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Wilhelm C. Rontgen
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Crookes tube : the best
accelerator of the time

Electron
beam |

Announcement: December 28, 1985
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SirS Rt Ss Of 2 rays cinel raediurn in dizignositics aned ifsraoy

Emile Grubbe
(Chicago)
4 hour irradiation of a breast cancer
January 27,1896

Robert Jones and Oliver Lodge
(Liverpool)
Radiogtaphy of a bullet in a hand
ary 7, 1896

Lupus treatme th radium
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Y2 Victor rlass discovars ‘cosmic rays’

Hess brought precision
equipment
In ten balloon ascents
and discovered that
radiation at 5 km altitude
IS twice

r than at see level.

100 YEARS AGO
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IRairsaYeElrs S r i e nenisy of cosmic rays was undarsiood
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muons are ‘heavy electrons’ with a mass that is 200 times larger
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1929: invanijon of ife “cycloiron”

Ernest Lawrence -

Spiral tajectory of an
accelerated particle

1 MeV =1 million electronvolts
= 0.001 GeV
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Modern 30 MeV cyclotron for

radioisotope production
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1929: invantion of ina “cyclotron”

1 MeV = 1 million electronvolts
= 0.001 GeV
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274nch cyclotron
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1936: Radio-sodium to study metabolism
1936: Radio-phosphorus to treat leukaemia
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1939 The 60-inch cyclotron was financed for medical purposes
and later used to treat patients with neutron beams
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IFt1e invaniion of ine synenroiror c:

Vertical magnetic/m

field — 21l W E. McMillan and V.J.Veksler
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4

circular trajectory of an
accelerated particle

“Phase stability principle”

t ‘ t
1959: Veksler visits McMillan

at Berkeley

ICTR-PHE2014 - UA - 11.2.14 L 3 15



1ENNVENLONIGIARESSY,

=
Vertical magnetic//R*Tms
field — | Lo

circular trajectory of an
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1959: Veksler visits McMillan

at Berkeley
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E. McMillan and V.J.Veksler
“Phase stability principle”

© accelerating cavity
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Sigmur Varian

1939

Invention of the klystron
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Sigmur Varian

ﬁ

1939
Invention of the klystron

-
linac for electrons

1.5 MeV at 3 GHz
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6-20 MeV electrons
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Standard frequ_-éncy
3 GHz
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2000 patients/year every
In 1 million inhabitants In the world Sadiationiencologists

. . use 20 00@relectronilinacs
1 treatment in 30 sessions

50% of all the exiSting aCCEelerators
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80 years agor eraation of CER\N

Pierre Auger Edoardo Amaldi Felix Bloch
Science Director Secretary General of s Nobel Prize in 1952
of UNESCO provisional CERN ERN Director General

1952-1954 1954-1955

ICTR-PHE2014 - UA - 11.2.14 TEF ‘; 25



©
=
=
=
o
L

11.2.14

ICTR-PHE2014 - UA -



CERN aerlal view with the Geneva Alrport
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=R\ sigeafariars cire synenroirons usac as
“eollidars

LHC
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LHC In 2012

arge adron ollider
4 000 + 4 000 GeV
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Georges Cha?m :

CHOMNETS the flrst to apply CERN detectors to b|om
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1970 _
i

Alan Jeavons and David Townsend E

built and used in Geneva
the first PET system

based on gas detectors
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Scattering of
two matter-
particles

e =electron

. photon mediator of the electric force

(force-particle)

THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCES
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[heweakaneulial NOrCENSIU UEN OGN EXEXGI el ) EXOI#EU) ]
‘int2rmeadiziz voson’ Z

Scattering of
two matter-
particles

e =electron

Intermediate boson mediator of the ‘weak’ force
- (force-particle)

neutrino v = neutral electron

THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCES
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fepdni2 fallowine) yaeirs ejuzrks weara discoyaracf

electron “e”

quark “u” or “d”
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SPS collider:

300 GeV + 300 GeV
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Tne oroolarm

electrons, heavy electrons (muons), u-quarks,
d-quarks...
are some of the 24 matter-particles

photons, intermediate bosons....
are some of the 12 force-particles
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Tne oroolarm

electrons, heavy electrons (muons), u-quarks,
d-quarks...
are some of the 24 matter-particles

photons, intermediate bosons....
are some of the 12 force-particles

WHY THE MASSES ARE DIFFERENT?

