologies
05,<:;(9! PUL\Z[HY JVT at Nikhef has received two expressions of interest in 2015. One
of them is considered of potential interest, and is about the
plans for establishing a company, provisionally called 'Particle
Toys'. This start-up would be producing tools for education and
United Kingdom VVM[YLHJO PU [OL ALSK VM Z\IH[VTPJ WO ZP

:OL <2 OVZ[Z [OL AYZ[ )0* VM *,95 [LJO UResasRtpp 0 measuee e muon [fetime and a do-it-yourself
in collaboration with the Science and Technologies Facilities  interferometer. The viability of the concept is currently being
Council (STFC). The STFC-CERN BIC is based at the Daresbury €valuated at various levels, including the sale of a small test
campus in the North-West of England, and in 2015 it welcomed  series of products at exhibitions and conferences. The outcome
the successful application of its fourth company, Camstech Ltd. ~ of the evaluation process will determine whether Particle Toys

Updates on existing BICs

Camstech is a young start-up based on electrochemical sensing
technology, and it hopes to draw on CERN's competences in the
ALSK VM TPJYV]PHZ
already resident at the centre, two of which, Croft Additive
Manufacturing and 2D Heat, share their experience of being a
member of a BIC of CERN technologies (see page 59).
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will eventually be founded.

(:0
provides high sensitivity solutions for sharper and faster imaging
based on the Medipix readout technology, already held a licence
to this CERN technology before the establishment of the Nikhef-



'PNUH[\YL VM [OL :WHUPZQ9p0MeHdNYLLTLU[ -PYZ[ TLL[PUN VM [OL *,95*)6* 5L["VYR
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What it means to be part of a BIC of CERN technologies
Croft Additive Manufacturing (CAM) joined the STFC-CERN BIC in 2013:

(Z VUL VM [OL AYZ[ :THSS HUK 4LKP\T :PalL ,U[LYWYPZLZ :4,Z PU [OL <2
(KKP[P]L 4HU\MHJ[\YPUN (4 *(4 "HZ HAHYL [OH[ P[ ULLKLK [V TH_PTPal
Z\JJLZZM\SS  KL]LSVW P[Z PUUV]H[P]L AS[LY KLZPNUZ

*(4 "HZ KLSPNO[LK "OLU P[ ILJHTL [OL AYZ[ JVTWHU [V LU[LY [OL :;-* *
YHUNL VM HJHKLTPJ RUVASLKNL HUK L_WLYPLUJL HZ ALSS HZ HJJLZZ |
UVYTHSS  IL HJHPSHISL [V :4,Z ;0PZ WYLZLU[LK *(4 AP[O H JHS\HISL VW

KLTPJZ HUK \[PSPaL [OLPY L_WLY[PZL HUK R[22 RWWSENRNZ PWUQDSWZHKY W

JLPUN WHY[ VM [OL :;-* *,95 )0* OHZ LUHISLK *(4 [V YHPZL HAHYLULZZ V
[PVUZ MVY HKKP[P]L THU\MHJ[\YPUN HUK THRL M\Y[OLY WYVK\J[ KL]LSV\
OPNO JHS\L [V [OL LUK \ZLY -\Y[OLYTVYL [OL WHY[ULYZOPW OHZ Z\WW\
AP[O JHS\HISL I\ZPULZZ Z\WWVY]

+/LH[ H YLZLHYJO HUK KL]JLSVWTLU[ JVTWHU  JVTTLYJPHSPaPUN PUUV
THU® KPHLYLU[ HWWSPJH[PVUZ QVPULK [OL :;-* *,95 )0* PU !

ALTILYZOPW VM [OL :;-* *, 95 )0* OHZ WYV]LU L_[YLTLS  ILULAJPHS VU |
JHS\HISL % NYHU[" I\[ L]JLU TVYL PTWVY[HU[S  [OL PUJHS\HISL ILUL.
VM [OL ZJOLTL OHZ WYV]LU H ,KVVY VWLULY! "OLU [HSRPUN ~P[O M\UK
9 + WHY[ULYZ HUK "OLU [HSRPUN [V PUK\Z[Y  PU NLULYHS
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* 95 )0*
way for other companies to join the BIC.

4LHUMOPSL
have further increased, providing fertile ground for the future
expansion of the BIC. Innoseis, Nikhef's gravitational wave

O[ [O\Z ILJHTL [OL AYZ[ VIJPHS PG®rdadH[LL WH]PUN [OL

;OL .YLLR )0* VM *,95 [LIOUVSVNPLZ OLSK HU

event on its premises in Technopolis Thessaloniki on 10 June

5PROLM Z ZWPU VH HUK RU\08.L Many distnguished gyests ape ppelpiegs were present,

including the rector of the Aristotle University of Thessaloniki,

the representatives of the Macedonia University, the regionOs

KL[LJ[PVU ZWPU VH OHZ HJOPL]LK H TP §egvand the Germgncaansul) Nhg @vent also attracted the

AYZ[ IH[JO VM
"PSS IL KLSP]JLYLK [V :OLSS O0UUVZLPZ
sensors for intrusion detection and perimeter monitoring; the
project involves, among others, the Dutch police. The visibility of
the Dutch CERN BIC and its capability of attracting innovators
will be helped by the attribution of the prestigious ‘'valorization
prize' of the Dutch physics funding agency FOM to Jo van den

J)YHUK 5PROLM Z[HH TLTILY HUK VUL VM L

p
4VYL PUMVYTH[PVU! UPROLM US LU l\ZPUb\/ZI-FYfE{?\%FHyg‘ﬁl[I\-J?NU

JLYU IPJ

Norway
The Norwegian BIC of CERN technologies is hosted by the

campus of the Norwegian University of Science and Technology
5;5< PU ;YVUKOLPT O0U

\S[YH SV~ WVALY zLPzT§aEnieprongyrs: Techpqpolisdipsty 80 companies, all active

Pzthe 7 \argey and most (@ (FRir SEPY ftended the BIC

inauguration and took an active interest in the technologies
on display, which included CRISTAL for business process
management and C2MON for monitoring activities.

ou H U\TILY VM WYLZLU[H[PVUZ VU

bg)the Technopolis BIC of CERN technololgies had been planned
V UKLY% VM_OUUVZL

y the Technopolis Team across thé country. However, 2015

OHZ ILLU H Y MVY .YLLJL"

stance on new ventures.

Hopefully, 2016 will provide a more stable environment that

[OL V

e
HY LU[YL\
kR0 oHIL 1LLu [HF

"PSS HSSV” [OL KL]JLSVWTLU[ VM JVTWHUPLZ

CERN technologies and know-how in Greece.

PUJYLHZLK LHVY[Z [V Z\WWVY[ Z[HY][

\WZ PUJS\KLK [OL VWLUPUN VM [OL UL ANYLZPUMVWY,5E[PMWUSJILYU JO RUVASLKNL[YHL

located in Trondheim city centre. NTNU Accel is consolidating
many of the incubation activities at NTNU, and will result in
additional support and opportunities for the BIC.

Another major action to promote innovation is represented by the
collaboration with the NTNU School of Entrepreneurship (NSE),
which incubates student-driven companies and is in charge of
organizing the yearly CERN-NTNU Technology Screening Week.
During this dedicated week, Master students from NSE assess
the market potential of a selection of CERN technologies,
MVJ\ZPUN VU [OL JYLH[PVU VM ZWPU VH

The 2015 Screening Week was the eighth in the series; it took
WSHJL MYVT [V
at CERN's IdeaSquare (see page 69). The almost 40 students

Austria

The Austria BIC of CERN technologies was founded in December
2014, and is operated by the incubator Accent Gruenderservice
GmbH. The BIC has been a very active partner in 2015, focusing
on raising awareness in the country about the BIC and its
activities, identifying new suitable projects, and formalizing the
application process for companies.

Accent Gruenderservice GmbH belongs to the Academia plus
Busingsg (RlysB) network of regional Austrian incubators, and
acts as the entry point to the BIC for all incubators belonging to
the network, and their incubatees. The AplusB annual meeting in

6J[VILY HUK MVY [O Lnnabwflf OPI;? 1epriIFgPlﬁ w%s tBeLpngf@ct and timely occasion

for Accent to inform all regional members about partnering

HZZLZZLK MV\Y KPHLYLU[ [LJOUVSVNP Lz BPIVIRSIP CERY Ry Jor8ly gantastpoints-

cutter; THRAC, a new gaseous detector; C2MON, a control and
TVUP[VYPUN WSH[MVYT" HUK *LYU=4 -
system. While at CERN, the students worked closely with both

The search for new candidates for entering the BIC has been

HMHRIASS RElsVAEURSoL Avzi 1pzP[ PU

initiated with the start-up Neuschnee GmbH, who aims at making

[OL 2UVASLKNL ;YHUZMLY VIJLYZ HUK [OL{AQYYJYN RUILNYVXSi(PvU TVYL LIJPLUL

The technologies being assessed are not currently exploited
I ZWPU VH JVTWHUPLZ

friendly. In order to facilitate the exchange of ideas and the

WV[LU[PHS JVTTLYJPHSPaH[PVU WHY[ULYC%I—'\{N-tgd-hnaéﬁiey, de@&égtelﬁ\,%ﬁ(é.hblp Wddnheld at CERN

Screening Week and are now being followed up.

