
The Compact Linear e+e− Collider (CLIC)

– Back-up Document –

Input to the European Strategy for Particle Physics Update 2025
on behalf of the CLIC and CLICdp Collaborations

31 March 2025

Contact persons: E. Adli,1), D. Dannheim, A. Robson, S. Stapnes

Abstract

The Compact Linear Collider (CLIC) is a TeV-scale high-luminosity linear e+e− collider studied by the
international CLIC and CLICdp collaborations hosted by CERN. CLIC uses a two-beam acceleration scheme,
in which normal-conducting high-gradient 12 GHz accelerating structures are powered via a high-current
drive beam. For an optimal exploitation of its physics potential, CLIC is foreseen to be built and operated
in stages. The initial stage will have a centre-of-mass energy of 380 GeV, with a site length of 11 km. The
380 GeV stage optimally combines the exploration of Higgs and top-quark physics, including a top threshold
scan near 350 GeV. A higher-energy stage, still using the initial single drive-beam complex, can be optimised
for any energy up to 2 TeV. Parameters are presented in detail for a 1.5 TeV stage, with a site length of 29 km.
Since the 2018 ESPPU reporting, significant effort was invested in CLIC accelerator optimisation, technology
developments and system tests, including collaboration with and gaining experience from new-generation
light sources and free-electron lasers. CLIC implementation aspects at CERN have covered detailed studies
of civil engineering, electrical networks, cooling and ventilation, scheduling, and costing. The CLIC baseline
at 380 GeV is now 100 Hz operation, with a luminosity of 4.5×1034 cm−2s−1 and a power consumption of
166 MW. Compared to the 2018 design, this gives three times higher luminosity-per-power. The new baseline
has two beam-delivery systems, allowing for two detectors operating in parallel, sharing the luminosity. The
cost estimate of the 380 GeV baseline is approximately 7.17 billion CHF. The construction of the first CLIC
energy stage could start as early as 2033 and first beams would be available by 2041, marking the beginning
of a physics programme spanning 20-30 years and providing excellent sensitivity to Beyond Standard Model
physics, through direct searches and via a broad set of precision measurements of Standard Model processes,
particularly in the Higgs and top-quark sectors. This report summarises the CLIC project, its implementation
and running scenarios, with emphasis on new developments and recent progress. It concludes with an update
on the CLIC detector studies and on the physics potential in light of the improved accelerator performance.
The physics potential includes results from the 3 TeV energy stage, which was studied in detail for the CLIC
CDR in 2012 and the CLIC Project Implementation Plan of 2018.
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1 Introduction

The Compact Linear Collider (CLIC) is a high-luminosity linear e + e� collider under
development by the CLIC accelerator collaboration, hosted by CERN. CLIC uses a
novel two-beam acceleration scheme, in which normal-conducting high-gradient 12
GHz acceleration structures are powered via a high-current drive beam. The acceler-
ating structures operate in the range of 72 MV=m to 100 MV=m. The baseline initial
stage of CLIC is a 380 GeV machine of 11 km site length, serving two detectors. A
higher energy stage of 1.5 TeV with a site length of 29 km and compatible with a
single drive beam, is also presented. Intermediate energies remain possible, as well as
starting at 250 GeV with fewer accelerating modules.

The CLIC Conceptual Design Report (CDR), published in 2012, focused on a
3 TeV collider, with a �rst stage at 500 GeV. The accelerator CDR volume [1] (850
pages) and a combined Physics/Detector and Accelerator Report [2] (80 pages) provide
detailed descriptions of the accelerator project. The principal focus of the CDR was
to demonstrate the feasibility of the CLIC accelerator at high energy (3 TeV) and
to con�rm that high-precision physics measurements could be performed, despite the
luminosity spectrum and the presence of particles from beam-induced background (see
also [3]).

After the CDR, and with the discovery of the Higgs boson, the initial stage was
changed to 380 GeV. The CLIC accelerator was optimised for three energy stages at
centre-of-mass energies of 380 GeV, 1.5 TeV and 3 TeV [4]. A comprehensive techni-
cal prototyping programme was carried out over the period 2013-2019. The Project
Implementation Plan (270 pages) [5], together with a Physics/Detector and Accelera-
tor Summary Report (95 pages) [6], were submitted for the European Particle Physics
strategy update in 2018-2019.

