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•General info on CLIC and detectors 

•What could be interesting for LLP and other exotica



A novel accelerator concept

•Accelerator concept fully proven at Clic Test Facility 3 

•Unprecedented acceleration gradient around 100 MeV/m 

•Staged construction: 380 GeV, 1.5 TeV, 3.0 TeV

4 CLIC staging baseline
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Figure 17: CLIC footprints near CERN, showing the three implementation stages.

4 CLIC staging baseline

The proposed CLIC staging scenario is described in the following sections. The accelerator is foreseen to
be built in three stages with centre-of-mass energies of 380 GeV, 1.5 TeV and 3 TeV. An implementation
plan for the three CLIC stages at CERN is shown in Figure 17.

4.1 Description and performance parameters

The CLIC accelerator can be built in energy stages, re-using existing equipment for subsequent stages. At
each energy stage the centre-of-mass energy can be tuned to lower values, down to a third of the nominal
energy, with limited loss of luminosity performance [5]. The key parameters of the present scenario, with
stages at 380 GeV, 1.5 TeV and 3 TeV are given in Table 9. In this scenario the first and second stages
use a single drive-beam generation complex to feed both linacs, while in the third stage two drive beam
complexes are needed. The schematic layouts of the CLIC accelerator complex at 380 GeV and 3 TeV
are shown in Figure 18 and Figure 19.

4.2 Operating scenario and luminosities

The CLIC project as outlined is an ambitious long-term programme, with an initial 7 year construction
period [5] and three energy stages each lasting 7, 5 and 6 years respectively to achieve the integrated lu-
minosity goals, interrupted by 2-year upgrade periods. The overall duration of the three-stage programme
is 22 years from the start of operation. The operating scenario currently foreseen for the complete CLIC
programme is sketched in Figure 20 and Figure 21 in terms of the luminosity and integrated luminosity
as a function of the year of operation. The duration of each stage is defined by the integrated luminosity
targets of 500 fb�1 at 380 GeV, 1.5 ab�1 at 1.5 TeV and 3 ab�1 at 3 TeV collision energy. During the
first stage a top threshold scan will be performed near 350 GeV. For this scan an additional integrated
luminosity of 100 fb�1 will be collected during a few months of CLIC operation.
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Post-LHC operation (data in 2035)6 Summary and outlook

2013 - 2019 Development Phase 

Development of a Project Plan for a 
staged CLIC implementation in line with 
LHC results; technical developments with 
industry, performance studies for 
accelerator parts and systems, detector 
technology demonstrators

2020 - 2025 Preparation Phase 

Finalisation of implementation 
parameters, preparation for industrial 
procurement, Drive Beam Facility and 
other system verifications, Technical 
Proposal of the experiment, site 
authorisation

2025 Construction Start 

Ready for construction; 
start of excavations

2035 First Beams 

Getting ready for data taking by 
the time the LHC programme 
reaches completion

2019 - 2020 Decisions 

Update of the European Strategy for 
Particle Physics; decision towards a next 
CERN project at the energy frontier 
(e.g. CLIC, FCC)

2026 - 2034 Construction Phase 

Construction of the first CLIC 
accelerator stage compatible with 
implementation of further stages; 
construction of the experiment; 
hardware commissioning

Figure 27: An outline of the CLIC project timeline from the current development phase up to future first
beams at the 380 GeV CLIC energy stage.

By the next European Strategy Update, the LHC physics results and the technical developments for future
accelerators at the energy frontier, principally electron-positron and proton-proton options, are expected
to have reached sufficient maturity to allow selection of the most appropriate future collider option with
physics capabilities complementing the LHC.
If CLIC is chosen the project implementation will require an initial Preparation Phase of ⇠5 years prior to
construction start by 2025. This phase will focus on industrial build-up, larger-scale system verifications,
risk and cost reduction, as well as developments towards the Technical Proposal for the detector. The
governance structure and the international collaboration agreements for the construction and operation
will be set up during this time. Site authorisations will also be established during this period. Preliminary
site studies show that CLIC can be implemented underground near CERN, with the central main beam
and drive beam injector complexes on the CERN campus.
The construction of the first CLIC energy stage could start around 2025. As illustrated in Figure 27, CLIC
would be ready to produce first beams by 2035, by the time LHC operation approaches completion.
Construction of further stages could be launched following 2-3 years of operation at the first stage,
drawing on all experiences acquired at that time.
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Detector concept(s)
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CLICdet: The post-CDR CLIC detector model
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Abstract