The NTNU BIC of CERN technologies is currently hosting TIND
Technologies (see page 34), which emerged from the 2012
Screening Week.

VU 6J[VILY "P[O
Two of the projects discussed at the workshop are now possible
candidates for the Austria BIC of CERN technologies. Further
to the positive feedback from all participants in the event, the
application procedure for the BIC has now been formalized to
include such a workshop at CERN as a milestone in the process.

4VYL PUMVYTH[PVU! U[U\HJJLS UV U[U\ IPJ VM JLYU

5;565< :JOVVS VM ,U[YLWYLUL\YOZPW!
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CERN Entrepreneurship Meet-Ups

In March 2015, the KT Group launched the CERN
On 19 May 2015, representatives of the BICs of CERN Entrepreneurship Meet-Ups, aimed at gathering CERN people
[LJOUVSVNPLZ NH[OLYLK \UKLY [OL ZHT lintsfashed irv htregréneurdhipZ pnfiPifinovation. The meet-
;OL HPT VM [OPZ AYZ[ ,)0* KH 't A"HZ [V Oup$S Wavé éen) O&ldddddsyHdinel Wednesday. The meet-ups

First meeting of the CERN BIC Network

build a closer network, by sharing experiences and information
amongst them, and to give them the possibility to openly express
their needs to the CERN KT Group. All the BICs presented

are intended as an open arena to discuss and learn about
entrepreneurship and innovation, both in general terms and in
the CERN setting. Speakers from start-up companies or support

[OLPY VHLYPUN HUK [OL LJVZ Z[LT PU " QdodOwefe Lottell YnitddTtbL t4IK labout a variety of topics,

Presentations were also given by CERN on aspects such as
opportunities in the EU Horizon 2020 programme, and CERN
technologies of interest for start-ups and small enterprises.
The BIC day was followed by a half-day crash course in CERN
technologies, open to all interested BIC managers.

During the BIC day, the future strategy of the BIC network was
debated. Discussions covered topics ranging from student
entrepreneurship to venture capital investments. It was decided
to continue oraganizing one meeting per year, hosted in turn by
the members of the network.

Innovation events and initiatives

Creating a culture of innovation is as important as innovation
itself. In 2015, CERN has been launching several initiatives
conceived to support creativity and knowledge exchanges
between the research and business worlds.

SME Network website

On 23 November 2015, the CERN KT Group launched a new
website to encourage CERN researchers and businesses
to share their technologies and expertise and to foster new
partnerships. Indeed, active communication with the industrial
community is essential to achieve CERN's knowledge-transfer
mission: maximize the return in transferring innovation from
the laboratoryOs research to society, especially CERN Member
States, and to promote the Laboratory's image as a centre of
excellence for technology.

Small and Medium Size Enterprises (SMEs) account for 60-70%
of the net new jobs created in most countries, and are often at
the heart of innovation. The SME Network website is intended
as an initial communication tool for promoting knowledge
transfer collaborations based on mutual interests. Interested
stakeholders, including SMESs, research centres, academia,
as well as large industrial organizations, can subscribe to the
website and gain access to a dedicated bi-annual KT newsletter.
The newsletter will include up-to-date information on the
technologies developed at CERN and their potential uses

including business models, local training courses, start-up
AUHUJPUN HUK JYVAKMAUKPUN ;OL U\TILY \
varied between ten and twenty people.

Before the summer break, the CERN Entrepreneurship Meet-Up

team organized a pitching competition for aspiring entrepreneurs

currently connected to CERN. Each of the 13 participants was

NPJLU AJL TPU\[LZ [V WYLZLU[ OPZ OLY PKLI
automotive inverters for stationary solar installations to mobile
WOVUL HWWZ MVY TVUP[VYPUN WLYZVUHS Al
were present to cheer on their CERN colleagues and listen to

the evaluation by a panel of judges consisting of: Giovanni

Anelli, Head of the CERN KT Group; Lucia Federspiel, from the
;LJOUVSVN® ;YHUZMLY 61JL H[ [OL <UP]JLYZP["
Andaloussi, local Business Angel and owner of Waves Ventures;

and Alberto Di Meglio, Head of CERN openlab.

As part of the Geneva Global Entrepreneurship Week in November

2015, a special meet-up was organized at IdeaSquare. The event

AHZ MVY [OL AYZ[ [PTL VWLU [V [OL W\ISPJ H
WHULS KPZJ\ZZPVU VU [OL Z\IQLJ[ °;0OL *YLH]
Start-Up TeamsO. The panel consisted of: Nettra Pan from EPFL;
.PVIHUUP 7VYJLSSHUH LU[YLWYLUL\Y HUK U’
Raetzer, serial entrepreneur; and Daniel Dobos, physicist and

initiator of THE Port. Close to 50 people attended the event.

4VYL PUMVYTH[PVU! JLYU JO R[ TLL[ \W

CERN KT meets private investors

The private investment sector is still a relatively unexploited
ecosystem at CERN. On 28 September 2015, the KT Group
organized an exploratory workshop with a group of selected
private capital investors (Venture Capital investors, Business
Angels, Corporate investors), to explore potential synergies. The
main purpose of the meeting was to present the KT activities,
showcase successful knowledge transfer cases and start-ups,
and identify possible future collaborations. As a result, several
initiatives were discussed and will be followed up: these include
regular information exchange, the possibility of establishing

HUK ILULA[Z MVY [OL Z\IZJYPILYZ» I\zPanenyorkzaf jouestars, and the ygyticipation of investors in

organizations belonging to the network will be able to share their

selected KT activities, such as the CERN Entrepreneurship

ZWLJIJPAJ PU[LYLZ[Z YLSH[LK [V *,95 [LJO UMeeWpspThg assgsement\f inygstoysion the potential market

valorization of technologies generated at CERN would also

A4VYL PUMVYTH[PVU! JLYU JO R[ ZTL UL]J["\¢anBtitute an extremely powerful tool to boost innovation.
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Knowledge exchange
and collaboration

*VSSHIVYH[PVU PZ ZLJVUK UH[\YL P UApplisationsyof $High \Energy Raseds, LNgutrgnN and Photon

WO ZPJZ HUK PZ H[ [OL YVV[ vM Dg¥lion wih MEGDS. apd;@ryogepissy Attendance to these
events has been steadily increasing, with many participants

achievements. The Laboratory is committed to promoting coming from outside Europe.
RUVASLKNL L_JOHUNL IV[O [OYV\NO ALSS LZ[HISPZOLK TLHUZ
HUK [OYV\NO PUUVIH[P]L ~H'Z 4\s[PRPIEPHGH §3dsmiaMeets [nfusixon GryogenicsO event,

o ) ) o which took place in Grenoble, France, reached a peak in the
participation of the KT Group in the dissemination aspects of A\mes® attendance attracting more than 150 participants who
, < M\UKLK WYVQLJ[Z OHJRH[OVUZ T\BIWKPZUPWKSFUHHYUQ [MVKROUK\Z[Y" PU [ L

a dedicated space to test new ideas and concepts: these countries, Japan, USA, and India. The programme included the
/ TLL[PUN VM [OL ULN *Y'VNLUPJZ :VIPL["

AYZ
HYL VUS® ZVTL L_HTWSLZ VM [OL THU[‘VM_ 5[ [\/)I\,{I "WY%%H§M—YIQ_HBNLE_WLY[Z PU [O
HUK RUVASLKNL L _JOHUNL [HRPUN W gotidds fot o &orififiuous collaboration with HEPTech and the
European Enterprise Network.
Networks i
The HEPTech Symposium B the networkOs investment in the
ENLIGHT future of young researchers in applied physics B brought
together 17 early stage researchers from nine countries

The European Network for Light lon Hadron Therapy (ENLIGHT) (Bulgaria, Czech Republic, Hungary, Italy, Lithuania, Romania,
was launched in 2002 as a platform to bring together scientists ~ SWeden, Switzerland, and UK). The young scientists had the
HUK L_WLY[Z MYVT KPHLYLU[ KPZJPWS P GRPOIUNYy iR pringle\with plgaging cFurppedp - commercially
Over the years, ENLIGHT has acquired the recognition of many experienced professionals and technology transfer experts who
partners, including the European Commission (which supported supported the development of their entrepreneurial potential.
four big projects), the major hadron therapy facilities in Europe All the participants enjoyed the interactive tr‘aining and sopial
and worldwide, and the various institutes actively involved in the ~ &ctivities and valued their new experience as Olife changing© and
networkOs activities. The focus and priorities of ENLIGHT have @S & Obrilliant combination between theory and practiceO.

been evolving throughout this time to adapt to the changing
landscape of hadron therapy centres and to the European health
agenda.

