Summary for the transverse planes:

» A particle is described by its position and its slope (x, X’) and (y, Y’)
» The circular trajectory is achieved with dipoles.

» The particles are kept together in the chamber with quadrupoles.
» The particles perform betatron oscillations around the closed orbit.

» The number of oscillations per turn (the tune Q) has to be carefully
selected in order to avoid resonances.

» The phase advance per cell (11) can be modified with quadrupoles.

» The natural chromaticity of the machine Q’ (<0) is compensated with
sextupoles.

HST 2009 Introduction to Accelerators D. Brandt 1



Protons sources

Duoplasmatron from CERNs Linac-Homepage

Magnets

protons out (~300 mA)

D: Anode

Magnets +
Cathode S
0 Hte = H,+2e
+ _
H+ e H +e
E. Wildner: Teachers Programme 2007 H + C 2 C
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Longitudinal Dynamics

F=e(E+VXB)
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Acceleration

The accelerator has to provide kinetic energy to the charged particles, i.e.
increase the momentum of the particles. To do this, we need an electric field E,
preferably in the direction of the momentum of the particles

Electrostatic accelerator

Générateur v, v, v, v,
Gain: n.e.AV C VAT MW
Limit: Vg = 2V, s E,
Sparks ! _, <_

Rather use RF fields !
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RF accelerating fields:

Wideroe structure

Synchronism: L = vT/2 e —s LR — .

As the speed of the particles increases, the length of the drift
tubes has to increase ! Efficiency !
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Low energy linac:

Linear structure
in use at CERN
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Resonant cavities (1)

The resonance frequency of the cavity is adapted (matched) to
the frequency of the RF generator.
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Resonant cavities (2)

@i;r

Real geometry is T

more sophisticated ng

to improve the

performance of the =t

cavity =/ — — — -
Nose: E in the vicinity of the

symmetry axis
Rounding: losses, h
multipacting m"j ot sne
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RF cavities:

LEP "NC"

LHC "SC"
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Acceleration or compensation

» We have to provide energy to the particles either to accelerate them or
to compensate for the losses accumulated during one turn.

» This energy is not provided by electrostatic plates, but by RF cavities.

» The ideal particle has to arrive at the cavity exactly at the same moment
turn after turn (synchroneous particle).

Equilibrium:

1:RF = h " 1:rev
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“Off momentum” particles:

™

N 3

a

T

Synchronous particle

Ideal particle arrives at t; = V = V, = o.k.
Ap/p > 0 path longer = arrives late, t,=2>V, <V,
Ap/p < 0 path shorter = arrives in advance, t; 2 V,; >V,

HST 2009
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The bunches of particles:

The RF system creates bunches of particles

With f,e = h . f,, we could thus have "h" bunches of particles
circulating in the machine.

LHC: h= 35640
A
Momenfum fRF - 400 MHZ

> _
})@e@eo( RF phase VRF = 16 MV

2808 bunches per
beam
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Synchrotron Radiation
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Synchrotron radiation

with y = E/E, = m/m, and m; is the rest mass

Energy loss:
eUp = A.v¥p
Collider B (T) E/beam (GeV) Y eU, (GeV)
LEP (e* €) 0.12 100 196000 2.92
LHC (p-p) 8.3 7000 7500 0.00001

HST 2009
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The power is all too real !

A
L

15

=
e

s

con

i

s
‘;gfz&

et
Eil

» : | ‘ o L. Rivkin
LT e SRR CAS-Trieste2005

ig. 12. Damaged X-rai ring front end gate valve. The power incident on the valve was approxima[ely'l_‘ kW for a durition
estimated to 2—-10 min and drilled a hole through the valve plate. .
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The Performance
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Collider: the luminosity

dN/dt=LXx 0o
[1/s] = [1/(cmZ2.s)] x [cm?]

| = N1.N2.f.k/(4.n

N; , = Number of particles per bunch (1.15 10%!) g = < 1039 cm?2
f = révolution frequency (11.245 kHz)

with:

k = number of bunches (2808) L =103% 1/(cm2.s)