A new model for the CLIC detector has been defined based on lessons learnt while working
with the CDR detector models and after a series of simulation studies. The new model,
dubbed "CLICdet", also incorporates the experience from various R&D activities linked to
a future experiment at CLIC. This note describes the studies and thoughts leading to the new
detector model, and gives details on all of its sub-detector systems.

http://cds.cern.ch/record/2254048


T O  T H E  B E A MC L O S E R

Tracker
5 Silicon Tracker

Details of the presently envisaged design can be found in [19].
The main support tube, in its preliminary design, amounts to 1.25% X0. The interlink structure for

the outer barrel layers is estimated to contribute 0.3% X0, while the inner interlink amounts to 0.5% X0.
Cables from the vertex detector, which are to be routed outwards along ITB1 and further out along the
conical vacuum tube, are represented by an additional 0.47% X0 (deemed to be a conservative estimate).
The total material budget for the vertex plus tracker region as a function of polar angle is shown in
Figure 16.

Preliminary results of a first validation of the tracking in CLICdet are shown in Figure 17.
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Figure 13: XZ-view of the tracker as implemented in the simulation model. The black lines indicate the
tracker support structures including cooling and cables, the green lines represent the tracker
sensor layers. The blue lines show the main support tube and the interlink structures. The
orange line indicates the vacuum tube. The vertex detector is shown in the centre (in red).
Cables going outwards from the vertex detector are represented in magenta.
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Track-reco algorithms might work within the first few centimeters



S E G M E N T E DF I N E LY

Calorimeter
7 Hadronic Calorimeter

Table 14: Parameters for the HCAL segmentation as implemented in the simulation model, with a total
of 60 Fe-Scintillator layers.

Function Material Layer thickness [mm]

Absorber steel 19

Space air 2.7
Cassette Steel 0.5
PCB mixed 0.7
Conductor Cu 0.1
Scintillator Polystyrene 3
Cassette Steel 0.5

Total between steel plates 7.5

Total Fe-scint. layer 26.5

Figure 25: Nuclear interaction lengths lI in the calorimeters with respect to the polar angle q . The in-
teraction length corresponding to the material of the superconducting coil is shown for com-
pleteness.

the background events were taken from the worst case scenario, i.e. generated for CLIC operating atp
s = 3 TeV. The kt algorithm of FastJet was used to reconstruct exclusively two jets on the same side

of the detector (after optimisation, the FastJet parameter R=0.5 and the "default" criterion for PFOs
were used throughout to estimate the relative performance of the models) . The Rin = 240 mm model
provides an improved di-jet invariant mass, without significantly increasing the acceptance to background
compared to the Rin = 360 mm case. The Rin = 120 mm case, considered not feasible from an engineering
perspective, is included for comparison.

While the advantage of a better HCAL forward coverage is evident even including the overlay of
gg ! hadrons background, detailed studies for CLIC_ILD revealed a too high occupancy in the inner
regions of the HCAL endcap. As a remedy, a thick shielding (polyethylene and tungsten) inside the
support tube was proposed [29]. In CLICdet, a shielding of this type would have to be placed inside the
HCAL endcap and would therefore reduce its forward acceptance. For first physics studies with the new
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7 Hadronic Calorimeter

7 Hadronic Calorimeter

Similarly to the case of the ECAL, detailed optimisation studies have been performed for the HCAL.
Details are described in [27]. As an example result, Figure 23 shows the dependence of the jet energy
resolution as a function of the number of layers in the HCAL (keeping the number of lI constant). The
dependence of the jet energy resolution on the cell size in the HCAL is shown in Figure 24. Other
parameters, such as the scintillator tile thickness, were varied but only a moderate impact on the jet
energy resolution was found.
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Figure 23: Jet energy resolution in the ILD detector for jets of different energies, as a function of the
number of HCAL layers, keeping the number of lI constant.