6]LY [OL "LHY [/,7;LJO PUJYLHZLK P[Z JVTT
with two publications in the CERN Courier and the new,
recently launched HEPTech web-site, which also improves

Since 2006, ENLIGHT has been coordinated by Manjit Dosanjh internal communication among the 24 network members. The

(FP Department). The 2015 annual meeting was held at the /.7:LJO JOHPYTHU PZ 1LHU 4HYPL 3L.VH -7
Institute of Nuclear Physics in Cracow, Poland, where a new the Secretary General is lan Tracey (KTN B Knowledge Transfer
proton-therapy centre had just been inaugurated, and was  Network).

attended by over 140 participants. A detailed account of the

ZIPLU[PAJ WYVNYHTTL PZ WYLZLU[LK VU MWENLYMVYZ HPS/Y QL GLIO LY

ENLIGHT Highlights, published regularly by the ENLIGHT Co-
VYKPUH[PVU 61JL H[ *,95 The EIROforum Thematic Working Group on Innovation
Management and Knowledge/Technology Transfer
4VYL PUMVYTH[PVU! JLYU JO LUSPNO]
,530./; IPNOSPNO[Z! JLYU JO LUSPNOJ TL §nP2015) tR\EPROROMNIM Thematic Working Group on Innovation
4HUHNLTLU[ HUK 2UVASLKNL ;LJOUVSVN"™ ;
HEPTech IMKTT) was chaired by CERN (Enrico Chesta, FP Department)
and worked towards the implementation of its key objectives:
In 2015, HEPTech, the high-energy physics technology transfer  exchange of best practices, organization of science-business
network, saw a growing number of events and communication  thematic events, participation at international industrial
activities. Five Academia-Industry Matching Events (AIMEs) took  exhibitions and trade fairs with shared brand, and facilitation
place in 2015, covering a variety of topics such as Industrial VM IPSH[LYHS T\S[PSH[LYHS [LJOUVSVN"™ L_
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projects. Best practices in Knowledge Transfer were discussed
during the annual meeting in March 2015 at the EUROfusion-
JET premises in Abingdon, UK. A new TWG-IMKTT poster was
elaborated in collaboration with the CERN Communication
Group.

In October 2015, the TWG supported the participation of CERN,
ESRF, and ILL at the SEMICON Europa exhibition in Dresden
with a stand promoting the services and technologies available
within the EIROforum community for the semiconductor industry

AP[O MVJ\Z VU TH[LYPHS JOHYHJ[LYPaH[PVU

invested in the preparation activities of the WISSAB (Workshop
on Instrumentation and Services for Structure Analysis in
Biology), to be organized at EMBL.

4VYL PUMVYTH[PVU! LPYVMVY\T VYN HIV\[ "VYRPUNFNYVAWZ [LJOF

[YHUZMLY PUKL_ O[TS

TTO Circle

CERN is an active member of the European Technology
;' YHUZMLY 61JLZ ;;6
Centre (JRC). The TTO Circle aims at bringing together the
major European national and international public research
organizations, in order to share experience and play a role in
collectively driving changes in technology-transfer practices

in Europe. CERN attended the 8th Plenary Meeting organized
in Milan on the occasion of the Expo Milan 2015. The meeting
was coordinated by the JRC together with the Italian National

Research Council (CNR) and the Italian National Agency for
Technologies, Energy and Sustainable Economic Development
(ENEA). The theme of the meeting was agri-food, in line with

. dar | e

*VUZPKLYHISLLHVY[ AHZems

:JOLTH[PJ VM HU
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*PYJSL JYLH[LK I [OHramendrkiRragtamrod (ERH §¥fil@ European Commission, as

of 2011. In November 2015, the HiLumi LHC celebrated the end
of the Design Study, and moved forward to construction phase.
Many challenging aspects of HiLumi LHC require extensive
collaboration with industry, and the KT Group manages the

WYVQLJI[»Z KPZZLTPUH[PVU HUK PUK\Z[Y"

industrial event was organized in 2015, aimed at increasing
awareness about the project among the relevant stakeholders
and at liaising CERN with potential industrial partners. OHiLumi
LHC goes to IndustryO was timed with the major cost and
schedule review, and the corresponding relevant decisions of

the ExpoOs theme OFeeding the planet, energy for lifeO. Practical the CERN Council, in order to provide companies with freshly

examples and innovative initiatives were presented to illustrate
the potential of technology transfer in this area.

updated information as to the schedule and the budget. The
event took place on 25-26 June 2015: leading companies in
[OL ALSKZ VM Z\WLYJVUK\J[P]P["

;OL ZLJVUK ;;6 *PYJSL °.VVK 7YHJ[PJL >V¥&#icaN ¥MgnddiMR aiSetharfidd were invited to meet

Brussels on 29-30 September, and was devoted to OSoftware
as an asset for technology transferO. The workshop was co-
organized by the JRC, CERN, and INRIA, the French National
Institute for computer science and applied mathematics.

Practical examples of software dissemination were presented.

Knowledge exchange was organized around three main themes:
software protection methods, open source mechanisms and

strategies, and software dissemination business models.

*95 THUHNLTLU[ WYVI\YLTLU]J
HiLumi LHC engineers on the LaboratoryOs premises. Technical
and commercial challenges emerging from the design and
procurement of the LHC upgrade accelerator were analysed,
and matched with state-of-the-art industrial solutions.

A total of about 150 industry representatives attended the
event and listened to presentations on the technical aspects
of the project and the schedule, the legal framework, and the

4VYL PUMVYTH[PVU! LJ LAYVWH L\ QYJ LU pHéﬁre]n?eXt“loSéome. After the technical presentations, almost

EU-sponsored research
collaborations

HiLumi LHC

The High Luminosity LHC project aims at increasing the
luminosity of the LHC machine by a factor of 10, in order to
L_[LUK P[Z YLHJO O0[Z AYZ[ WOHZL
has been supported in part by funding from the Seventh

64 | Knowledge Transfer

100 business-to-business short round-table discussions on

RT SVUN JPYJ\SHY [\UL

Al

JY VNLUPJ

HUK SLNHE¢

ZWLJPAJ [VWPJZ "LYL HYYHUNLK VU KLTHUK

needs of the participating companies. CERNOs Procurement
HUK 2;
at their own request, to discuss how to boost the industrial
participation to such events, as well as how to achieve a more
even geographical distribution.

[OL /ABthEP reBeiantt inifidtive Wof :theKKT Group in 2015 was the

organization of the visit from a South-Korean delegation to

.YV\WZ TL[ "P[O [OL OUK\Z[YPHS 3PH



;OLYTHS THUHNLTLU[ TH[LYPHSZ HYL HU PTWVY[HU[ YLZEHYJO ALSK MVY [OL 3/* HUK |

CERN, which included the General Director of ITER South-Korea
and the CEO of KAT, a leading producer of superconducting
strands and cables. The visit and the meetings that followed

;OL HPT "HZ [V KLAUL [OL ZLJ[VYZ VM 9 + [O]
development in order to meet the challenging requirements of
the future accelerator.

YLZ\S[LK PU H [LJOUPJHS HUK ZJPLU[PAJ JVSSHIVYH[PVU IL[*"LLU 2¢(;

and the HiLumi LHC team working on the development of the
new strands for the machine upgrade.

Even more importantly, a new, innovative EU H2020 instrument

7YL *VTTLYJPHS 7YVJ\YLTLU]J
at CERN to coordinate a proposal leading to the development
of two 3.8 m quadrupole magnets with two-in-one 70 mm

HWLY[\YLZ HU PU[LNYH[LK NYHKPLU[ VMAIDA-2020 ~P[O 0T

the transverse plane, and operational temperature of 1.9 K. This
project proposal, called QUACO, was put together in a short
time under the coordination of the KT Group, submitted to the
European Commission in April, and successfully selected for
funding during the summer. QUACO draws together several
research infrastructures (CEA, CIEMAT, NCBJ) with similar
technical requirements in magnet development, thus avoiding

_x K

;OL IHZLSPUL WYVWVZHS "HZ LUKVYZLK
2015: the motivation for the positive evaluation included the
importance and potential societal impact of the necessary
industrial innovation.

