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CLICdp Collaboration

• CLICdp: CLIC Physics and 
Detector Study 

• 28 institutes from 17 
countries 

• Physics prospects and 
simulation studies 

• Detector optimisation and 
R&D for CLIC detector

3

http://clicdp.web.cern.ch

http://clicdp.web.cern.ch


CLIC Accelerator
• High acceleration gradient at 

high frequency  
100 MV/m at 12 GHz 
Room temperature 

• Two-beam acceleration scheme: 

• Drive beam supplies RF power 
Low energy (2.4-240 GeV) and 
high current (100 A)  
12 GHz bunch structure 

• Main beam for physics  
High energy (9 GeV - 1.5 TeV) 
and low current (1.2 A) 

• 145 MV/m demonstrated in CTF3 
test facility
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Updated baseline staging scenario
• CLIC CDR published in 2012 

• Higgs mass not fully taken into account in choice of staging scenario 

• Accelerator optimised for 3 TeV, with two low energy stages at 500 
GeV and 1.4/1.5 TeV (not fully optimised) 

• Comprehensive studies of performance, cost and power optimisation  
and further Higgs and top-quark physics studies lead to updated 
staging scenario 

• Rebaselining: 
500 GeV -> 380 GeV 
1.4/1.5 TeV -> 1.5 TeV 
increased luminosity at 3 TeV
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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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380 GeV
• Higgs Physics

• Model independent measurement of gHZZ via 
Higgsstrahlung process to a precision of 0.8% 

• Together with WW fusion process gives access to total 
decay width and gHWW 

• Higgs mass to a precision of ~100 MeV 

• Best precision on cross-section around 350 GeV, precision 
of all Higgs couplings is limited by this uncertainty 

• Top Physics

• Top mass to a precision of ~50 MeV from threshold scan 
around 350 GeV 

• Top form factors precision at the percent level, above 
threshold boost helps accurate reconstruction 

• BSM in top sector best near the maximum cross-section 
near 420 GeV 

• 380 GeV favourable for both Higgs and Top physics 
studies, supplemented with a top threshold scan around 
350 GeV

• Accelerator

• Length: 11.4 km 

• Accelerating gradient: 72 MV/m 

• 1 drive beam complex
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Table 9: Parameters for the CLIC energy stages. The power consumptions for the 1.5 and 3 TeV stages
are from the CDR; depending on the details of the upgrade they can change at the percent level.

Parameter Symbol Unit Stage 1 Stage 2 Stage 3

Centre-of-mass energy
p

s GeV 380 1500 3000
Repetition frequency frep Hz 50 50 50
Number of bunches per train nb 352 312 312
Bunch separation D t ns 0.5 0.5 0.5
Pulse length tRF ns 244 244 244

Accelerating gradient G MV/m 72 72/100 72/100

Total luminosity L 1034 cm�2s�1 1.5 3.7 5.9
Luminosity above 99% of

p
s L0.01 1034 cm�2s�1 0.9 1.4 2

Main tunnel length km 11.4 29.0 50.1
Number of particles per bunch N 109 5.2 3.7 3.7
Bunch length sz µm 70 44 44
IP beam size sx/sy nm 149/2.9 ⇠ 60/1.5 ⇠ 40/1
Normalised emittance (end of linac) ex/ey nm 920/20 660/20 660/20
Normalised emittance (at IP) ex/ey nm 950/30 — —
Estimated power consumption Pwall MW 252 364 589
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Figure 18: Overview of the CLIC layout at
p

s = 380 GeV. Only one drive beam complex is needed for
the first (and second) stage of CLIC.

4.3 Power and energy consumption

The nominal power consumption of CLIC at 380 GeV centre-of-mass energy has been estimated using
the parametric model [70] derived from the estimates of the CDR [3]. This yields a total of 252 MW for
all accelerator systems and services, including experimental area and detectors and taking into account
network losses for transformation and distribution on site. The breakdowns of this value per domain of
the CLIC accelerator complex and per technical system are shown graphically in Figure 22. Most of
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Figure 9: Uncertainties on the top-quark form factors (assuming SM values for the remaining form
factors), comparing estimations for HL-LHC, ILC and CLIC [10]. The form factors are extrac-
ted from the measured forward backward asymmetry and cross section. For the ILC, ±80% e�

polarisation and ⌥30% e+ polarisation are considered and for CLIC, ±80% e� polarisation is
considered.

Simulation studies of the measurements of the top-quark form factors [51], extracted from the top pair-
production cross section and top forward-backward asymmetries, have been performed for CLIC at
380 GeV [10]. Figure 9 shows a comparison of the uncertainties on the top-quark form factors between
HL-LHC at 14 TeV [52, 53], ILC at 500 GeV [33, 54, 55] and CLIC at 380 GeV. At ILC and CLIC, the
top couplings to the electroweak gauge bosons can be extracted with precisions at the percent level, well
beyond those projected for HL-LHC. Since the theory uncertainties are not yet calculated at 380 GeV, the
CLIC uncertainties include a theory uncertainty of 3%, corresponding to the maximal theory uncertainty
on the tt production cross section at the threshold [51]. This is a very conservative upper limit.
As all couplings between top quarks and electroweak gauge bosons are predicted to high precision by
the SM, a stringent comparison between the observed and the predicted couplings can be performed. In
many BSM models the top couplings to the electroweak interaction are substantially modified. This is the
case, for example, in composite Higgs models or extra dimension models, where coupling modifications
are of the order of 10% [46, 55, 56], resulting in a large discovery potential for future e+e� colliders.
Additional information can also be extracted from an analysis of the top-quark decays [57].

Top BSM physics outlook for subsequent CLIC stages In addition to the measurements performed
at the initial centre-of-mass energy stage, CLIC allows for measurements at centre-of-mass energies
of ⇠1.4 TeV and 3 TeV. This offers an extended BSM physics potential in the top sector at CLIC in
comparison to ILC.
For operations above approximately 420 GeV, where the tt production has its maximum, the tt production
cross section decreases, resulting in a decreasing statistical precision in the measurement of the top-quark
properties. However, this might be compensated by two effects. At higher collision energies the top
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Figure 7: a: tt cross section as a function of centre-of-mass energy for tt production simulated in a scan
of ten data sets of 10 fb�1 each in steps of 1 GeV around

p
s = 350 GeV [47]. b: Correlation

between the top-quark mass mt and the strong coupling constant as extracted from the threshold
scan [47].

of the top quark and the strong coupling constant as can be extracted simultaneously (see Figure 7(b)).
The statistical uncertainty on the measured 1S top-quark mass using this method is 33 MeV. The total
uncertainty, including also the theoretical uncertainty and systematic uncertainties on the beam energy,
the luminosity spectrum and the background subtraction, amounts to approximately 50 MeV.
The 1S mass of the top quark extracted in this threshold scan can be transformed into the MS mass
scheme commonly used in precision calculations. Even with the current world average value of as [30]
taken as external input for this conversion, this results only into an additional theory uncertainty of the
order of 10 MeV [50].

