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Detector design and performance highly influenced by MDI

✘ Interaction region configuration
❊ Dimensions
❊ Nozzles

✘ Beam-induced background
❊ Kinematical and time distributions

When MDI is defined and optimized, detector technologies enter the game to 
optimize the performance.
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Collider interaction region
Longitudinal size of the detector determined by position of final focusing magnets.
it would be very difficult from the the lattice point of view to have more than ±6 m
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C. Carli, A. Lechner, D. Calzolari, K. Skoufaris 

Single bunch mode
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Shielding structure: the nozzles

2021 JINST 16 P11009

Figure 2. Interaction region. The passive elements, the nozzles and the pipe around the interaction point
are constituted by iron (Fe), borated polyethylene (BCH2), berillium (Be), tungsten (W) and concrete. The
detector outer shape is a 11.28 m long cylinder of 6.3 m radius. The space between the outer shape and the
nozzles is considered as a perfect particle absorber (“blackhole”). The bunker is a 26 m-long cylinder with a
radius of 9 m.

Figure 3. Detailed geometry and material description of the nozzles from [21].

In order to have a reasonable statistics, the muon decay has been biased, increasing the decay
probability; decay products are assigned a weight later used for estimating results, to compensate
for the bias. Decay products are further transported in the geometry, with accurate description
of electromagnetic and hadronic processes. Hadrons (mostly neutrons) are generated through
electronuclear and photonuclear interactions.

The scoring is performed by saving in a dump file tracks exiting the machine, either from the
tungsten nozzle or from any of the IR components. In particular, these quantities are registered:
particle type, energy, momentum, statistical weight, position, time, position of the decaying muon,

– 5 –

Designed by MAP (Muon Accelerator Program)
N.V. Mokhov et al. Muon collider interaction region and machine-
detector interface design Fermilab-Conf-11-094-APC-TD

Optimized for 𝑠 = 1.5 TeV

2021 JINST 16 P11009

Figure 4. Pictorial view of tracks of secondary particles in the IR and in the first magnets around the IR in
case of few muon decays: all particles but neutrons (top frame) and all particles including neutrons (middle
frame). Bottom frame: secondary particle tracks in case of a single muon decay in the proximity of the IP.

Table 3. Number of BIB particles obtained using MARS15 and FLUKA. For each particle type the threshold
energy is also reported. Results for a 2 ⇥ 1012 `� beam, decaying within 25 m from the IP.

Particle (Kth) MARS15 FLUKA

Photon (100 keV) 8.6 107 5 107

Neutron (1 meV) 7.6 107 1.1 108

Electron/positron (100 keV) 7.5 105 8.5 105

Ch. Hadron (100 keV) 3.1 104 1.7 104

Muon (100 keV) 1.5 103 1 103

– 7 –

Single muon decay 
tracks
𝑁!±~2𝑥10#$/bunch 

IPshielding

F. Collamati et al. 2021 JINST 16 P11009

µ
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Beam-Induced background properties

[-1, 15] ns wrt t0

§ Use the same nozzle structure of 𝒔 = 1.5 TeV ⟹ optimization for 𝒔 = 3 TeV (L. Castelli) and 
𝒔 = 10 TeV (D. Calzolari) in progress.

§ Fluxes at 𝒔 = 3	and 𝒔 = 10 TeV quite similar ⟹ beam-induced background characteristics 
determined by the nozzles.

Low momentum particles Partially out of time vs beam crossing
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First detector concept at 𝑆 = 3 TeV

Modified CLIC”s detector 
concept:
• Removed forward 

luminosity detectors
• Inserted nozzles
• Adapted tracker detector
• Magnetic field modified 

to cope with available 
beam-induced 
background

C. Accettura et al. "Towards a muon collider” 
CLIC: H. Abramowicz et al., Eur. Phys. J. C 77, 475 (2017) 

https://doi.org/10.1140/epjc/s10052-023-11889-x
https://doi.org/10.1140/epjc/s10052-017-4968-5
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Radiation environment
1-MeV neutron equivalent fluence per year Total ionizing dose per year

Assumptions:
§ Collision energy 1.5 TeV
§ Collider circumference 2.5 km
§ Beam injection frequency 5Hz
§ Days of operation/year 200

Expected Radiation hardness requirements like HL-LHC 

K. Black, Muon Collider Forum Report

𝑆 = 3 TeV and 𝑆 = 10 TeV similar values expected ⇒ dominated by BIB

https://doi.org/10.48550/arXiv.2209.01318
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Beam-induced background impacts mainly few sub-detectors

Vertex detector

Electromagnetic calorimeter
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Tracking system
First layers of barrel vertex detector & 
forward disks highly impacted BIB 

Micro strips

Macro pixels

Double-layer stack pixels
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Tracker requirements

Higher occupancies with respect to LHC 
detectors crossing rate 100 kHz vs 40 MHz
Fully engaged in ECFA DRD and US CPAD 
silicon tracker

  864 Page 52 of 110 Eur. Phys. J. C           (2023) 83:864 

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

123

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)

S. Pagan Griso C. Sellgren

Vertex requirements
• High time determination resolution, ~ 20-

30 ps to suppress out of time BIB.
• High granularity with energy deposition 

measurement to exploit different cluster 
shapes.