OHZ ILLU MVY [OL AYZ[ [PTL \ZLK

4VYL PUMVYTH[PVU! JLYU JO MJJ
PU

In 2014, the KT Group was involved in drafting the Work
Package Olnnovation & OutreachO for the AIDA-2020 proposal,

aimed at pushing detector technologies beyond current state of

the art. The proposal was selected for funding by the European
*VTTPZZPVU PU [OL AYZ[ TVU[O VM HUK
.YV\W OHZ ILLU "VYRPUN VU AUHSPaPUN [O

\UULJLZZHY K\WSPJH[PVU VM KLZPNU LH Yk Ahtemeht. K\JPUN [OL V]JLYHSS

cost through a joint procurement process.

4VYL PUMVYTH[PVU! JLYU JO OPS\TPSOJ

AIDA-2020 foresees the establishment of a Proof-of-Concept
7Vv* MUK [V AUHUJL PUUV]H[P]L WYVQLJJ

[P3\TP 3/* TLL[Z OUK\Z[Y ! PUKPJV JLYU JQnidrdihl viability assessment. The PoC fund will help

Future Circular Collider (FCC)

:PUJL [OL RPJR VH TLL[PUN PU
PUJVS]LK PU
Future Circular Collider (FCC), in particular for what concerns
[OL YLSH[PVUZ ~P[O PUK\Z[Y" -VY
Washington in March 2015, which was complemented by
an industrial exhibition, the KT Group contacted companies
active in the domains of superconductivity and of additive
manufacturing, invited them to showcase their know-how and
involved them in topical meetings with members of the FCC.

WYVTV[L JHSPKH[L HUK VY KLTVUZ[YH[L [O
of technologies developed within the project; it will do so by
reducing the risk (technological but also commercial) for the

[ O L irdlustriglvpawhe Htius| bridging the gap between the pure
[OL AJL "LHY PU[LYUH[PV REB phasezantl the mitkét applicatisn. RKhe fund will provide

AUHUJPHS Z\WWVY[ [V ZL]LYHS WYVQLJ[Z HJ |

[ O L Cérrélatpd Bctivitieshall ifcludd Ehel dtgaRikhation of the selection

committee for the award of the AIDA-2020 PoC funding. The
JYP[LYPH MVY ZLSLJ[PVU KLAULK I [OPZ .
the capability of adaptation of the technology to the market,
or the possibility to open up new markets. CERN will manage
the PoC fund, which covers also the contacts with the industrial
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partners, monitoring the projects and the communication and
KPZZLTPUH[PVU VM [OL YLZ\S[Z
to secure additional funding from industry, in order to further
accelerate the development of new technologies towards
industrial applications and assess the best route of exploitation
and innovation. At the end of 2015, the project selection criteria
and procedures have been submitted for approval to the AIDA-
2020 Steering Committee.

Existing technology transfer networks outside of AIDA-2020
will be used to disseminate information on knowledge and
technology developed in the project, and to gather market
information to encourage industries to engage in joint R&D and
innovation. These networks include Enterprise Europe Network,
[OL ;LJOUVSVN" ;YHUZMLY 61JLZ ;;6
CERNOs KT External Network (ENET, see page 52).

One or more of these networks will be contacted for the AIDA-

attendees were external to the project, and seven out of 13

0U HKKRBILE ¥dfe glvéhvby Elﬂ?dué\tR/$e%re€bnt5tﬁé§.'—Various state-of-

the-art developments and applications were discussed during
the presentations and networking breaks. A company visit by a
combined WP2 and WP11 delegation took place in December
2015 to discuss R&D, possible collaborations, and technology
transfer. Various contacts were established during the workshop
and more of such visits to other companies are foreseen to
fully explore and exploit overlapping research interests and
technology transfer opportunities.

4VYL PUMVYTH[PVU! JLYU JO L\JHYK

;OLYTHS 4HUHNLTLU[ A"VYRZOVW! PUKPJV JLY

*Pihé ALTRACT ikiddBve HUK

ATTRACT (breAkThrough innovaTion pRogrAmme for a pan-
European Detection and Imaging eCosysTem) is a new, open,

2020 OAcademia meets IndustryO events, and whenever topical pan-EU initiative to accelerate the development of nextgeneration

workshops are deemed relevant for their activities, in order to
reach out and have a wider (and in some cases more targeted)
PUK\Z[YPHS WHY[PJPWH[PVU
CERN has set-up and is coordinating the internal Network of TT
61JLYZ 5;;
and monitoring the technical innovations in all Work Packages.
NTT will scout for potential projects suitable for further
development and for internal PoC funding, and will inform the
participants and industries about this possibility.

4VYL PUMVYTH[PVU! JLYU JO HPKH

EuCARD-2

In the framework of the EUCARD-2 project, thermal management

high-performance detector and imaging technologies for

ZJPLU[PAJ W\YWVZLZ HZ "LSS HZ [V ZLLR PU|
0U VYKLY [déalbkhind [ATTRACTWE kottdavirY the [KaidgeahrCaMmissionOs

philosophy: from Open Science to Open Innovation.

AOPJO OLSWZ SPHPZPUN ~AP[O [OL WYVQLJ[ ILULAJPHYPLZ

CERN is one of the ATTRACT promoters, together with
organizations such as Aalto University (Finland), the European
Industrial Research Management Association (EIRMA), the
European Molecular Biology Laboratory (EMBL), ESADE Business
and Law School (Spain), the European Southern Observatory
(ESO), the European Synchrotron Radiation Facility (ESRF),
the European X-Ray Free-Electron Laser (EuropeanXFEL), and
OUZ[P[\[ 3H\L 3BHUNL]PU 033
during 2015 between ATTRACT stakeholders and the European
Commission representatives. The initiative has been received

TH[LYPHSZ MVY [OL 3/* JVSSPTH[VYZ H Y RosH\glyHy [Furepean palicymakersiang gurther dialogs will

In view of its wider potential impact with applications in e.g.
electronics, aerospace, and the automotive industry, the
development of an industrially applicable material is supported
I [OL 2; -\UK

take place to study the possibility of its future full implementation
within the European Commission Horizon 2020 Programme and
beyond.Such an implementation will enhance the possibilities

;OL HPT PZ [V M\SS" L_WsSVFPf [ao-deyeleping jwith dndysiry \yndy fransfer  breakthrough

+PHLYLU[ TLL[F

VM PUJLZ[PNH[LK TH[LYPHSZ PU [OLZL Haghkologiergererated akGERN @nd othgrzgan-European and
WYVTPZPUN TH[LYPHSZ OH]L UV~ ILLU P KNational/Researslr Infresgugtresjanrdetection and imaging to

graphite (Mo-Gr) and possibly nickel-graphite (Ni-Gr) as a less [OL THYRL[ HUK JYLH[L ILULA[Z MVY ZVJPL["
expensive alternative.

Understanding the needs and requirements of industrial
companies and institutions is essential for adequate know-how
and technology transfer from EuCARD-2 to those parties.

The joint Work Package 11 (Collimator Materials for fast High
Density Energy Deposition (COMA-HDED) and Work Package
2 (Catalyzing Innovation) Workshop with Industry was held
on 6 November 2015 at CERN on Applications of Thermal
Management Materials. The workshop brought together
industry, research institutes, and academia to explore how novel
thermal management materials can be applied to industrial
domains such as automotive, aerospace, electronic packaging,
fusion, and solar energy. About 30 out of the 85 international
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Such an implementation will enhance the possibilities of co-
developing with industry and of transferring breakthrough
technologies from CERN and other research infrastructures to
society.

A4VYL PUMVYTH[PVU! H[[YHJ[ L\ VYN

International organizations

Thanks to a structured network of relations with other International
Organizations (I0s), CERN on the one hand promotes the
PTWVY[HUJL VM ZJPLUJL
innovation as a driving element for sustainable development
of society, and, on the other hand, shares with the other I0s

ZIJPLU[PAJ LK\JH]



;OL 19* 0:79( ZWMWLHU <UPVU

;OL >076 IN\PSKPUN PUWw:ERNJMH PSVU 7Ha

P[Z L_WLYPLUJL HZ H THQVY ZJPLU[PAJ WH@ZLHYJO PUZ[P[\[PVU ~OVZL

HJ[P]P[PLZ HSZV VHLY TVKLSZ VM WLHJLM\S JVVWLYH[PVU

KPHLYLU[ J\S[\YLZ

WIPO

Among the various co-operation initiatives with other I0s, CERN
collaborates with the World Intellectual Property Organization
(WIPO) on issues related to intellectual property, technology
transfer, innovation (Global Innovation Index), and technological
competitiveness.