Invariant mass The invariant mass measurement of the top quark has been studied for CLIC at
p

s =
500 GeV, for an integrated luminosity of 100 fb�1 [47]. With a top pair-production cross section of 530 fb
at
p

s = 500 GeV this results in 53000 tt events. By using maximum likelihood fits to the reconstructed
invariant mass distributions, shown in Figure 8 for fully-hadronic events, a top-quark mass compatible
with the input value was extracted that had a statistical precision of 80 MeV [47]. Relevant systematic
uncertainties, for instance including the uncertainty on the jet energy scale, are limited to a similar level
as the statistical uncertainty. The extracted top width is compatible with the input value and it has a
statistical uncertainty of 220 MeV.
An advantage of the top-quark invariant-mass measurement is that it can be performed at any centre-of-
mass energy above the top pair production threshold. The top-quark mass is then obtained in the context
of the event generator used in the comparison to data. Uncertainties when translating the measured mass
to the MS scheme could however be large. These systematic uncertainties are expected to be larger than
the experimental uncertainties listed above [46, 47].

2.4.2 Top quark as a probe of BSM physics

For top-quark measurements as probes of BSM physics, a trade-off has to be made between centre-of-
mass energies optimised for available statistics, or for small uncertainties on theoretical predictions, or
for the expected magnitude of BSM effects on the top sector. Details of these considerations are described
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Figure 1: The centre-of-mass dependencies of the cross sections for the main Higgs production processes
at an e+e� collider. The values shown correspond to unpolarised beams and do not include the
effect of beamstrahlung.

of Initial State Radiation (ISR) are included in WHIZARD. GEANT4 [21, 22] was used to simulate the
detector response. The MARLIN [23] framework was used for the digitisation and reconstruction of
events simulated with the CLIC_ILD detector, while the org.lcsim [24] framework was used to digitise
detector hits and perform track reconstruction in the CLIC_SiD detector. Particle flow reconstruction
was performed using PandoraPFA [15, 16]. FASTJET was used for jet clustering [25], where the longitu-
dinally invariant kT algorithm [26, 27] in the exclusive mode, which includes two additional beam jets,
was found to give good performance. LCFIPlus [28] was used for flavour-tagging. The event simulation
and reconstruction of the large data samples used in the studies was performed using the iLCDirac grid
submission tools [29].
The results of these physics benchmark studies are presented in Section 2.3 (Higgs physics), in Sec-
tion 2.4 (top physics) and in Section 2.5 (BSM scenarios). The collective results allowed us to select
an optimal staging scenario based on our current knowledge. This is presented in Section 2.6 and in
Section 4. The staging scenario can be further adapted to future discoveries from the LHC or elsewhere.

2.3 Higgs physics

A high-energy e+e� collider provides a clean experimental environment to study the properties of the
Higgs boson with high precision [8]. The evolution of the leading-order e+e� SM Higgs production cross
sections with the centre-of-mass energy is shown in Figure 1 for a Higgs boson mass of 126 GeV [30].
The Feynman diagrams for the three highest cross section Higgs production processes are shown in Fig-
ure 2. Around

p
s = 350GeV the Higgsstrahlung process (e+e� ! ZH) has the largest cross section,

but the WW-fusion process (e+e� ! Hnene) is also significant. The combined study of these two pro-
cesses probes the Higgs boson properties (width and branching ratios) in a model-independent manner.
Around

p
s = 1.4 TeV and at 3 TeV Higgs production is dominated by the WW-fusion process, with the

ZZ-fusion process (e+e� ! He+e�) also becoming significant. Here the relatively large WW-fusion
cross section, combined with the high luminosity of CLIC, results in large data samples, allowing pre-
cise (O(1%)) measurements of the couplings of the Higgs boson to both fermions and gauge bosons. In
addition, rarer processes such as e+e� ! ttH and e+e� ! HHnene (Figure 3) provide access to the top
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1.5 and 3 TeV
• Higgs Physics

• WW-fusion and ZZ-fusion dominant 

• ~1% precision on the Higgs couplings to fermions and 
bosons 

• Higgs mass to ~32 MeV through H-> bb(bar) (1.5 and 3 TeV 
combined) 

• Top yukawa coupling through Higgs ee->ttH  4.1% statistical 
accuracy with 80% electron polarisation 

• Higgs self coupling through ee->HHnunu gives access to the 
coupling lambda to 10% precision (3 TeV) 

• BSM physics

• Direct searches: e.g. SUSY particle masses with 1% 
accuracy up to ~sqrt(s)/2 

• Indirect searches: deviations from SM predictions in Higgs 
and Top properties, or Z’ via ee->mumu 

• Top sector: less statistical accuracy but improved 
reconstruction through boost and increased relative BSM 
contributions 

• Accelerator

• 3 TeV maximum envisioned energy 

• 1.5 TeV maximum energy for 1 drive beam complex 

• Length: 29.0 / 50.1 km 

• Accelerating gradient: 72 and 100 MV/m
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s = 3 TeV.
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Figure 20: Luminosity per year in the considered staging scenario. Years are counted from the start of
beam commissioning. This figure includes luminosity ramp-up of four years (5%, 10%, 25%,
50%) in the first stage and two years (25%, 50%) in subsequent stages.

the power is used in the drive-beam and main-beam injector complexes, comparatively little in the main
linacs. Among the technical systems, the RF represents the major consumer.
Table 10 shows the nominal power consumption of CLIC at the different stages, as well as the residual
values for two modes corresponding to short (“waiting for beam”) and long (“stop”) beam interruptions.
At any stage the power consumption has a large volatility, allowing CLIC to be operated as a peak-
shaving facility for the electrical network, matching not only seasonal, but also daily fluctuations of
the demand. This particular feature constitutes a strong asset towards optimal energy management, a
necessary approach in view of the large values of power consumption of the CLIC complex during
nominal operation.
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Table 6: Results of the model-dependent global Higgs fit. Values marked “�” cannot be measured with
sufficient precision at the given energy. The uncertainty of the total width is calculated from the
fit results, taking the parameter correlations into account.

