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Outline
Today’s menu

• Project Overviews & Updates 

• ILC 

• CLIC 

• Plans towards the EPPSU 

• a global Linear Collider Facility

Many thanks to all who contributed material! 
(with and without being asked ;)

Linear Collider Workshop 2024 

• 8-11 July 2024, U Tokyo, Japan 

• https://agenda.linearcollider.org/event/10134 

https://agenda.linearcollider.org/event/10134


Project Overview & Updates
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The ILC250 Baseline Facility

• Based on SCRF @ 31.5 MV/m
• Very mature technology and system design
• Comprehensive TDR in 2012 for 500 GeV (30km, 160-200 MW, 8 BILCU), 

upgradable to 1 TeV (50km, 300 MW) 
• since 2018 focus on 250 GeV (20 km, 110-140 MW,  5 BILCU) as a first stage
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Key Systems and Challenges

Very mature design
Next steps involve technical developments and industrial 
prototyping with final specs as needed for an Engineering 
Design and in preparation of pre-series and construction
=> ILC Technology Network => Preparation Phase => Construction

SHINE (under construction)
-75 cryomodules
-~600 cavities
- 8 GeV (CW)

ILC
-900 cryomodules
-8,000 cavities
-250 GeV (Pulsed)

-100 cryomodules
-800 cavities
-17.5 GeV (Pulsed)-35 + 20 cryomodules 

-280 + 160 cavities 
- 4 + 4 GeV (CW) 

Euro-XFEL
Operation started from 2017

SLAC

DESY
LCLS-II + HE (under construction)

SINAP
KEK

LAL/Saclay

INFNFNAL
JLab

Cornell

International Linear 
Collider (ILC) (Plan)

LCLS-II 
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The ILC IDT Organisation - initiated by ICFA in 2020

2020/21: The IDT – created by ICFA and hosted by KEK – was 
set up to move ILC towards construction. The worldwide 
structure of the WGs: https://linearcollider.org/team/
A set of key activities were identified in a Preparation Phase 
Programme. 

2022/23: A subset of the technical activities of the full ILC 
preparation phase programme have been identified as critical 
(next slide). These are being addresses by a ~4 year 
programme called ITN – the ILC Technology Network. 
Moving forward with this work is being supported by the 
MEXT (ministry) providing crucial increased funding. 
  
2023/24: ITN started. An agreement KEK and CERN and 
several European lab activities have been/are being set up. 
US participating as observer while P5 recommendations are 
being implemented with DoE labs.  

Jenny List (DESY)

https://linearcollider.org/team/
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Jenny List (DESY)

ILC in Japan cost update underway by 
IDT, target review in December ’24, 

public release in January ‘25

https://linearcollider.org/team/
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The ILC Technology Network ITN

• “Interest matrix” matching 
institutes and work 
packages well filled

• definition of detailed 
deliverables

• work started in many WPs 

WPP 1 Cavity production ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WPP 2 CM design ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WPP 3 Crab cavity ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WPP 4 E- source ✓ ✓ ✓ ✓ ✓
WPP 6 Undulator target ✓ ✓ ✓ ✓
WPP 7 Undulator focusing ✓ ✓ ✓ ✓
WPP 8 E-driven target ✓ ✓ ✓ ✓
WPP 9 E-driven focusing ✓ ✓ ✓
WPP 10 E-driven capture ✓ ✓ ✓
WPP 11 Target replacement ✓
WPP 12 DR System design ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
WPP 14 DR Injection/extraction ✓ ✓ ✓ ✓ ✓
WPP 15 Final focus ✓ ✓ ✓ ✓ ✓ ✓ ✓
WPP 16 Final doublet ✓ ✓ ✓
WPP 17 Main dump ✓ ✓ ✓

SRF

Sources

Nano-beams

Participating institutes (confidential)Work packages
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Beyond Baseline — Leverage Today’s R&D
• ILC TDR offers guaranteed upgrade path up to ~1 TeV: 

extend tunnel to ~50 km, upgrade power to 300 MW
• Higher gradients through treatments:                               

higher gradient niobium cavities exist in the lab (45 MV/m vs 
31.5 MV/m ILC design), though not yet industrially available 

• Nb3Sn or multi-layer — potential of up to 80 MV/m 
• Traveling-wave SCRF — potentially double gradient wrt 

standing wave due to lower peak fields

ILC Baseline and  the Upgrades 

1

Energy upgrades: 
• 500GeV (31.5 MV/m Q0=1 x 1010)

- 1TeV (45 MV/m Q0=2 x 1010, 300 MW) 
    - more SCRF, tunnel extension

*
Further energy upgrades can be realized by
- Nb3Sn cavity (>80MV/m)
- Nb Traveling Wave (TW) structures  
     (>70MV/m)
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Summary of future upgrade using SRF

4

ECM
[GeV]

Gradient 
[MV/m]

Length 
[km]

#of 
cavities

AC power
[MW] *5

Additional material cost 
[MILCU*1] Technology ready

TDR 250 31.5 20.5 ~8,000 ~110 (~5,000 MILCU) ---
TDR 500 31.5 33.5 ~16,000 ~170 +3,000 MILCU ---
TDR 1,000 45 44.5 ~23,000 ~300 +3,000+7,100 MILCU In 10 years

