
Silicon Tracker for 𝑆 =10 TeV MuC Detector

• Need to design a tracker detector for √𝑆=10 TeV muon collisions
• Use FastTrackCovariance package written by F. Bedeschi and M. Selvaggi, used for FCC-ee 

study
• Adapted by D. Zuliani for MuC at 3 TeV 
• Code completely analytic, calculate tracks parameter resolution considering magnetic field and multiple 

scattering
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Silicon Tracker for 𝑆 =10 TeV MuC Detector requirements
Comparison with Double Layer Filter in Vertex 8

Original plot with DL Update with cluster filter

Total hit reduction after timing + 
DL:
95.6% BIB hits removed

Total hit reduction after timing + tight 
cluster:
97.3% BIB hits removed (96.2% after loose)

Tracker requirements
• Timing: high resolution to suppress out of time BIB.
• Energy deposition: exploit different cluster shapes.
• High granularity

S. Pagan Griso C. Sellgren

Higher occupancies respect to LHC detectors
but crossing rate ~100 kHz vs 40 MHz
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Fig. 35 Possible TDAQ system architectures using (top) an LHCb-like
approach with a software Event Builder or (bottom) hardware boards
to structure event data and pass them to a high-level trigger farm

Fig. 36 Radiation length of the tracking detectors, as seen along a line
defined by the nominal interaction point and the polar angle θ

tracking detectors. The reconstructed object is called a track.
A track consists of a set of hits (one per layer) and five fit-
ted parameters describing the helix. A track reconstruction
algorithm can roughly be broken up into two steps: pattern
recognition to identify the hits belonging to a single track
and fitting the hit coordinates by a track model to deduce the
relevant track parameters.

Fig. 37 Hadronic interaction length of the tracking detectors, as seen
along a line defined by the nominal interaction point and the polar angle
θ

Table 4 Comparison of the hit density in the tracking detector between
a MuC with full BIB overlay, the ATLAS ITk and ALICE ITS3 upgrades
for HL-LHC. The hit densities for the first and second layers of the vertex
detectors are shown. The MCD hit densities are reported after timing
cuts

Detector reference Hit density [mm−2]

MCD ATLAS ITk ALICE ITS3

Pixel Layer 0 3.68 0.643 0.85

Pixel Layer 1 0.51 0.022 0.51

Track reconstruction in the MCD is complicated by the
presence of a huge number of hits in the silicon sensor orig-
inating from the beam-induced background (BIB hits). The
density of BIB hits is ten times larger than the expected contri-
bution from pile-up events at a High Luminosity LHC detec-
tor. Table 4 compares the hit density between the MCD, the
ATLAS Inner TracKer (ITk) [222,223] and the ALICE ITS3
[224] upgrades for HL-LHC operation. The increase in pos-
sible hit combinations creates a challenge for the hit pattern
recognition step. It is crucial to reduce the amount of hits
given as input to a track reconstruction algorithm through
alternate means, such as precision timing information. The
BIB hits are out-of-time with hard collision hits after the
time-of-flight correction has been applied. By applying a
−3σ/ + 5σ time window, the hit density can be reduced
by a factor of two as seen in Fig. 22.

The spatial distribution of BIB-hits is also unique. They
are different from hits created by pile-up collisions. Pile-up
hits come from real charged particle tracks originating from
multiple vertices in the collision region. On the other hand,
BIB-hits come from a diffuse shower of soft particles origi-
nating from the nozzles. The compatibility of a track with a
trajectory originating from the luminous region provides an
important handle for differentiating “real” tracks of charged
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Preliminary configuration: CLIC 

Measurement points: 10 
With low background 6 points are already enough.
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Tracks parameters resolution–Higgs momenta range
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Configurations under study
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Attività in Padova

✾ Coordinamento di attività di R&D per lo sviluppo di rivelatori al silicio per futuri (e meno futuri) 
acceleratori: CSN1, CSN3 e CSN5

✾ CSN1: interessati FCC-ee e Muon collider
✾ Responsabile: P. Giubilato (coordina anche DRD7)
✾ Tabella dettagliata delle richieste per un piano dettagliato di 3 anni seguirà a breve.
✾ Richieste:

a. Post-doc e borsa di dottorato nei prossimi 3 anni
b. Finanziamento per materiale, in particolare per Muon Collider e CSN1distribuito sugli anni e 

per il 2025 


