Accelerators

v Why do we use accelerators
(and colliders)?
8 v Examples of accelerators:
’ linear, synchroton, cyclotron
v Acceleratorsfor particle physics:
LEP and LHC at CERN

http://pdg.web.cern.ch/pdg/parti cleadventure/frameless’'wave res.html
http://public.web.cern.ch/Public/whatisdone.htmi

http://public.web.cern.ch/Public/ACCELERATORS/Welcome.html
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Why do we accelerate (and collide) particles?

v 1o use them as microscopes (I =h/p)
A=1m

hotrt Wawvelength
High Marnent urn

Long "avelength
- e Low Mormenturn

) velength+

Mormnenturn

to produce radiation

to study the properties of particles

to study the interactions between particles
to produce new particles (E=mc?)

C € € L
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Where do wefind particlesto accelerate ?

Electrons: they are produced when we

hit a piece of metal (cathode)

Protons: they are obtained by 1onizing

@ hydrogen

Antiparticles (e.g. positrons, p): ordinary

: ®  (matter) particles hit atarget and pairs of
® particles and antiparticles are produced
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Typesof accelerators

1. Linear (linacs):

(a) fixed target (b) injector to a (c) linear collider
circular machine

2. Circular (synchrotrons):

o O

(b) fixed target (a) colliding beams
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Advantages and disadvantages

Circular machines:
- a particle can go round many times
- many collision points
but
- large energies require large radil

Linear machines:

- easler to built (no bending magnets)
- less radiation loss (" and ")

bUt {:i /

- less accel eration @~
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| inear accelerators
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Electromagnetic waves for acceler ation

E protons
+A J\F \{\\
t
Y

‘autophasing’ = some particles make bunches, some particlesarelost
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Circular accelerators (synchrotrons)
bending magnets

9

= . B

electron

fast particles are difficult to ‘bend’ :
high magnetic fields are needed to reach high energies
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How are beams focused?

by quadrupole magnets

forces on a negative particle moving
Into the picture:
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Thecyclotron

http://www.phy.ntnu.edu.tw/java/cyclotron/cyclotron.html
http://www?2.d ac.stanford.edu/vvc/accel erators/circular.html

force from the magnetic field: Dee /~ on 5:;‘9
qu1B = mv2ir Vi . —

momentum of the particle:
Pr =qBr

l
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\, il
Pnl:t Vacuum fﬂsci"niﬂl"

Deflector Tank Coupling
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CERN (European centrefor nuclear research)

412 founder member states
In 1953
420 member states and
30 non-member states today
+6500 particle physicists from
500 universities and 80 countries
use CERN'’s facilities
+ Sweden: Chalmers (GU),
Stockholm U and KTH,
Lund U
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Storagerings and collidersat CERN

Colliding- BeamiExperiments

Examples:

v €electron-positron beams at the LEP collider

(available energy = 90-210 GeV)

Experiments. L3, ALEPH, OPAL, DELPHI

v proton-antiproton beams at the L
(designed available energy = 14 7

HC collider
eV)

Experiments: ATLAS, CMS, AL

CE, LHCDb
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Thel arge Electron Proton collider (L EP)

| Becelerating CRNITY |

THE PRINCIPAL HACHIN
OF THE LEP ACCELERATOR
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The detectors...
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...and the subdetector s




| nter action of particles with the detector

Tracking Electromagnetic Hadron Muon
chamber ralorimeter calorimeter chamber

Innerrnost Layer... P .. Outermost Layer
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A ‘dlice of the detector
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The products of collisions

e +e ® g+q e +e® q+q+g
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L arge machines, many problems...

erding M-h-. — .h.-
field (G) ””"’Lﬂ%mﬂf\,ﬂhdkﬁ”
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L arge machines, many problems...

Lep Polarisation Teanm

voltage , | k
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