The CERN KT Group collaborated with WIPO in the framework

of its pilot project OEstablishment of TTOs in the Arab RegionO. A (NLUKH

IL[ALLU

CERN also collaborates with the World Health Organization

(WHO) on possible applications of accelerator and detector
[LJOUVSVNPLZ [V TLKPJHS ALSKZ (WWSPJH]
VM WHY[PJSL WO ZPJZ [LIJOUVSVNPLZ PZ VU
HUK KPYLJ[S® JPZPISL ZVJPL[HS ILULA[Z VM
MYVT ZJPLU[PAJ YLZLHYJO PUZ[P[\[PVUZ [V V

United Nations

;OYVANOV\[ [OL "LHY *95 WYV]PKLK PUW\
of the United Nations post-2015 Sustainable Development
:JPLU[PAJ HUK [LJOUVSVNPJHS RUV"

AYZ[ *,95 L_WLY[ HZZPZ[LK >076 YLWYLZLBf[?@?SZC%‘Ubﬁ%HVﬁ‘ haweie plifRsed by the Director-

TPZZPVU PU (SNLYPH

Industry and Mining as the focal point for national innovation
activities. The mission involved discussions with key institutions
nominated by the Algerian government, including the Ministry of

AA\WLYPVY ,K\JH[PVU HUK :JPLU[PAJ 9LZLHYJO

Post and ICT, and the Algerian National Institute for Industrial
Property. The planned outcomes include a needs assessment
report and a project roadmap.

Another expert assisted WIPO representatives, in co-ordination
AP[O [OL ;\UPZPHU 7H[LU[ 61JL HUK
development of an IP policy suited to their context. CERN also
contributed to the WIPO B University of Geneva Summer School,
which took place in Geneva from 22 June to 3 July 2015. The
school brought together graduates and young professionals in
[OL ALSK VM 07 MYVT HYV\V\UK [OL ~"VYSK
their knowledge through lectures and hands-on case-studies
covering a broad range of IP topics such as technology transfer
and protection of traditional knowledge.

;OL MHJ[AUKPUN
[OL 4PUPZ[Y VM -VYLPNU (HHPYZ VM (éj

[LJOUVWHYRZ

VIR Upa%]‘z Z—[HH H[ ZWLJPHSI
GENeYRy QnaE%VLat‘lﬂ’Fl,e n Science and

chnorc))gy for Development and othe ECOSOC initiatives) and
in New York (High Level Political Forum). The 2030 Agenda for
Sustainable Development, approved in September 2015 by the
UN General Assembly, aces technology at the centre of several
of its goalé qn partlcutf %Eﬁ'echnMoﬁ/iacnltatlon Mechanism
is a powerful tool to promote and assist the implementation of
the 2030 objectives. CERN will provide its support to the UN
MVY [OL AUHSPaH[PVU HUK PTWSLTLU[H[PVI
far as science and technology related to CERN activities are

concerned.

PU [OL

OU 5V]JLTILY * 95 HUK [OL <UP[LK 5H[P)\
Geneva, with the support of Switzerland and France, organized

an event on OThe CERN Model, United Nations, and Global Public
GoodsO. The event brought together policy makers, diplomats,
BoiéHiists ListoNdcttialsOdpiktdrvic lassbtttidKs, representatives

of intergovernmental organizations and civil society, and

explored the value of the CERN model of cooperation in building

trust across boundaries and strengthening the provision of
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global public goods. Knowledge and technology transfer were CERN and the JRC are also strengthening their collaboration
PKLU[PALK HZ THQVY JVTWVULU[Z VM [OLPU9FONLVKAISSK VM TLKPJHS PZV[VWL WYVK)
on targeted alpha therapy will be reinforced thanks to new
Co-operation Agreements techniques developed within CERN-MEDICIS and the JRC
Institute for Transuranium Elements (ITU).
In December 2015, CERN signed a Co-operation Agreement
with the European Southern Observatory (ESO). Technology is  * 95 HSzZV WHY[PJPWH[LK PU [OL /9 *PYJS
a major chapter of this agreement, which covers the exchange  convened by JRC Director-General on 23 September 2015.
of knowledge and best practice on technologies developed by The HR Circle is a Human Resources Networking at the

the two organizations, as well as joint initiatives on a number of Service of Science, aé)latform initiated by the JRC for research

ALSKZ SPRL! JY'VNLUPJZ" OPNO WYLJPZ gré/aHizaEibn]s%&olg? u'F!)%e tlolé%r%hjgb lHﬁ lSjol%)&'r')'ractices.

control systems; radiation hardness; IT technologies.

In December 2015, CERN also signed a Co-operation
Agreement with the International Renewable Energy Agency
(IRENA). The agreement provides a global framework for the
collaboration between the two organizations. On the one hand,

it allows CERN to be informed on the most advanced renewable collaboration in these domains. Two delegations from the JRC
energy technologies, with the possibility to adopt them in the visited CERN to exchange views and identify possible areas of
upgrading and maintenance of its research infrastructures and ~ Knowledge exchange. Possible areas of collaboration include
buildings. On the other hand, CERNOs technologies are brought training, education, and site management. The JRC, as part of
[V [OL H[[LU[PVU VM HUK KPH\ZLK [V [O Lthg¢logening\df ity rgsearapngnfeasiractures to external users, is
public and private partners, via its networks supported by its  also interested to learn from CERN concerning the modalities of
145 Member States and 30 Countries in Accession. access and the budgeting and legal framework for the access of

users to its research infrastructures.

CERN experts visited the JRC ISPRA site to discuss best
practices in the area of large research sites and data centres
LULYN® LIJPLUJ )V[O WHY[PLZ L_WYLZZLK

CERN-JRC collaboration
4VYL PUMVYTH[PVU! LJ L\YVWH L\ QVYJ
The ECOs Joint Research Centre (JRC) Institute for Reference
Material and Measurements (IRMM) is an active member of the Knowledge-sharing events
n_TOF collaboration since 2012. CERN and JRC-IRMM continue
their intensive cooperation, and align their nuclear data research
LHVY[Z :OL JVSSHIVYH[PVU HszVv pU]vs]UF B0 PEMMA CFRRNuUzMLY HUK
training, to pass on skills to the next generation of nuclear data
specialists.Following the joint Letter of Intent signed by the The 2015 edition of THE Port humanitarian hackathon ran as
Director-General of the JRC and the Director-General of CERN @ rousing success, growing from one site in 2014 to two sites
in July 2014, new collaborations between the two organizations ~ (Campus Biotech, Geneva and IdeaSquare, CERN), and from 50
have started in some areas, while others are being investigated. ~ participants to over 134 in 2015, with 27% female participation.
Participants came from 38 countries, including countries in Latin
A collaborative project between CERN and the JRC to develop (TLYPJH HUK (MYPJH HUK T MVY [OL AYZ[ [
H ;LJOUVSVN' HUK OUUVIH[PVU 4VUP[VY A l&de prdpdrion’ thide ¥ilhkP &hSdgademic or humanitarian
launched at the end of 2014. In 2015, the teams from both  background, while the rest are coming from a mix of industrial,
organizations have been focusing on the development of a  management, arts, technology, and entrepreneurial sectors.
AYZ[ PU[LNYH[LK ZVM[*HYL WHIRHNL [O b Yas'&owZ thif derdiy! B Backgrounds and

technology searches in patent and publication databases, store viewpoints leads to better outcomes, and so each team was a
them for later retrieval, visualize and navigate the associated healthy blend of professions, nationalities, and gender.

