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Abstract. The physics aims at the proposed future CLIC high-energy
linear e

+
e
−

collider pose challenging demands on the performance of
the detector system. In particular the vertex and tracking detectors
have to combine precision measurements with robustness against the
expected high rates of beam-induced backgrounds. The requirements in-
clude ultra-low mass, facilitated by power pulsing and air cooling in the
vertex-detector region, small cell sizes and precision hit timing at the
few-ns level. A detector concept meeting these requirements has been
developed and an integrated R&D program addressing the challenges is
progressing in the areas of ultra-thin sensors and readout ASICs, inter-
connect technology, mechanical integration and cooling.

1 Introduction

CLIC is a proposed future high-energy linear e+e− collider [1]. The high-precision
physics aims pose challenging demands on the performance of the detector sys-
tems, including the vertex and tracking detector [2]. In particular, a precise
determination of displaced vertices for efficient flavor tagging requires an impact

parameter resolution of σ(d0) = 5⊕ 15/(p[GeV] sin
3
2 θ)µm for the vertex detec-

tor, whereas the main requirement for the tracker is a transverse momentum
resolution of σpT

/p2T = 2× 10−5 GeV−1 for high-pT tracks above 100 GeV in the
central detector. At the same time, the material budget and power consumption
have to be kept at a minimum. Further, background particles from beam-beam
interactions can reach the detector and thus small cell sizes and precise hit timing
in the vertex and tracking detector are necessary.

2 Vertex and Tracking Detector Concepts

To fulfill the requirements outlined in Section 1, silicon vertex and tracking
detectors are foreseen for CLIC [3]. Both sub-detectors are illustrated in Fig. 1.

The vertex detector consists of three double layers in the barrel region, rang-
ing from 31 mm to 70 mm in radius, and discs on each side of the detector. The
material budget per detection layer of only 0.2 %X0 does not allow for liquid
cooling of the detector. To extract the dissipated heat, forced air-flow is fore-
seen. The discs are arranged in a spiral geometry, to allow for better air-flow.
To meet the required impact parameter resolution and flavor tagging efficiency,
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3 µm single point resolution has to be achieved throughout the vertex detec-
tor. Currently, planar and capacitively coupled hybrid pixel detectors are under
consideration, e.g. [4, 5].

The main silicon tracker consists of 6 barrel layers, 7 inner discs and 4 outer
flat discs, with material content per detection layer corresponding to 1-2 %X0 [3].
The tracking detector is divided into an inner and outer part by the support
cylinder for the vacuum tube. The tracker radius is 1450 mm. In total, the ac-
tive area covered by the tracker is in the order of 100 m2. For this large area,
monolithic solutions are considered, e.g. [6].

560 mm

(a) Vertex detector

4.6 m

3
m

(b) Tracking detector

Fig. 1: Rendering of the vertex and tracking detectors as implemented in the
CLICdet detector model [3].

The low duty cycle of the CLIC machine (312 bunches in 156 ns long bunch
trains every 20 ms) allows for pulsed power operation of the vertex and tracking
detectors. This helps in reducing the average power consumption and enables
the vertex detector to be air-cooled. For the large tracker volume, air-cooling
can not easily be implemented, therefore liquid cooling is currently foreseen.

3 Detector Performance

Extensive simulation and engineering studies have been performed in order to
optimize the detector layout and to demonstrate the technical feasibility of the
proposed solutions.

3.1 Flavor tagging

The main goal of the vertex detector is the tagging of heavy quarks by the recon-
struction of displaced decay vertices. Beauty- and charm-tagging performance
has been chosen as benchmark for the detector design. Full simulation stud-
ies based on Geant4 [7, 8] as well as multivariate analyses using the LCFIPlus
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package [9] have been performed on various implementations of the detector.
The variations have been guided by engineering constraints. Results from this
detector optimization are illustrated in Fig. 2, while a more complete description
can be found in [10, 11].

The impact of the variation of the material content per detector layer from
0.1 %X0 to 0.2 %X0 on the misidentification of b and light flavor backgrounds as
function of the c-tagging efficiency is shown in Fig. 2a, and reveals an increase of
the fake rate by 5 % to 35 %. This demonstrates the importance of limiting the
material budget of the detector. 0.2 %X0 per layer is considered to be realistically
achievable taking technological and engineering constraints into account.

The relative performance of the spiral geometry in comparison to flat discs
is illustrated in Fig. 2b, and shows only slightly reduced performance in some
regions with lower coverage.

The slight benefit of 3 double layers in the barrel compared to 5 single layers
as depicted in Fig. 2c can be explained by the small reduction on the material per
layer due to shared support structures in the case of the double layer arrangement
and the additional track measurement point.
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Fig. 2: Flavor tagging performance [10].
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3.2 Transverse momentum resolution

The track momentum measurement is based on the measurement of the cur-
vature of charged particle trajectories in a magnetic field. The achievable res-
olution is an interplay between the strength of the magnetic field, the tracker
radius and the single point resolution of the detection layers. Optimization stud-
ies discussed in [3] lead to the choice of B=4 T, R=1.5 m and a single point
resolution σrϕ = 7 µm in the rϕ-plane. Both, fast [12] and full simulation stud-
ies presented in Fig. 3 confirm that the transverse momentum resolution goal
of σpT

/p2T = 2× 10−5 GeV−1 can be reached for high momentum tracks in the
central detector.
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Fig. 3: Transverse momentum resolution for single muons.

3.3 Background occupancy

To achieve a high luminosity of the CLIC machine, a strong focusing of the beams
to very small beam sizes is needed. This leads to beam-beam interactions which
result in background particles being created [2, 14]. Particles from incoherent
e+e− pair production as well as from γγ → hadron events can reach the detector
acceptance and create background hits in the tracking detectors. The cell sizes
have to been chosen such, that the occupancy of the detectors is limited to 3 %
integrated over the full bunch train. This value is assumed to be tolerated by the
track reconstruction algorithms. For the vertex detector, 25× 25 µm2 pixels are
assumed, and short strips/long pixels in the range of 1−10 mm×30−50 µm are
envisaged for the tracker [3]. Fig. 4 summarizes the occupancy of the vertex barrel
layers and tracking detector discs due to beam-induced background particles
obtained in a Geant4 based full detector simulation. It demonstrates that the
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occupancy can be limited to 3 %. Safety factors for the uncertainties related
to the production and simulation uncertainties of the individual background
processes have been applied [14, 13].
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Fig. 4: Bunch train occupancies in the vertex and tracking detectors due to beam
induced background hits from incoherent pair production and γγ → hadron
background processes [13], assuming 25× 25 µm2 pixel size for the vertex detec-
tor and 1− 10 mm× 50 µm for the tracker.

4 Summary

The design of the vertex and tracking detector for CLIC is driven by the strin-
gent requirements on measurement precision, the limited material and power
budget and the challenging background conditions. Simulation and engineering
studies have demonstrated that a light-weight air-cooled vertex detector gives
excellent flavor tagging performance, and that a large silicon tracker provides
excellent track momentum measurement. Both are essential ingredients for the
physics goals at CLIC. An integrated R&D program addressing the technological
challenges is progressing in the areas of ultra-thin sensors and readout ASICs,
interconnect technology, mechanical integration and cooling, to show the feasi-
bility of the proposed vertex and tracker detector concept.
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