Since the publication of the reports above, the baseline luminosity at 380 GeV
has been updated according to new studies. New power estimates performed for the
380 GeV and 1.5 TeV machine show a signi�cant reduction. Technical progress and
improvements related to X-band technology and klystron design have been achieved.
An interaction region with two beam delivery systems and two detectors has been
designed.

This article provides a comprehensive overview of the CLIC project, at the time
of the European Particle Physics strategy update in 2025-2026, taking all the latest
project developments into account. The CLIC studies have put special emphasis on
optimising cost and energy e�ciency, and the resulting power and cost estimates are
reported.

Section 2 summarises theCLIC design considerations, parameters and per-
formance for the 380 GeV energy stage, presents the interaction region with two
detectors and describes the upgrade path to higher energies. Rection 2 also summarises
key achievements providing evidence that the CLIC performance goals can be met.

Section 3 provides anoverview of each collider sub-system .
Section 4 discusseskey technical challenges for CLIC; the X-band technology,

RF sources and alignment/stability.
Section 5 describes thecivil engineering aspects and siting .
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Section 6 describes the present plans for theimplementation of CLIC , with
emphasis on the 380 GeV stage. It reports on schedule aspects, and provides estimates
of the energy consumption and of the cost for construction and operation.

Section 7 outlines theCLIC objectives for the period 2026{2032 .
Appendix A provides a comprehensive description of systems tests and

performance demonstration for CLIC in the CLIC Test Facility 3, FACET, ATF2
and elsewhere.

Appendix B describes aklystron-based version of the 380 GeV CLIC .
Detailed studies of the physics potential and detectors for CLIC, and R&D

on detector technologies, are carried out by the CLIC detector and physics (CLICdp)
collaboration. CLIC o�ers a unique combination of high centre-of-mass energies, 
ex-
ibility over a large energy-range, longitudinal electron polarisation and the clean
environment of e+ e� collisions. This enables a broad and guaranteed physics pro-
gramme, complementary to HL-LHC. The guaranteed physics reach covers a large
number of highly accurate Standard-Model parameter measurements, including the
top-quark mass, further top-quark properties, the Higgs couplings, as well as the
Higgs self-coupling. CLIC moreover o�ers a rich potential for extensive exploration of
the terascale in the form of direct and indirect searches of BSM e�ects. The physics
potential has been explored in detail [3, 7{12] (one CLICdp physics note to be added
here).

The CLICdet detector design has been optimised to ful�ll the stringent require-
ments imposed by the precision physics goals and beam conditions at CLIC [13].
Dedicated R&D on innovative detector technologies for CLIC, as well as technol-
ogy advances in industry and collaborative R&D together with other particle-physics
projects, have enabled signi�cant progress towards reaching the demanding CLIC
detector requirements [14, 15].

The CLIC and CLICdp studies are available at: http://clic.cern.
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2 CLIC accelerator design and performance

In this section an overview of CLIC at a centre-of-mass energy of 380 GeV is pre-
sented. The new baseline includes operation at 100 Hz with two interaction regions
and two detectors. An overview of the design considerations, the performance and
the performance demonstrations is given. The extension of CLIC to higher energies is
presented, as well as the CLIC options for running at 250 GeV.

The baseline presented in this section constitutes a full coherent picture of the
machine design and its parameters. A number of on-going studies, may still lead
to further performance improvements. These studies include improved beam-delivery
systems (see Section 3.5), main linac tuning bumps (see Section 3.4) and damping ring
emittance (see Section 3.2).

2.1 CLIC design and performance at 380 GeV

2.1.1 Design overview

The schematic layout of the baseline CLIC complex for 380 GeV operation is shown
in Fig. 1 and the key parameters are listed in Table 1.

Fig. 1 : Schematic layout of the CLIC complex at 380 GeV, with a double beam-
delivery system operating with two detectors.

The main electron beam is produced in a conventional radio-frequency (RF) source
and accelerated to 2.86 GeV. The beam emittance is then reduced in a damping ring.
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Table 1 : Key parameters of the baseline machine, a drive-beam based CLIC at
p

s =
380 GeV, running at 100 Hz, operating with two detectors.
Parameters for an alternative machine, using ca. 40% lower power consumption, running at
50 Hz with a single beam delivery system and one detector, are also given.
The main linac crossing angle is 20 mrad. The crossing angle at the IP depends on the BDS
design, and the number of IPs. See Section 3.5 for details.

