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CLIC operation and commissioning 
studies

• Partly in the mandate of the Machine Protection and 
Operations working group.

• So far main emphasis of MPOWG has been on 
machine protection

• Commissioning has not been considered in depth. 
Boundary between component commissioning and 
machine commissioning is vague (e.g. RF 
conditioning = commissioning)



CDR chapters
2.0 The CLIC concept: Key issues and feasibility

2.9 Machine Protection, Author(s): M. Jonker N. N

• 2.9.1 Overview

• 2.9.2 Machine protection strategy

5 TECHNICAL DESCRIPTION OF THE ACCELERATOR

5.16 Machine protection, Author(s): M. Jonker G. Morpurgo, J. Uythoven, N. N

• 5.16.1 Overview

• 5.16.2 Specific dangers of CLIC beams

• 5.16.3 Protection strategy

• 5.16.4 Intensity ramp-up of Drive Beam and Main Beam

• 5.16.5 Technical description

• 5.16.5.1 Interlock controller

• 5.16.5.2 2ms failsafe equipment

• 5.16.5.3 Post Mortem inter-pulse analysis

• 5.16.5.4 Masks

• 5.16.6 Technical issues

• 5.16.7 Component inventory

• 5.16.7.1 Table

• 5.16.8 Cost considerations

• 5.16.9 Outlook for Technical Design Report phase

6 Civil engineering and technical services

• 6.6 Safety Systems, Author(s): T. Otto R. Nunes, F. Corsanegro

• 6.6.1 Access control systems M.jonker

CDR V5:

8 Construction and Operational scenarios
Author(s): P.Lebrun K. Foraz, M. Jonker, K. Schirm

8.1 Power consumption

8.2 Expected integrated luminosity 

8.3 construction schedule

8.4 Construction staging and related schedules

8.5 Further installations during machine operation



CLIC Operation and commissioning
• CLIC intensity ramps

– To recovery from machine interlocks

• False positives (statistical fluctuations in beam loss  monitoring systems)

• Needs from RF breakdowns

– Addressed in the Machine Protection Chapter

Question

in case of an RF break down

• Single break down (every 100 pulses or second

• Double breakdown (every  100 seconds)

• Triple breakdown (every 3 hours)

how much do we have to step back in intensity

will depend on

– where the breakdown is occurring

– on the associated beam losses

– On the breakdown recovery strategy



Operational scenario

Post pulse analysis and next cycle permit are 

key concepts.

How to bootstrap the next cycle permit?

Safe operation: Do not allow potentially harmful beam in the machine 

potentially harmful :: current state of the machine & brilliance of 

the beam

• ‘Cold start-up’ (i.e. unknown machine): only beam that cannot cause structural damage 

to the installation is safe

• Once probed by safe pilot beam: increase charge density of the beam in steps (as long as 

allowed by the post cycle analysis of every previous step)

• Note:

No important degrading of beam observation at lower intensities is expected, 
(drive beam position measurements with reduced bunches works even better)
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• 30b, 60b, 1SP+30b, 1SP+60b, 2SP+30b, … 24SP  Recombination complex and decelerator 1 tested

• 1T+30b, 1T+60b, 1T+1SP, 1SP+2SP, 1T+6SP 1T+24SPDecelerator 2 tested

• 2T+30b, 2T+60b, 2T+2SP, 2SP+2SP, 2T+6SP 2T+24SPDecelerator 3 tested

• etc… 23T+30b, 23T+60b, … 23SP+2SP, 23T+6SP 23T+24SP  Decelerator 24 tested

Total 48+23*5 =164 pulse combinations to test full circuit

CR2

CR1

Drive Beam: 100 × Safe Beam
(for a single train out of 24)

One train = 24*121 bunches  safe beam is 30 Bunches.

Full drive beam: 1+24x24 sub-pulses (1SP = 121b). Header is dumped, remaining 24x24 sub-pulses 

are arranged in combiner complex in 24 “trains”, of 24x121 bunches @ 12 GHz

Strategy to ramp intensity :

Gradually add bunches to the end of the full drive beam
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Reduced brilliance by 104 with respect to nominal (312 bunches in 152 ns).

– Reduce to 6 bunches in 10 ns (for Beam Position Monitors)  factor 50

– Reduce intensity / bunch  factor 3

– Reduce emittance in damping rings (εh: 1/3, εv: 1/20)  factor 60

Strategy to ramp to nominal values:

• Reduce emittance & increase bunch current

• Increase number of bunches

Decrease bunch spacing

Increase train length

Main Beam: 10000 × Safe Beam
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CLIC Operation and commissioning

• Machine availability
– Not explicitly addressed in CDR, however availability is addressed for the CLIC 

powering systems. (following earlier collaboration between MPOWG and 
TE/EPC)

– The aim is to reach an operational availability above 70 % ~ 80 % during the 
first years,  (also accounting regular short preventive maintenance periods).

– More complete studies to be done in the phase following the CDR.



CLIC Operation and commissioning
• Intensity performance first years of running (Commissioning 

studies)
– A rough estimate can be made based on experience in other accelerators. (i.e. 

105 performance increase over 200 days LHC operation).

– The time to reach high performance operation will depend on the ability to 
control various beam instabilities by the feedback systems.

For detailed predictions we need

• modelling of the feedback systems

• knowledge of instabilities

• learning speed to commission feedback systems (based on other accelerators).

