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Figure 2.3: Sketch of one quarter of the tracker layout in r-z view. In the Inner Tracker the
green lines correspond to pixel modules made of two readout chips and the yellow lines to
pixel modules with four readout chips. In the Outer Tracker the blue and red lines represent
the two types of modules described in the text.

Figure 2.4: Average number of module layers traversed by particles, including both the Inner
Tracker (red) and the Outer Tracker (blue) modules, as well as the complete tracker (black). Par-
ticle trajectories are approximated by straight lines, using a flat distribution of primary vertices
within |z0| < 70 mm, and multiple scattering is not included.

The following section summarizes the main concepts and features of the upgraded tracking
system. One quarter of the Phase-2 tracker layout can be seen in Fig. 2.3. Figure 2.4 shows
the average number of active layers that are traversed by particles originating from the lumi-
nous region, for the complete tracker as well as for the Inner Tracker and the Outer Tracker
separately.

The number of layers has been optimised to ensure robust tracking, i.e. basically unaffected
performance when one detecting layer is lost in some parts of the rapidity acceptance. The six
layers of the Outer Tracker are the minimum required to ensure robust track finding at the L1
trigger in the rapidity acceptance of |h| < 2.4, as discussed in more details in Section 3.1.
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Figure 2.5: Illustration of the pT module concept. (a) Correlation of signals in closely-spaced
sensors enables rejection of low-pT particles; the channels shown in green represent the selec-
tion window to define an accepted stub. (b) The same transverse momentum corresponds to a
larger distance between the two signals at large radii for a given sensor spacing. (c) For the end-
cap discs, a larger spacing between the sensors is needed to achieve the same discriminating
power as in the barrel at the same radius.

concept is therefore applicable in the Outer Tracker, and limited in angular acceptance to about
|h| < 2.4.

2.3.2 The Outer Tracker

The Outer Tracker is populated with pT modules, implementing the L1 trigger functionality.
The pT module concept relies on the fact that the strips of the top and bottom sensors of a
module are parallel to each other. With the strip direction being parallel to the z axis in the
barrel and nearly radial in the endcaps, this prevents the concept of stereo strips to be used to
measure the z coordinate (r coordinate) in the barrel (endcaps). For this reason two versions
of pT modules have been realized: modules with two strip sensors (2-strip or 2S modules)
and modules with a strip and a macro-pixel sensor (pixel-strip or PS modules). Details are
provided in Chapter 3. The strips in the 2S modules have a length of about 5 cm, while those
in the PS modules are about 2.4 cm long. In PS modules one of the two sensors is segmented
into macro-pixels of about 1.5 mm length, providing the z (r) coordinate measurement in the
barrel (endcaps). The PS modules are deployed in the first three layers of the Outer Tracker,
in the radial region of 200–600 mm, i.e. down to radii at which the stub pT resolution remains
acceptable and the data reduction effective. The 2S modules are deployed in the outermost
three layers, in the radial region above 600 mm. In the endcaps the modules are arranged in
rings on disc-like structures, with the rings at low radii, up to about 700 mm, equipped with
PS modules, while 2S modules are used at larger radii. The precision on the z coordinates
provided by the three PS barrel layers constrain the origin of the trigger tracks to a portion
of the luminous region of about 1 mm, which is sufficiently precise to partially discriminate
particles coming from different vertices.

The pT module concept implies that both the top and the bottom silicon sensors of a module
must be connected to the readout electronics that performs stub finding. In order to implement
the connectivity between the upper and lower sensors with reliable and affordable technolo-
gies, the two halves of each module are read out independently by front-end hybrids on the two
ends, which prevents communication between the sensor halves and thus the reconstruction of
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