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• Timeline: Electron-positron linear collider at 

CERN for the era beyond HL-LHC 

• Compact: Novel and unique two-beam 

accelerating technique with high-gradient room 

temperature RF cavities (~20’500 structures at 

380 GeV), ~11km in its initial phase

• Expandable: Staged programme with collision 

energies from 380 GeV (Higgs/top) up to 3 TeV

(Energy Frontier) 

• CDR in 2012 with focus on 3 TeV. 

• Project Implementation Plan in 2018 with 

focus on 380 GeV for Higgs and top. 

The Compact Linear Collider (CLIC)

Accelerating structure 
prototype for CLIC: 12 GHz  
(L~25 cm), 100 MV/m

CLIC status and plans 
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CLIC from 380 GeV to 3 TeV

Extend by extending main linacs, increase 

drivebeam pulse-length and power, and a 

second drivebeam to get to 3 TeV
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The CLIC accelerator studies are 

mature:

• Optimised design for cost and power 

• Many tests in CTF3, FELs, light-sources 

and test-stands

• Technical developments of “all” key 

elements 

CLIC is heavily prototyped 
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Available at:

clic.cern/european-strategy

Status reports and studies  

Several LoIs were submitted on behalf of CLIC and CLICdp

to the Snowmass process:
• The CLIC accelerator study: Link

• Beam-dynamics focused on very high energies: Link

• The physics potential: Link

• The detector: Link

Snowmass white paper (most 

recent overview):

https://arxiv.org/abs/2203.09186

Broadly speaking: “Updated accelerator 

part of 2018 Summary Report”  

CLIC status and plans 

http://clic.cern/european-strategy
https://www.snowmass21.org/docs/files/summaries/AF/SNOWMASS21-AF4_AF3-EF0_EF0-177.pdf
https://www.snowmass21.org/docs/files/summaries/AF/SNOWMASS21-AF1_AF4-161.pdf
https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF0_EF0_CLICphysics-170.pdf
https://www.snowmass21.org/docs/files/summaries/IF/SNOWMASS21-IF3_IF6_Mathieu_Benoit-188.pdf
https://arxiv.org/abs/2203.09186


The key documents 

for 2018 ESSP:

https://clic.cern/europ

ean-strategy
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https://clic.cern/european-strategy
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On-going and recent CLIC studies

The X-band technology readiness for the 380 

GeV CLIC initial phase - manufacturability and 

developments driven by use in small compact 

accelerators for industrial experience (see 

examples in the following slides)

Optimizing the luminosity at 380 GeV at 

2.3 x 1034 cm-2 s-1– already implemented for 

Snowmass paper, further work to provide 

margins will continue (HW and SW)

Improving the power efficiency for both the initial 

phase (already in Snowmass report) and at high 

energies, including more general sustainability 

studies (in many cases done together with ILC –

see later)



• Luminosity margins and increases

• Initial estimates of static and dynamic degradations from damping ring to 

IP gave: 1.5 x 1034 cm-2 s-1

• Simulations give 2.8 on average, and 90% of the machines above 2.3 x 

1034 cm-2 s-1 

• A “perfect” machine will give : 4.3 x 1034 cm-2 s-1

• In addition: doubling the frequency (50 Hz to 100 Hz) would double the 

luminosity, at a cost of ~55% and ~5% power and cost increase  

• Z pole performance, 2.3x1032 – 0.4x1034 cm-2 s-1

• The latter number when accelerator configured for Z running (e.g. early or 

end of first stage) 

• Gamma – Gamma collision luminosity spectrum on the right (example with 190 

GeV e-beams) 

These numbers are already included (but 100 Hz only mentioned in passing, not in 

tables) in the Snowmass report 2021. See link of previous slides. 

Luminosities studies 2019-22, and continued
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Recent updates 
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Now look towards the ESPP and CLIC parameters 

to be presented there 



Several important changes:

• Energy scales: 380 GeV and 1.5 TeV with one drivebeam

• Present 100 Hz running at 250 GeV and 380 GeV (i.e. two parallel 

experiments, two BDSs) – some increased cost and increased power 

wrt to one IP 

• New run plan, 10+10 year for two stages (380 -> 1500 GeV) – with 

ramp-ups

• Several updates on parameters (injectors, damping rings, drive-beam) 

based on new designs, results and prototyping (e.g. klystrons, magnets) 

- however no fundamental changes beyond staying at one drivebeam

• Technology use examples, including more on use of them in other 

projects (e.g. alignment, instrumentation,  X-band RF is small linacs) 

• Update costing and power  – interplay between inflation and CHF 

• Life Cycle Assessments  

• More detailed prep phase planning (next 5-7 years)  

The CLIC ESPP update – I   
Guidelines: 

Preparing “Project Readiness Report” as a step toward a TDR 

Assuming ESPP in  ~ 2025-6, Project Approval ~ 2028, Project (tunnel) construction 

can start in ~ 2030. 