Nb3Sn/multilayer or TW 500 63 20.5 ~8,000*2 ~180*6 ? In 20 years
NB3Sn/multilayer & TW 1,000 126*3 20.5 ~8,000*4 ~260*7 ? In >20 years
*1  based on the ILC TDR and referring the ILC unit as of 2012.
*2 Requires RF source upgrade (x2) + Cryogenic upgrade (~x2) 
*3 Surface discharge etc. can happen at such a high gradient operation 
*4 Requires RF source upgrade (x4) + Cryogenic upgrade (~x4)

*5 further reduction will be done by higher efficiency of cryogenics and RF 
(65%->80%?), etc.
*6 Q0=3e10, 4.5K operation (1/3.5 cryo-power)  
*7 Q0=3e10, 4.5K operation (1/3.5 cryo-power)  and 1ms filling for TW



|ILC and CLIC Project Status and Plans | Jenny List | ICHEP I 18 July 2024DESY. 9

Beyond Baseline - Double ECM by “HALHFing” ILC
• Apply HALHF concept to eg 250 GeV ILC: 

• plasma-accelerate e- to 550 GeV  
• keep e+ linac  

(small upgrade 125 -> 137.5 GeV) 
⇒ 137.5 GeV on 550GeV ⇒ ECM = 550 GeV 
⇒ upgrade Higgs Factory to tt / tth / Zhh factory 

• How? 
• Reduce e- linac energy by 4 to 34.4GeV   
• Drive 16 stage plasma accelerator 

• Use space between electron ML and BDS to 
install plasma booster 

• Feed boosted electrons into existing BDS 
(already laid out for Ebeam ≈ 500 GeV)

E- (drive) E- (Collide) E+

Beam energy GeV 34.4 34.4 → 550 137.5

Linac Gradient MV/m 8.7 35

CoM energy GeV 550

Bunch charge nC 4.3 1.6 6.4

Bunches/pulse 10496 656 656

Rep rate Hz 5

Beam power MW 8.0 0.18 → 2.9 2.9

Lumi (approx.) cm-2s-1 ~ 1 · 1034 

Space for  
plasma booster
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To do: work out a corresponding scheme for laser-driven 
plasma / ALEGRO-style upgrade!
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The Compact Linear Collider CLIC
• 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 

• Energy frontier: upgradable up to 3 TeV 
• CDR in 2012: focus on 3 TeV.  
• Project Implementation Plan 2018: 

Updated project overview documents with 
focus on 380 GeV for Higgs and top. 

• costs drive-beam / clystron: 5.9 / 7.3 
BCHF

• found to be affordable within CERN 
budget (PIP)
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Ongoing CLIC Studies
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)

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 

Improving the power efficiency for both 
the initial phase (already in Snowmass 
report) and at high energies, including 
more general sustainability studies 

Project summary for Snowmass: 
https://arxiv.org/pdf/2203.09186.pdf

https://arxiv.org/pdf/2203.09186.pdf
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GWP of tunnel construction
Study by CLIC and ILC

117

Reduction opportunities conclusions

A1-A5 GWP possible reduction

The following reduction opportunities were quantified for 
CLIC and ILC:

• Replace CEMI with CEMIII/A (50% GGBS). 
• Replace concrete shielding wall with concrete casing 

filled with compact earthworks from excavation. 
• Reduce current design precast concrete segmental lining 

thickness in line with the lower bound value detailed in 
the ITA segmental tunnel lining guidance, 2019. 

• 2030 projected electricity mix for France and Japan.
Note this list is not exhaustive, more carbon reduction 
opportunities can be identified if a consistent carbon 
management process is integrated in the project 
development ± see PAS2080:2023.
In relation to ILC, Huang, L. et al (2014)* recommends 
that improvements to blasting efficiency and reduced 
consumption of explosives can significantly reduce 
environmental impacts of D&B.
A summary of the possible A1-A5 GWP reduction for 
CLIC and ILC options (tunnel, shafts and caverns 
combined) are summarised in the chart to the right. 
A 40% embodied carbon reduction is theoretically 
achievable for CLIC and ILC, in line with UN 
Breakthrough Outcomes for 2030 as detailed in section 1.1.

* Huang, L. et al.  Environmental impact of drill and blast tunnelling: life cycle assessment, Norwegian University of Science and Technology, 2014
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• ~40% of reduction potential by 
• usage of low-CO2 materials (concrete, steel) 

• reduction of tunnel wall thickness

• full life-cycle assessment according to ISO standards 
by consultancy company (ARUP) 

• green house gas emission plus 13 more impact categories 

• roughly confirms C3 estimates (prev. slide)

120

Conclusions

A Life Cycle Assessment (LCA) was completed for:

1. CLIC Drive Beam, 5.6m internal diameter, Geneva 
(380GeV, 1.5TeV and 3TeV)

2. CLIC Klystron, 10m internal diameter, Geneva 
(380GeV)

3. ILC, arched 9.5m span, Tohoku Region Japan 
(250GeV)

A1-A5 GWP was evaluated at system and sub-system 
level. A1-A3 GWP was evaluated at component and sub-
component level. The GWP results highlight the elements 
of design that have the largest GWP contribution. This 
enabled GWP reduction opportunities to be identified for 
CLIC and ILC designs. 

At sub-system level across all CLIC and ILC options the 
biggest GWP contributor was the material of the tunnels 
(A1-A3). This was further analysed at component and sub-
component level which identified the permanent lining, 
invert/roadbed concrete and shielding wall being the largest 
contributors.
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A1-A5 GWP Results

Purpose

Global Warming Potential (GWP) was analysed as one 
of the 18 impact categories in the ReCiPe Midpoint (H) 
2016 method. The GWP impacts contribute directly to 
increased greenhouse gas emissions in the atmosphere. 