As a result of these studies, the proposed hadronic calorimeter of CLICdet consists of 60 steel absorber
plates, each of them 19 mm thick, interleaved with scintillator tiles, similar to the CALICE calorimeter
design for the ILD detector. The gap for the sensitive layers and their cassette is 7.5 mm. The overall
dimensions of the HCAL are summarized in Table 13. In the simulations, the part of the HCAL endcap
which surrounds the ECAL endcap (see Figure 2) is treated as a separate entity called the "HCAL ring".
The space needed to place the LumiCal inside the HCAL endcap is referred as "LumiCal cutout". The
detailed segmentation parameters as implemented in the simulation model are given in Table 14. The
polystyrene scintillator in the cassette is 3 mm thick with a tile size of 30⇥30 mm2. Analog readout of
the tiles with SiPMs is envisaged. Further details are presented in [27]. A section of the HCAL barrel as
implemented in the simulations is shown in Figure 22.

Both, the endcap and the barrel HCAL, are around 7.5 lI deep, which brings the combined thickness
of ECAL and HCAL to 8.5 lI (see Figure 25). In the studies performed in preparation of the CDR, this
depth of the calorimetry for hadrons was found to be sufficient [28].

The overlap of mW and mZ measurements from the invariant mass of the two jets in WW ! n` j j and
ZZ ! nn j j events, generated at various c.m. energies, is similar for a steel- and a tungsten-based calor-
imeter, as illustrated in Figure 26. The solid lines in the figure show the overlap for two different HCAL
models, one using steel (blue) and the other using tungsten (red) as absorber material for identical lI,
in the absence of beam-induced background. The dashed lines show the same measurements performed
after the overlay of 60 bunch crossings of gg ! hadrons background events generated at

p
s = 3 TeV.

The overlap is used as an indication of the jet energy resolution (JER) obtained from each HCAL model.
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6 Electromagnetic Calorimeter

Figure 22: Implementation of ECAL and HCAL in the simulation model (the reader may need to zoom
in to see all the details). The region of a junction between two sectors (of the dodecagon) in
the barrel region is shown. In the ECAL, the olive-green regions indicate the tungsten layers,
while the red regions symbolize the silicon sensors. Purple layers are G10, green is PCB and
connectivity, and white is air. In the HCAL, blue regions indicate the steel layers (with thin
steel sheets for the cassette), red stands for the scintillator, while green and white are PCB and
air as in the ECAL.
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https://twiki.cern.ch/twiki/bin/view/CALICE/WebHome
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Clean Experimental Environment

2.5 TIMING REQUIREMENTS AT CLIC

Table 2.4: Assumed time windows used for the event reconstruction and the required single hit time
resolutions.

Subdetector Reconstruction window hit resolution

ECAL 10 ns 1 ns
HCAL Endcaps 10 ns 1 ns
HCAL Barrel 100 ns 1 ns
Silicon Detectors 10 ns 10/

p
12 ns

TPC entire bunch train n/a

is performed. Monte Carlo information is used at no stage in the reconstruction. Figure 2.12 shows the
reconstructed particle flow objects for a simulated e+e� ! H+H� ! tbbt event at

p
s = 3 TeV. At the

reconstruction level, the background from gg ! hadrons produces an average energy of approximately
1.2 TeV per event, mostly in the form of relatively low pT particles at relatively low angles to the beam
axis. The level of gg ! hadrons background is roughly 1/15 of that for the entire bunch train (Table 2.3),
commensurate with integrating over 10 ns from the total 156 ns. The background can be further reduced
by applying tighter timing cuts based on the reconstructed calorimeter cluster time. The cluster time
is obtained from a truncated mean of the energy-weighted hit times constituting the cluster. In a fine
grained particle flow detector many hits contribute to a single cluster and cluster time resolutions of
<1 ns are easily achievable. Efficient background rejection is achieved by using tight cuts in the range
of 1.0–2.5 ns on the clusters (depending on the type of reconstructed particle and its pT). This proce-
dure is applied to both neutral particle flow objects and to charged objects where the time of the cluster
associated to the track, corrected by the helical propagation time, is used. These additional timing cuts
are applied to only relatively low pT particle flow objects. The details of the cuts used are discussed in
Section 12.1.4. As a result of the cluster-based timing cuts the average background level can be reduced
to approximately 100 GeV with negligible impact on the underlying hard interaction. The use of hadron-
collider inspired jet-finding algorithms further reduces the impact of the background of gg ! hadrons
and precision physics measurements are achievable in the CLIC background environment as shown in
Chapter 12.

