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W hy Accelerate
Particles?

To probe sub-nuclear world

.




Two-Fold Nature
of Parti

1. To provide high energy projectiles for:
 Breaking particles into constituents

 Creating new particles according to

mass - energy relation E = mc?

» Pair Production

» Pair Annihilation
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Rochester, C. D. and J. G. Wilson; Cloud Chamber Photographs of the
Cosmic Radiation; Pergamon Press, Ltd., 1952.




Two-Fold Nature
of Particle
Acce]_erat@rs ........................................................................... V

2. To serve as a microscope in which
projectiles of ultra-short wavelength
probe the sub-nuclear world according
he matter - wave relation A = h/p.

P




NaturalParticle
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w1 .Radloactive Sources

» Beta Particle Em 1ssion

Mn -56— Fe -56 + B + 7
» Alpha Particle Em ission

Ra -226—> Rn -222 +He
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“A ccelerators”
BetaDe.cay .............................




Natural Particle

“A ccelerators”
.. .................................... B eta.s ® ectrum ..........................

I{r nax / 2
Kinetic energy of electron

Spectrum suggested neutrinos

Sproull, Robert L., and W. Andrew Phillips; Modern Physics The Quantum Physics of Atoms, Solids, and Nuclei,
Third Edition; John Wiley and Sons, 1980; page549.




NaturalParticle

“A ccelerators”
T s

Radioactive sources

Lip Decay Particle energies
Isotope (yr) product (MeV)

‘H 12.26 0.019
2Na 2.602 0511, 1.275

0.54, 1.8
Fe 2.6 0.0057
fCo 5.26 0.315
173, 1,392
0.670
0.514
0.546
0.039
2.0,24,3.1,3.53
0.512,0.616
0.088
0.081, 0.303, 0.356
0.662
0.511, 1.176
0.570, 1.064, 1.770
0.481, 0.554, 0.976, 1.048
0.060
5.486, 5.443, 5.389

o 2

8Kr 10.76

=2

0Sr 28.1
106Ru 1.01
—106Rh

&

l¢']

105Cd
I33Ba
137CS

1< e, il

207 Bl

BlAm

D= ™=

Source: CRC Handbook of Chemistry and Physics, 64th ed., Boca Raton: CRC
Press, 1983; Radioisotope data chart, Bicron Corp, Newbury, Ohio, 1974,

Fernow, Richard; /ntroduction to Experimental Particle Physics; Cambridge University Press; 1986; page 119.




w2 .Cosm iIc Radiation

» Praim ary -—- Protons

» Secondary --—-
Muons
E lectrons




Cosm ic

COSMIC RAYS AT SEA LEVEL

(part i(-les/(-mg—svc-—Me'\"")

Flux

0.01 0.1 1 10 100 10° 104 10%

Particle Energy ( MeV )

Fernow, Richard; Introduction to Experimental Particle Physics;
Cambridge University Press; 1986; page 118.




Natural Particle

I\?A.c-ce]:e.ra.torsnn ................................ -
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Particle “Accelerators”

LACKOF CONTROL OVER
PARTICLE :

» T'ype

» Energy
» D Irection

: o £ i 1 5




atic Accelerators

»C rookes’s Tube -—-1st
. Research Accelerator

Used by J.J.Thom son m
M easuring e/m ofelectron

P




E lectrostatic

A ccelerator

Gouiran, Robert; Particles and Accelerators; World University Press; 1967; page 19.
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E lectrostatic Accelerators:
C ockcroft

w vented at Fam ous
Cavendish Laboratory m

1932

wU sed to produce the 15°
nuclear dismtegration
produced by m an-m ade
accelerator




E lectrostatic Accelerators:
C ockcroft

wCascadmg Vol
D oubler

wAnalogous to chargmg
capaciors m parallel
and dischargmg m
serlies

,.......h.z@‘h....i[n:..pe@.aﬁ.ﬁe"’"..]@W
current voltage source)