A1-A5 GWP results are reported and analysed for 
potential reduction opportunities at system and sub-
system level only. A1-A3 GWP results are reported for 
components and sub-components level. The other 17 
midpoint impact categories are reported and contrasted 
in section 2.5.

A summary of the A1-A5 GWP is evaluated:

1. CLIC Drive Beam, 5.6m internal diameter, Geneva 
(380GeV, 1.5TeV and 3TeV). Built in 3 stages.

2. CLIC Klystron, 10m internal diameter, Geneva 
(380GeV)

3. ILC, arched 9.5m span, Tohoku Region, Japan 
(250GeV)

The results are colour coded blue, orange and purple 
respectively for ease of comparison between the 3 
proposed linear collider options.

CLIC Drive beam, 5.6m dia. CLIC Klystron, 10m dia. ILC, 9.5m span

Contents LCA approach A1-A5 assessment ConclusionsBenchmarking Sensitivities & reduction opportunities

https://edms.cern.ch/document/2917948/1 

length: 11km length:  
20km

drill&blast  
in granite

tunnel boring in molasse

https://edms.cern.ch/document/2917948/1
https://arxiv.org/abs/2307.04084
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https://edms.cern.ch/document/2917948/1 

length: 11km length:  
20km

drill&blast  
in granite

tunnel boring in molasse

=> be careful to distinguish intrinsic needs of technology from site-related specifica 
(also for GWP of operation…)

https://edms.cern.ch/document/2917948/1
https://arxiv.org/abs/2307.04084


Plans for the EPPSU — 
towards a global Linear 
Collider Vision

See Linear Collider Workshop 2024 for more information  

• https://agenda.linearcollider.org/event/10134 

https://agenda.linearcollider.org/event/10134
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A Linear Collider Facility — somewhere in the world…
•  Technologies not a priori coupled to regions => widen perspective beyond “CLIC=CERN, ILC=Japan, 

C3=FNAL | …” logic
• Linear Collider Community started to discuss a common vision — including CLIC, ILC, C3, plasma 

acceleration, energy recovery, and representatives of many more ideas 
• Which key physics measurements should be performed, and what is the best energy for each of 

them? => energy steps / running scenario
• Which technology is most promising for early start?
• Consider all other technologies as upgrade candidates:

• available when?
• which requirements need to be fulfilled by initial facility?
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them? => energy steps / running scenario
• Which technology is most promising for early start?
• Consider all other technologies as upgrade candidates:

• available when?
• which requirements need to be fulfilled by initial facility?

SCRF is proven and industrialised technology: 
• strong general interest around the world
• significant industrial production capacities 

=> ILC technology minimizes time to realisation    
=> crucial for next generation of our community! 
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A physics-driven, polarised operating scenario for a Linear Collider
• 250 GeV, ~2ab-1: 

• precision Higgs mass and total ZH cross-section 
• Higgs -> invisible (Dark Sector portal) 
• basic ffbar and WW program 
• optional: WW threshold scan 

• Z pole, few billion Z’s: EWPOs 10-100x better than today 
• 350 GeV, 200 fb-1: 

• precision top mass from threshold scan 
• 500…600 GeV, 4 ab-1: 

• Higgs self-coupling in ZHH 
• top quark ew couplings 
• top Yukawa coupling incl CP structure 
• improved Higgs, WW and ffbar 
• probe Higgsinos up to ~300 GeV  
• probe Heavy Neutral Leptons up to ~600 GeV  

• 800…1000 GeV, 8 ab-1: 
• Higgs self-coupling in VBF 
• further improvements in tt, ff, WW, …. 
• probe Higgsinos up to ~500 GeV  
• probe Heavy Neutral Leptons up to ~1000 GeV 
• searches, searches, searches, …
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ILC baseline [arXiv:2203.07622]

ILC luminosity upgrade [dito]

ILC250 10 Hz operation [dito]

CLIC baseline [arXiv:2203.09186]

CLIC luminosity upgrade [dito]

Based on classic ILC/CLIC luminosity assumptions  
limited by self-allowed power budget
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• 800…1000 GeV, 8 ab-1: 
• Higgs self-coupling in VBF 
• further improvements in tt, ff, WW, …. 
• probe Higgsinos up to ~500 GeV  
• probe Heavy Neutral Leptons up to ~1000 GeV 
• searches, searches, searches, …
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A physics-driven, polarised operating scenario for a Linear Collider
• 250 GeV, ~2ab-1: 

• precision Higgs mass and total ZH cross-section 
• Higgs -> invisible (Dark Sector portal) 
• basic ffbar and WW program 
• optional: WW threshold scan 

• Z pole, few billion Z’s: EWPOs 10-100x better than today 
• 350 GeV, 200 fb-1: 

• precision top mass from threshold scan 
• 500…600 GeV, 4 ab-1: 

• Higgs self-coupling in ZHH 
• top quark ew couplings 
• top Yukawa coupling incl CP structure 
• improved Higgs, WW and ffbar 
• probe Higgsinos up to ~300 GeV  
• probe Heavy Neutral Leptons up to ~600 GeV  

• 800…1000 GeV, 8 ab-1: 
• Higgs self-coupling in VBF 
• further improvements in tt, ff, WW, …. 
• probe Higgsinos up to ~500 GeV  
• probe Heavy Neutral Leptons up to ~1000 GeV 
• searches, searches, searches, …
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As of today, there’s no very clear physics target above ~1TeV 1) 