It was decided (CTC 20110111) not to include this topic in the CDR



Luminosity expectations
for the first years of CLIC operation

CTC 20110111 MJ



Luminosity performance expectation

Difficult exercise

Past experience from other accelerators

• LHC

• TEVATRON

• HERA

• LEP



LHC Luminosity during 2010 (Evian 2010)
Hours spent in stable beams in 2010:
• 851 h protons in 214 days, 1 apr - 31 oct (16%)
• 223 h ions in 31 days,    8 nov - 6 dec (30%)

Lpeak = 0.21 1033 cm-2 s-1 105 increase in 214 days (L doubling time 12 days)

Ldelivered = 48 pb-1 (2.6 days at Lpeak)

Laverage = 0.0026 1033 cm-2 s-1.

First year of running Laverage / Lpeak 1.2 % 

https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/PublicPlots/DataSummary/figs/sumLumiByDay.png


LHC Intensity versus fill number 2010

21 7-12-2010LHC - ramping up



LHC luminosity history and outlook
Design luminosity: 1034 cm-2 s-1 (originally 1033)

• 2008 Start commissioning: 19 /09 incident

• 2009 Repair, first collisions at 1.2 TeV

• 2010 first beam @3.5 TeV L = 2.1 1032 cm-2 s-1 Laverage = 0.0026 1033 cm-2 s-1

• 2011 L = 1033 cm-2 s-1

• 2012 L = 1033 cm-2 s-1

• 2013 L = --

• 2014 L = ? --

• 2015 L = 1034 cm-2 s-1

• 2016 L = 1034 cm-2 s-1

~need 7 years to reach nominal luminosity



Tevatron



Luminosity production (per experiment) versus time for LEP. 
Almost 70 % of the total luminosity were produced in the last three years.



LEP II operation
96:  (80 & 86 GeV)

• Lmax = 0.034 1033 cm−2 s−1

• 24700 nb-1 100 days => 0.0028 1033 cm−2 s−1

97: (91 GeV)

• Lmax = 0.022 1033 cm−2 s−1

• Max hourly rate: 110 nb-1 per hour = 0.031 1033 cm−2 s−1

• 59700 nb-1 80 days  => 0.0086 1033 cm−2 s−1

98: (94 GeV)

• Maximum luminosity 1032 cm−2s−1 = 0.1     1033 cm−2 s−1

• Maximum hourly rate 200 nb−1 per hour  = 0.055 1033 cm−2 s−1

• Maximum daily rate 3.6 pb−1 in 24 hours = 0.042 1033 cm−2 s−1

• Maximum daily rate 42% of Lmax.
• 200 pb-1 160 days = 1.25 pb−1 per day = 0.014 1033 cm−2 s−1 14% of Lmax

1 nb-1 = 1033 cm-2



CLIC Luminosity performance evaluation

Difficult exercise (CLIC is different)
• Not a storage ring:

– No Luminosity decay
– Injectors have to be on and available all the time.

• Many accelerator components (injectors etc)
• Element count: one to two orders higher compared to LHC (availability).
• New technologies (RF structures).
• Depending on very precise tuning (alignment in space and time)
• Deal with destructive beams

Needs a realistic model with
• Delivery schedule (parallel commissioning)
• Commissioning time
• Learning rates (performance as a function of time)
• Availability (MTBF/ mean-time to operation)
• Luminosity drifts and corrections



CLIC Components
• Drivebeam (140 MW/beam, 2.8 MJ/pulse)

– Linac (RF performance)
– Combiner rings (Kicker performance)
– Long transfer lines

• Main beam
– Sources
– Primary linac
– Damping rings (Kicker performance)
– Booster linac
– Long transfer lines

• Main linac
– Two beam accelerator module
– BDS
– Beam DUMPS
– RF System
– Alignment system and feedback

Performance and availability of each component will impact the CLIC 
performance.

Learning curves may be long for new technologies



Commissioning & Optimization
Commissioning components
• Parallel & Phased installation and commissioning (Beam zones)

Performance optimization
Learning curves

Performance limitation
Availability (MTBF – MT to operation)
Dynamic: Performance drifts and retuning

Strategy
• Machine protection will drive the speed at which we may do intensity increases during commissioning

Commissioning & Optimization elements
• RF commissioning
• Vacuum & Beam scrubbing
• Emittance preservation
• Dispersion & Coupling
• Phase adjustments
• Bunch compressors
• Wakefield compensation
• Kicker pulse stability
• Final focus
• Stabilization
• Feedback loop optimization



Conclusions

• With limited knowledge of expected behaviour of CLIC, 
estimation could be as reliable as coffee cup readings.

• Experience from other accelerators set very low 
expectations at the sub percent level.
– i.e. LHC first year, 2 days of equivalent running at 1% of 

nominal L

– CLIC might be worse
• Need to commission injectors

• Need to commission drive beam to full intensity (100 x safe beam)

• Overall availability

• For more realistic predictions, a more realistic model 
should be developed.
– Work is still to be started



commissioning studies
Strategy for  reception-testing / pre-installation testing / installation / post installation-testing / conditioning / 

commissioning

Basically discussed during the RF structure meeting specifically with respect acceleration structures.

For testing and conditioning there are following option:
• pre-tests with an RF source of the accelerator structures testing conditioning individual structures with a test 

beam facility testing conditioning assembled two beam modules with a test beam facility testing/conditioning in 
situ in the tunnel.

• Like LHC magnets, the initial series are thoroughly tested in all stages.
• These test should provide enough experience to

– a) devise simple and fast tests that predict the quality before other labor intense work is performed.
– b) improve the production quality such that the yield become high enough so that not the all equipment has to be thoroughly tested in every 

test phase.

• Once we have established that ~98 % of the produced two beam modules can be tested/commissioned in situ, 
that the production/installation yield can be increased.

Pre assembly test time/cost Cpa, yield Ypa

n pre=assembly tests per assembly tests
Post assembly test time /cost Ca, yield Ya = ypa

n.
Repair cost Crepair

Optimum to drop pre-assembly  tests: Crepair < Ypa x n / (1- ypa
n)