Parameter Symbol Unit 380 GeV, 100 Hz 380 GeV, 50 Hz

Centre-of-mass energy
p

s GeV 380 380
Number of interaction points N IP 2 1
Repetition frequency f rep Hz 100 50
Number of bunches per train nb 352 352
Bunch separation � t ns 0.5 0.5
Pulse length � RF ns 244 244

Accelerating gradient G MV/m 72 72

Total luminosity L 1034 cm� 2 s� 1 4.5 2.3
Luminosity above 99% of

p
s L 0.01 1034 cm� 2 s� 1 2.7 1.3

Beamstrahlung photons per particle n 
 1.5 1.5
Total integrated luminosity per year L int fb � 1 540 270
Power consumption P MW 166 105

Main linac tunnel length km 11.4 11.4
Number of particles per bunch N 109 5.2 5.2
Bunch length � z � m 70 70
IP beam size � x =� y nm 149/2.0 149/2.0
Final RMS energy spread % 0.35 0.35

A second electron beam, accelerated to 2.86 GeV and delivered to a conventional
amorphous tungsten target, produces positrons by electron{positron pair production.
The positrons are captured by an adiabatic matching device and a capture linac and
then accelerated to 2.86 GeV. Their beam emittance is reduced �rst in a pre-damping
ring and then in a damping ring. The ring to main linac system (RTML) accelerates
the beams to 9 GeV and compresses their bunch length. The main linacs accelerate
the beams to the beam energy at collision of 190 GeV. The beam delivery system
removes transverse tails and o�-energy particles with collimators and compresses the
beam to the small sizes required at the collision point. After the collision, the beams
are transported to the respective beam dumps by the post-collision lines.

The RF power for each main linac is provided by a high current, low-energy drive
beam that runs parallel to the colliding beam through a sequence of power extraction
and transfer structures (PETS). The drive beam generates RF power in the PETS,
which is then transferred to the accelerating structures by waveguides.

The drive beam is generated in a central complex with a fundamental frequency of
1 GHz. A 48µs long beam pulse is produced in the injector and �lls every other bucket,
i.e. with a bunch spacing of 0.6 m. Every 244 ns, the injector switches from �lling
even buckets to �lling odd buckets and vice versa, creating 244 ns long sub-pulses.
The beam is accelerated in the drive-beam linac to 1.91 GeV. A 0.5 GHz resonant RF
de
ector sends half of the sub-pulses through a delay loop such that its bunches can
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be interleaved with those of the following sub-pulse that is not delayed. This generates
a sequence of 244 ns trains in which every bucket is �lled, followed by gaps of the same
244 ns length. In a similar fashion, three of the new sub-pulses are merged in the �rst
combiner ring. Groups of four of the new sub-pulses, now with 0.1 m bunch distance,
are then merged in the second combiner ring. The �nal pulses are thus 244 ns long
and have a bunch spacing of 2.5 cm, i.e. providing 24 times the initial beam current.
The distance between the pulses has increased to 24� 244 ns, which corresponds to
twice the length of an 878 m decelerator. The �rst four sub-pulses are transported
through a delay line before they are used to power one of the linacs, while the next
four sub-pulses are used to power the other linac directly. The �rst sub-pulse feeds the
�rst drive-beam decelerator, which runs in parallel to the colliding beam. When the
sub-pulse reaches the decelerator end, having delivered most of its energy, the second
sub-pulse has reached the beginning of the second drive-beam decelerator and will feed
it, while the colliding beam has meanwhile reached the same location along the linac.

2.1.2 Operation with two detectors

The CLIC baseline is to operate two detectors simultaneously, at an average bunch-
train repetition rate of 50 Hz. This provides each detector with an average luminosity
of about 2.2� 1034 cm� 2s� 1. The doubling of machine total repetition rate from 50 Hz
to 100 Hz, with respect to the previous baseline [5] is achieved without major design
changes and with increases in the overall power consumption by about 60%. The
luminosity delivery can be 
exible, if desired a luminosity of (100%) can be provided
to a single detector for a given period of time.