— apart from pure exploration.  
However HL-LHC might still change that…flexibility wrt later upgrades / 

choice of 10 TeV pCoM is integral part of LC Vision 
1) 3-10 TeV with 5-10 ab-1 might give access to quartic self-coupling from HHH production (cf arXiv:2312:04646)

https://arxiv.org/pdf/2312.04646
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2nd Interaction Region — for 2nd e+e- detector — or 𝝲𝝲 / e𝝲 / e-e- ?
• 2nd Beam Delivery System (BDS) to 2nd Interaction Region, served 

“quasi-concurrently”, by switching on train-by-train basis have been 
designed for ILC & CLIC

• eliminating it from ILC baseline “saved” O(0.5) BILCU — could 
reinstantiate for a Linear Collider Facility

• 2 IRs are important for
• 2 detectors for redundancy, technological complementarity, 

systematic cross-checks, competition
• special collision modes: e-e- / 𝜸e / 𝜸𝜸 , each adding specialized, 

unique physics opportunities
• …but do of course not double the e+e-  luminosity

The two figures on the bottom show the optics structure
of the DS of the new design for the dual BDS: the middle
one, shows the case of the shorter BDS (BDS2 e−), while
the bottom one shows the case of the longer BDS (BDS2
eþ). On the top of each figure there are the magnets
appearing in the DS: in blue the focusing quadrupoles, in
red the defocusing ones and in light blue the dipoles. The
bending angles are arranged to suppress dispersion at the
exit of the DS. The strengths of the dipoles are related as
θ1 ¼ θ0=

ffiffiffi
2

p
[25]. We define as θ the total bending angle,

θ ¼ 2θ1 þ θ0. The value θ ¼ 4.83 mrad has been chosen to
provide the desired transverse separation of 10 m between
the two detectors to fit the experimental cavern. The Twiss
functions at the DS exit have been matched to the design
values and then the new DS has been connected to the rest
of the BDS in order to get the beam to two different IRs.
The layout of the new dual BDS is shown in Fig. 5

displaying all magnets along the beamlines. Concerning the
longitudinal separation of the 2 detectors, it was chosen to
be about 40 m (that corresponds to one FODO cell in the
DS), even if it introduces issues with train synchronization,
it is necessary in order to minimize the transverse separa-
tion space to allocate the two detectors. The two crossing

angles (c.a.) are respectively 16.5 mrad for IR1 and 26 mrad
for IR2 (compatible with gamma-gamma collisions).
A zoom of the IRs is shown in Fig. 6 depicting the

different beamlines. IR1 is longitudinally shifted 40 m
ahead of IR2 and it is transversely separated by 10 m from
IR2 to allow the necessary cavern sizes to allocate the two
detectors without any interference between them.
Table III summarizes the geometrical parameters and the

optics functions for CLIC 380 GeV.

B. CLIC 3 TeV

The dual lattice design is also developed for CLIC 3 TeV,
keeping the compatibility between the 2 energy stages for
both IRs. The procedure to make the new beamlines has
been the same but in this case the additional length in order
to place the dipoles is about 1 km. Figure 7 shows the Twiss
functions, βx, βy and ηx as function of the longitudinal
position along the DS. The first figure on the top shows the
existing DS with the FODO cell structure before adding
three dipoles in order to separate the two BDS. The two
figures on the bottom show the optics structure of the DS of
the new design for the dual BDS: the middle one shows the
shorter BDS (BDS2 e−), while the bottom one shows the
longer BDS (BDS2 eþ).
The θ value is 2.75 mrad to provide exactly the same

transverse separation, 10 m, as for the 380 GeV design (the
same locations of the IRs) and the crossing angles are for

FIG. 5. Layout of the new dual CLIC 380 GeV BDS System for two IRs.

FIG. 6. Zoom at the IRs to have a clear visualization on the
longitudinal and transverse separations between the two detectors
of about 40 m and about 10 m, respectively.

TABLE III. Summary table of the geometrical parameters and
the optics functions for CLIC 380 GeV.

CLIC 380 GeV

BDS1 eþ

(short)
BDS1 e−

(long)
BDS2 e−

(short)
BDS2 eþ

(long)

θ [mrad] 0 0 4.83 4.83
Ldipole [m] 0 0 218.11 218.11
LFODO [m] 38.36 38.36 38.36 38.36
LDS [m] 512.89 551.24 512.89 551.24
LBDS [m] 2255.95 2294.3 2255.95 2294.3
c.a. [mrad] 16.5 16.5 26 26

DUAL BEAM DELIVERY SYSTEM SERVING TWO … PHYS. REV. ACCEL. BEAMS 24, 071001 (2021)

071001-5
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Beyond e+e- Collisions - Beam Dump / Fixed Target Experiments
• Ample opportunities to foresee beam extraction / dump instrumentation / far detectors at a LCF

• extraction of bunches before IP -> mono-energetic, extremely stable, few 1010 @ 1-10 Hz 
• super-LUXE (SF-QED 𝝌 = O(few hundred) & BSM search)

• super-LDMX, …
• disrupted beam after IP -> broad energy and highly divergent, up to 4x1021 eot/a (SHIP: 1020 pot in 5 years)

• super-SHIP, generic dark photon and ALP searches  
=> together with e+e- cover all Dark Sector portals 

• Studied for ILC around 2021
• Revisit for LCF — estimate size of user community?

11.2. ILC FACILITIES FOR FIXED-TARGET EXPERIMENTS 235

Figure 11.1: Distribution of beam dumps over the ILC facility. The electron, positron and photon
beamlines are colored blue, red and yellow, respectively.