0, , = horizontal and vertical beam size (17 um)
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Optimal performance;

> Highest possible bunch intensity (N2)
» Number of bunches
»>Minimise beam size =& sskkO k@ Ax [ HOMEkVEON |

Create special zones around the experiments:

The Insertions !
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The insertions:

e Break the periodic structure of the arc at a selected place.

e « Insert » a straight section with the experiment in the middle.

e Each straight section is composed of (L+R):

e Dispersion suppressor (a few dipoles and quadrupoles)

e Section with quadrupoles to strongly squeeze the beam
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LHC insertions:

HST 2009

O 2 Ring Layout: CMS
TOTEM
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collimation
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B function in the LHC:

B: fn), B m)

HST 2009
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& Basic high energy collider:

RADIOFREQUENCY CAVITY

=

BENDING MAGNET

FOCUSING MAGNET
VACUUM CHAMBER
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Collective Effects
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i Multi-particles effects:

N
N

q q

Ideal Conductor: E, = 0

N

R ..

M. Ferrario — CAS Baden 2005
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The Impedance Z, (o):

* If the conductor is not perfect, or, even worse, if b # const.

M. Ferrario — CAS Baden 2005

Es # 0 => there is an interaction between the beam and the wall !
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Impedance Z(o)

Worst case: abrupt changes in the wall cross-section:

M. Ferrario — CAS Baden 2005
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Fields induced in the RF cavities:

e.m. fields induced in
the RF cavities during a
bunch traversal.

These fields can act
back either on the
bunch itself, or on the
following bunches.

M. Ferrario — CAS Baden 2005
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‘ Impedance Z(o)

As could be expected : I, « 1/Z(w):
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LHC “beam-Screen”

e Without this
additional Cu layer,
the nominal
intensity foreseen
for the LHC could
not circulate in the
machine!
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Applications

HST 2009 Introduction to Accelerators D. Brandt 30



i Domestic applications:

Your TV set...

is @ small accelerator !
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Medical applications

PET Tomography e

University Hospital Geneva

Light Ton Cancer Therapy

Gantry at PSI, Villigen (CH)
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Accelerators at CERN (HEP)...

Accelerator chain of CERN (operating or approved projects)

LEP/LHC

"
| North Area
|

AD
2 — i_ —
p
) Est Area
AN n-ToF Bs ) [
L 4 LINAC Py >
ions hh(ﬁt_ A \*\
R 4 Linac >
BOOSTER SOLDE lons . — ) Leir
S
b p (proton) PP (antiproton) AD Antiproton Decelerator LHC Large Hadron Collider
p ion proton/antiproton conversion PS Proton Synchrotron n-ToF Neutrons Time of Flight
P neutrons p neutrinos SPS Super Proton Synchrotron CNGS Cern Neutrinos Grand Sasso
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i Accelerators around the world (2002)

Basic and Applied Research Medicine

High-energy phys. 120 |Radiotherapy /500

S.R. sources 50 |Isotope Product. 200

Non-nuclear Res. 1000 |Hadron Therapy 20
Industry

Ion Implanters 7000

Industrial e- Accel. | 1500 | Total: 17390

Courtesy: W. Mondelaers JUAS 2004
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Some interesting homework ...

The LHC and the vast majority of its _
components represent a real technological Fixed Target:
challenge. Why did we go for this option ?

: : synchrotron
Why not more conventional solutions ?

1) Why a collider? What would be
the beam energy required to do the RF
same physics in fixed target mode ?
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Hint for 1) ...

The difference between fixed target and colliding mode
deserves to be considered in some detail:

What would be the required beam energy to achieve E_ =14 TeV in fixed
target mode ?
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Homework (2) ...

2) Why SC magnets ?

By using conventional warm magnets (max. 2 T) and for the
same energy range, what would be the circumference of the
machine ?

3)Whyp-p?
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i Hint for 2) ...

Rather straightforward, remember the « magic » relation:

Magnetic rigidity:

Bp = mv/e = p/e
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By the time of your next visit.
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