Fig. 2.12: (left) Reconstructed particles in a simulated e+e� ! H+H� ! tbbt event at 3 TeV in the
CLIC_ILD detector concept with background from gg ! hadrons overlaid. (right) the effect of applying
tight timing cuts on the reconstructed cluster times.
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So far…
•mostly standard signatures analyses (MSSM, Z’ …) but in 
progress studies on compressed spectra (e.g. Higgsino)  

•Interest for all signals involving soft mono-photon, stub-tracks, 
appearing and disappearing tracks, milli-charged … 

Your Ideas And Inputs Are Very Welcome
•Follow-up meetings & Document in 2018 for the Update of the 
European Strategy for Particle Physics 



Thank you!
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John Osborne 7 March 2017 CLIC WORKSHOP
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Planned  Cost and Running
Cost	– versus	E	and	L

Electron	pre-damping	ring	can	be	removed	with	
good	electron	injector	(is	removed	in	these	
estimates).		
• Further	design	optimization	possible	but	

will/could	influence	luminosity	
• Is	increasing	the	time	it	takes	to	reach	500	

fb-1	by	2	years	a	good	tradeoff	versus	0.5	
BCHF	saving	?		
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A beam dump at the Linear Collider?
1507.02809
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Beam Dump Experiment at Future Electron-Positron Colliders

Shinya Kanemura(a), Takeo Moroi(b), Tomohiko Tanabe(c)
(a)Department of Physics, University of Toyama, Toyama 930-8555, Japan
(b)Department of Physics, The University of Tokyo, Tokyo 113-0033, Japan

(c)ICEPP, The University of Tokyo, Tokyo 113-0033, Japan
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We propose a new beam dump experiment at future colliders with electron (e−) and positron
(e+) beams, BDee, which will provide a new possibility to search for hidden particles, like hidden
photon. If a particle detector is installed behind the beam dump, it can detect the signal of in-flight
decay of the hidden particles produced by the scatterings of e± beams off materials for dumping.
We show that, compared to past experiments, BDee (in particular BDee at e

+
e
− linear collider)

significantly enlarges the parameter region where the signal of the hidden particle can be discovered.

High energy colliders with electron (e−) and positron
(e+) beams, such as the International Linear Collider
(ILC) [1], the Compact Linear Collider (CLIC) [2], and
Future Circular Collider with e+e− beams (FCC-ee) [3],
are widely appreciated as prominent candidates of future
experiments. One of the reasons is that, with the dis-
covery of Higgs boson at the LHC [4], detailed studies
of Higgs properties at e+e− colliders are now very im-
portant [5]. In addition, e+e− colliders have sensitivity
to new particles at TeV scale or below if they have elec-
troweak quantum numbers.
Although e+e− colliders have many advantages in

studying physics beyond the standard model (BSM), they
can hardly probe BSM particles whose interaction is very
weak. We call such particles hidden particles, which ap-
pear in various BSM models. For example, there may
exist a gauge symmetry other than those of the stan-
dard model (SM), as is often the case in string theory.
If the breaking scale of such a hidden gauge symmetry
is lower than the electroweak scale, the associated gauge
boson can be regarded as a hidden particle [6]. In string
theory, it has also been pointed out that there may exist
axion-like particles (ALPs) [7]; they are also candidates of
the hidden particle. Sterile neutrino is another example.
These particles interact very weakly with SM particles,
and are hardly accessed by studying e+e− collisions. If
e+e− colliders will be built in the future, it is desirable
to make it possible to study hidden particles as well.
In this letter, we discuss a possibility to detect hidden

particles at the e+e− facilities. We propose a beam dump
experiment at future e+e− colliders (BDee), in which the
beam after the e+e− collision is used for the beam dump
experiment. In particular, at the ILC and CLIC, the e±

beams will be dumped after each collision, which makes
a large number of e± available for the beam dump ex-
periment. Using the hidden photon, which is the gauge
boson associated with a (spontaneously broken) hidden
U(1) symmetry, as an example, we show that the BDee
can cover a parameter region which has not been explored
by past experiments.
Let us first summarize the basic setup of BDee. We

simply assume the current design of the beam dump sys-
tem of the ILC although one may consider other possi-
bilities. The main beam dumps of the ILC will consist

