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The first linear accelerator
Discovery of the electron by ].J. Thomson (1897)

Thomson'’s cathode ray tube
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and enabled measurement of their
e/m ratio

e *-.\_\
C;LthIJ:

I — 1
Dretlecoin Dirift regiom
region



http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg



http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg

The first circular accelerator
Lawrence and Livingston’s 80 keV cyclotron (1930)

Ernest O. Lawrence
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Over 80 years, x 10°in size, x 108
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A sustained decrease in specific cost
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The LHC at CERN

High-energy, high-luminosity particle collider

Epcam 7 TeV
Luminosity 2 103%* cm2.s1
Circumference 26.7 km
Bending field 83T
Superconductor Nb-Ti @ 1.9K
1232 SC dipoles, 400 SC quadrupoles

120 tons helium (of which 80 superfluid)
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Superconducting magnets
for particle accelerators

In a particle accelerator, electromagnets Superconducting magnet coils fit along the
produce fields for guiding and focussing the beam pipes to produce a high magnetic field
beams in the useful volume

Superconductivity permits to produce higher fields for reducing the
size and the electrical energy consumption of accelerators
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y Energy efficiency through advanced magnet technology
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Manufacturing in industry
of LHC superconducting magnets
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Final assembly at CERN
of LHC superconducting magnets in their cryostats
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y High-energy accelerators are now global projects

S In-kind contributions to the LHC from CERN non-member states
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International Linear Collider (ILC)
study

e+ e- linear collider
f Collision energy 500 GeV c.m. initially, later
| upgrade to ~1 TeV c.m.
= Overall length 31 km
\“/ / Key technology: SC RF cavities
N
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Y 16 000 Nb superconducting cavities at 1.3 GHz

Operating gradient 31.5 MV/m
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\’ Compact Linear Collider (CLIC) study

Key technology: two-beam acceleration, multi TeV
Accelerating gradient: 80 to 100 MV/m

World-wide collaboration with CERN as home laboratory
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\’ CLIC two-beam test facility at CERN

POWER EXTRACTION
STRUCTURE

=
ACCELERATING
STRUCTURES

Main beam —1 A, 200 ns
from 9 GeV to 1.5 TeV

CAS MTWVOT30

- +
174 178 182 186 190

194

Energy gain = 23.08 MeV et/

Corresponding to a gradient of 106 MV/m


http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg

4 Legend
§

=mms CERN existing LHC
Potential underground siting :
sese CLIC 500 Gev

CLIC 1.5 TeV
CLIC 3 TeV



http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg

N @ —— Proton number

\’ Nuclear physics and astrophysics

N/
126 . .
Exploring the confines of the
™ valley of nuclear stability
’ &
N « Y
v e
e i 8L meeeiiiiss
e’/ : Fi.l._.' ~v‘\\e\) Z',):'—‘—‘?é;::.:.g‘:'gg
28 _.,Ji'"! ; P /"fz 5 Eég;;:’— =
- L9 g
vl

—_— . 2 =
2 8 Neutron number N Accreting white dwarf

Neutron star

— Proton number Z —

Studying astrophysical processes
in the laboratory

* Supernova 1987A

— Neutron number N ——


http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg

Proton
Linac

S15100

plasma physics

atomic physics

CBM
| h
RIB storage ring .‘ﬁ n:n} FLAIR
RIB ext. target e
Subproject Numbers of s¢ magnets
SIS 100 449
- ] SIS 300 444
Facility for Antiproton & Ion Research  [HEBT 187
SuperFRS 180
Complex of synchrotrons and storage  [cr 48
rings using superconducting magnets | *==% =



http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg

Exploring the quark-gluon phase diagram
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RHIC at Brookhaven National Lab (USA)
Proton and ion collider, typical energy 200 GeV/nucleon
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Heavy ion collisions at RHIC and LHC

Colliding beams of Au atoms at RHIC (Vs = 60 GeV)
STAR experiment

Colliding beams of Pb atoms at LHC (Vs = 2.76 TeV)
ALICE experiment

Pb+Pb @ sqrt(s) = 2.76 ATeV

Event : 0x00000000271EC693
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y Superconducting cyclotron at VECC, Kolkata (India)

80 MeV/nucleon (light ions)
10 MeV/nucleon (heavy ions)
RF system 9-27 MHz

Max Dee voltage 80 kV
Magnetic field 5T

In operation
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\_)/ Accelerator-based neutron sources
complementary of nuclear reactors
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>\ The Spallation Neutron Source (SNS), Oak Ridge, USA

161-kV Substation
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2 oY T
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Klystron Hall

CHL and SRF
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Superconducting Radio Frequency Shop)

HEBT
(High Energy Beam Transport)

Proton beam power 1.4 MW
Proton beam energy 1 GeV
Average beam current 1.4 mA | ®
Pulse repetition rate 60 Hz Central Lab and
RF frequency 805 MHz Office Building
Peak field 27.5/35.0 MV/m
Q0 >5,10°

Linac length 157 m
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y Synchrotron light sources

~7_ 50 synchrotron ring light sources in 29 countries
About 60000 users world wide

Protein structure analysed
by x-ray diffraction
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European X-FEL, DESY, Hamburg (Germany)
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y Scientific applications of the European X-FEL

N/~

Atoms, ions, molecules, =s=p . Multiple ionization/multiphoton events

e Creation and spectroscopy of excited states
and clusters (hollow atoms, Rydberg & Laser states, ....)
e Dynamics, elec. & geom. structure of cluster