Parameter Relative precision

350GeV + 1.4TeV + 3TeV
500fb�1 + 1.5ab�1 + 2ab�1

kHZZ 0.57% 0.37% 0.34%
kHWW 1.1% 0.21% 0.14%
kHbb 2.0% 0.41% 0.24%
kHcc 5.9% 2.2% 1.7%
kHtt 3.9% 1.5% 1.1%
kHµµ � 14.1% 7.8%
kHtt � 4.3% 4.3%
kHgg 3.2% 1.6% 1.2%
kHgg � 5.6% 3.1%
kHZg � 15.6% 9.1%

GH,md,derived 1.6% 0.41% 0.28%
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Figure 6: Illustration of the precision of the Higgs couplings determined in a model-dependent fit in the
studied three-stage CLIC programme. Note the reduced y-axis range with respect to Figure 5.

model-independent “anchor” of the coupling to the Z boson as well as a first measurement of the total
width and coupling measurements to most fermions and bosons. The higher-energy stages add direct
measurements of the coupling to top quarks, to muons and photons as well as overall improvements
of the branching ratio measurements. Hence, they improve the uncertainties of the total widths and all
couplings except the one to the Z boson already measured with best precision in the first stage. They
also provide a measurement of the self-coupling of the Higgs boson. In a model-dependent analysis, the
improvement with increasing energy is even more significant than in the model-independent fit, since the
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For the model-dependent fit, it is assumed that the Higgs decay properties can be described by ten in-
dependent parameters kHZZ, kHWW, kHbb, kHcc, kHtt, kHµµ, kHtt, kHgg, kHgg and kHZg . These factors
are defined by the ratio of the Higgs partial width divided by the partial width expected in the Standard
Model as

k

2
i = Gi/GSM

i . (2)

In this scenario the total width is given by the sum of the ten partial widths considered, which is equivalent
to assuming no invisible Higgs decays. The variation of the total width from its SM value is thus given
by

GH,model dependent

GSM
H

= Â
i

k

2
i BRi, (3)

where BRi is the SM branching ratio for the respective final state. To obtain these branching ratios, a
fixed value for the Higgs mass has to be imposed. The theoretical uncertainties on the branching ratios
taken from [35] are ignored. To exclude effects from numerical rounding errors, the sum of the BRs was
normalised to unity.
Since at the first energy stage of CLIC no significant measurements of the H ! µ+µ�, H ! gg and
H ! Zg decays are possible, the fit is reduced to six free parameters with an appropriate rescaling of the
branching ratios used in the total width for 350GeV.
As in the model-independent case the fit was performed in three stages, taking the statistical errors at
the three considered energy stages (350GeV, 1.4TeV, 3TeV) successively into account. Each new stage
also includes all measurements of the previous stages. The total width is not a free parameter of the fit.
Instead, its uncertainty, based on the assumption given in Equation 3, is calculated from the fit results,
taking the full correlation of all parameters into account. Table 6 summarises the results of the model-
dependent fit, and Figure 6 illustrates the evolution of the precision over the full CLIC programme.
These results show that the CLIC Higgs physics programme, interpreted with a combined fit of the
couplings to fermions and gauge bosons as well as the total width, and combined with the measurement
of the self-coupling, will provide a comprehensive picture of the Higgs properties. Each of the CLIC
stages contributes significantly to the total precision, with the first stage near 350GeV providing the
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Figure 10: a: Z0 mass discovery limit at 5s from the measurement of e+e� ! µ+µ� as a function of the
integrated luminosity and for different coupling values in the minimal anomaly-free Z0 model.
For more details see [11, 62]. b: Summary plot of the current constraints (orange curves and
brown region) and prospects for direct and indirect probes at LHC and CLIC (horizontal
regions) of the strong interactions triggering electroweak symmetry breaking. m
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is the mass
of the vector resonances and x = (v/ f )2 measures the strengths of the Higgs interactions. For
more details see [11, 58].

samples provide the potential for a measurement of the W boson mass from its hadronic decays with
a few-MeV statistical accuracy. A full simulation study is foreseen to study the impact of systematic
effects, such as the uncertainty of the jet energy scale, on this measurement [11].

2.6 Summary of physics requirements for the CLIC energy stages

With the above assessment of the CLIC physics potential for Higgs, top-quark and BSM physics, one
has the ingredients to reflect on the optimal choice for the future CLIC energy stages.
A choice of 350 GeV for the first energy stage turns out to be close to optimal for initial precision Higgs
studies. As explained in Section 2.3 it gives access to the Higgs boson in the HZ production process,
thereby providing a model-independent measurement of the gHZZ coupling of the Higgs to the Z boson.
This measurement forms the cornerstone of all other Higgs coupling measurements and determines the
ultimate accuracy with which Higgs couplings can be measured in a model-independent way at CLIC. As
discussed in Section 2.3 the gHZZ coupling is best measured in events where the Z decays to qq at centre-
of-mass energies near 350 GeV. This centre-of-mass energy is also favourable for the high-accuracy
measurement of the top-quark mass through a threshold scan, as shown in Section 2.4. However, a

p
s

choice above the tt threshold, e.g. near 400 GeV, offers clear advantages for the measurement of top-
quark kinematic variables and forward-backward asymmetry due to the additional boost of the produced
top quarks. Taking all these arguments together, a centre-of-mass energy of 380 GeV appears to be a
more optimal choice for the first CLIC energy stage, as it combines favourable conditions for both Higgs
and top-quark physics. At this energy CLIC would collect 500 fb�1 of data, complemented with 100 fb�1

for a tt threshold scan near 350 GeV.
At the higher energies, above 1 TeV, Higgs and top-quark physics continue to provide guaranteed preci-
sion physics cases. Profiting from the increased cross sections at higher centre-of-mass energies, com-
bined with larger instantaneous luminosities, Higgs production through WW and ZZ fusion yields sig-
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Baseline Staging Scenario
• Full programme will span 22 years 

• 5 to 7 years at each energy stage 

• 2 year upgrade periods between stages 

• Luminosity ramp up for each energy stage 

• Assume CLIC will operate for the equivalent of 125 days per year at 
100% efficiency 
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Figure 19: Overview of the CLIC layout at
p

s = 3 TeV.
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Figure 20: Luminosity per year in the considered staging scenario. Years are counted from the start of
beam commissioning. This figure includes luminosity ramp-up of four years (5%, 10%, 25%,
50%) in the first stage and two years (25%, 50%) in subsequent stages.

the power is used in the drive-beam and main-beam injector complexes, comparatively little in the main
linacs. Among the technical systems, the RF represents the major consumer.
Table 10 shows the nominal power consumption of CLIC at the different stages, as well as the residual
values for two modes corresponding to short (“waiting for beam”) and long (“stop”) beam interruptions.
At any stage the power consumption has a large volatility, allowing CLIC to be operated as a peak-
shaving facility for the electrical network, matching not only seasonal, but also daily fluctuations of
the demand. This particular feature constitutes a strong asset towards optimal energy management, a
necessary approach in view of the large values of power consumption of the CLIC complex during
nominal operation.
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Figure 21: Integrated luminosity in the considered staging scenario. Years are counted from the start of
beam commissioning. The luminosity ramp-up corresponds to what is described in Figure 20.