11.2 ILC Facilities for fixed-target experiments

The ILC can provide very high energy, high intensity, low emittance electron and positron beams.
The unique beams can also be used for purposes other than the collider experiments. The single-
pass nature of ILC allows us to use the beams even destructively so long as the influence to the
collider experiments is not significant.

The most appropriate locations of using the beams are the beam dumps. There, very high
intensity electron and positron beams interact with thick targets, hopefully producing large numbers
of highly penetrating particles. There are 15 beam dumps distributed over the entire facility. Their
locations are schematically shown in Figure 11.1. In this section, we will briefly describe only those
which may be useful for some of the fixed target experiments.

Main dumps (E�5,E+5)

The main dumps (E�5 and E+5) are located about 300 m downstream of the interaction point
(IP). Each of them accepts the full power beam (125 GeV, 2.5 MW) of the ILC250 beam. The main
body of the dump is a water tank of cylindrical shape, 1.8 m diameter, ⇠10 m length, filled with
high-pressure (⇠10 atm for ILC500) water. This is followed by a shield several tens of meter long,
designed to absorb muons created in the dump. This muon shield can be split into many pieces so
that appropriate locations can be chosen to insert the detectors for fixed target experiments. The
accelerator carrying the opposite beam to the IP is running nearby. The beam-center spacing is
0.014 (crossing angle) ⇥ 300-400 m = 4-6 m. This will limit the size of the region available for a
fixed target experiment.

There have already been several proposals to make use of the secondary particles from these
dumps. Experiments parasitic to the collider experiment are normally expected so that the beams
come to the dumps after beam-beam interaction at the IP. It may also be possible to plan a
dedicated machine time in principle but it is better to use the tune-up dumps (E�4, E+4) unless
the full power beam is necessary. Also it is almost impossible to make use of the beam between IP
and the dump, by either placing a target or by extracting the beam, because of the safety issue.

Tune-up dumps (E�4,E+4)

ILCX workshop Chap 11 of arXiv:2203.07622 

and talks at LCWS 2024

https://agenda.linearcollider.org/event/9211/
https://arxiv.org/abs/2203.07622
https://arxiv.org/abs/2307.04084
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Beyond e+e- Collisions - Test and R&D Facilities
• low-emittance, mono-energetic beams ideal for 

• high-rate detector and beam instrumentation tests 
• creating low-emittance beams of photons / muons / neutrons for 

various applications (hadron spectroscopy, material science, 
irradiation, tomography, radioactive isotope production, …

• accelerator development: 
• high-gradient accelerating structures, new final focus schemes, 

deceleration (for ERLs), beam and laser driven plasma, …
• from extracted beam to test small setups - to large-scale 

demonstrators for upgrades of the main facility
• impact on e+e- luminosity?

• ILC: ~1300 / ~2600 bunches per train 
• extracting 10 bunches per train is few-permille loss in luminosity

ILCX workshop

https://agenda.linearcollider.org/event/9211/
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Beyond e+e- Collisions - Test and R&D Facilities
• low-emittance, mono-energetic beams ideal for 

• high-rate detector and beam instrumentation tests 
• creating low-emittance beams of photons / muons / neutrons for 

various applications (hadron spectroscopy, material science, 
irradiation, tomography, radioactive isotope production, …

• accelerator development: 
• high-gradient accelerating structures, new final focus schemes, 

deceleration (for ERLs), beam and laser driven plasma, …
• from extracted beam to test small setups - to large-scale 

demonstrators for upgrades of the main facility
• impact on e+e- luminosity?

• ILC: ~1300 / ~2600 bunches per train 
• extracting 10 bunches per train is few-permille loss in luminosity

ILCX workshop

Pioneering this now at DESY / Eu.XFEL with ELBEX facility  
(beam extraction for LUXE & other applications)

https://agenda.linearcollider.org/event/9211/
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A Linear Collider Facility and the Energy Frontier
Start with an affordable, technologically-ready initial e+e- collider “Higgs Factory”
Upgrade to higher energy / luminosity as technologies become ready and affordable
Eventually, we want to explore the O(10 TeV)-parton-ECM scale:

• a Linear Collider Facility does not restrict the choice of how to explore the energy frontier 
=> can choose independently based on scientific and technological developments

• nor is it coupled to the site: 
=> if technology ready fast, could start building energy frontier machine without stopping e+e- program
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A Linear Collider Facility and the Energy Frontier
Start with an affordable, technologically-ready initial e+e- collider “Higgs Factory”
Upgrade to higher energy / luminosity as technologies become ready and affordable
Eventually, we want to explore the O(10 TeV)-parton-ECM scale:

• a Linear Collider Facility does not restrict the choice of how to explore the energy frontier 
=> can choose independently based on scientific and technological developments

• nor is it coupled to the site: 
=> if technology ready fast, could start building energy frontier machine without stopping e+e- program

or directly 550…800 GeV if CEPC?
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A Linear Collider Facility and the Energy Frontier
Start with an affordable, technologically-ready initial e+e- collider “Higgs Factory”
Upgrade to higher energy / luminosity as technologies become ready and affordable
Eventually, we want to explore the O(10 TeV)-parton-ECM scale:

• a Linear Collider Facility does not restrict the choice of how to explore the energy frontier 
=> can choose independently based on scientific and technological developments

• nor is it coupled to the site: 
=> if technology ready fast, could start building energy frontier machine without stopping e+e- program

MuonCollider? 
ppCollider?

