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Particle Accelerators

What are particle accelerators?
How do they work?

How have they changed?

How are they used?




Particle Accelerators
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Newton’s Second Law of Motion

F = ma



Force from electric field

* Opposite charges attract
 Like charges repel

e Describe as field
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A charged particle In an electric
field feels a force

The force Is in the direction of the field
 Big electric field, big force

* Energy given is force times distance
 Voltage Is electric field times distance

e To Increase energy, push in direction of motion
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Cathode rays

J.J. Thompson experiment 1890’s




X-Rays

Cathode

Wilhelm Rontgen 1896



Particle Beams Probe the
Structure of Atoms

1909 Rutherford, Geiger, Marsden



Particle Beams Probe the
Structure of the Nucleus
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Cockcroft-Walton Accelerators
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Superconducting Radiofrequency
Accelerating Cavit
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Magnetic Fields




A charged particle moving in a
magnetic field feels a force

The force Is sideways

—> The particle bends in a circle
« Strong magnetic field, small circle

* High momentum particle, big circle
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Cyclotron Accelerator




Cyclotron Accelerator
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Cyclotron Accelerator
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Cyclotrons Today

Nuclear physic research
Radioactive isotope production
Chemical analysis g
Medical therapy  [&




Synchrotrons
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Purdue University 1946-1952
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Synchrotron . -
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A Synchrotron Magnet




Magnets In Main Injector
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Fermilab Accelerators

Main Injector _
Recycler Ring

Neutrino
Experiments

Fixed-Target Muon

Experiments, Dealivery
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Facility Linac Muon

Experiments
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Einstein’s Equation

E = mc?
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Fermilab High Intensity Experiments
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Look for 105 MeV
electrons

Alumninum foil
captures muons

Muons (very slow)

8 Stopping target
Muon decay

.
Particle detector

Protons from Production target
Fermilab
accelerator

Production solenoid
captures and
directs muons
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Fermilab Collider Experiments
CDF and D-Zero

CDF Detector

M0 DPF 41540
(METS)= 80,3 GeV

Phi = 175.4 Deg 3
um Et = 236.4 GeV Emax 99.0 Gev

D@ Detector



Medical Synchrotrons




Synchrotron Light
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Particle Accelerators

 Particle accelerators work by clever use of the
physics of electricity and magnetism

e Major advances in accelerator technology
come from pursuing basic physics research

e Particle accelerators of all kinds are used In
many other fields of science and In industry
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My Favorite Accelerator Books

y ROBERT R. WILSON and
RAPHAEL LITTAUVER

_ THE SCIENCE STUDY SERIES

| PHYSICS TEXTBOOK

D. A. Edwards
M. ). Syphers

An Introduction to the
Physics of High Energy
Accelerators

SHWILEY-VCH

Wiley Series in Beam Physics

and Accelerator Technology

Handbook of

Accelerator Physics
" Engineering

2" Edition
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More to do at Fermilab

www.fnal.gov
Lederman Science Center . & « =
Buffalo, prairie viewing [l gl
Bicycling, walking
Concerts, dancing
Lectures, seminars
Educational programs

33



34



I\/Iedical use of a LINAC

.
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Fermilab Neutron Therapy Facility
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Focusing magnets

e Beam tends to spread out
e Must constantly focus the beam
e Special magnets do the job




Focusing magnet




Quadrupole Magnet
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