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We determine the probability distribution of cost
and benefits for the LHC since 1993 until planned
decommissioning in 2025, and we find there is a 
92% probability that benefits exceed its
costs, with an expected net present value 
of about 3 billion euro, not including the 
unpredictable economic value of 
discovery of any new physics.

Additional reading:
Schopper, Herwig, 2016. "Some remarks concerning the cost/benefit analysis
applied to LHC at CERN," Technological Forecasting and Social Change, 
Elsevier, vol. 112(C), pages 54-64.

E Pugliese, G Cimini, A Patelli, A Zaccaria, L Pietronero, A Gabrielli, 
Unfolding the innovation system for the development of countries: co-
evolution of Science, Technology and Production, arXiv preprint
arXiv:1707.05146

A Patelli, G Cimini, E Pugliese, A Gabrielli, The scientific influence of nations 
on global scientific and technological development, Journal of Informetrics
11, 1229-1237 (2017)



As of 2014 there were 42,200
accelerators worldwide: 
27,000 (64%) in industry, 
14,000 (33%) for medical purposes
1,200 (3%) for basic research. 

These figures exclude electron
microscopes and x–ray tubes, and 
the security and defense industries. 
Chernyaev, A. P. and Varzar, S. M. (2014). Particle accelerators in 
modern world. Physics of Atomic Nuclei, 77(10):1203–1215. 

Over 70 companies and institutes 
produce accelerators for industrial
applications; these organizations sell
more than 1,100 industrial systems
per year — almost twice the number
produced for research or medical
therapy — at a market value of $2.2B. 

Over $1B of this amount is generated
by the sales of accelerators for ion 
implantation into materials —
primarily semiconductor devices —
whose worldwide value of production 
is about $300B.

Hamm,R.andHamm,M.(2012).Industrial accelerators and their
applications. World Scientific Publishing Co. 

Los Alamos National Laboratory/Flickr, CC BY-NC-ND



Knowledge Transfer Channels

Dedicated actions to foster the transfer of technologies and 
know-how to other fields than particle physics 
(very often with the involvement of industry)

Technology-intensive procurement contracts

People
(very hard to quantify but extremely impactful for particle physics)



KNOWLEDGE TRANSFER through PROCUREMENT
Survey of companies involved 
in technology-intensive 
procurement contracts with 
CERN. 
178 questionnaires analyzed, 
related to 503 MCHF 
procurement budget.

Technological learning 44%
Increased international exposure 42%
Developed new products 38%
Market learning 36%
Started new R&D teams 13%
Would have poorer technological performance without CERN 41%
Would have poorer sales performance without CERN 52%

Technological competences
Increased sales
Positive return on image
New partnerships/coolaborations
Market learning
New clients
New activities
Higher market shares
New markets
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Today:
>3000 PhD students

in LHC experiments
https://www.wes.org/advisor-blog/salary-difference-masters-phd/

Salary Differences Between Master’s and Ph.D. Graduates



2007-2012: 831 Fellows finished their Fellowships

The study targeted the 288 (38%) former fellows that 
did not have any affiliation (staff, student, user, etc.) 
with CERN at time of the survey

First Position after Fellowship
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Georges 
Charpak
researcher &
entrepreneur



First Position after Fellowship



First Position after Fellowship
How important was the CERN fellowship 
to secure your first position after the fellowship? 



ü67% alumni
ü19% to leave within a year
ü23% women
ü57% between 21 and 35

5400 
today

üSpread over 99 
countries

ü68% live & work in the 
Member States

üMostly CH, FR, US, GB, 
DE, IT, ES

ü77% former users, 
associates or students

ü10% former fellows 
ü66% are nationals from 

a MS
ü IT, FR, DE, GB, US ES, 

GR, CH, PL nationals 
are most represented

The
CERN alumni
network

Join at https://alumni.cern/signup 
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Radiotherapy



Berkeley
1931 Invention of cyclotron (Ernest Lawrence)
1946 RR Wilson published his seminal paper on particle therapy
1952 First biological investigation with accelerated nuclei (C Tobias 
and JH Lawrence)
1954 First therapeutic exposure of humans to protons and alphas 
(Tobias and JH Lawrence) 
1975 Clinical trials with accelerated light ions at LBL (Castro) 