PWA Collider?

or directly 550…800 GeV if CEPC?
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A Linear Collider Facility and the Energy Frontier
Start with an affordable, technologically-ready initial e+e- collider “Higgs Factory”
Upgrade to higher energy / luminosity as technologies become ready and affordable
Eventually, we want to explore the O(10 TeV)-parton-ECM scale:

• a Linear Collider Facility does not restrict the choice of how to explore the energy frontier 
=> can choose independently based on scientific and technological developments

• nor is it coupled to the site: 
=> if technology ready fast, could start building energy frontier machine without stopping e+e- program

MuonCollider? 
ppCollider?

PWA Collider?

or directly 550…800 GeV if CEPC?

Important: need significant R&D program and demonstrators to bring advanced accelerators to 
construction readiness - must be part of the over all picture (funding, people, facilities…)
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Conclusions
ILC and CLIC actively pursue key topics:

• ILC Technology Network started work on high-priority items
• full Life-cycle Assessment including accelerator components
• optimisations for more efficiency - system and components
• upgrade options with advanced technologies
• cost updates

The Linear Collider Community started discussions towards a 
global Linear Collider Vision:

• the full Higgs/top/EW e+e- physics program from 91 to (at least) 
1000 GeV with polarised beams

• and a rich program of other collision modes and beyond-
collider / R&D opportunities

• starting with cost-conscious first stage based on SCRF
• upgrades with same - or advanced accelerator technology 

(CLIC, C3, Plasma, ERL, …)
• prepare for exploring the energy frontier based on

• scientific progress from HL-LHC and Higgs Factory
• technology development

LCF



Thank you



Backup
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Snowmass Implementation Task Force
Consistent assessment of readiness, risks, costs etc - not always identical to projects self-assessment

7.8 Integrated Future Collider R&D Program proposal 29

The proposed R&D program would facilitate the realization of future collider facilities, thereby ensuring the
continuation of the fruitful endeavors of HEP in advancing the frontiers of our knowledge of the universe.
It will also ensure the critical recruitment, development, and retention of a skilled workforce in accelerator
science and technology.

Proposal Name c.m. energy Luminosity/IP Yrs. pre- Yrs. to 1st Constr. cost Electr. power

[TeV] [10
34

cm
�2

s
�1

] project R&D physics [2021 B$] [MW]

FCC-ee
1,2

0.24 7.7 (28.9) 0-2 13-18 12-18 290

CEPC
1,2

0.24 8.3 (16.6) 0-2 13-18 12-18 340

ILC
3
-0.25 0.25 2.7 0-2 <12 7-12 140

CLIC
3
-0.38 0.38 2.3 0-2 13-18 7-12 110

CCC
3

0.25 1.3 3-5 13-18 7-12 150

HELEN
3

0.25 1.4 5-10 13-18 7-12 110

FNAL e+e� circ. 0.24 1.2 3-5 13-18 7-12 200

CERC
3

0.24 78 5-10 19-24 12-30 90

ReLiC
1,3

0.24 165 (330) 5-10 >25 7-18 315

ERLC
3

0.24 90 5-10 >25 12-18 250

XCC �� 0.125 0.1 5-10 19-24 4-7 90

µµ-Higgs 0.13 0.01 >10 19-24 4-7 200

ILC-3 3 6.1 5-10 19-24 18-30 ⇠400

CLIC-3 3 5.9 3-5 19-24 18-30 ⇠550

CCC-3 3 6.0 3-5 19-24 12-18 ⇠700

ReLiC-3 3 47(94) 5-10 >25 30-50 ⇠780

µµCollider
1
-3 3 2.3(4.6) >10 19-24 7-12 ⇠230

LWFA-LC-3 3 10 >10 >25 12-80 ⇠340

PWFA-LC-3 3 10 >10 19-24 12-30 ⇠230

SWFA-LC-3 3 10 5-10 >25 12-30 ⇠170

FNALµµ1
6-10 20(40) >10 19-24 12-18 ⇠300

LWFA-LC-15 15 50 >10 >25 18-80 ⇠1030

PWFA-LC-15 15 50 >10 >25 18-50 ⇠620

SWFA-LC-15 15 50 >10 >25 18-50 ⇠450

FNAL pp circ. 24 3.5(7) >10 >25 18-30 ⇠400

FCC-hh
1

100 30(60) >10 >25 30-50 ⇠560

SPPS
1

125 13(26) >10 >25 30-50 ⇠400

LHeC 1.2 1 0-2 ? 13-18 <4 ⇠140

FCC-eh 3.5 1 0-2 ? >25 <4 ⇠140

CEPC-SPPC-ep 5.5 0.37 3-5 >25 <4 ⇠300

Table 7-1. Main parameters of the collider proposals evaluated by the ITF: Higgs/EW factories, multi-
TeV lepton collider proposals (3 TeV c.m.e. options), colliders with 10 TeV or higher parton c.m.e., and
the lepton-hadron collider proposals. The superscripts next to the name of the proposal in the first column
indicate (1) total peak luminosity for multiple IPs is given in parenthesis; (2) energy calibration possible to
100 keV accuracy for MZ and 300 keV for MW ; (3) collisions with longitudinally polarized lepton beams
have substantially higher e↵ective cross sections for certain processes. The relevant energies for the hadron
colliders are the parton c.m. energy, which can be substantially less than hadron c.m. energy quoted in the
table. For each proposal, the ITF estimates are given on the years of pre-project R&D, years to first physics
after decision to proceed, construction cost (including explicit labor, no escalation and no contingency), and
facility electric power consumption (adapted from [21]).