Beam Dump
Shield

Veto Detector

Ldump Lsh Ldec

Beam

FIG. 1: Schematic view of BDee. The electron (or positron)
beam is injected into the beam dump from the left.

of 1.8 m-diameter cylindrical stainless-steel high-pressure
(10 bar) water vessels [1]. The e± beams after passing
through the interaction point are injected into the dump,
which absorbs the energy of the electromagnetic shower
in 11 m of water. If there exists a hidden particle, like hid-
den photon, for example, it is produced by the e±-H2O
scattering process. In this letter, to make our discussion
concrete, we consider the case where the target is H2O,
although other materials may be used as a target. The
number of the hidden photon produced in the dump is
insensitive to the target material.
Our proposal is to install a particle detector behind

the dump, with which we can observe signals of hidden
particles produced in the dump. The schematic picture
of the setup of BDee is shown in Fig. 1. The decay vol-
ume is a vacuum vessel with the length of Ldec; the signal
of the hidden particle is detected if the hidden particle
decays into (visible) SM particles in the decay volume.
A tracking detector is used to detect the hidden parti-
cle decaying into a pair of charged particles. Additional
detectors such as calorimeters and muon detectors may
be installed to enrich the physics case. As well as the
hidden particles, charged particles are also produced in
the dump; rejection of those particles is essential to sup-
press backgrounds. In particular, a significant amount of
muons are produced, as we will discuss in the following.
Thus, we expect to install shields and veto counters be-
tween the dump and the decay volume. Additional veto
counters surrounding the detector serve to reject cosmic
rays.
To see the sensitivity of BDee, we consider a model

1021-22 electrons on Target per Year

4

FIG. 2: Contours of constant Nsig on the mX vs. ϵ plane
for Ebeam = 250 (red), 500 (blue), and 1500 GeV (green),
taking Ne = 4 × 1021, Ldump = 11 m, Lsh = 50 m, and
Ldec = 50 m. The dotted, solid, short-dashed, and long-
dashed lines correspond to Nsig = 10−2, 1, 102, and 104,
respectively. The gray-shaded regions are already excluded by
past beam dump experiments [10] (light-gray) or supernova
bounds [14] (dark-gray), while SHiP experiment, if approved,
will cover the yellow-shaded one [15].

Finally, we compare BDee with another possible hid-
den particle search in the future, SHiP experiment [16].
The expected discovery reach of SHiP is also shown in
Fig. 2 for the hidden photon model. We can see that, if
approved, SHiP will also cover the parameter region on
which BDee has a sensitivity. It should be noted that
SHiP is a fixed target experiment with proton beam, so

the fundamental processes producing hidden particles are
different. If signals of a hidden particle are discovered,
discrimination of various possibilities of hidden particles
may become possible by combining the results of BDee
and SHiP.

In summary, given the fact that a large number of e±

will become available for beam dump experiment once
e+e− collider starts its operation, we propose to install
a particle detector behind its dump. Using the hidden
photon model as an example, we have shown that the
beam dump experiment at e+e− colliders, BDee, signif-
icantly enlarges the discovery reach of hidden particles.
To understand the potential of BDee, case studies for
other hidden particles, like ALPs and sterile neutrinos,
should be performed. In doing so, the full capabilities
of the machine, such as the use of positrons which yield
annihilation processes, and, in the case of linear colliders,
the use of beam polarization, should be explored. In ad-
dition, the discovery reach depends on the detail of the
configurations of detectors and shields. As we have dis-
cussed, the muons produced in the dump are potential
serious background and hence careful designs of detectors
and shields are needed. These issues will be discussed
elsewhere [17]. BDee will provide a new possibility to
probe hidden particles, and hence is worth being consid-
ered seriously as an important addition to future e+e−

facilities.
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