The operation of two detectors is achieved with the concept of a dual Beam-
Delivery System (BDS) for CLIC that aims to serve two interaction regions (IRs)
simultaneously. The dual BDS introduces separate paths for the electron and positron
beams to accommodate two detectors with distinct crossing angles. This con�gura-
tion allows for concurrent data collection at both IRs, enhancing overall experiment
throughput and versatility [16].

The 380 GeV stage of CLIC features a dual BDS design achieved by extending
the diagnostics section (DS) of the baseline BDS. Eight additional FODO cells, each
with a phase advance of 45°, and with a total additional length of 300 m, were added
to separate the two IRs longitudinally and transversely. The two BDS paths (BDS1
and BDS2) are optimized for their respective IRs: the crossing angle of IR1 is 18 mrad
and the crossing angle of IR2 is 27 mrad (see Section 3.5 for details), which is also
compatible with potential gamma-gamma collision con�gurations. A full schematic of
the layout is shown in Fig. 2.

To minimize synchrotron radiation e�ects, the bending angles and magnet
strengths in the DS were carefully optimized. The transverse separation between IRs
is approximately 10 m, with a longitudinal o�set of 40 m to ensure su�cient space for
detector placement (see Fig. 3).

The dual BDS maintains robust performance metrics at 380 GeV, with minimal
impact on luminosity and beam sizes compared to the single-BDS design. Key results
are summarized in Section 3.5.4.
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Fig. 2 : Schematic layout of CLIC operating with two detectors. From [16]

.

Fig. 3 : 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.
From [16].

2.1.3 Main-beam design considerations and choices

Motivated by an optimal exploration of Higgs and top-quark physics, the baseline for
the initial stage of CLIC is 380 GeV. A 10-year operation period at 380 GeV, will be
followed by 10 years at a higher energy stage, currently assumed to be 1.5 TeV. Both
stages will require only a single drive beam complex. Intermediate energies remain
possible, as well as starting with fewer modules for taking data at 250 GeV. A 3 TeV
implementation with two drive beam complexes and a deeper tunnel layout was studied
in detail in the CDR [1].

The baseline plan for operating CLIC results in an integrated luminosity per year
equivalent to operating at full luminosity for 1.2 � 107 s [17]. This results in integrated
luminosities of 4.3 ab� 1 at 380 GeV and 4.0 ab� 1 for the 1.5 TeV, see details in
Section 2.1.7.

The staged approach allows optimal exploitation of the CLIC physics capabilities.
For the initial stage, the centre-of-mass energy of 380 GeV gives access to SM Higgs
physics and top-quark physics, and provides direct and indirect sensitivity to BSM
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e�ects. A top-quark pair-production threshold scan around 350 GeV is also foreseen. A
second stage at 1.5 TeV opens more Higgs production channels includingttH, double-
Higgs production, and rare decays, and o�ers further direct sensitivity to many BSM
models. CLIC provides� 80% longitudinal electron polarisation and proposes a sharing
between the two polarisation states at each energy stage for optimal physics reach [18].
The energy of the second stage can be optimised in light of new physics information.

Reaching the energy goal requires achieving the target gradient in the accelerating
structures. This in turn requires that the structures can sustain the gradient and that
the drive beam provides enough power. In addition, to reach the luminosity goal, the
colliding beam needs to have a high current and an excellent quality. Thorough studies
established a feasible concept for the 380 GeV stage [5]. Based on these the �rst stage
has been designed. The key considerations are:

ˆ The choice of bunch charge and length ensures stable transport of the beam. The
main limitation arises from short-range wake�elds in the Main Linac.

ˆ The spacing between subsequent bunches ensures that the long-range wake�elds in
the Main Linac can be su�ciently damped to avoid beam break-up instabilities.

ˆ The horizontal beam size at the collision point ensures that the beamstrahlung
caused by the high beam brightness is kept to an acceptable level for the given
bunch charge. This ensures a luminosity spectrum consistent with the requirements
of the physics experiments.

ˆ The horizontal emittance is dominated by single particle and collective e�ects in
the Damping Rings and includes some additional contributions from the Ring To
Main Linac.