Community Planning Exercise: Snowmass 2021

be obtained from the risk registry Tables for the proposal components and systems. For reference,
Table 10 summarizes integrated cost and duration of the past and present, and proposed R&D
programs and facilities.

4 Power, Complexity and Environmental Impact of Colliders

4.1 Summary table

Table 11. Table summarizing the categories of power consumption, size, complexity and required radiation
mitigation for the evaluated collider proposals. Color schemes and categories are explained in Sec. 4.2
(power consumption), Sec. 4.3 (size), 4.4 (complexity) and Sec. 4.5 (radiation). For linear colliders, the
size of the machine includes main linac and final focus, but excludes damping rings, except where otherwise
noted.

Proposal Name Power Size Complexity Radiation
Consumption Mitigation

FCC-ee (0.24 TeV) 290 91 km I I
CEPC (0.24 TeV) 340 100 km I I
ILC (0.25 TeV) 140 20.5 km I I

CLIC (0.38 TeV) 110 11.4 km II I
CCC (0.25 TeV) 150 3.7 km I I

CERC (0.24 TeV) 90 91 km II I
ReLiC (0.24 TeV) 315 20 km II I
ERLC (0.24 TeV) 250 30 km II I
XCC (0.125 TeV) 90 1.4 km II I
MC (0.13 TeV) 200 0.3 km I II

ILC (3 TeV) ⇠400 59 km II II
CLIC (3 TeV) ⇠550 50.2 km III II
CCC (3 TeV) ⇠700 26.8 km II II

ReLiC (3 TeV) ⇠780 360 km III I
MC (3 TeV) ⇠230 10-20 km II III

LWFA (3 TeV) ⇠340 1.3 km
(linac)

II I

PWFA (3 TeV) ⇠230 14 km II II
SWFA (3 TeV) ⇠170 18 km II II

MC (14 TeV) ⇠300 27 km III III
LWFA (15 TeV) ⇠1030 6.6 km III I
PWFA (15 TeV) ⇠620 14 km III II
SWFA (15 TeV) ⇠450 90 km III II

FCC-hh (100 TeV) ⇠560 91 km II III
SPPC (125 TeV) ⇠400 100 km II III

– 18 –

arXiv:2208.06030

all rather similar in 
time for R&D and 
(technically needed) 
time to physics

Circular colliders larger 
and more power hungry 
- but more lumi as well 
CLIC more complex

https://arxiv.org/abs/2208.06030
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Snowmass Implementation Task Force
Consistent assessment of readiness, risks, costs etc - not always identical to projects self-assessment

Table 9. Table summarizing the TRL categories, technology validation requirements, cost reduction impact
and the judgement of performance achievability on technical components and subsystems for the evaluated
collider proposals. Colors and categories are described above in Sec.3 and go from lighter/lower/easier
to darker/higher/more challenging. The first column "Design Status" indicates current status of the design
concepts: I - TDR complete, II - CDR complete, III - substantial documentation; IV - limited documentation
and parameter table; V - parameter table. The last column indicates the overall risk tier category, ranging
from Tier 1 (lower overall technical risk) to Tier 4 (multiple technologies that require further R&D).

Proposal Name Collider Lowest Technical Cost Performance Overall
(c.m.e. in TeV) Design TRL Validation Reduction Achievability Risk

Status Category Requirement Scope Tier
FCCee-0.24 II 1
CEPC-0.24 II 1
ILC-0.25 I 1
CCC-0.25 III 2
CLIC-0.38 II 1
CERC-0.24 III 2
ReLiC-0.24 V 2
ERLC-0.24 V 2
XCC-0.125 IV 2
MC-0.13 III 3

ILC-3 IV 2
CCC-3 IV 2
CLIC-3 II 1
ReLiC-3 IV 3
MC-3 III 3
LWFA-LC 1-3 IV 4
PWFA-LC 1-3 IV 4
SWFA-LC 1-3 IV 4

MC 10-14 IV 3
LWFA-LC-15 V 4
PWFA-LC-15 V 4
SWFA-LC-15 V 4
FCChh-100 II 3
SPPC-125 III 3
Coll.Sea-500 V 4

– 16 –

pol. e+ src

RF sys,. e+ src, arc & booster magnets

RF sys, 2-beam acc, emm. pres., spot size IP, stability
cryomodules, HOM detuning

Figure 8. The ITF cost model for the EW/Higgs factory proposals. Horizontal scale is approximately
logarithmic for the project total cost in 2021 B$ without contingency and escalation. Black horizontal bars
with smeared ends indicate the cost estimate range for each machine.

#3 into some account. The cost estimate range for each collider is indicated by a horizontal bar
with smeared ends. The horizontal scale is approximately logarithmic for the project total cost
without contingency and escalation (see Sec.5.2.2 above) with the marks approximately a factor
of 1.6 from each other. The length of each bar reflects a combination of the cost model model
uncertainties, di�erences between di�erent models, spread of the cost parameters for not yet fully
developed technologies ("aspirational" values usually correspond to lower cost bar ends, while
"nowadays" estimates determine at the upper ends). Naturally, the ranges (bar lengths) of well
developed projects, like ILC, CLIC, FCCee, CEPC, etc are smaller (shorter bars) than those based
on less developed concepts and technologies. The extent of the smeared ("fuzzy") ends of the bars
attempts to illustrate the probability of the lower cost estimates (usually smaller) and the upper cost
range (usually larger).