ECockro

EWalton

Voltage quadrupler circuit




Retired Cockcroft-Walton Accelerator - Microcosm Museum -CERN
Photo by Ken Taylor

"
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Retired Cockceroft-Walton Accelerator - Microcosm Museum -CERN Photo by Ken Taylor
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trostatic Accelerators:

atic Accelerators

Im ited to <1 MV Due to
arcmng discharges)

wAll charges accelerated

-Apotentjaldi




Radio-Frequency Accelerator:

The LINAC

w First constructed by R . W 1deroe m
1928 -—-

50 keVv
» Idea: replace smgle w ide gap of large |
potential difference w ith succession of

m any sm aller gaps having sm aller
potentialdifferences

k Thus:acceleration takes place across

steps (rather than one large step)




RF Accelerating

LINEAR ACCELERATOR

r—_—_—k___———\
RADIO- ‘
FREQUENCY
OSCILLATORS
- + - + =- + - + = + =- + -

RADIO-FREQUENCY ACCELERATED
CAVITIES BEAM

COCKCROFT-
WALTON
GENERATOR

Wilson, Robert R; Scientific American, The Next Generation of Particle
Accelerators; January, 1980; Volume 242, Number 1




RF Accelerating
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Fernow, Richard; Introduction to Experimental Particle Physics; Cambridge University
Press; 1986; page 96.




K lystron RF
. .................... G.e

Fermilab LINAC Photo by Ken Taylor




KLYSTRON
VERNIER




C ircu lar Accelerators: The

R — SYNCRIOLION. .o ‘ .
»w Idea: Reuse sam e accelerating

structure RF type --- sIm i1lar to
LINAC) to save gpace and m oney

w C Ircu lar array ofbendmg m agnets
Causes particles to circulate agam
and agam and obtam energy boosts
durmg each orbit)

w M agnetic field of m agnets mcreases
i as particle energy mcreases m order
: @ tom aintain constant radius of m otion




M acro-view of
................ Svnchmtron .........................................




wM agnetic force provides requ red
centripetal acceleration of
m ovIng charges

»w Requ Ired force tom amtam fixed
radus mcreases due to mcrease
mn velocity and m ass of charges

e




wM axm um m agnetic field of
i bending m agnets approxin ately
8 -10 Tesla

wM axm um feld places 1m it on

energy of accelerator for given
radils or accelerator size

w G reater energies thus requ ire
. ) greater realestate to reduce :

larger radmis)
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Fermilab Helium Liquifier Plant Photo by Ken Taylor




Helium Com pressing
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Liguid Helium Storage
Tank

Fermilab Photo by Ken Taylor




M icro-view of

RADIO-FREQUENCY
CAVITY

DIPOLE
BENDING
/" MAGNETS
FOCUSING g

MAGNETS N\

RADIO-FREQUENCY
OSCILLATOR

SYNCHROTRON

EJECT!ON\‘

ey INJECTION

MAGNET MAGNET

ACCELERATED
~ BEAM

Wilson, Robert R; Scientific American, The Next Generation of Particle
Accelerators; January, 1980; Volume 242, Number 1




Synchrotron

...................... R adjatjﬁn ............................................. V
. »AE o0 E* /RM *

. »wElectrons In circular
accelerators

wProtons m cixrcular

. accelerators @llthings
. bemg equal, protons

) suffer 1013 tim es less

electron s)




FIxed-Target Beam s vs

.................................. C.@].:L-.iders .................................... V
. wCollider beam s enjy

m uch greater collision
energlies than those for
fixed -target experm ents

wEFor colliders -—- The
. collision energy is tw ice
gAthe energy of either beam




Photo by Ken Taylor
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Fermilab Photo by Ken Taylor
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CDF and Assem bly
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Fermilab Photo by Ken Taylor




Aleph Experim ent




TunnelNear A leph




A tlas Construction
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CERN Photo by Ken Taylor




A tlas Construction

CERN Photo by Ken Taylor




Atlas Tunnel Excavation (ooking

CERN Photo by Ken Taylor




A tlas U tility Tunnel (ooking
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