Figure 22: Estimated power consumption of CLIC in MW at a centre-of-mass energy of 380 GeV. The
contributions add up to a total of 252 MW. Left: breakdown of power consumption between
different domains of the accelerator complex. Right: breakdown of power consumption
between different technical systems.
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Table 7: Proposed CLIC energy staging scenario for optimal physics performance, assuming between
5 and 7 years of running including luminosity ramp-up at each of the three energy stages as
described in Section 4.2.

Stage
p

s (GeV) Lint (fb�1)

1 380 500
350 100

2 1500 1500

3 3000 3000

nificantly improved statistical accuracies, thereby also giving access to rare Higgs decay modes. The
measurement of the top Yukawa coupling, through ttH production, provides optimal accuracy in the
range 1 TeV to 1.5 TeV [31, 64]. The measurement of the Higgs self-coupling profits greatly from in-
creasing rates at high

p
s, providing a unique opportunity for CLIC to measure the self coupling down to

the 10% level at
p

s = 3 TeV. Top pair production at the higher CLIC energies has the potential of being
a sensitive probe for BSM physics (see Section 2.4). Overall the high-energy reach of CLIC provides
significant potential for studying BSM phenomena, either through accurate measurements of new states
previously discovered at LHC or by acting as a discovery machine in its own right. For new particles pro-
duced in pairs direct detection is possible up to the kinematic limit of

p
s/2. Indirect detection through

precision observables profits from high
p

s in many cases as well, as illustrated with the Z0 and composite
Higgs examples of Section 2.5.
Based on the current knowledge, CLIC delivers optimal physics potential when constructed and oper-
ated in three main energy stages: 380 GeV, 1.5 TeV and 3 TeV. Here, the low-energy stage is chosen
for optimal Higgs and top-quark physics reach, while 3 TeV is the maximum which can presently be
envisaged. The choice of the intermediate energy stage at 1.5 TeV is driven by the fact that this is the
maximum energy that can be reached with a single CLIC drive-beam complex. Realistically, one can as-
sume that CLIC will operate for the equivalent of 125 days per year at 100% efficiency (see Section 4.3).
A period of luminosity ramp-up will be necessary at each stage of CLIC. Together with the expected
peak luminosity at the different energies (see Section 4) this results in the integrated luminosities listed
in Table 7.
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Post-CDR CLIC detector model

• Two detector models, 
CLIC_ILD and CLIC_SiD, 
were used in the CDR and for 
physics studies 

• A new optimised model, 
CLICdet, has been 
developed for the next round 
of benchmark studies 

• Implemented in simulation/
reconstruction software in 
DD4Hep 

• Document under 
collaboration review at the 
moment

9
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Figure 32: Extraction tool for the support tube which is carrying the very forward elements including the
ECAL plug.

Figure 33: Backward move of the detector endcap.
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A single detector at CLIC
• Working hypothesis, can be revised if needed 

• Considerations for a single detector: 

• two detector scheme is costly 

• loss of beam time in push-pull operation 

• small difference in physics reach between 
CLIC_SiD and CLIC_ILD  

• Conditions not favourable for a TPC at 3 TeV  

• Magnet: 4 Tesla 

• Return yoke:  
smaller outer radius due to less stringent 
requirements on stray fields 
thinner endcaps allow L* of 6 m 

• Last quadrupole magnet (QD0) now outside of 
the detector at L* = 6 m, provides significantly 
better forward HCAL coverage

10
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3 Overall Dimensions and Parameters

Table 1: Some key parameters of the CLIC detector concepts. CLIC_ILD and CLIC_SiD values are
from the CDR [3]. The inner radius of the electromagnetic calorimeter is given by the smallest
distance of the calorimeter to the main detector axis. For the hadronic calorimeter, materials are
given separately for the barrel and the endcap.

Concept CLICdet CLIC_ILD CLIC_SiD

Vertex inner radius [mm] 31 31 27
Tracker technology Silicon TPC/Silicon Silicon
Tracker half length [m] 2.2 2.3 1.5
Tracker outer radius [m] 1.5 1.8 1.3
ECAL barrel rmin [m] 1.5 1.8 1.3
ECAL barrel Dr [mm] 202 172 139
ECAL endcap zmin [m] 2.31 2.45 1.66
ECAL endcap Dz [mm] 202 172 139
HCAL absorber barrel / endcap Fe / Fe W / Fe W / Fe
HCAL lI 7.5 7.5 7.5
HCAL barrel rmin [m] 1.74 2.06 1.45
HCAL barrel Dr [mm] 1590 1238 1177
HCAL endcap zmin [m] 2.45 2.65 1.80
HCAL endcap Dz [mm] 1590 1590 1595
Solenoid field [T] 4 4 5
Solenoid bore radius [m] 3.5 3.4 2.7
Solenoid length [m] 8.3 8.3 6.5
Overall height [m] 12.9 14.0 14.0
Overall length [m] 11.4 12.8 12.8
Overall weight [t] 8100 10800 12500

Figure 2: Transverse (XY) cross section of CLICdet (left) and CLIC_SiD (right).
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Vertex detector
• Design driven by flavour tagging 

capabilities 

• Cylindrical barrel, closed off by disks 

• Barrel: 3 double layers  

• Forward: 3 double segmented 
disks 

• Spiral layout enables efficient 
forced air flow cooling 

• 0.2% X0 per  
detection layer 

• 25x25 μm2 pixels 

• Single point resolution ~3 μm

11
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4 Vertex Detector163

The vertex detector in CLICdet, similarly to the CDR detector models, consists of a cylindrical barrel164

detector closed off in forward direction by "disks". The layout is based on double layers, i.e. two165

sensitive layers fixed on one support structure, in both barrel and forward region. The barrel consists166

of three double layers. In the forward region, the three "disks" are split up in 8 segments which are167

arranged to create a "spiral". Such a spiral geometry is necessary to allow efficient air-flow cooling of168

the vertex detector [13]. An image of the vertex detector (produced from the simulation model) is shown169

in Figure 6.170

Figure 6: Schematic view of the CLIC vertex detector.