Plasma physics mmmm) « Generation of solid-density plasmas
* Plasma diagnostics
Condensed-matter mmmmd . Ultrafast dynamics
: ¢ Electronic structure
thSICS e Disordered materials & soft matter
Materials sciences mmmm) e Dynamics of hard materials
e Structure and dynamics of nanomaterials
Chemistry mmmm) « Reaction dynamics in solid, liquid systems
e Analytical solid-state chemistry
e Heterogenous catalysis
Structural biology mmmmd .« Single particle/molecule imaging
e Dynamics of biomolecules
OptiCS and nonlinear mmmmd « Nonlinear effects in atoms and solids
phenomena ¢ High field science
Ultrashort pulses Pulse intensities Coherence Average brilliance

J. Hajdu
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y Converting the SLAC linac:
the LCLS FEL at Stanford, USA
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New acceleration techniques: near-field accelerators

Conventional cavity: meter scale Accelerating Gradient

10 - 40 MV/m

10 - 100 GV/m

W. Brinkmann
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y Beam driven plasma acceleration
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FACET: Facility for Advanced Accelerator
Experimental Tests

« Will address critical 1ssues of a single stage
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y Accelerators are big business

Number of accelerators worldwide
~ 26,000

*" Radiotherapy (>100.000 treatments/yr)*
M Medical Radioisotopes

Research (incl. biomedical)

-— - — - . - .,
i B -
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" s am s mm s am e ume s =t

Industrial Processing and
Research

¥ Ion Implanters & Surface
1% 4% Modification
Annual growth is several percent
Sales >3.5 B$/yr
Value of treated good > 50 B$/yr **

W. Barletta
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@ Medical accelerators
L

Radioisotope production & particle therapy

N

Separated-Sector Cyclotron Facility, iThemba Labs, Caps

Polarized ion source SSC Target vaults Spectrometer

SPC2

ECR ion source

Radioisotope
production

swinger

Z. Vilakazi

I
0 10 20 m

Neutron therapy I



http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg

@ Accelerators for tumor treatment by particle therapy
30 centers worldwide, >100'000 patients treated

Depth dose proflles
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Better targeting of tumor
with hadron beams
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HIT particle therapy center in Heidelberg, Germany
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y Compact superconducting synchrocyclotron

<7 for hadron therapy
(Still River Systems)

- 250 MeV protons

- 20 t mass allowing integration in gantry

- cooled by cryocoolers (no liquid helium)
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y Accelerators for sterilization by irradiation
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y Food irradiation

N/~

1 Low Dose Applications (< 1kGy)

= Phytosanitary Insect Disinfection for grains, papayas,
mangoes, avocados...

= Sprouting Inhibition for potatoes, onions, garlic...
= Delaying of Maturation, parasite disinfection.

1 Medium Dose Applications (1 — 10 kGy)

= Control of Foodborne Pathogens for beef, eggs,
flounder-crab-meat, oysters...

= Shelf-life Extension for chicken and pork, low fat fish,
strawberries, carrots, mushrooms, papayas...

= Spice Irradiation

1 High Dose Applications (> 10 kGy)

= Food sterilization of meat, poultry and some seafood is
typically required for hospitalized patients or astronauts.

Y. Jongen
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Environmental safety

Flue gas treatment

Dry scrubbing process for simultaneous removal of SO,, NO, and
volatile organic compounds

Creation of free radicals by radiolysis

Efficient and clean alternative to chemical processes such as wet
flue gas desulphuration and selective catalytic reduction (no
waste generated)
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y Polymer crosslinking by e-beams

1 Wires stand higher temperature after
irradiation

L1 Pipes for central heating and plumbing
L1 Heatshrink elastomers are given a memory

Y. Jongen

Markets for industrial electron beams
total $50 billion per year.
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y Microfiltration membranes by heavy ion beams

N/~

Ll Heavy ion beams are used to produce track-etched
microfiltration membranes, commercialized i.a. under the brand

name “Cyclopore”

Ll In these membranes, tracks of slow, heavy ions crossing a
sheet of polymer are chemically etched, giving cylindrical pores
of very accurate diameter

Y. Jongen
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y The challenge of materials for nuclear fusion

Requwements for fusion materials:
Low activation: shallow burial after 100 years desired, limits candidate elements
+  Withstand fusion fluxes: maintain strength, ductility, structural integrity for 2
MW/m?2-s (10'8 neutrons/m?-s)
» Long lifetime: 5-10 years for full power operation with wall load of 2 MW/m?; 1.5-3
x 10?6 n/m2
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a facility for testing materials under high neutron flux
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Low flux (< 1 dpa/an, > 8 L)
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\
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- Accelerator (x 2) — Test Cell -

Figure 1: Principle of IFMIF: the two accelerators bring the deuteron beams (125 mA each) to an energy of 40 MeV.

The neutrons produced by their interaction with a liquid lithium flow irradiate three sets of volumes called High Flux
Test Module, Medium Flux Test Module and a low flux region.



http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg

g
Pluridisciplinarity N'J
4 } Cooperation h _l,!,

4;53"3 ’«”'x {

$C|éh§e for the CJtIZ .

%ﬁ”m ] b‘l ﬁé

ealth ’

Edl’gla i :gn' '

c

‘——‘“‘—'



http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg

@)

N/

Conclusion

Particle accelerators, invented as the discovery instruments of basic science,
have developed to become the workhorses of applied science and the tools
of societal applications in medicine, health, environmental protection,
energy and industry

Development of particle accelerators cross-stimulated progress in a variety
of advanced technologies, providing opportunities for training and
education in engineering & science and promoting global cooperation

The societal impacts of such powerful instruments as particle accelerators

must be explained, understood and democratically accepted for the benefit
of mankind

If information and knowledge are central to democracy, they are the
conditions for development

Kofi Annan
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