Project summary for 

Snowmass already include 

some of these changes, i.e. 

luminosity improvements, 

100 Hz study is mentioned, 

the power is updated for 

380 GeV: LINK
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https://arxiv.org/pdf/2203.09186.pdf


The CLIC ESPP update - II 
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Add: 

• 250 GeV 

parameters 

• 100 Hz running 

for both 250 

and 380 GeV 

3 TeV: refer to 

earlier reports 



Power and energy 
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CERN “standard” running 

scenario used to convert to 

annual energy use

CLIC status and plans 

Power estimate bottom up (concentrating on 

380 GeV systems)

• Very large reductions since the CDR, 

better estimates of nominal settings, much 

more optimised drivebeam complex and 

more efficient klystrons, injectors more 

optimized, main target damping ring RF 

significantly reduced, recent L-band 

klystron studies 

Energy consumption ~0.6 TWh yearly, CERN 

is currently at 1.2-1.3 TWh (~90% in 

accelerators)

1.5 TeV (and 3 TeV) numbers still from the 

CDR, being re-done. Aim to be around ~300 

MW at 1.5 TeV. For these energies the 

savings of high efficiency klystrons, DR RF 

redesign or permanent magnets not included, 

so numbers will be reduced 



Cost – I (currently being updated)
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Cost exercises and international reviews:

• CLIC CDR 2012-13, 3 TeV primarily and 500 GeV (LINK)

• CLIC PiP 2018, 380 GeV primarily (LINK) 

Machine has been re-costed bottom-up in 2017-18

• Methods and costings validated at review on 7 November 

2018 – similar to LHC, ILC, CLIC CDR 

• Technical uncertainty and commercial uncertainty 

estimated 

https://edms.cern.ch/document/1235960/3
https://arxiv.org/abs/1903.08655


Cost – II (will update 1.5 TeV, labor and operation)
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Other cost estimates:

Construction:

• From 380 GeV to 1.5 TeV, add 5.1 BCHF (drive-beam RF upgrade and lengthening of ML) 

• From 1.5 TeV to 3 TeV, add 7.3 BCHF (second drive-beam complex and lengthening of 

ML) 

• Labour estimate: ~11500 FTE for the 380 GeV construction 

Operation: 

• 116 MCHF (see assumptions in box below) 

• Energy costs



Civil Engineering

CE studies for LC at CERN:

• CLIC, up to 3 TeV. Contract with Amberg Engineering for 

CDR in 2012-2013.

• ILC up 1 TeV at CERN. Contract with Amberg for the TDR in 

2012-13.

• CLIC up to 3 TeV, TOT (layout tool) with ARUP, for Project 

Implementation Report 2018

• Update on-going, CLIC to 1.5 TeV, ILC to 550 GeV, in both 

cases ~30km, using Geoprofiler layout tool 

• Injectors and experimental areas on Prevessin site (“CERN 

land”) 

See talk of John & Edward in a moment 
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Sustainability: Life Cycle Assessment (LCA) 

What is the carbon intensity of energy in ~2050 (operation):

• 50% nuclear and 50% renewable give ~10-15g/kWh, to 

optimistic ?

• France summer-months are today ~40g/kWh

• Reductions predicted (LINK)

LCA report for Civil Engineering: 

LINK

Addressing the 

Civil Engineering 

impact 

Next working on the  

machine parts, on top 

of the CE estimate 
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https://iea.blob.core.windows.net/assets/830fe099-5530-48f2-a7c1-11f35d510983/WorldEnergyOutlook2022.pdf
https://edms.cern.ch/document/2917948/1
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Towards Carbon Accounting with LCA 
- example for CLIC, also (being) done for ILC, C3, HALHF, FCC -
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CE upgrade: tunnel lengthening if needed important, should do better than today (concrete etc)

Decommissioning: not estimated, important for upgrades if parts are removed, and end of life

Acc upgrade: should be able to improve for raw materials, processing and assembly

Com&Operation: Energy use (~0.7 TWh annually) times carbon load (50% nuclear plus 50% renewables), improve with time

Accelerator: Here equal to tunnel - to be done, materiel and design choices, responsible purchasing, in progress

CE: From ARUP study, roughly 11-12 kton/km

Work in progress – this example is closest to the CLIC drive-beam parameters, 

detectors and computing (and travels) not considered  
This plot (blue part) 

is for 11 km of 

tunnel, scales with 

length, injectors will 

add to this 

Next working on 

machine parts 

(orange), here 

assumed hardware 

and infrastructure = 

equal civil 

engineering impact.

Most likely this is 

optimistic, i.e. orange 

and light blue parts 

will be higher   

More power (here 0.7 

TWh) or more carbon 

(here assumed 12g/kWh) 

will increase this quickly 

CLIC status and plans 



Preparing “Project Readiness Report” as a step toward a TDR 

Several important changes compared earlier CLIC versions presented in 2018 and for Snowmass: 

• Energy scales: 380 GeV and 1.5 TeV with one drive-beam, 100 Hz running with two Ips

Intermediate energy scales possible 

• Several updates on parameters (injectors, damping rings, drive-beam) based on new designs, results and 

prototyping (e.g. klystrons, magnets) - however no major changes 

• Technology results updates, including more on use of them in other projects (e.g. alignment, 

instrumentation, X-band RF is small linacs) 

• Update costing and power  – for costing interplay between inflation and CHF exchanges – and for example 

power at 1.5 TeV  

• LCAs covered, Technical Readiness Levels also  

• More on next steps (prep phase) 

CLIC for the ESPP update
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