In somewhat reduced form, these cost estimates are also presented in the Executive Summary
of this ITF Report - see Sec.6. There, the summary tables 15,16,17,18, and 19 present the ITF
estimates of the project costs in 2021 B$ - without contingency and escalation, as described in
Sec.5.2.2 above, indicating one or multiple of the ranges <4B$, 4-7B$, 7-12B$, 12-18B$, 18-30B$,
30-50B$, and 50-80B$.

– 41 –
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US accounting in $2021  
w/o escalation & contingency

Lowest Technology 
Readiness Levels 

• RF systems 
• e+ source 

=> let’s take a closer 
look at relevant R&D!

arXiv:2208.06030

Linear Higgs Factory ~7-8B$ 
Circular Higgs Factory ~15B$

https://arxiv.org/abs/2208.06030


Sustainability
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Global Warming Potential
Study by C3

GWP of construction dominated by CO2 emission  
from the required concrete & steel 

=> tunnel length (diameter, tunneling technique)

arXiv:2307.04084 

https://arxiv.org/abs/2307.04084
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Global Warming Potential
Study by C3

GWP of construction dominated by CO2 emission  
from the required concrete & steel 

=> tunnel length (diameter, tunneling technique)

Adding operation GWP  
(here weighted by improvement of Higgs couplings over HL-LHC,  

and with power mix predictions for CERN, US, Japan, China): 

• Operation dominates for LCs 

• Construction dominates for CCs

arXiv:2307.04084 

https://arxiv.org/abs/2307.04084


DESY. |ILC and CLIC Project Status and Plans | Jenny List | ICHEP I 18 July 2024 27

GWP of tunnel construction
Study by CLIC and ILC
• full life-cycle assessment according to ISO standards 

by consultancy company (ARUP) 
• green house gas emission plus 13 more impact categories 
• roughly confirms C3 estimates (prev. slide)

120

Conclusions

A Life Cycle Assessment (LCA) was completed for:

1. CLIC Drive Beam, 5.6m internal diameter, Geneva 
(380GeV, 1.5TeV and 3TeV)

2. CLIC Klystron, 10m internal diameter, Geneva 
(380GeV)

3. ILC, arched 9.5m span, Tohoku Region Japan 
(250GeV)

A1-A5 GWP was evaluated at system and sub-system 
level. A1-A3 GWP was evaluated at component and sub-
component level. The GWP results highlight the elements 
of design that have the largest GWP contribution. This 
enabled GWP reduction opportunities to be identified for 
CLIC and ILC designs. 

At sub-system level across all CLIC and ILC options the 
biggest GWP contributor was the material of the tunnels 
(A1-A3). This was further analysed at component and sub-
component level which identified the permanent lining, 
invert/roadbed concrete and shielding wall being the largest 
contributors.
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A1-A5 GWP Results

Purpose

Global Warming Potential (GWP) was analysed as one 
of the 18 impact categories in the ReCiPe Midpoint (H) 
2016 method. The GWP impacts contribute directly to 
increased greenhouse gas emissions in the atmosphere. 

A1-A5 GWP results are reported and analysed for 
potential reduction opportunities at system and sub-
system level only. A1-A3 GWP results are reported for 
components and sub-components level. The other 17 
midpoint impact categories are reported and contrasted 
in section 2.5.

A summary of the A1-A5 GWP is evaluated:

1. CLIC Drive Beam, 5.6m internal diameter, Geneva 
(380GeV, 1.5TeV and 3TeV). Built in 3 stages.

2. CLIC Klystron, 10m internal diameter, Geneva 
(380GeV)

3. ILC, arched 9.5m span, Tohoku Region, Japan 
(250GeV)

The results are colour coded blue, orange and purple 
respectively for ease of comparison between the 3 
proposed linear collider options.

CLIC Drive beam, 5.6m dia. CLIC Klystron, 10m dia. ILC, 9.5m span
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https://edms.cern.ch/document/2917948/1 

length: 11km length:  
20km

drill&blast  
in granite

tunnel boring in molasse

https://edms.cern.ch/document/2917948/1
https://arxiv.org/abs/2307.04084
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Reduction opportunities conclusions

A1-A5 GWP possible reduction

The following reduction opportunities were quantified for 
CLIC and ILC:

• Replace CEMI with CEMIII/A (50% GGBS). 
• Replace concrete shielding wall with concrete casing 

filled with compact earthworks from excavation. 
• Reduce current design precast concrete segmental lining 

thickness in line with the lower bound value detailed in 
the ITA segmental tunnel lining guidance, 2019. 

• 2030 projected electricity mix for France and Japan.
Note this list is not exhaustive, more carbon reduction 
opportunities can be identified if a consistent carbon 
management process is integrated in the project 
development ± see PAS2080:2023.
In relation to ILC, Huang, L. et al (2014)* recommends 
that improvements to blasting efficiency and reduced 
consumption of explosives can significantly reduce 
environmental impacts of D&B.
A summary of the possible A1-A5 GWP reduction for 
CLIC and ILC options (tunnel, shafts and caverns 
combined) are summarised in the chart to the right. 
A 40% embodied carbon reduction is theoretically 
achievable for CLIC and ILC, in line with UN 
Breakthrough Outcomes for 2030 as detailed in section 1.1.

* Huang, L. et al.  Environmental impact of drill and blast tunnelling: life cycle assessment, Norwegian University of Science and Technology, 2014
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length: 11km length:  
20km

drill&blast  
in granite

tunnel boring in molasse

=> be careful to distinguish intrinsic needs of technology from site-related specifica 
(also for GWP of operation…)

https://edms.cern.ch/document/2917948/1
https://arxiv.org/abs/2307.04084
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