ˆ The vertical emittance is given mainly by the Damping Ring and additional
contributions from imperfections of the machine implementation. The target param-
eters take into account budgets for detrimental e�ects from static and dynamic
imperfections such as component misalignments and jitter.

ˆ The vertical beta-function is the optimum choice in terms of luminosity. The hor-
izontal beta-function is determined by the combination of required beam size and
horizontal emittance.

In summary, the parameters are largely determined by fundamental beam physics
and machine design with the exception of the vertical emittance that is determined
by imperfections. The horizontal beam size is �xed to limit beamstrahlung, therefore
if the horizontal emittance is smaller than the target, the horizontal beta-function
will be increased to compensate. This means there is no luminosity to be gained by
reducing the horizontal emittance.

The most recent beam physics and luminosity considerations for CLIC are pre-
sented in [19]. In a machine without imperfections, a vertical emittance of 6 nm is
achieved at the interaction point. The impact of static and dynamic imperfections
is studied in [19]. The dominant imperfections are the static misalignment of beam-
line elements and ground motion. Beam-based alignment is used to minimise the
impact of static imperfections. The beam-based alignment procedure for CLIC outper-
forms its requirement, which leads to signi�cantly less vertical emittance growth than
budgeted. For the expected alignment imperfections and with a conservative ground

7



motion model, 90% of machines achieve a luminosity of 4.5� 1034 cm� 2s� 1 or greater,
at 100 Hz. This is the value used in Table 1. The average luminosity achieved is
5.6� 1034 cm� 2s� 1. Future improvements to the technologies used to mitigate imper-
fections, such as better pre-alignment, active stabilization systems and additional
beam-based tuning, will also help increasing this luminosity surplus further. A start-
to-end simulation of a perfect machine shows that a luminosity of 8.6� 1034 cm� 2s� 1

would be achieved.

2.1.4 Beam dynamics and nanobeams

For static imperfections, the vertical emittance growth budgets are the same at
380 GeV and 3 TeV and they correspond to the values described in the CDR [1]. It is
required that each system, i.e. RTML, Main Linac and BDS, remains within its emit-
tance budget with a likelihood of more than 90 % without further intervention. The
key static imperfection is the misalignment of the beamline components with respect
to the design. A sophisticated system has been developed and tested that provides a
spacial reference frame with unprecedented accuracy, see Section 4.10. The Main Linac
and BDS components are mounted on movable supports and can be remotely aligned
with respect to the reference system. In addition, the main linac accelerating struc-
tures are equipped with wake�eld monitors that allow the measurement and correction
of their o�set with respect to the beam. Dispersion-free steering, which has been suc-
cessfully tested at the SLAC Facility for Advanced Accelerator Experimental Tests
(FACET), will further reduce the emittance growth using high-resolution Beam Posi-
tion Monitors (BPM). In the BDS, additional tuning is required using optical knobs
that move several multi-pole magnets simultaneously to correct the optics properties.

The performance speci�cations for the alignment systems and instrumentation are
kept the same at 380 GeV and 3 TeV and correspond to the CDR description. They
are su�cient to achieve the required performance at 3 TeV and most of them could
be relaxed for the �rst energy stage, typically by about a factor of two, to meet the
same emittance budget. However, the original, better performances are required for
the upgrade to the higher energy stages. No substantial cost saving has been identi�ed
by relaxing the speci�cations for the �rst stage. Therefore, it has been decided to
ensure that the system is consistent with the �nal energy from the very beginning,
thus avoiding the need to upgrade the already existing hardware. This also provides
additional margin for achieving the required luminosity.

The tuning procedures for the RTML and the BDS have been improved during
the last years. Studies of the static imperfections in the RTML [20, 21], the Main
Linac [22] and the BDS [23] show that the target budgets can be met in each system
with a margin; in the BDS, the tuning is now also much faster.

Also, for the dynamic imperfections the vertical emittance budgets are the same
for 380 GeV and 3 TeV. Key imperfections are the movement of components due to
ground motion or technical noise, phase and amplitude jitter of the drive beam, and
potentially dynamic magnetic �elds.