• Double layers to apply when possible 
directional filtering.
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Track reconstruction performance 
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Fig. 38 Track reconstruction efficiency as a function of pT for single-
muon events overlaid with BIB

Fig. 39 Momentum resolution ∆pT/p2
T as a function of θ for single-

muon events overlaid with BIB

Fig. 40 Transverse impact parameter resolution as a function of θ for
single muon events overlaid with BIB

well as future optimisations of the tracker layout will miti-3890

gate such localised degradation to negligible levels.3891

Figure 40 shows the resolution on the transverse impact3892

parameter D0, while Fig. 41 the resolution on the longitudi-3893

nal impact parameter Z0 as a function of the polar angle θ .3894

Similarly to the case of the resolution on pT, the resolution on3895

D0 and Z0 slightly degrades in the barrel-endcap transition3896

region, around θ ≈ 35◦.3897

Fig. 41 Longitudinal impact parameter resolution as a function of θ
for single muon events overlaid with BIB

Conformal tracking with double layers 3898

The Vertex Detector is constructed using double-layers (DL). 3899

A double-layer consists of two silicon detector layers sepa- 3900

rated by a small distance (2 mm for the MCD). This concept 3901

will also be used by the CMS Phase-II tracking detector [232] 3902

to reduce the hit combinatorics for a fast track reconstruc- 3903

tion in their trigger system. It works by selecting only those 3904

hits that can form a pair with a hit from the neighbouring 3905

layer that is aligned with the IP. If there is no second hit in 3906

the double-layer to form a consistent doublet the hit is dis- 3907

carded. This approach is particularly effective for rejecting 3908

BIB hits, because BIB electrons are very likely to either stop 3909

in the first layer due to their very low momentum, or to cross 3910

the double-layer at shallow angles, creating doublets that are 3911

not aligned with the IP. The DL filtering implemented in the 3912

simulation software is based on the angular distance between 3913

the two hits of a doublet when measured from the interaction 3914

point, as shown in Fig. 42. For simplicity the two variables 3915

used for filtering are the polar (∆θ ) and azimuthal (∆φ) angle 3916

differences. 3917

In practice there are several limitations to the precision of 3918

alignment that can be imposed by the DL filtering while main- 3919

taining high efficiency for signal tracks. The first is driven by 3920

the finite spatial resolution of the pixel sensors, which limits 3921

the minimum resolvable displacement between the two hits 3922

Fig. 42 Illustration of the doublet-layer filtering used for the rejection
of BIB-induced hits in the Vertex Detector. The horizontal black lines
represent double layers of pixel sensors that are crossed by signal (green)
and BIB (grey) particle tracks. Hit doublets created by BIB particles are
characterised by larger angular difference than those created by signal
particles, due to their shallow crossing angle and more displaced origin

123
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Calorimeter system

/16

Calorimeter R&D

10

BIB hits in the calorimeters

Occupancy in ECAL > 10 times occupancy in HCAL

• Flux of 300 particles per cm2 

through the ECAL surface
• 96% photons and 4% neutrons
• Average photon energy 1.7 MeV

Key features

• Timing: BIB hits are out-of-time a 
resolution in the order of 100 ps is 
desiderable

• Longitudinal segmentation: 
different profile for signal and BIB

• Granularity: helps in separating 
BIB particles from signal, avoiding 
overlaps in the same cell

• Energy resolution: target ΔE
E

≃ 10 %
E[GeV]
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Calorimeter R&D
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BIB hits in the calorimeters

Occupancy in ECAL > 10 times occupancy in HCAL

• Flux of 300 particles per cm2 

through the ECAL surface
• 96% photons and 4% neutrons
• Average photon energy 1.7 MeV

Key features

• Timing: BIB hits are out-of-time a 
resolution in the order of 100 ps is 
desiderable

• Longitudinal segmentation: 
different profile for signal and BIB

• Granularity: helps in separating 
BIB particles from signal, avoiding 
overlaps in the same cell

• Energy resolution: target ΔE
E

≃ 10 %
E[GeV]

Occupancy: ECAL	> 10 times HCAL

ECAL surface flux: 300 particle/cm2

• 96% photons,  4% neutrons
• 𝐸!"#$.~1.7 MeV

Time information

Cluster shape
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Electromagnetic calorimeter requirements

Calorimeter requirements

• Time-of-arrival of hit resolution ~100 ps to reject out-of-time particles. 
• Adequate longitudinal segmentation to exploit different shower profiles between 

signal and beam-induced background.

• High granularity to avoid as much as possible overlap of signal and beam-
induced background particles in the same cell.