The material budget anticipated is 0.2% X0 per detection layer (0.4% X0 per double layer). The171

CLICdet vertex detector is built from 25 x 25 µm2 pixels. Using pulse height information on charge172

sharing, a single point resolution of 3 µm is aimed for.173

The inner radius of the innermost vertex barrel layer is 31 mm (limited by occupancy from incoherent174

pairs), and the overall length of the barrel vertex detector, built from staves, is 260 mm. Further details175

on the dimensions of the vertex detector barrel layers presently used in the simulation model are given176

in Table 2. The total area of the sensors in the three barrel double layers is 0.487 m2. The double layer177

structure is shown in Figure 7, in the two options presently available in the simulations.178

The engineering layout of the vertex barrel layers and forward region spirals is described in [14]. The179

eight petals per "disk" of the spirals (24 petals in total per side) are flat trapezoids installed at 90� to180

the detector axis. The first petal is located at z = 160 mm from the interaction point, and the last petal181

is at z = 298.8 mm. The distance between the first and last sensitive petal layer is 136 mm, and the182

longitudinal distance between petals is 5.5 mm. In radial direction, the petals cover the range R = 33 mm183

to R = 102 mm (centre of the trapezoid base). The inner edge of the petals is 28 mm long, the outer edge184

measures 85 mm. These dimensions lead to an overlap of 2 mm from petal to petal. An overview of the185

vertex petal arrangement as implemented in the simulation is shown in Figure 8. The total area of the186

silicon sensors in all petals is 0.351 m2.187

In order to reach the very low material budget, each sensor layer is built from 50 µm thick sensors188

attached to 50 µm thick ASICs. The support for a double layer - placed in between the sensors - consists189

of two 30µm thick skins of carbon-fiber-reinforced polymer( CFRP), 2x20µm of epoxy adhesive and190

a 2.15 mm thick core of a closed-cell rigid foam (Rohacell 51 A). Components of the powering elec-191
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Silicon tracker
• All silicon tracker 

• Occupancy at 3 TeV too high for 
TPC (>30%) 

• Radius: 1.5 m, Half length: 2.2 m 

• Material budget: 1.1 -1.4 X0 per layer 

• Support structure enables tracking 
close to the beam pipe 

• Inner tracker region: 3 barrel layers 
and 7 disks 

• Outer tracker region: 3 barrel layers 
and 4 disks 

• Larger tracker extended in particular 
in the forward coverage compared 
to CLIC_SiD

12
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5 Silicon Tracker208

The tracking systems for the two CDR detector models were (a) a TPC for CLIC_ILD and (b) a full209

silicon tracker for CLIC_SiD. Occupancy studies using the CLIC 3 TeV beam conditions [6] [7] found210

about 30% occupancy in the TPC pads (without safety factors), caused mainly by the long readout time211

of the TPC and the fact that background hits are integrated over the full CLIC bunchtrain. Moreover, it212

turned out that the contribution of the TPC to the accurate momentum measurement is limited [3]. It was213

concluded that the next CLIC detector model would have a full silicon tracker. It should be noted that,214

therefore, vertex and tracker are dealt with, in the reconstruction, as one tracking system.215

A conceptual design for supporting the vertex detector and beam vacuum tube inside a support cylinder216

had been proposed for the CDR detector models [14]. This support cylinder had a diameter just large217

enough to fit around the vacuum pipe. However, such a layout prevent the forward tracker disks to cover218

the smallest possible angles, thus penalising tracking in a region which is already suffering from the219

small
R

B dl. A support tube at a larger radius, as chosen for CLICdet, helps avoiding this issue.220

The overall layout of the silicon tracker in CLICdet is shown in Figure 10. The tracking volume has221

a radius of 1.5 m and a half-length of 2.2 m. The main support tube has an inner/outer radius of 0.575222

and 0.60 m respectively, and has a half-length of 2.25 m. This support tube divides the tracker volume223

into the Inner Tracker and Outer Tracker regions [17]. The Inner Tracker contains three tracker barrel224

layers (ITB1-3) and, on each side of the barrel, seven inner tracker disks (ITD1-7). The Outer Tracker225

is built from three large barrel layers (OTB1-3) complemented on either side by four outer tracker disks226

(OTD1-4).227

When compared to CLIC_SiD, CLICdet has a much larger tracking system, extended in particular in228

the forward region. This is naturally reflected in the number of expected hits as a function of polar angle229

q , as shown in Figure 11.230

Figure 10: Overall layout of the tracking system: the area in darker red illustrates the main support tube
for the inner tracking region, the vertex detector and the vacuum system. The central grey
area is the envelope for the air cooling of the vertex detector.
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Figure 11: The coverage of the tracking systems with respect to the polar angle q . Shown is the mean
number of hits created by 500 GeV muons in full simulation. Only primary muon hits are
taken into consideration (hits from secondary particles are ignored). At least eight hits are
measured for all tracks with a polar angle down to about 8�.

Engineering studies are under way to define, in a preliminary manner, the support structures, cooling231

systems etc. needed for the tracker barrel layers and disks. An estimate of the material budget needed in232

addition to the 300 µm thick 3 silicon tracker sensors and their electronics is thus obtained. In addition to233

the cylindrical main support tube, two carbon fibre structures ("interlink structures") to mount the inner234

and outer tracker barrel layers and to route connections, are needed - only very preliminary sketches of235

these two interlink structures exist.236

The basic units, from which the tracker detection layers are constructed, are the modules. In the237

barrel layers, modules are mounted onto "cold plates". These units of module on cold plate are mounted238

onto the support structures. In the tracker disks, modules are arranged into petals, which in turn are239

assembled into the full disks. In the inner and outer barrel, the silicon sensor size of all modules is 30 x240

30 mm2. Presently, an overlap between modules of approximately 2 mm is foreseen in radial direction -241

no overlap along the detector axis. The outer tracker disks are assembled from the same type of modules,242

30 x 30 mm2, while the inner tracker disks are made of modules with 15 x 15 mm2 sensors. In all243

the tracker disks, considerable overlap between petals is foreseen - modules inside the petals have no244

overlap. Details of the present ideas on module support, overlaps etc. can be found in [17].245

A close approximation of this preliminary engineering model is implemented in the simulation model246

of the tracker, with emphasis on the correct total material budget per layer (in X0). The current imple-247

mentation is shown in Figures 13 and 14. Simplifications with respect to the engineering model include248

the use of larger rectangular surfaces instead of the small modules in the tracker disk petals, as shown in249

Figure 15. The overall geometrical parameters of the tracker barrel layers are given in Table 3, for the250

disks in Table 4.251

The total material budget for the different tracker layers is listed in Tables 5 and 6. The material252

budget for the modules (sensor and electronics) plus cooling and cables is estimated to 1.02% X0, the253

additional material is due to the supporting carbon fibre structures of the barrel layers and disks. Note254

that the larger material budget for OTB1 (when compared to the other tracker barrel layers) is imposed255

