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Different approaches
fixed target vs collider

target ring/collider

’——\ Proton-Froton (2835 x 2835 bunches
’ ® Protons/bunch 10"
pccunul ATOR (.f.; Beamenergy 7 TeV (7x102eV

Luminosity 10¥ cm? !
Bunch -

RING _ %ﬁ ...“ "J Crossingrate 40 MHz

Proton
Collisions = 107 - 109Hz

Parton
(quark. gluon)

Ecoyv = \/2 (Epeammc? + m?ct) << ECM = 2 (Ebeam & mCQ)




Mass (MeV) Higgs and super-symmetry ?
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Obs: you can notice different particle species used in the different colliders
electron-positrons and hadron colliders (either p-p as Tevratron, p-p as LHC)
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Free space impedance
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POINT 4.
RF

POINT 3
Momentum -
Cleaning

POINT 2

Alice

POINT 1
Atlas

POINT 6
\ Dump

POINT 7
| Betatron
Cleaning

POINT 8
LHCb



MAGNETIC
FIELD




> Pre = Wpe

Courtesy
L. Rinolfi




:g | ONGITUDINAL BEAM DYNAMICS <)
. » TRANSITION ENERGY: The increase of energy has 2 contradictory
. effects

= An increase of the particle’s velocity

= An increase of the length of the particle’s trajectory

According to the variations of these 2 parameters, the revolution
frequency evolves differently

= Below transition energy: The velocity increases faster than the length
= The revolution frequency increases

= Above transition energy: It iIs the opposite case = The revolution
frequency decreases

= At transition energy: The variation of the velocity is compensated by

the variation of the trajectory = A variation of energy does not modify

the frequency
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First attempt at capture,
at exactly the wrong injection phase...

DPO7254 Acq MR Time 4CH with CH3 Inverted.¥i

ountain Range

CH3 INVERTED!!!

ted EBunch Length

Al N =
g Y oyt SRy

i e, A A el

ow Bunch Length

nch Length




CH> INVERTED!!!

@

unch Length
Bunch Lent
cErum

mkour Plot

mLood od




Capture with optimum injection phasing,
correct reference

DPO7254 Acq MR Time 4CH with CH3 Inverted.vi Fronk Panel
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Adiabatic damping during acceleration
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Transverse Beam Dynamics &

QUADRUPOLE = Focusing magnet

In X (and Defocusing
in y) = F-type. Permuting
the N- and S- poles

gives a D-type

» From this equation, one can already anticipate the elliptical shape of the
particle trajectory in the phase space (x, x’) by integration



Dispersion
Chromaticity

—— Central Orbit
Actual Orbit

B = Bending Dipole
QF = Focusing Quadrupole
QD = Defocusing Quadrupole




Schematic layout of one LHC cell (23 periods per arc)

106.90 m

1430 m

: Lattice Quadrupole
: Landau Octupole
: Tuning Quadrupole
: Skew Quadrupole
: Combined Lattice Sextupole (MS) or skew sextupole (MSS) and Orbit Corrector (MCB)
: Beam position monitor
Dipole magnet Type A
: Dipole magnet Type B
: Local Sextupole corrector
Local combined decapole and octupole corrector

HF226 - v10/99




‘Single-particle trajectory‘

e.(s)

In the middle of the
vacuum chamber

‘One particle‘ > O

‘ Circular design orbit ‘

» The motion of a charged patrticle (proton) in a beam transport channel or a
circular accelerator is governed by the LORENTZ FORCE

called BEAM OPTICS

\-
s =0
» The motion of particle beams under the influence of the Lorentz force is



Transverse Beam Dynamics

> CHROMATICITY = Variation of the tune with the momentum

» The control of the chromaticity (using a SEXTUPOLE magnet) is very
Important for 2 reasons

» Avoid shifting the beam on resonances due to changes induced by

chromatic effects (see later)
» Prevent some transverse coherent (head-tail) instabilities (see also

later)
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Layout of high-luminesity collision region

quadrupole quadrupole

Q4 Q4
quadrupole recombination separation inner quadrupole  inner quadrupole separation recombination quadrupole
Q5 dipole dipole (warm) triplet triplet dipole dipole Qs

beam
distance
194 mm

collision point
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Jiransverse Beam Dynamics

/> LHC optics for the Interaction Point (IP) 5 (CMS) in collision

|

LHC V6.500 Collision LHCB1 IR5 Cressing Bumps(IP1=100PERCENT IP5=100PERCENT IP2=100FERCENDIFE: EH]I}EI%C‘éENT}
T T T T T T T T ' T T T T T T T T T T -

Momentum offset =0 |




HIgh-IUmInoSIty: InSertion




28

LO']

Ny f e,

Or = Of + Oj
or = 100 mb
oy = 60 mb
Rate = Lo; = 10°*.6.107%6sec™?
N. =19

Lyn Evans



Date: 2011-09-14 02:47:14 CEST

Run Number: 189280, Event Number: 1705325
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Intrabeam scattering produces transverse emittance
growth and dominates the luminosity lifetime at the
beginning of a run.

However the main limitation of luminosity lifetime at
high luminosity is the total cross section
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Intrabeam scattering in the SPS.

Top Bunch lengthening with time for a strong proton bunch (left) and
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-Instability driven by the chamber wall -~

Looking down on
vacuum chamber

1 Lwau

—Dipole magnetic tfield
directed down

= Longitudinol
Electric Field




Transverse Feedback
with One-Turn Delay

transverse
pick-up

transverse
Kicker
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@D /acuum System 2

The LHC presents several original requirements compared with classical

vacuum systems. It has to ensure adequate beam lifetime in a cryogenic
system where heat input to the 1.9 K helium circuit must be minimized and
where significant quantities of gas can be condensed on the vacuum
chamber. The main heat sources are:

Synchrotron light radiated by the beam at high energy (0.2 W.M-1 per
beam, with a critical energy of about 44 eV,

Image currents (0.2 W.M-1 per beam);

Energy dissipated by the development of electron clouds.

Energy loss by nuclear scattering (30 mW.M-1 per beam).

In order to remove the heat from all these processes but the last with high
thermodynamic efficiency, the 1.9 K cold bore of the magnets is shielded
with a beam screen cooled to between 5 and 20 K. This beam screen is
perforated with about 4% of the surface area to allow the cold bore of the
magnets at 1.9 K to act as a distributed cryopump, allowing gas to be
condensed on the cold bore surface protected against desorption by
bombardment with synchrotron radiation photons.
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75 um copper colaminated
on 1mm stainless steel,
operated < 20 K
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The electron cloud effect




Simulated heat load
as a function of SEY

average arc heat load [W/m]

elastic e- reflection piobability at zero e- enel
1 train of 72 bunches| heat load at top energ)

beam screen
cooling capaci




-JI Vacuum pressure evolution with 50 ns
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Emittance preservation &

Clear
Improvement due to reduced activity in the arcs. Low chromaticity (~4)

MainWindow
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Day 3 — 800 bunches We started like that...

Day 1 — 300 bunches