KH[H ( AYZ[ WYV[V['WL ]JLYZPVU PU[LNYH[PUN *,95 ZVM[" HYL
with the JRC Europe Media Monitor (EMM) software suite has" Th prqliects tackled |¥| he 13 teams included (but were not
ILLU WYVK\JLK ;0PZ WYV[V['WL PZ H AYZf P o\fvirsnlﬁrngeg PV

. . . . . limited t atfent-doctor Interaction, e3e (extreme
interactive framework supporting visual analytics of complex . _
datasets LULYN LJLU[ TVUP[VYPUN PTWYV]LK TH.

of Xeroderma Pigmentosum (extreme UV light sensitivity),

Various contacts took place at the management level between ~ MOre resilient containers for air dropped food supplies, and

CERN and the JRC Institute for the Protection and Security of PTWYV]LK KH[H TPUPUN [VVSZ MVY [OL <UP[L
Citizen (IPSC) on the subject of big data. JRC participated to ~ *VVYKPUH[PVU VM /ATHUP[HYPHU (HHPYZ <!
the Helix Nebula Initiative workshop at CERN in June. JRC and ~ Was assigned coaches to act as liaison between the organization

CERN are interested to investigate possible collaboration in the ~ and the participants, and found mentors with experience in the

area of open access to research data and also about testing the  area of their project to provide them with critical feedback and

feasibility of processing Sentinel data via Helix Nebula. practical experience.
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Since the 2014 edition, the Better Body Bags team have founded provides a test-bed for new ideas and concepts that may have

a Swiss association called Social Solutions Research, and were HU PTWHJ[ VU ZVJPL[" PUZWPYLK |I° [OL \l
awarded an innovation grant by the International Committee for ~ collaborative atmosphere at CERN. It looks like a busy year

the Red Cross to further develop the body bags and produce ahead for IdeaSquare also in 2016, which is in parallel used as

H U\TILY VM WYV[V['WLZ MVY ALSK [LZ[PaJdemonetiator Joz the ATTRAJIL iAitiative where both the KT
TLTILYZ HYL KL]JLSVWPUN H AUHS MVY THGroupwnd Meagguare/nave]igpartant igs:

cost cosmic ray detector. There has been interest in the device
from a number of sources including, the Beamlines for Schools
competition (see page 71) and educators from UK and South

4AVYL PUMVYTH[PVU! JLYU JO OKLHZX\HYL
*Y0 JVAYZL! JIP JV\YZL JVT

, OLHKJLYU [\TISY JVT

Africa. :(3,5:1 JLYU JO :(3,5;

,+<:(-,1 JLYU JO ,+<:(-,
For each event, THE Port relies on the help and cooperation

of its partner organizations and supporting companies. Previous

partners include ICRC, Hopital UniversitZ de GenZve, Citizen
Cyberscience Centre, Impact Hub Geneva, CERNSs IdeaSquare,
and CERN, with additional support from BMW, the Shuttleworth

Foundation, Campus Biotech, and others.

4VYL PUMVYTH[PVU! [OLWVY][ JO

IdeaSquare

Following its Inauguration Day on 9 December 2014, during
P[z AYZ[ 'LHY VM VWLYH[PVU OKLH:X\HYL OHZ THKL ZPNUPAJHU]
progress. Connecting detector R&D with cross-disciplinary
MSc-level student teams working on societal challenges to
demonstrate the concrete use of basic research for society,
IdeaSquare has organized or hosted some 40 events. These
have included, among other, workshops on R&D run by the
KT Group for industry and private investors, several Challenge
Based Innovation courses, and weekend hackathons such as
THE Port. The CBI students have also presented their prototypes
built at IdeaSquare workshops to a wider audience at CERN, as
well as to other student events. IdeaSquare currently also hosts
two large EU-funded detector projects, TALENT and EDUSAFE.
Working in very close partnership with the KT group, IdeaSquare
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Training,

education,

and outreach

*,95 WSHJLZ H Z[YVUN LTWOHZPZ ¥ UWNWVALEZERPWUHS\HNMKZIPLU[PAJ JHYLLYZ

tists, from those who are about to graduate to recent post-
docs, on bringing particle physics into the classroom, and
on reaching out to the general public.

The Beamline for Schools competition

Since 2014, teams of high-school students have the opportunity

to propose an experiment at the CERN PS accelerator. Once a
year, two proposals are selected by the SPS and PS experiments
Committee (SPSC), and the winning teams are invited to come to
the laboratory and perform their experiments on a fully equipped

beamline, in collaboration with CERN scientists. Through this
competition, students test themselves as innovators, problem

solvers, proposal writers, and collaborators, and are motivated

to embark in STEM (Science, Technology, Engineering and
Mathematics) careers.

The Beamline for Schools (BL4S) competition is an idea of CERN
physicist Christoph Rembser who wanted to trigger an interest
in physics among teenagers by treating them like professional
researchers.

Together with a small team of volunteers, as well as two
young support scientists hired full-time as project associates,
Rembser developed the structure of the BL4S competition and
JVVYKPUH[LK [OL VYNHUPaH[PVU VM [OL
challenge was to make BL4S known among the target group,
high-school students of 16 years and older from around the
world. Publicity via CERN social media, as well as direct contact
with the alumni of the high-school teachers programmes and the
members of the International Particle Physics Outreach Group
(IPPOG), helped to spread the word. By the closing date, 292
teams had applied for beam time. Their proposals were carefully
evaluated by more than 50 volunteers; a shortlist of about 20
proposals was submitted to the CERN SPSC who picked the
two winners: a proposal from Nijmegen in the Netherlands,
and one from Athens in Greece. Both winning teams worked
extremely hard to achieve their objectives, and post-competition
surveys have shown that several of the students improved their
career prospects as a result of the competition.

The support scientists that had been hired for BL4S largely took
the responsibility for translating the proposals of the winning
teams into feasible experiments, and to set up the required
detectors, computers, and software. This helped them gain

(M[LY [OL Z\JJLZZ VM [OL AYZ[ LKP[PVU
the competition in 2015; with the help of the CERN and Society
foundation, BL4S attracted a large donation that provided more
than one third of the budget of the 2015 competition. Out of
the 119 submitted proposals, two teams from Florence in ltaly
and Johannesburg in South Africa were nominated as winners.
A large number of Council members, as well as the Director
General and diplomats from the permanent missions of Italy and
South Africa, took the opportunity to visit the BL4S experiments
and talk with the students.

The third edition of BL4S has recently been launched; thanks
to several large donations, the 2016 competition will be entirely
AUHUJLK I° L_[LYUHS ZV\YJLZ
a regular event that helps attracting young students to STEM
subjects in general. Other institutes have expressed their interest
in hosting shortlisted teams from their countries that did not win

the overall prize.

4VYL PUMVYTH[PVU! JLYU JO ILHTSPUL MVY =

Fellow, Associates, Students and
Apprentices programmes

Every year, approximately 1200 students, scientists and
Rngipgerskhipmpupdgrgsaguates to.sgniorsseienists, participate
in CERN's Fellow, Associates, Students and Apprentices (FAS)
programmes.

The FAS programmes, managed and coordinated by the HR-
TA (Talent Acquisition) Group, create and maintain a highly
LHLJ[P]L SPUR IL[ALLU [OL 3HIVYH[VY"
State industry and educational institutions. Furthermore, they
HYL HIRUVASLKNLK [V
technological communities. Building upon the four cornerstones
of CERNOs mission - research, technology, collaboration and
education - these programmes provide a direct contribution
to carrying out CERN's mission in Europe and worldwide,

AOPSZ[ WYV]PKPUN AYZ[ JSHZZ [YHPUPUN VYV

multicultural and multi-lingual environment.

The success of the programmes is due on the one hand to

* 95»Z HIPSP[ [V H[[YHJ[ [OL AULZ[ JHSPIYI

the other to the strict criteria applied in the selection process,
ensuring that decisions are taken on grounds of excellence.

L_WLYPLUJL PU THU® HYLHZ HUK ~Hz OHeeotlee rale ofithieiSelgaiomGommijipespiy vital, preserving
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*95 \TTLY :[\KLU[Z =*,95 ;OL :»JVVS+SHI