3This is the value presently assumed in the simulation model.
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Silicon-Tungsten ECAL

• ECAL optimisation now also taking into 
account energy resolution for high energy  
photons 

• Cell size 5x5 mm2 optimal for jet energy 
resolution 

• 40 layers of 1.9 mm tungsten optimal for high 
energy photons 

• Material budget: 23 X0 

• Dimensions: Rinner 1.5 m, Router 1.7 m

13
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Figure 18: Jet energy resolution in the ILD detector for jets of different energies, as a function of the
SiW ECAL cell size. Error bars indicate the statistical accuracy of the simulation results
(from [18], see Table 7 for software details).
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Figure 19: As in Figure 18, however as a function of the number of SiW layers.
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Figure 18: Jet energy resolution in the ILD detector for jets of different energies, as a function of the
SiW ECAL cell size. Error bars indicate the statistical accuracy of the simulation results
(from [18], see Table 7 for software details).
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Figure 19: As in Figure 18, however as a function of the number of SiW layers.
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Figure 20: Resolution for high energy photons of the total ECAL and HCAL energy, for different ECAL
models with about 23 X0 depth.

is found for the less compact layer structure, as expected - however, the differences are small and the325

energy resolution at very high energy remains well below 1%.326

In a second step, the energy resolution with photons aimed at the entire barrel region was investigated327

for the 40 layer layout. Results are shown in Table 10. As expected, the resulting energy resolution is328

slightly worse than the one obtained in the (q=90�, f=0�) case.329

These studies are currently being extended to the ECAL endcap region. Further detailed results of this330

work can be found in [21].331

Table 9: Photon energy resolution for different ECAL configurations with particles hitting the centre
of the barrel (q=90�, f=0�). All configurations use equal spacing between identical absorber
layers, the material adding up to 23X0. The sigma (from a fit to a Gaussian distribution) and
RMS of the distribution (E_ECAL+E_HCAL)/E_truth are given. "Realistic" refers to the ILD
implementation (see Table 12), "compact" refers to the configuration described in section 6.2.1.

Energy [GeV] 10 50 200 500 1000 1500

Detector Model

40 layers realistic
sigma [%] 4.72±0.03 2.11±0.02 1.077±0.008 0.707±0.007 0.537±0.005 0.438±0.003
RMS [%] 4.82±0.03 2.13±0.02 1.170±0.008 0.713±0.005 0.544±0.004 0.473±0.003

40 layers compact
sigma [%] 4.58±0.03 2.07±0.02 1.050±0.008 0.673±0.005 0.491±0.004 0.403±0.003

30 layers compact
sigma [%] 5.43±0.04 2.44±0.02 1.230±0.009 0.790±0.006 0.572±0.004 0.485±0.004

As a conclusion, the basic ECAL structure of the CLIC detector is a silicon-tungsten sampling calori-332

meter with 5x5 mm2 silicon detector cells. For improved photon energy resolution, in particular at high333
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Scintillator-Steel HCAL

• Optimisation for jet energy resolution 

• 60 layers of 19 mm thick steel and 
polystyrene scintillator tiles + SiPMs 

• tile size 30x30x3 mm3 

• depth 7.5 λI 

• Better forward coverage wrt the CDR, 
improves di-jet invariant mass

14
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7 Hadronic Calorimeter345

Similarly to the case of the ECAL, detailed optimisation studies have been performed for the HCAL.346

Details are described in [22]. As an example result, Figure 22 shows the dependence of the jet energy347

resolution as a function of the number of layers in the HCAL (keeping the number of lI constant). The348

dependence of the jet energy resolution on the cell size in the HCAL is shown in Figure 23. Other349

parameters, such as the scintillator tile thickness, were varied but only moderate impact on the jet energy350

resolution was found.351
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Figure 22: 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 hadronic calorimeter of CLICdet consists of 60 steel absorber plates352

19 mm thick, interleaved with scintillator tiles, similar to the CALICE calorimeter design for the ILD353

detector. The gap for the sensitive layers and their cassette is 7.5 mm. The overall dimensions of the354

HCAL are summarized in Table 13. In the simulations, the part of the HCAL endcap which surrounds355

the ECAL endcap (see Figure 2) is treated as separate entity called "HCAL ring". The space needed to356

place the LumiCal inside the HCAL endcap is referred as "LumiCal cutout". The detailed segmentation357

parameters as implemented in the simulation model are given in Table 14. The polystyrene scintillator358

in the cassette is 3 mm thick with a tile size of 30⇥30 mm2. Analog readout of the tiles with SiPMs is359

envisaged. More details on the HCAL optimisation can be found in [22]. A section of the HCAL barrel360

as implemented in the simulations is shown in Figure 21.361

Both, the endcap and the barrel HCAL, are around 7.5 lI deep, which brings the combined thickness362

of ECAL and HCAL to 8.5 lI (see Figure 24). In the studies performed in preparation of the CDR, such363

a depth of the calorimetry for hadrons was found both necessary and sufficient [23].364

As illustrated in Figure 25, the overlap, in percent, of mW and mZ measurements from the invariant365

mass of the two jets in WW ! n` j j and ZZ ! nn j j events, is similar for a steel- and a tungsten-based366

calorimeter. The solid lines in the figure show the overlap for two different HCAL models, one using367

Steel (blue) and the other using Tungsten (red) as absorber material for identical lI, in the absence of368

beam-induced background. The dotted lines show the same measurements performed after the overlay369

of 60 bunch crossings of gg ! hadrons background events generated at
p

s = 3 TeV. The overlap is used370
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Figure 23: Jet energy resolution in the ILD detector for jets of different energies, as a function of the
HCAL cell size (note that the cells are squared).

Table 13: (HCAL overall layout as implemented in the simulation model.

