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Applications of Particle Accelerators

Nuclear Physics Synchrotron Radiation

Electron Proton Accelerators (Electron Storage Rings)
Atomic & Molecular Physics
Condensed Matter Physics
Earth Science

High Energy Physics
Fixed Target Accelerators
Colliding Beam Storage RIngs

. ) Chemistry
Linear Colliders Molecular & Cell Biology
Power Generation Surface Physics

Inertial Fusion

Reactor Fuel Breeding Coherent Radiation

Industry Free Electron Lasers
X-Ray Radiography o
lon Implantation Medicine
Isotope Production Radiotherapy
Materials Testing Health Physics
Food Sterilization Imaging

X-Ray Lithography Microsurgery with tunable FEL
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PP Cross Section

* High Luminosity needed
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pp cross section * Large background to overcome
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Cross Sections and Production Rates
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* Inelastic proton-proton
reactions: 10° /s

 bb pairs 5 10%/s

e tt pairs 8 /s

W 5ev 150 /s

e/ H>ee 15 /s

* Higgs (150 GeV) 0.2 /s

* Gluino, Squarks (1 TeV) 0.03 /s
LHC is a factory for:
top-quarks, b-quarks, W, Z, ....... Higgs, ......

The only problem: you have to detect them !

K. Jakobs

CERN Summer Student Lectures, Aug. 2007
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SYV C#RO TRON~ RADIATION. IN VARIowS  ELECTIRI
MAUHNES — LEP s OBVIouskY AARST V

accelerator L |m] E [GeV] R [m] B [T] AE. [keV]
BESSY I (Berlin) 62.4 0.80 1.78 1.50 20.3
DELTA (Dortmund) 115 1.50 3.34 1.50 134.1
DORIS II (Hamburg) 288 5.00 12.2 1.37  4.53 x 10°
ESRE (Grenoble) 344 6.00 23.4  0.855 4.90 x 10°
PETRA (Hamburg) 2304 23.50 195 040 1.38 x 10°

LEP (Geneva) 27 x 10° 70.00 3000  0.078 7.08 x 10°
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DC HIGH-VOLTAGE ACCELERATORS - TANDEM VAN DE GRAAFFS

Yale 22-MV tandem.

Daresbury folded tandem
(20 MV in a 230-ft tower).
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Fig. 2.8. Disk loaded accelerating structure for an electron linear accelerator (:
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SLAC — 50 GeV Electron LINAC
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The ISAC 150-keV/u RFQ linac



500 keV electron LINAC for Cancer Therapy
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Livingston and Lawrence with the magnet of the “27-inch” (later “37-inch”)
cyclotron on which most of Berkeley’s 1930s nuclear physics was performed.
Lab wear was different then!



THE 184-INCH SYNCHROCYCLOTRON

The Berkeley 184” was begun in 1939 as a classical cyclotron, to be
operated with Vrf = 1 MV, but WWII interrupted rf installation and it
was used to test mass spectrographic separation of uranium isotopes.
FM rf was installed in 1946, yielding 190 MeV d+ (700 MeV p in 1959).



PET Medical Cyclotron




TRIUMF (Vancouver) 500 MeV Cyclotron
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You can have your own cyclotron — from Mitsubishi
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Fig. 10.4: Betatron radiation therapy, Inselspital Berne (phot.: BBC).

106

Fig. 10.3: Diagram of BBC’s
double-beam betatron.

M = Magnet yoke

P = Central magnet poles

S Steering poles

W = Exciting coils

E = Expansion coils

K = Ring tube

T = Anticathode (target)
[Wi62].

Fig. 10.6: A beta-
tron being used to
test a Pelton-wheel
at Georg Fischer
AG, Schaffhausen
(photograph: BBC).

Fig. 10.5: BBC stereo
two-beam betatron for
materials testing.
1 = Magnet pole

2 = Ring tube
4 = Coil
6 = Orbit

7 = Expansion coil

9 = Impulse transformer
I+II = Electron sources
T+ —=<Tarects

¥ Y= Xorays
[Se58].
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Alors, c’est fini!
Et maintenant?
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Synchrotron Ring Schematic
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