
Towards improved measurements with the 
upgrade of the ALICE Inner Tracking System in LS3 
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The ALICE experiment is planning the construction of a 
novel ultra light vertex detector during the next LHC LS3 
(2024-2026). The latest innovations in the silicon imaging 
technology, offer the opportunity to further reduce the 
thickness and increase the area of the ALPIDE sensors 
developed for the Inner Tracking System upgrade of LS2. 
Through the process of stitching, wafer-scale 
Monolithic Active Pixel Sensors (MAPS)  will 
be produced. The sensors will be 
th inned down to 20–40µm, a 
thickness at which the flexibility of 
silicon allows the bending of the 
sensor and the construction of cylindrical 
layers. The three innermost layers of the ITS will be 
replaced by three layers of curved silicon-only sensors. The 
new modifications will reduce the material budget from 
0.3% X0 to 0.05% X0 per layer.  

The beam pipe will be replaced by a smaller one with Inner 
Radius (IR) 16mm and thickness 500µm. The reduction of 
the radial distance of the first layer to the interaction 
point from 23mm to 18mm along with all the above 
modifications will improve the pointing resolution and the 

tracking efficiency of low-momentum 
particles. 

The physics program of the ALICE 
experiment will benefit from the ITS upgrade 

mostly for the low pT measurements of charm and 
beauty hadrons and of low-mass dielectrons.

Beauty measurements with the new ITS Λ0
b Particle Reconstruction 

sNN = 5.5TeV

Λb /B

Λ0
b → Λ+

c π− , Λ+
c → pK−π+

• Thermalisation and hadronization of heavy 
quarks in medium, in the beauty sector: 

• Decay length: 417 µm 
• Decay channel considered: 
• Combined B.R.= 0.49% x 6.28% 
• MC full simulation and reconstruction of 

ITS2, 106 Pb—Pb events at  
• Hijing background + Injected signal 

Quark Matter 2019

Expression of Interest for an ALICE ITS Upgrade in LS3

Quark Matter 2019 - the XXVIIIth International Conference on Ultra-relativistic Nucleus-Nucleus Collisions, Wuhan, China, 4-9 November 
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Figure 10: Impact parameter resolution for primary charged pions as function of the transverse
momentum for the ITS2 upgrade (blue) and the ITS3 upgrade (red) in the transverse plane (left
panel) and in the longitudinal direction (right panel). The green curves (ITS3, Rpipe = 28 mm)
refer to the detector configuration with the innermost two layers inside the vacuum chamber
(see the text for further details). All solid lines show the results with FMCT and ITS only, all
dashed lines show the results with FMCT and ITS+TPC, all open circles show the results with
Full MC and ITS only.

tracks fitted in the seven ITS layers only, while the dashed lines show the resolution for tracks
fitted in both the TPC and the ITS. For pT ' 1 GeV/c, the impact parameter resolution of ITS3
plus TPC is a factor of about two better than that of ITS2 plus TPC.

The resolutions for the ITS-only case were also estimated with a Full MC simulation setup, in
which a simplified ITS3 inner barrel geometry was implemented within the ITS2 geometry in
the ALICE software framework. In this simulation, pions were transported through the detector
material using the GEANT3 package [13] and their trajectories were reconstructed using the
Cellular Automaton ITS tracker [1]. The Full MC resolutions are shown by the circles for both
ITS2 and ITS3 in Fig. 10 and are found to be very similar to those obtained with FMCT. The
improvement factor from ITS2 to ITS3 is thus confirmed with the Full MC.

An alternative scenario in which the two innermost layers of the Inner Barrel are contained
inside the beam vacuum chamber, while the third one is located outside of it at a radial distance
of 1.5 mm from the outer wall, was also studied. In this configuration, the radii of the Inner
Barrel layers remain the same as in the previous configuration, i.e. 18 mm, 24 mm and 30 mm,
respectively, while the beam pipe has an inner radius of 28 mm. The performance with this
configuration is also illustrated in Fig. 10. This scenario is evoked here to indicate that there is
still some scope for improvement, which however would require a dedicated R&D effort. This
option is not part of the upgrade proposal for LS3, and will not be discussed further in this
document.