Why the photon has m
and the Z has mass =90 p

Why the muon is 200 times heavier tha electron?

TERA D 39
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CMS: event
Higgs —> 2 photons

ATLAS event
Higgs —> 4 electrons
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IFe12 slicfefss eeintiefa) s i 37 oarticla out jt js ina most
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the Higgs ‘field’ is a continous medium that fills the space since
one hundredth of a billionth of a second (10'ls)
after the Big Bang
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iRl liefefs eirifefa) [ i 374 gartjcla out jt js ina most
imooriant one vaecasa, .,

the Higgs ‘field’ is a continous medium that fills the space since
one hundredth of a billionth of a second (10'ls)
after the Big Bang

the particles interact differently, with the Higgs field
and thus they have diffe
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the second twin has applied awrong glide wax...
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...but if the snow ‘field’ is not seen he is
slower because has a larger mass



2013: in= Noozl orize winnars

\1 ey .
Francois Englert Peter Higgs

Fabiola Gian
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Berkeley proton therapy

CERN
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Lawrence PhD student
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Founder and first Director
of FERMILAB (Chicago)
1967-1978
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(! Cornelius Tobias

T ovaws “Toby”
’ CANCER RESEARCH

FEBRUARY 1958 NuMBER 2

Pituitary Irradiation with High-Energy Proton Beams

A Preliminary Report®

. L. Born, R. K. McComss, ]J. E. RoBErTsS,
A. Low-Beer,t anp C. B. Huceinst

(Donner Laboratory of Biophysics and Medical Pkysics, Donner Pavilion, and the Radiation Laboratory,
Crart 8.—A schematic drawing of the apparatus for proton irradiation of the human hypophysis University of California, Berkeley, Calif.)
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slefas; of orotons ane earoor jorns

protons: 230 MeV X rays 1. Healthy tissues are
Cions : 5000 MeV s =l spared by protons and

carbon ions
/ ’

protons or carbon ions
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PVem————

| X rays
——— >

protons or carbon ions

9 Xray beams 4 hadron beams

PSI - Villigen

TERA



1. Healthy tissues are
spared by protons and
carbon ions

protons: 230 MeV
Cions : 5000 MeV

30cm

30cm
5000 MeV carbon ions

> k1) 0 0 0 : 444444
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1. Healthy tissues are
spared by protons and
carbon ions

protons: 230 MeV
Cions : 5000 MeV

30 cm 2. Carbon ions have
charge = 6 and
produce in the DNA
clustered unrepairable
damages

illing at the end of

e the cells which
resistant to both
nd protons.

30cm
5000 MeV carbon ions

0 e e e L L )
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Gyalairar) saolttion for orotons by IBA - Balyium
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Eight companies offer turn-key centres for 120-
150 ME.

If proton accelerators were ‘small’ and ‘cheap’,
no radiation oncologist would use X rays.

58



sl WIAC i) Chijoz) iS5 ina ojonar of earoorn ifaraoy

15 17: - p - . : -
. Hirao. Y. et al. “Heavy Ion Svnchrotron for Medical Use: HIMAC Project at NIRS
MRV oM [FS O ;. Nuci Phys. 533, 541c (1992)

Hirohiko Tsuijii
8500 pts 1994-2014
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Ina &Sl vilot orojact : 1997-2003

450 patients treated
with carbon ions

£ R

GSI - Darmstadt',
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Ina &Sl vilot orojact : 1997-2003

450 patients treated
with carbon ions

GSl designed HIT ( Heidelberg |
where 1800 patients have been

erapy centre)
ted since 2009

TERA D
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i) N2iwork for Ligni lon Tharaoy

X-ray therapy.

for L million inhabitants: 2'000 pts/year.

Protontherapy.

12% of X-ray patients 240 pts/year.

