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Building Blocks of an accelerator

1) A particle source

2) An accelerating system

3) A series of guiding and storage devices

Everything under vacuum
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Synchrotron (1952, 3 GeV, BNL)
New concept of circular accelerator. The magnetic field of the bending magnet varies with time.

As particles accelerate, the B field is increased proportionally. 

The frequency of the accelerating cavity, used to accelerate the particles, has also to change.

Particle rigidity:

B = B(t) magnetic field from the

bending magnets

p = p(t) particle momentum varies

by the RF cavity

e          electric charge

Ȏ constant radius of curvature

Bending strength limited by used technology

to max ~ 1 T for room temperature conductors
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How to get protons: duoplasmatron source
Protons are produced by the ionization of H2

plasma enhanced by an electron beam

Back of the source

Hydrogen supply (one lasts for 6 months)

H2 inlet

Plasma chamber

Expansion cup

Electron cathode

Anode

To Linac

Proton exiting from the about 1 mm2 hole 

have a speed of 1.4 % c,   v æ4000 km/s

The SPACE SHUTTLE goes only up to 8 km/s

Today we have an H- source, 2nd level lectures
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Source electrical scheme
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http://cern60.web.cern.ch/fr/exhibitions/duoplasmatron



7
Introduction to accelerators

S. Gilardoni

Cern Control Center: first LHC day
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How to get antiprotons 

Starting from high energy p

and with a very low efficiency
p + p/n p + p/n + p/n + p

p

1013 p to have about 107 antiprotons
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How an accelerator works ?
Goal: keep enough CHARGED

particles confined in a well defined 

volume to accelerate them for a 

sufficiently long time (ms - hours) 

How ? Lorentz Force!

Magnetic field confines particles 

on a given trajectory 

Electric field 

accelerates particles Particles of 

different energy 

(speed) behave differently 

An accelerator is formed 

by a sequence (called lattice) of:

a) Magnets Ÿ Magnetic Field

b) Accelerating Cavity Ÿ Electric Field

x

y

Accelerator
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F

B

v

How an accelerator works ? A dipole

Magnetic field confines particles 

on a given trajectory 

Particles of 

different energy 

(speed) behave differently 

x

y

FB
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B

Force given by the vertical magnetic field compensates the centrifugal 

force to keep the particles on the central trajectory, 

i.e. in the center of the beam pipe.

A fast dipole, able to deflect the beam in few ɛsis called kicker. A 

kicker is used to extract the beam from the machine.

CERN-SPS dipoles, in total about 500

v

Dipoles

B
Int.

time (s) [21.6 s]
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B-field right hand rule
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The first cyclotron and the Berkeley one 
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Two-in-one magnet design

Nb ïTi superconducting

cable in a Cu matrix

LHC lives at 1.9 - 2 K 

The LHC is one ring

where two accelerators

are coupled by the 

magnetic elements.

1232 dipoles

15 m long

11800 A
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LHC dipoles

Max Current: ~ 11800 A 

Max Field (7 TeV) :     8.33 T

Temperature:                 ~ 2 K

Tot. Energy stored:   ~10 GJ

To compare

Current at home :          15 A

Earth magnetic Field: 25-65 ɛT

Temperature :  297.15 K (24 C)

At every meter of this between the cablesé.

The force generated by this at liftoff
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Cosɗ coil of main dipoles

A 2D cosɗ current 

distribution generates a

quasi-perfect vertical field 

in the aperture between 

the two conductors.

B

Dipolar Vertical field

a

r

I a

r

I

B
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Force scale (from Wikipedia)
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Pressure on conductors ~ 110 MPa

About same pressure

at the bottom of 

Mariana trench:

11 000 m of water
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Average distance between cables

and beam pipe center
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Real LHC orbit - correction of dipolar error

Real orbit taken the 1st day of the LHC

Courtesy of J. Wenninger

~ 27 km

2
0

 m
m

2
0

 m
m

Please notice: 

Horizontal and vertical scale are different by 6 orders of magnitude
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Impact of Earthquakes on LHC (not only)

The impact on LHC of seismic waves depends on amplitude, wavelength (lattice resonances), 

wave type (longitudinal, transverse)
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An earthquake in Costa Rica

ÅBy scanning the logging data M. Fitterer found a candidate earthquake of 

magnitude 7.6 that occurred in Costa Rica during fill 3032.

Å UTC time of the earthquake :

Å 05/09/2012 14:42:10

Å Arrival of the first waves at CERN ~15:06 UTC.

From J. Wenninger
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Costa Rica earthquake ïorbit response

1 hour !

Å Earthquake visible on the ring radius 

for over 1 hour.

Å The first waves (6 km/s) seemed to 

affect the LHC mainly radially ïbut 

it is also weaker.

Å The second type of waves (4 km/s) 

is visible in radial and transverse.

From J. Wenninger
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Very, very short introduction to Superconductivity for accelerators 

What can increase 

the temperature in a magnet ?

Superconductivity is a property of some materials.  

At very low temperature they can carry currents 

without voltage drop, i.e. their resistivity goes to zero.   

LHC cables: Nb-Ti working at 1.9 K

The conductor remains Superconductor 

if its status in Current Density, Temperature, B field 

phase space is below the Critical Surface

Transition to a normal conducting 

state is called magnet quench

The distance between the working point and the 

critical surface for a fixed B field and Current Density 

is the temperature margin (critical temperature)
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V.  V. S. Introduction to Superconductivity II 

Courtesy of Stephan Russenschuck

Beam losses can eat the temperature margin 

because of energy deposition

Limit of accepted losses: ~ 10 mW/cm3

to avoid DT> 2 K, the temperature margin


