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_ENGINES OF
DISCOVERY

General Book on Accelerators

A Cortwry of Parlidhe Adccdioraton
Povurt ot Losaning Ld o om

“Engines of Discovery”:

http://www.worldscientific.com/worldscibooks/10.1142/8552

Text book for this course:

“Particle Accelerators”

http://www.oup.com/uk/catalogue/?ci=9780198508298
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The history of accelerators

LHC

10%eV [~
_ 10%eV [~
E 10%eV -
I
— 100 TeV|- Storage i 7/ SP-PEARSS
% rage nngs ® HERA
3 10Tev o)
= -
§ SR LEP/SLC
B 1TevV[ PETRA {e+/-)
= NALSPS

A

E 100 Gengmran synchrotron - SLED
a3 weak focussing i
B 10GeV— Cornell
&5 Flactron Elactron finacs
D synchrotron s Synchrocyclotrons
== Bt
s 1GeV weaak focussing 2. ® - Proton finac
= . A%
B Bewiron %" Sector focused

100 MoV s /.- o
%_ C}da#@( cyclotron
: g

10MeV|— o & \ Elactrostatic

- ' gensrator
1 MeV|; " Hactifisr gansrator

100 keV | i | | | | i
1930 1940 1950 1960 1970 1980 1990 2000

Lecture 1 - E. Wilson — 15-Oct 2014 - Slide 4 @




Need for Accelerators

Why do we need accelerators? (2)

Resolution of "Matter" Microscopes:

Wavelength of Particles (Photon, Electron, Proton, ...): (de Broglie, 1923)

L~ = hip ( =12m/p [ Geviq )

The higher the momentum, the shorter the wavelength, the better the
resolution

2

2 m,C 2
E = mc® = °V2=ymoc
Energy to Matter: 1-—

Cc

Einstein (1905):

Higher energy means we can produce more massive particles

When particles approachthe speed of light, they get more massive, but
not faster
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The race to high energies
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¢ Rutherford fired the starting pistol
At the Royal Society in 1928 he said

“I have long hoped for a source of positive
particles more energetic than those emitted from
natural radioactive substances”.
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Cockcroft and Walton - Electrostatic

Walton and the machine used
to "split the atom"
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Van der Graaf

Van de Graaff was a Rhodes Scholar at Oxford when he first thought
about electrostatic machines. This is very large accelerator built at
MIT's Round Hill Experiment Station in the early 1930s.

Under normal operation, because the electrodes were very smooth and
almost perfect spheres, Van de Graaff generators did not normally spark.
However, the installation at Round Hill was in an open-air hanger,
frequented by pigeons, and here we see the effect of pigeon droppings.
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Linear accelerator
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¢ Particle gains energy at each gap

¢ Lengths of drift tubes follow increasing
velocity

¢ Spacing becomes regular as v approaches ¢
¢ Wideroe’s first linac:
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Wideroe’s Linac
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Scanned at the American
Institute of Physics
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Fermilab linac (400MeV)
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Inside the Fermilab linac
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The Stanford Linear Accelerator

“Collider
Experimental Hall
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The International Linear Collider
(ILC)

TESLA technology: these
superconducting accelerator structures
are built of niobium, and are the crucial
components of the International Linear

Collider.
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Cyclotrons —an inspired discovery

A picture of the 11-inch cyclotron built by

Lawrence and his graduate students, David
Sloan and M. Stanley Livingston, during
1931.
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Cyclotron
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RF driver

Magnetic rigidity

Constant revolution frequency
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Magnetic Rigidity

¢ the magnitude of the focr;e may be written:
S
dv xB = dB—
dt
¢ Equating the right hand sides of the two expressions above,

we find we can define a quantity known as magnetic rigidity:

¢ A common convention in charged particle dynamics is to
guote pc in units of electron-volts. Whereupon:

(Bp)lT.m] = pelel] =3.3356(pc)

—1
c[m. S :I
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Vertical Focusing

People just got on with the job of building them.

Then one day someone was experimenting

Figure shows the principle of vertical focusing in a cyclotron

In fact the shims did not do what they had been expected to do
Nevertheless the cyclotron began to accelerate much higher currents
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Discovery of the Synchrotron

¢ Marcus
Oliphant —an
Aussie — later to
become

Governor of
South Australia

N —

¢ The Arsenal Synchrotron- Late in World
War Il the Woolwich Arsenal Research
Laboratory in the UK had bought a
betatron to ""X-ray'" unexploded bombs in
the streets of London. Frank Goward
converted the betatron into the first “proof

of principal”
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Components of a synchrotron
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Phase stability
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Cosmotron

COSMOTRON.PCT
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Weak focusing in a synchrotron
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¢ Vertical focusing comes from the curvature
of the field lines when the field falls off with
radius ( positive n-value)

¢ Horizontal focusing from the curvature of the
path

¢ The negative field gradient defocuses
horizontally and must not be so strong as to
cancel the path curvature effect
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