Therapy with carbon ions for radio—réis,tant tumour

protecols)
3% of X-ray patients

TOTAL for 1 M

(comparisens with proton therapy are Yieeded to define sites and

ICTR-PHE2014 - UA - 11.2.14
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® Nonprofit Foundation created in 1992

® [wo programmes :

o Synchrotron for C 1ons (fand,protons): CNAO In
Pavia

e |.Inacs for protons and carbonuERSEALNDIA.M.
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[ £S5 UL ciief Y. Raceplar econvinead CERN to start
Prator) lan Wadieal Vaenine Siuecy, PIVIVIS

Optimized synchrotron for therapy
Project Leader: Phil Bryant
Chair of PAC: Giorgio Brianti
1996-2000

linacs for
- carbon ions

. and protons ., | K=
MHM wep——

BN

PIMMS
LAYOUT




CONAC = Ceirlire Nezjorzl2 di Adrotaraoia Oncologic:

CNAO Foundation created by the Italian Government in 2002:
4 Hospitals in Milan, 1 Hospital in Pavia and TERA

In October 2003 TERA passed to CNAO
the design of CNAO (2000 pages) and 25 people

PIMMS/TERA
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GNAC =Ga)iro \azfogrzlfa df Adraotaraoia Oncologics jr)
Paviz

Hospital building

High-tech building

@

= /
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Sandro Rossi
Technical
Director

'I—‘Iospital
bulding

fonzf2 di Adrotaraojz Oncologic:)

Roberto Orecchla
Medical Director

Synchrotron
building

Construction by
CNAO Foundation and INFN

2005-2010




ICTR-PHE2014 - UA - 11.2.14

CNAO at Payja



2 sources
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January 2014: 200 pantients treated
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Wief\usiiran orormoid ainef ozrijejozizef jr) PI

PIMMS/TERA

& EBG MedAustron GmbH

MedAustron has acquired form CNAO Foundation
the construction drawings
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Construction completed by 2015
In Wiener Neustadt
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Head and Neck Tumors

= Locally Advsneed Oropéaryns
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In the world
Protons:
100000 patients
(8% per: year)

carbon ions
10’000 patients
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[eztifeftirztifon of ine naw linae oy ine CERN DG

| A e A. Colussi
S. Bertolucci |§ ~ R. Heuer | ADAM.

President
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Hrotoivas of CCL gujft ane v2:0mn tastad oy
TERA-CERN-INFN: 2003

Mario Weiss

A2l LIBO *
— Linac BOoster #

L5
L y Y

) Basic unit:
half-cell

3 GHz proton Linac -
¢ 76



Conreizl orataiyoa ouift 2 oowear tasiad oy
ADANL: 2011

3,GHz klystron

A.D.A.M. = Applications of Detectors
and Accelerators to Medicine

First Unit of LIGHT
Linac for Image Guided Hadron
Therapy
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.

230 MeV
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frete for finzeg Guicdsd Hacdron Tharaoy

pulses @ 200times
per second




ineie for finzeje Guicdael Hadron Tharaoy

pulses @ 200times
per second

The energy changes actively
made by the linac
accelerating modules

every pulse
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CLIC = Comoact Linaar Collicdar
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FULIZ = [ glIe) Liglele for Proiogizre oy

750 MHz
CERN RFQ




scanned
area;

25x25 cm?
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Office for CERN
Medical Applications

1st January 2014
Steve Myers
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PHYSICS IS BEAUTIFUL AND USEFUL
Physik ist schon und nutzlich
La physiqueest belle et utile ' 3

Lafisicae bella e utile



Abstract

The year 2014 marks the 60" anniversary of CERN, the largest particle
physics laboratory in the world, and of the first cancer treatment with
protons done at Berkeley. This is no coincidence: indeed, the beauty
of particle physics has always been going hand in hand with useful
applications.

These “useful” activities follow from the technical developments in
particle accelerators and radiation detectors that have brought to the
discoveries of neutral currents (1973)wof its mediator, the Z boson
(1984) and of the Higgs (2012).

The beginning of 2014 is thus the proper time tofirst describe these
“beautiful” physics results, together with thelr consegquences in our
description of the events that took place in the first millionth of a
second of the Universe life. The second part of the lecture will review
CERN contributions to both diagnhostics and therapy and conclude
with an overview of possible future developments.
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