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https://www.flickr.com/photos/brookhavenlab/3112770151/in/album-72157613690851651/

Particle Accelerator

What is it? -
* Accelerates Particles by using the Electric fields
F =eE
o Steer the beam by using Magnetic field
F=evX B

« For high energy(relativistic limit) : u, & ¢ & ”sz > b,

— Magnetic fields much more efficient for steering
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Types

Linac(SLAC Linac) Cyclotron(JULIC) Synchrotron(LHC)

Particle Electrons Protons, deuteron Protons, Heavy lon

Accelerate Path Linear path Center -» Outward Spiral Closed-loop

Energy 50 GeV 45 MeV / 90 MeV 14 TeV (7 TeV)

Size 3.2 km 0.0157 km(Diameter) 27 km(Diameter)

SYNCHROTRONS 7777 /7277 [ TFTERS

THE LHC ACCELERATES

PROTONS TO 6.5 TeV,
THE HIGHEST ENERGY
IN THE WORLD!

LINACS STRAIGHT AND TO THE POINT THELONGESTLINEARJ CYCLOTRONS 1

ACCELERATOR IS
2 MILES LONG NOTE: CYCLOTRONS ARE POPULAR
FOR MEDICAL RESEARCH AND CAN
PRODUCE MEDICAL ISOTOPES

(RADIOFREQUENCY CAVITIES OJ

. R R, st [FLECTD"“5€NETS
v’ v v: v v: v I \
gxﬂ»- ------ —- —- AN .
ey h B b R 4
RT TARGE

~

PARTICLE BEAM
STRAIGHT PATH

SPIRAL
BEAM PATH

i uu,~_.!u

CIRCULAR
—| DESIGN

5 )_,(RADIOFREQUENCYJ

| CAVITIES

LARGE HADRON
COLLIDER

Artwork by Sandbox Studio, Chicago with Jill Preston Artwork by Sandbox Studio, Chicago with Jill Preston Artwork by Sandbox Studio, Chicago with Jill Preston

2023.07.07 3 Si-eun Yu



Types

Linac(SLAC Linac)

Cyclotron(JULIC)

Synchrotron(LHC)

Particle Electrons Protons, deuteron Protons, Heavy lon
Accelerate Path Linear path Center -» Outward Spiral Closed-loop
Energy 50 GeV 45 MeV / 90 MeV 14 TeV (7 TeV)
Size 3.2 km 0.0157 km(Diameter) 27 km(Diameter)
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Synchrotron -
Weak Focusing Synchrotron |

.

e Early synchrotron AN s

Yy

* Bending magnets were shaped to produce a

field with index in the range

0B,
O<nx - < 1 (Steenbeck’s condition)
X

e Large cross section

: the combined effects of transverse
particle velocity & synchrotron oscillations

— Costly, Large-bore magnet o 0 1

(b)
Figure 15.2 Magnetic fields of uniform-field cyclotron. (a) Sectional view of cyclotron magnetic
poles showing shims for optimizing field distribution. (») Radial variation of vertical field
magnitude and field index. (M. S. Livingston and J. P. Blewett, Particle Accelerators, used by
permission, McGraw-Hill Book Co.)
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Synchrotron

Strong Focusing Synchrotron

» Strong Focusing

— Alternating diverging and focusing lenses separated by
finite distance results in net focusing

— Magnetic quadrupole focuses in one plane and defocuses V
iIn orthogonal plane

— Alternating quadrupole focus in both planes

- Much stronger than focusing of solenoids of radial
magnetic gradients(dipoles)

- Decreases aperture required for stability

- Greatly extends energy range of acceleration
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Synchrotron

Strong Focusing Synchrotron

* Alternating Gradient Synchrotron (AGS) - PS (CERN)

1) Bending Field is produced by a ring of wedge-shape magnets.

2) Combination of focusing and defocusing in the horizontal and vertical
directions

e Separated Function Synchrotron

1) Bending field is provided by sector magnets with uniform vertical field.

Survey Operators in tunnel PS and picture of magnet with case open - Brice, Maximilien - © 2020 CERN

2) Focusing is performed by quadrupole magnetic lens set between bending
magnets.
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Synchrotron

Strong Focusing Synchrotron

o Alternating Gradient Synchrotron (AGS) - PS (CERN)

1) Bending Field is produced by a ring of wedge-shape magnets.

2) Combination of focusing and defocusing in the horizontal and vertical
directions

o Separated Function Synchrotron
1) Bending field is provided by sector magnets with uniform vertical field. Quackupol (7

2) Focusing is performed by quadrupole magnetic lens set between bending
magnets.

Figure 15.14 Major components and definition of terms in separated function synchrotron.
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Synchrotron
Storage Ring

 Same focusing and bending field configuration as a separated function
synchrotron, but provides no acceleration.

* (Contains energetic particles at constant energy for long periods of time.

— Usefully used by experimental users.

The CERN Electron Storage and Accumulation Ring (CESAR) in 1967 (Image: CERN)
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Synchrotron
Collider

* Allow high-energy charged particles moving in opposite directions to collide
head-on at a number of positions

quadrupole

e reoanbmton separation  inner quadrupole mmr cpachpol separanon eoombmauon quadrupole
dipole (warm) triplet
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M lI M EH E lllustration of a LHC

collision point Insertion with the normal-

conducting D1 magnets

to separate the beam left
and right from the

Example for an LHC insertion with ATLAS or CMS collision points
chine Protection and Interlock Systems for Circular Machines - Example for LHC - Schmidt, R. - arXiv:1608.03087

20m
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https://cds.cern.ch/record/2207171?ln=en
https://cds.cern.ch/search?f=author&p=Schmidt%2C%20R.&ln=en




Thanks!
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