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IntroductionIntroduction

• Recently the CLIC BDS has been optimised and updated according new 
beam parameters [R Tomas]beam parameters [R. Tomas]

• 370 m of diagnostics section upstream of the collimation section

• Shorter FFS

• No significant changes in the collimation system• No significant changes in the collimation system

• New vertical normalised emittance γεy=20 rad nm (previous γεy=10 rad nm ), 
and new vertical beta functions across the final doublet new verticaland new vertical beta functions across the final doublet new vertical 
betatron collimator aperture. Necessary to review the collimator wakefield 
effects and transverse cleaning efficiency

• New beam emittance and bunch intensity Necessary to review the• New beam emittance and bunch intensity. Necessary to review the 
survivability of the energy spoiler to the impact of an entire bunch train or, at 
least, to the impact of as many bunches as possible
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CLIC parametersCLIC parameters
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Principle of beam collimation 
M i f tiMain functions 

• Reduction of the background in the particle detectors by removing halo 
(particles at large betatron amplitudes and/or energy offsets)

• Protection of machine components:

• Minimise the activation and damage of accelerator components outside of 
the dedicated collimation sectionsthe dedicated collimation sections 

• Intercept the beam in case of failure scenarios and abnormal operation (mis-
steered or errant beams)

Constraints
• The optics of the system should not adversely affect the beam stability orThe optics of the system should not adversely affect the beam stability or 

degrade the nominal luminosity

• The system should not produce intolerable wakefields (impedances) which 
might compromise beam stabilitymight compromise beam stability

• Robustness: the system should withstand the direct impact of mis-steered 
or errant beams 
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Collimation systemy
Simple spoiler/absorber scheme

A ti l tli lli ti t ll i t f h f• A conventional postlinac collimation system usually consists of a scheme of 
spoilers/absorbers

• The purpose of the spoilers is to increase the angular divergence of an 
incident beam. This increases the beam size at the absorbers and reduces 
the risk of material damage
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Collimation depth

ENERGY COLLIMATION:

• Energy collimation amplitudes determined by the failure modes in the
Linac (RF phase jitter, reduced current, …). Errant or mis-steered beams
must be intercepted (machine protection). For CLIC: protection against
mis-steered or errant beams with energy errors > 1.3%.

E-spoiler half-gap: ax=Dxδ (δ=±1.3 %)
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Collimation depthCollimation depth

BETATRON COLLIMATION:BETATRON COLLIMATION:
• Conventional criterium: 

Betatron collimation depths determined from thep
condition that beam particles and SR photons emitted in the FD
should not hit any magnet apertures on the incoming side of the IP.

• CLIC BDS old lattice: horizontal collimation depth 10σx;
vertical depth 83σy (version 2005)

• CLIC BDS new lattice: horizontal collimation depth 16σx;
vertical depth 70σ (estimate by F Jackson using SR ray tracing through thevertical depth 70σy (estimate by F. Jackson using SR ray tracing through the
interaction region, CLIC Workshop 2008)

• Safer criterium: protection of the final quadrupole QD0 against particle• Safer criterium: protection of the final quadrupole QD0 against particle
hitting. The QD0 bore aperture determines the actual collimation depths:
horizontal 10σx; vertical 44σy (CLIC-Note-764) .
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CLIC collimation section opticsp
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Collimator position and phase advance reviewCollimator position and phase advance review
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Collimator parameters

New vertical βy –spoiler half-gap: ay=0.08 mm (previously ay=0.102 mm)
E-spoiler half-gap: ax=Dxδ (δ=±1.3 %)
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Spoiler survivalp
The energy spoiler was designed with the condition of surviving in case of 
a deep impact of the entire bunch train

Old parameters:
4 x 109 e-

Earlier studies:
[S. Fartoukh et al., 
CLIC Note 477 2001] 154 bunches/train

γεy=10 nm

CLIC Note 477, 2001]

A spoiler made of
Be might be a

New parameters:

Be might be a 
suitable solution
in terms of a high 
robustness and 4 x 109 e-

312 bunches/train
γεy=20 nm

robustness and 
acceptable 
wakefields 

Javier Resta Lopez 15th January 2009



Spoiler survivalSpoiler survival

R diRecent studies:
[J. Resta-Lopez & L. Fernandez-Hernando, EUROTeV-Report-2008-050]
Energy spoiler design:Energy spoiler design:

Testing alternative spoiler designs: see presentation by J L Fernandez-HernandoTesting alternative spoiler designs: see presentation by J. L. Fernandez-Hernando
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Collimation efficiency

G l il i t d b i f th li ith l t

y
Energy collimation

• Goal: spoil mis-steered beams coming from the linac with large momentum 
error > 1.3 %

Sim lation conditions• Simulation conditions:
– Tracking code PLACET

– Tracking of initial Gaussian distributions of 105 macroparticles off-energy

– Spoiler treated as perfect ‘hard-edge’. Any macroparticle interacting with the 
aperture is assumed to be completely absorbed. No secondary particle 
production
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Collimation efficiency
Energy collimation

Relative particle losses versus beam energy offset. 
We show the case for three energy distributions with different energyWe show the case for three energy distributions with different energy 
spread width σE

With beam energy off-set 0% andWith beam energy off set 0% and 
σE=0.5 % (energy spread 
parameters 2005) 1 % losses !

This situation of losses duringThis situation of losses during 
normal operation has to be 
minimised to reduce background
at the IP. Muons may be

d f b 10 4generated at a rate of about 10-4

per lost electron or positron

Energy spread σ =0 29 %Energy spread σE=0.29 % 
(parameters 2008): better scenario
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Collimation efficiency
Betatron collimation

• Simulation conditions:

Betatron collimation

– Tracking code PLACET

– Assuming ‘black’ spoilers

Dummy halo model: 10000 macroparticles per ellipse (N/2 density)– Dummy halo model: 10000 macroparticles per ellipse (N/2πr density)

x-x’ y-y’
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Collimation efficiencyy
Betatron collimation y-y’

Halo particle losses versus the radius of the halo ring:

New lattice (version 2008) Old lattice (version 2005)
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Collimation efficiencyy
Betatron collimation x-x’
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Wakefield discussionWakefield discussion

Javier Resta Lopez 15th January 2009



Collimator wakefield effects
Jitt lifi ti f tJitter amplification factors
(A quick analytical estimation)

If D ≠ 0 and energy off-set δ0 ≠ 0:If Dx≠ 0 and energy off set δ0 ≠ 0:

Energy collimators (spoiler and absorber): diffractive regime
β-spoilers: intermediate regimeβ p g
β-absorbers: inductive  regime

(a =0.08mm)* (ay 0.08mm)
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Previous value (ay = 0.102 mm): 0.20520.02720.178*



CLIC luminosity simulationsy
Collimator wakefield effect on the luminosity

• Luminosity loss due to horizontal misalignment of each spoiler:• Luminosity loss due to horizontal misalignment of each spoiler:

Collimator misalignment tolerance 5/2 σx 20 μm  ( ~ 10% luminosity loss),
which might be achieved with optical survey alignment techniques
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CLIC luminosity simulationsy
Collimator wakefield effect on the luminosity

• Luminosity loss due to vertical misalignment of each spoiler:• Luminosity loss due to vertical misalignment of each spoiler:

Collimator misalignment tolerance 1/2 σy 1 μm  ( ~ 10% luminosity loss)
(one order of magnitude smaller than ILC tolerance)
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CLIC luminosity simulationsy
Collimator wakefield effect on the luminosity

• Luminosity loss versus initial vertical beam position offset at the entrance of the 
BDSBDS
• The joint effect of all the BDS collimators is considered

Position jitter tolerance 0.2 σy ≈ 0.1 µm ( ~ 10% luminosity loss)
(Similar to ILC initial jitter tolerance)
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(Similar to ILC initial jitter tolerance)



Luminosity and emittance distributionsLuminosity and emittance distributions
Simulation of 100 machines, assuming 0.5σy jitter at the BDS entrance 
(using a normal offset distribution)(using a normal offset distribution)
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