HCAL barrel rmin [mm] 1740
HCAL barrel rmax [mm] 3330
HCAL barrel zmax [mm] 2210
HCAL endcap zmin [mm] 2539
HCAL endcap zmax [mm] 4129
HCAL endcap rmin [mm] 250
HCAL endcap rmax [mm] 3246
HCAL ring zmin [mm] 2360
HCAL ring zmax [mm] 2539
HCAL ring rmin [mm] 1730
HCAL ring rmax [mm] 3246
LumiCal cutout in HCAL rmax [mm] 180
LumiCal cutout in HCAL ztot [mm] 200

as an indication of the jet energy resolution (JER) obtained from each HCAL model. A larger overlap371

corresponds to a worse separation between the W and Z invariant mass peaks which suggests a poorer372

JER. Since the performance of the two calorimeter options is very similar, steel was chosen as absorber373

material, both for reasons of the cost and the complexity of engineering tungsten.374

Moving the QD0 outside of the detector region reduces the diameter of the support tube w.r.t. the CDR375

detector models. This in turn allows to improve the forward coverage of the HCAL, which in CLICdet376

has an endcap inner radius of 250 mm.377

As an illustration of the advantage of better forward coverage, a di-jet invariant mass measurement for378

jets in the forward region in ZZ! nn j j events for three HCAL models featuring different HCAL endcap379

radii has been performed in full simulations for several jet energies. For example, Figure 26 shows the380

results for physics events overlaid to 60 bunch crossings of gg ! hadrons beam induced background. For381
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Figure 25: Overlap, in percent, of mW and mZ measurements from the invariant mass of the two jets in
WW ! n` j j and ZZ ! nn j j events, respectively, as a function of the typical energy of the
jets in the events. Solid lines show results without background events, dashed lines results
with 60 bunch-crossings of gg ! hadrons background overlaid.
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Figure 26: Di-jet invariant mass measurement for jets in the forward region in ZZ ! nn j j events for
three HCAL models featuring different HCAL endcap radii.

studies, it was decided not to include such a shielding - at a later stage, smaller sensor cell sizes in the393

forward HCAL, possibly combined with shielding, may have to be introduced.394
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Muon system

• Smaller muon system due to 
thinner yoke 

• Muon identification still sufficient 

• 6 layers of RPC with 30x30 mm2 
cell size 
alternative: scintillator strips

15DRAFT

8 Magnet System

Figure 29: Schematic cross section of the muon system layout in the yoke of CLICdet. The staggering
of the the layers is not visible in this cut-view.
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Forward calorimeters
• Very forward region: 

• LumiCal for luminosity measurement (e+e- from Bhabha scattering) 
30 layers of 3.5 mm tungsten with 0.32 mm silicon sensors 

• BeamCal for monitoring of collisions 
30 layers of 3.5 mm tungsten with diamond sensors (radiation hard) 

• Provide coverage for electrons and photons down to very small angles (10 mrad) 

• Position and radii slightly changed wrt CLIC_ILD
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Higgs physics paper

• Overview of CLIC physics 
submitted to EPJC 

• ….. 

• ….. 

• …..
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Preparation for next European Strategy
• CLIC summary report 

• Updated baseline for a staged Compact Linear Collider 
CERN yellow report CERN-2016-004, arXiv:1608.07537 

• Higgs Physics at the CLIC Electron-Positron Linear Collider 
Submitted to EPJC, arXiv:1608.07538 

• The New Optimised CLIC detector model CLICdet 
Under Collaboration review 

• An overview of CLIC Top Physics 
Publication planned 2017 

• Extended BSM studies  
Publication planned 2017/2018 

• CLIC R&D report (main CLIC technology demonstrators) 
Summary publications 2017+2018 

• Plan for the period ~2019-2025 in case CLIC is supported by the next strategy
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Summary

• Rebaselining of CLIC staging scenario optimising both Higgs and 
Top physics program in first energy stage 

• 380 GeV, 1.5 TeV, 3 TeV 

• New single CLIC detector model CLICdet based on optimisation 
studies in full detector simulations 

• Higgs physics overview paper finalised and submitted  
Top physics overview and BSM physics overview being prepared 

• Staged operation of CLIC offers an impressive energy frontier 
physics programme that reaches beyond the LHC.  
It is an excellent option for a post-LHC facility at CERN.
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CLIC parameters
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4 CLIC staging baseline

Table 9: Parameters for the CLIC energy stages. The power consumptions for the 1.5 and 3 TeV stages
are from the CDR; depending on the details of the upgrade they can change at the percent level.

Parameter Symbol Unit Stage 1 Stage 2 Stage 3

Centre-of-mass energy
p

s GeV 380 1500 3000
Repetition frequency frep Hz 50 50 50
Number of bunches per train nb 352 312 312
Bunch separation D t ns 0.5 0.5 0.5
Pulse length tRF ns 244 244 244

Accelerating gradient G MV/m 72 72/100 72/100

Total luminosity L 1034 cm�2s�1 1.5 3.7 5.9
Luminosity above 99% of

p
s L0.01 1034 cm�2s�1 0.9 1.4 2

Main tunnel length km 11.4 29.0 50.1
Number of particles per bunch N 109 5.2 3.7 3.7
Bunch length sz µm 70 44 44
IP beam size sx/sy nm 149/2.9 ⇠ 60/1.5 ⇠ 40/1
Normalised emittance (end of linac) ex/ey nm 920/20 660/20 660/20
Normalised emittance (at IP) ex/ey nm 950/30 — —
Estimated power consumption Pwall MW 252 364 589

Figure 18: Overview of the CLIC layout at
p

s = 380 GeV. Only one drive beam complex is needed for
the first (and second) stage of CLIC.

4.3 Power and energy consumption

The nominal power consumption of CLIC at 380 GeV centre-of-mass energy has been estimated using
the parametric model [70] derived from the estimates of the CDR [3]. This yields a total of 252 MW for
all accelerator systems and services, including experimental area and detectors and taking into account
network losses for transformation and distribution on site. The breakdowns of this value per domain of
the CLIC accelerator complex and per technical system are shown graphically in Figure 22. Most of
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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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CLIC energy consumption
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4 CLIC staging baseline
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Figure 24: Estimated yearly energy consumption of CLIC.

and following years are nominal in all centre-of-mass energy stages. The evolution of electrical energy
consumption over the years is illustrated in Figure 24. For comparison, CERN’s energy consumption in
2015 was approximately 1.3 TWh, of which the accelerator complex used approximately 90%.

4.3.1 Additional energy-saving options

Several paths of development aiming at saving power and energy have been identified and are under
investigation. The first one consists in achieving power sobriety by re-design, possibly trading operation
expenditure against investment costs. This is what was done for the re-optimisation of the accelerating
structures described under Section 3.3. Other possibilities are lower current density in normal-conducting
magnets and cables, use of permanent or ”super-ferric” magnets [72] and reduction of heat loads to the
ventilation system through enhanced use of water cooling. A second path aims at improving efficiency in
the use of electrical energy, e.g. by improving network-to-RF power conversion profiting from ongoing
developments of more efficient modulators and klystrons [73]. Overall, at 380 GeV the total potential for
such power savings is estimated to be around 30 MW, thus lowering the nominal power consumption to
approximately 220 MW (see Table 10). In addition, waste heat recovery may also constitute an interest-
ing option in view of the large power rejected into water, provided that the heat rejection temperature is
high enough to be utilised and that associated needs exist in the neighbourhood.