through their actions the aims and quality of the programmes. Student  opportunities  include  Summer  studentships,
The interest and prestige of these programmes may also be Administrative and Technical studentships and Doctoral
TLHZ\YLK [OYV\NO [OL YPZL PU L_[LY UHSudanisHips]IR PDS5, Avhogt L EOD\dpNekkiBins were submitted
CERN has been successfulin a number of European Commission MVY [OL VIJPHS *,95 :\TTLY :[\KLU[Z WYVNY|
4HYPL :RéVKVAZRH *\YPL (J[PVUZ Z\JO theZsefegtion5procedure) 40 students came to spend the
contributes directly to the Fellowship programme. summer months at the laboratory. In addition, 134 students
from all over the world were invited in the framework of the
The Fellowship Programme is addressed to graduates from  programme for Non-Member States. Finally, 40 students N
universities or higher technical institutes in a wide range of representing 27 nationalites N came to CERN for 9 weeks
applied sciences, computing and engineering with limited or no ZWLJPAJHSS® [V [HRL WHY[ PU [OL HUU\HS *
work experience. Senior Fellowships are awarded to graduates ~ Student Programme. Selected from over 1500 applicants, the
with a PhD or MSc with more than 4 years relevant professional  students worked on ambitious IT projects using some of the
experience, whereas Junior Fellowships are intended for BSc or  latest hardware and software technologies, and experienced
MSc graduates. AYZ[ OHUK OV”A HK]JHUJLK 0; ZVS\[PVUZ HYL
physics. The students also attended lectures given by IT experts
The Technician Training Experience (TTE) programme was setup on advanced CERN-related topics, and took part in visits to
in 2012 to help address a Europe-wide shortage of highly-skilled ~ CERN facilities and experiments, as well as to other research
technicians, with the participants gaining valuable skills and  laboratories and companies.
experience in an international environment. The inspiration for the
TTE scheme also came from the success of the GET (Graduate ;OL -(: WYVNYHTTLZ HYL UV[ VUS" ILULAJPHSE
Engineering Training) programme introduced by management I\[ JVU[YPI\[L ZPNUPAJHU[S ' [V [OL L_JOHLI
in December 2009 to attract more engineers. The TTE scheme between the Laboratory and the Member States.
began with just 5 recruits in 2012 and now hosts 57 technicians
(of which there are 11 women) representing 11 Member States. 4VYL PUMVYTH[PVU!IJLYU JO QVIZ
ZLLZ [OL AYZ[ °NYHK\H[LZ» VM [OPZ ZJOLTL § ZVTL VM ~OVT
return to their home country, others to further opportunities at 4HYPL :RéVKV~A"ZRH *\YPL ( J [ F
CERN or elsewhere (including the European Spallation Source
in Sweden). The popularity of the programmes can be reliably ~ Successes continued in 2015 with funding secured for new
measured through the total number of applications, which has CERN-coordinated Innovative Training Networks (ITN),
ZLLU H THQVY Z\YNL K\YPUN [OL SHZ[ A]LCOEHUNDZand Individual Fellows (IF). CERN also became a
partner in another ITN and a RISE (Research and Innovation
In 2015, CERN received 2237 applications for Fellowship :[HH , JOHUNL WYVQLJ[ SLK I V[OLY VYNHU
WVZP[PVUZ HUK YLJY\P[LK -LSSV"Z fordiag, thebe projectogehInedool @ tesearchers at the early
Fellow population through the two major selection committees  stage of their careers, providing enhanced career development
in May and November as well as Fellows recruited under various  and employment opportunities, as well as contacts with world-
4HYPL :RéVKVAZRH *\YPL (J[PVUZ HUK [O lleddingWxpstts i b widd-range of disciplines.
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Three applications to the Individual Fellows programme were
successful, all of them to come to the Theory Group for two
years.

The latest COFUND success builds on previous accomplishments
under the Seventh Framework Programme, with 60 Fellows to
be appointed between November 2015 and May 2017 for three
years rather than the standard two. Following a new European
Commission rule to encourage researcher mobility, poster
and video promotional material was produced to encourage
applications from researchers who may not yet have had any
contact with CERN.

+LZWP[L ZVTL

IW\KNL[HY® JOHSSLUNLZ

L _JOHUNL YH[L [OL MVJ\Z YLTHPUZ AYTsZ3 YA b
VWWVY[\UP[PLZ HUK WV[LU[PHS MVY HJ[PWR/
'REVKVA ZFU\

JVU[PU\L HWWS PUN MVY 4HYPL
in 2016.

MEDICIS-PROMED ITN

The CERN-coordinated MEDICIS-PROMED ITN started in 2015.

The project will train 15 scientists in a network comprising
OVZWP[HSZ
will use radioactive ion beams generated in the new CERN
MEDICIS facility under construction to produce dedicated
medical batches for radiopharmaceutical development, in
addition to generating 11C ions for simultaneous dual use in
hadron therapy and PET diagnostic imaging. Recruitment is
nearing completion and training activities will start in early 2016
until March 2019.

7YVQLJ[ JVVYKPUH[VY!
. U\TILY

;OPLYY™ :[VYH

STREAM ITN

(WWSPJH[PVU MVY MA\UKPUN ]PH [OL 4HYPL :|
is becoming increasingly competitive: the average success rate

was less than 7% across the whole programme in 2015. The
successful ITN STREAM (Smart Sensor Technologies and Training

for Radiation Enhanced Applications and Measurements) will give

17 physicists and engineers career development opportunities

in a CERN-coordinated network including academic and

industrial partners from Austria, France, Germany, Switzerland

and the UK. STREAM will start on 1 January 2016 for four years

HUK MVJ\Z VU ZJPLU[PAJ KLZPNU JVUZ[Y\J[F
of advanced radiation instrumentation for the development of

ipq?yjag'\(q(rgq"flf\pn 6@_ srpar; CMOS sensor technologies for
]L% W{I.Y I—[|S HWWSPJH[PVUZ

E-Y\N’A;Sﬁ' \fw\lfvl AP OEST vuinnLy

L (J[PVUZ \UKPUN
4VYL PUMVYTH[PVU! JLYU JO Z[YLHT

Education and public outreach

The CERN Education and Public Outreach Group has the
mandate to raise interest for CERNOs science and technology

\UPJLYZP[PLZ HUK PUK\Z[Y RyittSth8 Ydnéral putsi* rid T et bringing modern physics

into the classroom. The main activities of the group are guided
tours for the general public; showing exhibitions at CERN, in
member states and other countries; and the organization of
teacher schools.

About 107 000 visitors from more than 70 countries (46% school
children and 20% visitors from Switzerland and France) followed
guided tours in 2015, but the demand was actually much
higher. Most visit points are now well equipped with dedicated
exhibitions that allow guides to explain exhibition objects using

A4VYL PUMVYTH[PVU! JLYU JO TLKPJPZ W Yt¥ilbrinfade 3D animations on screens.
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The 500 m? Microcosm exhibition has been completely renewed  for teachers of engineering disciplines was held for participants
in 2015 by the Spanish design company Indissoluble, together  from Bulgaria.
with the CERN content team. The new exhibition opened partially
in July 2015, and takes visitors on a journey through CERNOGs key A special one-week programme for school students and teachers
installations, through the network of CERNOs accelerators and  fom the SESAME member states (Bahrain, Cyprus, Egypt, Iran,
on to particle collisions inside vast experiments. Real objects, Israel, Jordan, Pakistan, Palestinian Authority, and Turkey) was

' ZJHSL H\KPV JPZA\HS Z\WWVY[Z HUK OPNQiddehhibe2818. EYINMbibH Bgether 28 teachers
are used to recreate real CERN spaces. and students from the Middle East region, who came to know
LHJO V[OLY HUK SLHYULK HIV\[ *,95 HZ H T\
technological and human collaboration, regardless of political,
J\S[\YHS VY L[OUPJHS KPHLYLUJLZ ;0L WY\
the ground for a continuing future collaboration between schools
in the SESAME member states.

The exhibition OUniverse of ParticlesO in the Globe of Science
and Innovation was closed in May 2015, since the building
had to undergo major renovation work. The exhibition will be
reopened in April 2016.

The traveling exhibition OAccelerating ScienceO was shown in .

[OL °*VZTVJHP _H» ZJPLUJL T\ZL\T PU )H YihereyBQroo\eb gt EEBN [agyipred with hands-on experiments

2015 to January 2016. The OLHC interactive tunnelO (LIT) - a on modern physics for school students and teachers, saw its
high-tech audiovisual installation to allow playful exploration of ~ AYZ[ M\SS "LHY VM VWLYH[PVU 4VYL [OHU
proton collisions in the LHC, or to visualize the Brout-Englert- [LHIJOLYZ WYVA[LK MYVT [OPZ UL VWWVY]J[\L
/IPNNZ ALSK OHZ ILIJVTL H W\AISPJ H[[Y HJ [eyVHowRd bpérafe XUayldeTis&sltdgether with micropixel chips,

or fairs. It was in large demand and has been shown - together  or how to construct cloud chambers.

with the OCERN in imagesO poster exhibition - in 7 countries with

NYLH[ Z\JJLZZ H]I KPHLYLU[ SVJH[PVUZVYLPRaWBHIUK PV WZ[YP¥U JO V\[YLHJO

Germany, Spain, Greece, Georgia, and Azerbaijan). JLYU JO ZJVVS

The programmes for secondary-school teachers continued 2:- *YHPUPUN MVY *.95 - [ HH

as in previous years. These programmes consist of lectures
on particle physics, cosmology, CERN technologies and
applications, as well as workshops and guided tours to facilities
and experiments at CERN. The level of the lectures is chosen so
that the content can be used to inspire and to motivate young
school students and is suitable for school teaching. 36 one-  Sessions of a new course on writing EU H2020 proposals,

week national language programmes took place for a total of |V[O MVJ\ZLK VU 4HYPL :RéVKVAZRH *\YPL (.
1068 teachers from 41 countries. In addition, the international "~“VYRZOVW VU °0U[LSSLJ[\HS 7YVWLY[" HUK
three-week OHigh School TeacherO programme (in English) saw was also arranged. Feedback has been collected from all of the

WHY[PJPWHU[Z ~P[O KPHLYLU[ UH[P \au&Rd impdve and Stapd Putu® ahes\ Y Z L

;OL 2; .YV\W Z[HY[LK VHLYPUN PU OV\ZL [YHPF
ou [OYLL ULN ZLZZPVUZ VM [OL OHSM KH
to Knowledge Transfer ToolsO were organized, as well as two
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Introduction to KT tools

The purpose of this course is to give essential information
about ways of disseminating knowledge, securing ownership of
inventions, inform about legal and contractual considerations,
as well as creating awareness about the role of the KT Group in
these processes and the services that it can provide.