Gustav Werner Institute and Theodor Svedberg Laboratory
1949 Synchrocyclotron at the Gustav Werner Institute (Uppsala)
1950s Pre-therapeutic physical experiments with high energy
protons (B. Larsson) 
1957 First patient treated with proton beam



1935 Yukawa theory on pi meson

1947 Discovery of pions

1951 Possibility of using negative pions for 
cancer therapy (Tobias and Richman) 

1961 Clinical use of !- advocated (Fowler 
and Perkins, Nature 1961)

‘70-’80s Clinical trials of negative pions at 
LAMPF, TRIUMF, PSI and Stanford 

William T. Chu
EO Lawrence Berkeley National Laboratory
PTCOG From 1985 to Present and Future 

!- beam therapy

LAMPF: a dream and a gamble



From the 
PIMMS Study @ From pioneering

rasterscanning & 
carbon ion pilot project @ 



Linear accelerators for 
proton therapy

LIGHT - ADAM/ AVO
TOP-IMPLART - ENEA

Flash radiation therapy

PHASER - SLAC/Stanford 
Varian
IBA



Next-generation ion therapy facilities

several initiatives starting/ongoing involving (among others) 
CERN, CNAO, GSI, MedAustron, PSI, SEEIST…



Accelerators
(and detectors) for 

Cultural 
Heritage

PIXE = Particle Induced X-ray Emission
PIGE = Particle Induced Gamma Emission
RBS = Rutherford Backscattering
Spectroscopy
ERDA = Elastic Recoil Detection Analysis

© Christophe Hargoues / C2RMF / CNRS Photothèque



New AGLAÉ –
Accélérateur Grand 
Louvre d'Analyse 
Élémentaire

Jean-Pierre Dalbéra [CC BY 2.0], wikimedia commons

Yann Caradec, CC BY-NC-SA 2.0

CHRISTOPHE HARGOUES / C2RMF / AGLAE / CNRS PHOTOTHÈQUE



Construction of 
a compact, 
transportable 
accelerator

MACHINA
Movable Accelerator for 
Cultural Heritage In-situ 
Non-destructive Analysis
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20th anniversary symposium on Medipix and Timepix https://indico.cern.ch/event/782801/timetable/

© NASA, photo ref. no.
iss036e006175

Before filtering

After filtering

Ionization electronsBeam loss 

James Storey, CERN



Space
applications

Medical
applications

+ industrial applications
Notably, non-destructive testing



Radioisotopes & Nuclear Medicine

Established isotopes  à Industrial suppliers
99mTc, 18F, 123,125,131I, 111In, 90Y

Emerging isotopes      à Small innovative 
suppliers
68Ga, 82Rb, 89Zr, 177Lu, 188Re

R&D isotopes               à Research labs
44,47Sc, 64,67Cu, 134Ce, 140Nd, 149, 152, 155, 161Tb, 
166Ho, 195mPt, 211At, 212, 213Bi, 223Ra, 225Ac,…



Next H2020-INFRA call

Inspired by the NIDC
JRC

Courtesy of / contact
Thierry.stora@cern.ch

PRISMAS-MAP: 
PRoduction of hIgh

purity iSotopes
by MAss Separation 

for Medical 
Application



A long and winding road…



BRIAN L. EDLOW, M.D. OF MASSACHUSETTS GENERAL HOSPITAL



Courtesy Luca Bottura,
see his talk yesterday



The ISEULT project -
a French-German initiative

Full field of 11.72 teslas 
achieved the 18th of July 2019

The ISEULT whole body 11.7 T MRI magnet

NEUROSPIN: 
a unique 
concept in 
neuroscience 
research



How do we 
MAXIMISE 
IMPACT?

CERN, 1970s





In the end, utility resulted, but it
was never a criterion to which
his (Faraday’s, ndr) ceaseless
experimentation could be subjected. 

I am not for a moment suggesting that
everything that goes on in laboratories
will ultimately turn to some unexpected
practical use or that an ultimate
practical use is its actual justification. 

1939!



Want to know more?

Visit http://kt.cern

Sign-up to the CERN Knowledge Transfer newsletter 
http://kt.cern/newsletter

Contact kt@cern.ch

Manuela.Cirilli@cern.ch
Join the CERN alumni network 

https://alumni.cern/signup

If you need highly sought after talents, 
post your job opportunities at 

https://alumni.cern/recruiter/jobs/new

https://alumni.cern/signup
https://alumni.cern/recruiter/jobs/new