The level of ground motion is site dependent; measurements in the LEP tunnel
showed very small motion [24] while measurements in the CMS detector hall showed
much larger motion [25]. With the new design of the �nal focus system, all relevant
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accelerator components are mounted in the tunnel of the collider, so one can expect
ground motion levels similar to the LEP tunnel. However, for the ground motion
studies the level of the CMS detector hall has been used in order to evaluate the
robustness of the solutions. The ground motion is mitigated by the design of the mag-
nets, a mechanical feedback that decouples them from the ground, and by beam-based
feedback on trajectories. Prototypes of the mechanical feedback have been tested suc-
cessfully. In the CDR, detailed studies of the 3 TeV stage showed that the performance
goal can be met with margin. Studies of the 380 GeV case [26] con�rm that ground
motion will only use about 10 % of the budget allocated to dynamic imperfections.

Dynamic magnetic stray �elds may de
ect the colliding beams, leading to trajec-
tory jitter and emittance growth, thus reducing luminosity. Their impact is particularly
large in the RTML and the BDS. In the latter they are more important at 380 GeV
than at 3 TeV due to the lower beam energy. A study in collaboration with experts
from the Hungarian Geophysics Institute has commenced to investigate these �elds
and de�ne the mitigation technologies. The magnetic �elds can originate from di�er-
ent sources: natural sources, such as geomagnetic storms; environmental sources, such
as railway trains and power lines and technical sources, i.e. from the collider itself. A
survey of natural sources showed that they should not a�ect the luminosity [27] and
a measurement station has been established in the Jura mountains near CERN to
collect long-term regional data. The study of the environmental and technical sources
has started but is not yet complete. Preliminary estimates have been performed using
the magnetic �eld variations that were measured in the LHC tunnel. They concluded
that a thin mu-metal shield of the drifts in the RTML and BDS can bring the �elds
down to a level that does not impact luminosity [26].

Further development of the foreseen technical and beam-based imperfection miti-
gation systems could allow for a reduction in the emittance budgets and an increase
in the luminosity target. Also, new systems could be devised to this end. As an exam-
ple, the addition of a few klystron-powered, higher-frequency accelerating structures
could allow to reduce the energy spread of the colliding beams, which can improve the
luminosity and also the luminosity spectrum for speci�c measurements such as the
top-quark threshold scan.

2.1.5 Beam experiments

Beam experiments and hardware tests have provided the evidence that the CLIC
performance goals can be met. Some key cases are discussed in the following, while
Appendix A contains a more comprehensive overview of performance demonstrations.

Two beam acceleration

To test the drive-beam concept, the third CLIC Test Facility (CTF3) [28] was con-
structed and operated by an international collaboration. It has addressed the key
points of the concept:

ˆ The stable acceleration of the initial high-current drive beam in the accelerator.
ˆ The high transfer e�ciency from the RF to the drive beam.
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ˆ The generation of the �nal drive-beam structure using the delay loop and a combiner
ring.

ˆ The quality of the �nal drive beam. In particular, feedback has been used to stabilise
the drive-beam current and phase to ensure correct main-beam acceleration. CTF3
achieved the drive-beam phase stability that is required for CLIC [26, 29{31].

ˆ The process of RF power extraction from the drive beam and its use to accelerate
the main beam, and the performance of the associated hardware. The main beam
has been accelerated with a maximum gradient of 145 MV=m.

CTF3 established the feasibility of the drive-beam concept and the ability to use this
scheme to accelerate the main beam. As mentioned in 2.1.5 the results are summa-
rized in [32], and the references therein give more details concerning the points listed
above. Figure 4 shows the corresponding two-beam acceleration test stand in the CTF3
facility.

Fig. 4 : The two-beam acceleration test stand in the CTF3 facility. The drive beam
enters from the middle-right, while the probe (main) beam enters from the bottom-
right.

CTF3 has also been instrumental for the development of all the di�erent hard-
ware components that are essential for the scheme { among them the drive-beam
gun, the bunch compressor, the drive-beam accelerating structures, RF de
ectors, the
PETS including a mechanism to switch them o� individually, the power distribution
waveguide system, fast-feedback systems, drive-beam current and phase monitors, as
well as other instrumentation. CTF3 stopped operation after successfully completing
its experimental programme in December 2016 and a new facility, CLEAR, is being
operated [33] in the same location. It re-uses the CTF3 main-beam installations and
additional hardware and it runs as a user facility, including for collider R&D [34].
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