The course introduces the various paths for transferring
knowledge, the basics of intellectual property, and contracts for
knowledge transfer. Examples of knowledge transfer from CERN
to industry and other external partners are also discussed.

Proposals writing

OU JVSSHIVYH[PVU AP[O *,95»Z ,< 6IJL4\[,9E PU%V&JHIX
*VTTP[[LL

:RéVKV~ZRH *\YPL (J[PVUZ :[LLYPUN
IdeaSquare, two new editions of the European proposal writing
course have been delivered by the KT Group. The sessions took
place on 1-2 July and 22-23 September 2015, and were open to
*95 Z[HH HUK MLSSV~Z

These two editions focused on the European Commission
IVYPaVvU 4HYPL :RéVKVAZRH *\YPL
concretely on Initial Training Networks. The objective of these
hands-on training courses is to help proposal writers understand
the EC programme objectives, provide guidance on how to build
an interdisciplinary consortium, and teach how to structure
project ideas in order to submit a competitive proposal.

Each training course is complemented by an internal follow-
up and review of draft proposals for projects coordinated by
the Laboratory; this procedure is jointly carried out by the
YLSLJHU[ *,95 [LHTZ [OL ,< 61JL
Curie Actions Steering Committee, and the KT Group) before
the proposal submission. The KT Group is also ramping up

its participation in European projects coordinated by CERN.

This will increase the opportunities for exploiting CERNOs

(JIPVUZ

[OL 4HYPL

CERN, and ETH ZYrich discussed some IP considerations in a
research context. During the last session, Hexagon Metrology,
Etalon, and National Instruments (industrial partners from the
7(*4(5 WYVQLJ[ [VNL[OLY ~P[O [OL
KPzZJ\ZZLK 07 PU HU PUK\Z[YPHS JVU[L_
from collaborating with universities and research centres.

The workshop was followed by a half-day hands-on session for a
reduced number of participants. The practical session delivered
by the KT Group allowed the participants to work in small teams
on a concrete IP case, and to go through all the steps from
identifying marketable technologies to evaluating the intellectual
property associated with the technology, performing patent
searches, and choosing an appropriate route for commercializing
the technology.

g)PLVU! JLYU JO WHJTHU
HUK 5»Z7

HUK TVYL

:RéVKV~"ZRH

[LJOUVSVNPLZ WYV]PKL HZZPZ[HUJL [V *,95 YLZLHYJOLYZ [V M\SASS

the dissemination goals of the EC, and will foster relationships
with the industrial community across Europe.

PACMAN IP and Knowledge Transfer Workshop

A one-day workshop on IP and knowledge transfer was
organized on 19 October 2015 in a collaboration between
the EU funded Innovative Doctoral Programme PACMAN and
the KT Group. The workshop was arranged for the PACMAN
project, and featured many speakers from the consortium.
However, it was made open to the rest of CERN and had a total
of 52 participants.

;OL "VYRZOVW JVUZPZ[LK VM [OYLL ZLZZPVUZ

the World Intellectual Property Organization introduced the
KPHLYLU[ [TWLZ VM 07"
AYVWLHU WHILU[ Z2°Z[LT NP]JLU [OL

In the second session, the UK National Physics Laboratory,

[OPZ "HZ MVSSVALK I°

+\YPUN [OL AYZ[ VUL

HU VILY]PLA VM [OL

AYVWLHU 7H[LU[ 61JL
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QCAS

CERN Accelerator School in collaboration with National Centre for
Nuclear Research (NCBJ)

Advanced Accelerator Physics course

from 27 September 2015 to 9 October 2015

Warsaw, Poland

School Director: Roger Bailey

66 participants

JLYU JO JHZ 7VSHUK SHYZH” HM[LY O[T

QCAS
CERN Accelerator School in collaboration with MedAustron
Accelerators for Medical Applications

from 26 May 2015 to 5 June 2015

V8sendorf, Austria

School Director: Roger Bailey

77 participants

JHZ ~LI JLYU JO JHZ (\Z[YPH

QCAS

CERN Accelerator School

Intensity Limitations in Particle Beams

from 2 November 2015 to 11 November 2015
CERN, Geneva, Switzerland

School Director: Werner Herr

66 participants
JHZ ~LI JLYU JO JHZ OU[LUZP[®

3PTP[H[PVUZ
CSC

CERN School of Computing

14-25 September 2015

Kavala, Greece

School Director: Alberto Pace

76 Participants 47 Institutes B 26 nationalities
PUKPJV JLYU JO L]JLU]J

QiCsC

inverted CERN School of Computing
23-24 February 2015

CERN, Geneva, Switzerland

School Director: Alberto Pace

58 Participants

PUKPJV JLYU JO L]JLU]J

3rd thematic CERN School of Computing

(AFLHQW 3DUDOOHO 3URJUDPPLQJ DQG , 2 IRXC/OLJ

17-23 May 2015
Split, Republic of Croatia
School Director: Alberto Pace

23 Participants
PUKPJV JLYU JO L]JLU]J

76 | Knowledge Transfer

=PLUUH HMJ[LY

QCLASHEP

& (51 /DWLQ $PHULFDQ 6FKRRO RI +LJK (QHUJ\ 3K\"
4-17 Mar 2015

Ibarra, Ecuador

Chair of I0C: Nick Ellis

69 participants

JLYU JO 70°ZPJ:JOVVS *3(:/,7 *3(:/1,7

QESHEP

European School of High-Energy Physics

2-15 September 2015

Bansko, Bulgaria

Chair of I0C: Nick Ellis

92 participants

JLYU JO 70°ZPJ:JOVVS ,:/,7 ,:1,7

QCERN-Fermilab Hadron Collider Physics Summer School
540l 3 July 2015

CERN, Geneva, Switzerland

The co-chairs of the LOC were Filip Moortgat and Giulia Zanderighi.
98 participants

PUKPJV JLYU JO L]JLUJ

JUAS

Joint Universities Accelerator School

12 S%nuar 520 Mgrﬁ %015

Archamps, France

:JOVVS KPYLJ[VY! 3V\PZ 9PUVSA
WHY[PJPWHU[Z MYVT UH[PVUHSP[PLZ

Z[\KLUJ[Z 7TYVMLZZPVUHS
LZP HYJOHTWZ L\ ;OLTHI[PJ

PUKPJV JLYU JO L]JLUJ

AHZ[L

:JOVVSZ 1<(:

QISOTDAQ 2015

,QWHUQDWLRQDO 6FKRRO RI 7ULJJHU DQG 'DWD $
28th January - 5th February, 2015

Brazilian Center for Physics Research (CBPF), Rio de Janeiro, Brazil

Chair of I0C: Markus Joos

52 participants from 19 countries

JIWM 1Y ePZV[KHX

ESIPAP 2015
(XURSHDQ 6FKRRO Rl ,QVWUXPHQWDWLRQ LQ 3DU
3K\VLFV
26th January B let March, 2015
WD LQ 6FLHQFH

hamps, France
School director: Johann Collot
WHY[PJPWHU[Z MYVT
7YVMLZZPVUHS
LZP HYJOHTWZ L\

UH[PVUHSP[PLZ 4HZ[LY

;OLTH[PJI :JOVVSZ ,:07(7
QCERN Spring Campus 2015
1st April B 3rd April 2015
Lisbon, Portugal
School Director: Derek Mathieson

WHY[PIJPWHU[Z VUKLYNYHK\H[LZ
PUKPJV JLYU JO L ZWYPUNJHTW\Z

AHZILY Z[



\

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

CERN schools

Every year, CERN organizes or co-organizes several schools on
a variety of subjects, aimed at young scientists, making a global
impact.
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Contacts as of 1st January 2016
General enquiries: mail-KT@cern.ch

Aerospace Applications:  Enrico Chesta  enrico.chesta@cern.ch

|P Dissemination: 'DYLG 0D]Xdhavid.mazur@cern.ch
Medical Applications: Manuela Cirilli ~ manuela.cirilli@cern.ch
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