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run length |particle(s) | energy dipole field

DORIS |DESY [1980-2012 0.3 km |e- or e+ 4.45 GeV 1.22T
PETRA |DESY 2009- ? |2.3km |e-ore+ 6 GeV| 0.10T/0.87T

. e- or e+ 27.5 GeV 0.274T
HERA SY (1992-2007 6.3 km 5 920 GeV 5T
LEP 1989-2000 |27 km |e-/e+ 2x105 GeV 0.135T
LHC 2010- ? |27 km |p 2x7000 GeV 83T
FLASH |DESY [2004- ? 0.3 km |e- 1.2 GeV
XFEL |DESY [2015- *? 3 km |e- 17.5 GeV
ILC ? 30 km |e-/e+ 2x250 GeV
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How electromagnetic fields accelerate particles
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Why we need superconducting magnets

LHC: Large Hadron Collider
at CERN

p: 7 TeV

superconducting magnets

3 ”':’ ; <'-":".
% HERA: Hadron-Electron Ring Accelerator

at DESY

p: 920 GeV
e: 27.5GeV
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Differences between proton and electron accelerators

proton
accelerator .
920 GeV
’ i T
\
._...

electron accelerator
27.5 GeV
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Synchrotron radiation

dipole magnet

Synchrotron light

Electron bunch
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Electrons

electron bunch

electrons
+photons
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Which collider is better?

Circular colliders:

E : electric field

B .
magnetic

B
magnetic
field

field

Llnear' CO”lderS: damping ring

E : electric field E : electric field

source main linac
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Applications of
accelerators




Applications of Accelerators (1)

Particle colliders for High Energy Physics (HEP) experiments

Fixed target experiments

Before After
el o
Proton hitting 2 Result: Fast moving
fixed target light particles

Two beams collider experiments

Before After
=

oax °. O
. @..-°.
Colliding proton Possible result:

and antiproton 0 Slowly moving,
very heavy particles
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Applications of Accelerators (1)

Particle colliders for High Energy Physics experiments

cuanple: the(Large)Hadron Collider (LHC) at CERN

Lake Geneva, Mont Blanc, ,Geneva \\)

T _"2'.“

5] -

superconducting magnets
(inside a cryostat)
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Applications of Accelerators (2)

Light sources for biology, physics, chemistry... experiments

Electromagnet

Synchrotron light

Electron bunch
—u

Electrons

structural analysis of crystalline materials
X-ray crystallography (of proteins)

X-ray microscopy

X-ray absorption (or emission) spectroscopy
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Max von Laue hall

14 beamlines
30 exp. stations

y photons | Paoe 12
W://photo’ science.desy.de/facilities/petra_iii/beamlines/index_eng.html



Example: Positron-Elektron-Tandem-Ring-Anlage (PETRA)
'positron-electron tandem ring accelerator’ at DESY
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Applications of Accelerators (3)

Medical applications

For radioisotope production

_ transmutation _ o
proton beam + stable isotope > radioactive isotope

For radiotherapy and radiosurgery:
» X-rays and gamma-rays
* ions (from protons to atoms with atomic number up to 18, Argon)

* neutrons

Pedro Castro / MPY | Accelerator Physics | 28" July 2014 | Page 14



Applications of Accelerators (3)

Medical applications

For radioisotope production

For example:

cyclotron 18 MeV proton accelerator
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Applications of Accelerators (3)

Medical applications

For radioisotope production

For example: target
18 MeV proton accelerator D > Oxygen-18 (stable)
‘ Y ’ (transmutation)

Fluorine-18 (half-life time = 110 min.)

97% of decays

Oxygen-18 + positron
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Applications of Accelerators (3)

Medical applications

For radioisotope production

For example: target
18 MeV proton accelerator D > (Oxygen-18
‘ Y ’ (transmutation)
. Fluorine-18 (half-life time = 110 min.)
OH
Fludeoxyglucose (*8F)
OH

Pedro Castro / MPY | Accelerator Physics | 28" July 2014 | Page 17



Applications of Accelerators (3)

Detection

Reconstruction

Fluorine-18

Annihilation

Particle Location

0@
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Applications of Accelerators (3)

detectors

Coincidence
Processing Unit

Positron Emission
Tomography (PET)




Applications of Accelerators (4)

For industrial applications:

Application I

lon implantation ~ 9500
Electron cutting and welding ~ 4500
Electron beam and x-ray irradiators ~ 2000
lon beam analysis (including AMS) ~ 200
Radioisotope production (including PET) ~ 900
Nondestructive testing (including security) ~ 650
Neutron generators (including sealed tubes) ~ 1000

approx. numbers from 2007 (worldwide)
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Applications of Accelerators (4)

For industrial applications:

an example: electron beam welding

Cathode

Anode I; acceleration up to 60-200 keV

Vacuum A

pump
lectron b
-+ eleciion beam Focusing coil
magnets as
| ‘focusing lenses’
Deflection ‘aS well as ,
coil deflectors

up to 15 cm
‘deep welding effect’
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Worldwide ...

> About 120 accelerators for research in "nuclear and particle
physics”

> About 70 electron storage rings and electron linear accelerators
used as light sources (so-called 'synchrotron radiation sources’)

> More than 7,000 accelerators for medicine
radiotherapy (>7,500), radioisotope production (200)

> More than 18,000 industrial accelerators
ion implantation (>9,000) , electron cutting and welding (>4,000) ...
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Worldwide ...

> About 120 accelerators for research in "nuclear and particle

phy

> Abqd
use

> Mot
I

> Mor

arch
< 1%

2lerators
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ion implantation (>9,000) , electron cutting and welding (>4,000) ...
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Applications of Accelerators (5)

Many millions of television sets, oscilloscopes using CRTs (Cathode Ray Tube)
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Applications of Accelerators (5)

Many millions of television sets, oscilloscopes using CRTs (Cathode Ray Tube)

acceleration
|
| 1
Anode

Deflecting coils

Control Grid

Fluorescent screen |

[
Heater /
Cathode Electron
beam

Focusing coil S
! J Saqmeezzomm
! _ 625 N
magnets as ‘focusing lenses’ . P e
as well as ‘deflectors’ lines e
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Applications of Accelerators (6)

X-ray tubes
DC high voltage (20-150 kV)

CATHODE

FILAMENT

braking radiation X-RAYS
or bremsstrahlung
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