The left panel of Fig. 11 shows the track-finding efficiency in the environment of a single central
Pb–Pb collision. It should be noted that the plot shows the efficiency only for "correct tracks",
i.e. tracks that contain all clusters produced by the same particle, while at low pT there will be
a significant contribution from tracks with one or more clusters from other particles. The pT
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Figure 10: Impact parameter resolution for primary charged pions as function of the transverse
momentum for the ITS2 upgrade (blue) and the ITS3 upgrade (red) in the transverse plane (left
panel) and in the longitudinal direction (right panel). The green curves (ITS3, Rpipe = 28 mm)
refer to the detector configuration with the innermost two layers inside the vacuum chamber
(see the text for further details). All solid lines show the results with FMCT and ITS only, all
dashed lines show the results with FMCT and ITS+TPC, all open circles show the results with
Full MC and ITS only.

tracks fitted in the seven ITS layers only, while the dashed lines show the resolution for tracks
fitted in both the TPC and the ITS. For pT ' 1 GeV/c, the impact parameter resolution of ITS3
plus TPC is a factor of about two better than that of ITS2 plus TPC.

The resolutions for the ITS-only case were also estimated with a Full MC simulation setup, in
which a simplified ITS3 inner barrel geometry was implemented within the ITS2 geometry in
the ALICE software framework. In this simulation, pions were transported through the detector
material using the GEANT3 package [13] and their trajectories were reconstructed using the
Cellular Automaton ITS tracker [1]. The Full MC resolutions are shown by the circles for both
ITS2 and ITS3 in Fig. 10 and are found to be very similar to those obtained with FMCT. The
improvement factor from ITS2 to ITS3 is thus confirmed with the Full MC.

An alternative scenario in which the two innermost layers of the Inner Barrel are contained
inside the beam vacuum chamber, while the third one is located outside of it at a radial distance
of 1.5 mm from the outer wall, was also studied. In this configuration, the radii of the Inner
Barrel layers remain the same as in the previous configuration, i.e. 18 mm, 24 mm and 30 mm,
respectively, while the beam pipe has an inner radius of 28 mm. The performance with this
configuration is also illustrated in Fig. 10. This scenario is evoked here to indicate that there is
still some scope for improvement, which however would require a dedicated R&D effort. This
option is not part of the upgrade proposal for LS3, and will not be discussed further in this
document.

The left panel of Fig. 11 shows the track-finding efficiency in the environment of a single central
Pb–Pb collision. It should be noted that the plot shows the efficiency only for "correct tracks",
i.e. tracks that contain all clusters produced by the same particle, while at low pT there will be
a significant contribution from tracks with one or more clusters from other particles. The pT
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Signi f icance =
Signal

Signal + B(3σ)

ALICE-PUBLIC-2018-013  

• Significance calculation for ITS2 
• Track smearing, updated MC with ITS3 

resolutions 
• Significance calculation for ITS3 
• Central events 0-20% for luminosity  

• Improved measurements with ITS 
Upgrade 

Lint = 10nb−1
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• Selection with particle identification 
and topological cuts 

• Multiple rotation method (pion track) 
for increased background statistics 
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Significance measurement 

Beampipe inner/outer radius (mm) 16.0/16.5

IB Layer parameters Layer 0 Layer 1 Layer 2

Radial position (mm) 18.0 24.0 30.0
Length (sensitive area) (mm) 270 270 270
Pseudo-rapidity coveragea ± 2.5 ± 2.3 ± 2.0
Pixel sensor dimensions (mm2) 280 ⇥ 56.5 280 ⇥ 75.5 280 ⇥ 94.0
Number of pixel sensors/layer 2
Pixel size (µm2) O(15 ⇥ 15)b
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