4.4 Cost estimate

The CDR [5] presented value estimates of CLIC at 500 GeV centre-of-mass energy for two staging
scenarios, A and B. In scenario A the 500 GeV stage deploys dedicated RF structures with a gradient
of 80 MV/m, whereas scenario B uses identical RF structures with 100 MV/m gradient at all energy
stages. Scenario A has a better luminosity performance at 500 GeV, while scenario B is more cost
effective. These value estimates were built bottom-up from unit costs and quantities for components
to subdomains to complete domains, following the work breakdown structure of the project. “On-the-
shelf” spare components were not included as they would be charged to the operation budget rather
than the construction budget. However, “hot spares”, i.e. spare components installed and operational
to provide on-line redundancy were part of the value estimates. Unit costs were obtained from prices
paid for other similar supplies or scaled from them after adequate escalation, and from specific industrial
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Cost estimation for 380 GeV CLIC
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5 Alternative klystron-based scenario for the first CLIC stage

Table 11: Value estimate of CLIC at 380 GeV centre-of-mass energy.

Value [MCHF of December 2010]

Main beam production 1245
Drive beam production 974
Two-beam accelerators 2038
Interaction region 132
Civil engineering & services 2112
Accelerator control & operational infrastructure 216

Total 6690

studies when the former were not available. Uncertainties stemming from technical and commercial risks
were also quantified, the latter from a statistical analysis of procurement for the LHC [74]. The value
estimates were expressed in Swiss francs (CHF) of December 2010. “Explicit labour”, i.e. personnel
costs not included in the value of supplied components (e.g. laboratory personnel for production follow-
up, reception, installation and commissioning of equipment), was estimated globally by scaling from the
numbers resulting from LHC construction experience.
As a complete description in the form of a work breakdown structure does not yet exist for the updated
baseline at 380 GeV centre-of-mass energy, the same method cannot be applied and a two-pronged ap-
proach is used. In most cases, value estimates for each subdomain of CLIC at 380 GeV centre-of-mass
energy are interpolated between values for CLIC 500 A and CLIC 500 B using relevant scaling factors.
Examples of such cases include scaling main beam injector costs with main beam current, and utility
infrastructure costs with nominal power consumption. In the specific cases where design changes and
simplifications could be identified from the re-baselining study, updated costs were obtained from the
analytical model described in Section 3.2.3, or else, corresponding cost differentials were applied to the
reference value estimate at 500 GeV centre-of-mass energy. This applies to the suppression of the elec-
tron pre-damping ring, to the new configuration of RF in the drive-beam linac and to the corresponding
downsizing of its klystron gallery. For the sake of comparison with the CDR [5], and in view of the sig-
nificant exchange-rate and purchasing-power-parity fluctuations of the Swiss franc with respect to other
European currencies in the past years, it was decided to stay with value estimates expressed in Swiss
francs of December 2010. Escalation may be applied to these numbers using published Swiss indices or
the CERN material budget index.
The results of this exercise are given in Table 11, yielding a total value of 6690 MCHF for CLIC at
380 GeV centre-of-mass energy. Comparison with CLIC 500 A and CLIC 500 B [5] is shown graphically
in Figure 25.
A complete CLIC cost update is foreseen for 2018–2019, following the establishment of a detailed ma-
chine description and work breakdown structure. Further design improvements, technical developments
and updated industrial quotes will be integrated into the process.

5 Alternative klystron-based scenario for the first CLIC stage

An alternative to the CLIC drive-beam scheme is to produce the RF power for the main linac using
X-band klystrons. At the 1.5 TeV and 3 TeV stages, the drive-beam scheme will be significantly more
efficient and cost effective. At lower energies the difference is however less pronounced or might even
be reversed. Therefore the option to power the first energy stage with klystrons has been investigated.
Such an option would offer advantages. The modules with the accelerating structures could be very
easily tested at full specifications in the very same configuration as in the main linac. In contrast, for the
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Tracker radius
• Transverse momentum resolution, angular track resolution and jet 

energy resolution using particle flow benefit from a larger tracker 
radius
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DRAFT

3 Overall Dimensions and Parameters

3.1 Tracker volume radius vs. magnetic field80

Transverse momentum resolution, angular track resolution and jet energy resolution using particle flow [8]81

benefit from a larger tracker radius. The dependence on tracker radius is stronger than that for a change in82

the magnetic field strength, as anticipated by the Gluckstern formula 2 [9]. Results from fast simulation83

are shown in Figure 3 for 500 GeV muons at q=90o. Finally, a tracker radius of 1.5 m was chosen as84

a promising compromise between CLIC_SiD (1.3 m) and CLIC_ILD (1.8 m). (In fact, 1.5 m was later85

defined as the inner radius of the inscribed circle of the ECAL barrel, see section 6). In a first stage, a86

magnetic field of between 3.5 and 4.5 T was being discussed.
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Figure 3: Momentum resolution as a function of tracker radius for different strengths of the B-field.
Results obtained in fast simulation, for 500 GeV muons at q=90o and for a silicon strip tracker
with a point resolution of 7 µm. Note that at such high momenta, the contribution from multiple
scattering is negligible.
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3.2 Magnetic field vs. occupancies and flavour tagging88

Occupancies from pair backgrounds in the vertex detector are directly affected by the magnetic field89

strength [10]. With an outer tracker radius of 1.5 m a magnetic field strength of 3.5 T would be sufficient90

to retain the transverse momentum resolution achieved for the CLIC_SiD concept. The bore of the91

solenoid would thus have a radius of around 3 m in case of a tungsten based HCAL, 3.4 m for an HCAL92

with steel absorbers. Such a free bore is similar to the CMS coil (but with a shorter coil, e.g. 8 m93

in CLIC_ILD vs. 13 m in CMS). Given these dimensions, a magnetic field strength of 4.5 T should94

be technically feasible. After studying the impact of the magnetic field strength on the flavor tagging95

performance (showing a weak dependence [11]), and following discussions with CMS engineers, it was96

decided to fix the magnetic field strength of the new CLIC detector model to 4 T.97

3.3 Tracker volume length98

Forward region acceptance is important for the higher energy stages at CLIC. A long main tracker is99

crucial for the forward tracking performance since the momentum resolution depends strongly on the100

lever arm at lower angles (1/R2 for pT and 1/L for the polar angle, see [9]). Here, R is the radius at which101

2The multiple scattering contribution to the track momentum resolution is proportional to 1/(BL). For variations of B and L
considered in the options for the CLIC detector, the changes in the multiple scattering contribution are minor.
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