Dedicated ECAL R&D: Crilin semi-homogeneous calorimeter. It could reduce energy 
fluctuations helping in beam-induced background mitigation.
Each module: 5 layers of PbF2 crystals (10x10x40 mm3) Cerenkov light detected with SiPMs

Dedicated HCAL proposal in progress.
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Photons reconstruction
CRILIN reconstruction optimized for MuC, no optimization for W-Si, not performance comparison!
• Dedicated BIB treatment in CRILIN 
• Threshold 2 MeV applied to W-Si 

/14

Crilin performance

14

Nfake
W−Si ≃ 60

Nfake
CRILIN ≃ 0

W-Si: 40 layers, 2 MeV threshold in each cell 

/14

Crilin performance

14

Nfake
W−Si ≃ 60

Nfake
CRILIN ≃ 0

W-Si: 40 layers, 2 MeV threshold in each cell 

See Lorenzo's presentation

/14

Previous results (with BIB included)

2

Nfake
W−Si ≃ 60

Nfake
CRILIN ≃ 0

W-Si: 40 layers, 2 MeV threshold in each cell 

https://indico.cern.ch/event/1274190/contributions/5351484/attachments/2627359/4543819/calorimeters_mc.pdf

/14

Previous results (with BIB included)

2

Nfake
W−Si ≃ 60

Nfake
CRILIN ≃ 0

W-Si: 40 layers, 2 MeV threshold in each cell 

https://indico.cern.ch/event/1274190/contributions/5351484/attachments/2627359/4543819/calorimeters_mc.pdf

Jet & electrons reconstruction with CRILIN in progress

https://indico.cern.ch/event/1274190/contributions/5351484/attachments/2627359/4543819/calorimeters_mc.pdf


Jet reconstruction: 
§ 𝐸&' ≥ 2	MeV EM calorimeter cells to mitigate 

BIB effect
§ efficiency: 80 ÷ 90%
§ Negligible fake rate

b-jet identification:
• Simple algorithm, secondary vertex
• Efficiency:45% (20 GeV) 70% (120 GeV)
• c-jet mis-identification ~20%
• light jets mis-identification few %

Invariant mass resolution: 18%

Jets reconstruction performance



March 11, 2024 Donatella Lucchesi 16

Muon reconstruction
Muons in the barrel (central) are not affected by beam-induced background 

Summary of detector performance at 3 TeV center-of-mass energy in Massimo’s talk tomorrow  

https://indico.cern.ch/event/1325963/timetable/


Detector must be designed to have high performance for :
§ Low energy physics: electroweak processes, Higgs
§ High energy phenomena: 𝑍( with high masses 
§ Unconventional signatures: disappearing track, emerging jets,…

Detector concept at 𝑆 = 10 TeV

March 11, 2024 Donatella Lucchesi 17



Detector concept at 𝑆 = 10 TeV
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Description of detector design at 10 TeV center-of-mass energy at Annual Meeting tomorrow  DAVIDE ZULIANI

The solenoid: two possibilities 

4DETECTOR CONFIGURATION AT COM ENERGY OF 10 TEV

PHYSICS AND DETECTOR SIMULATION AND MUCOL WP2 MEETING

Solenoid in 
between 

calorimeters
Solenoid in 

front of ECAL

Both configurations will allow to: 
• Increase calorimeters 
• Change ECAL technology 
• Increase tracker

Idea proposed in several presentations

See P&D presentation by Davide

https://indico.cern.ch/event/1325963/timetable/
https://indico.cern.ch/event/1385966/contributions/5826026/attachments/2804746/4893957/10tev_20022024.pdf
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Nazar Bartosik Full detector simulation at a Muon Collider

Full simulated event obtained via three distinct stages:

5

Detector simulation workflow

geometry GEANT4 SimHits> > > SIM_sig.slcio

SIGNAL

geometry GEANT4 SimHits> > > SIM_bib_1.slcio

BIB
parallel jobs

SIM_bib_2.slcio
SIM_bib_8.slcio

digitisation<

Jet clustering

Track reco.

RecHits

PFlow obj.

Particle Flow

Overlay

1 event

1 event SIGNAL

BIB

Signal + BIB

GEANT4 simulation of BIB:   ~108 particles/event 
↳  extremely slow  →  need a pool of reusable events

Overlay of BIB:   performed in each event before digitisation 
↳  sensitive to the # of BIB SimHits and merging logics

Reconstruction speed of higher-level objects strongly depends  
on the amount of input RecHits from BIB 

• especially relevant for track reconstruction  (combinatorics) 
• BIB contribution has to be suppressed as early as possible

BIB contribution creates tremendous amount of data  →  every step requires careful treatment of computing resources

GEANT4 simulation of Signal:  straightforward and fast

DISK STORAGE DISK I/O CPU TIME RAM USAGE DISTRIBUTION

⨉ 1

⨉ N events

⨉ N events

Baseline workflow  
from CLIC

MuC software workflow
Software infrastructure 
currently supported and 
maintained by 2 INFN 
computing experts

Computing resources
- CPU: provided by INFN 
and CERN
- storage: 600 TB at 
INFN sites and 100 TB at 
CERN

Software and Computing
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First step in detectors design has been made with the “old”, MAP, version of the nozzle.

a) Next steps would require an optimized, or at least appropriated, configuration of the 
nozzles for each center-of mass energy. This means:
• Nozzles definition
• Beam-induced background validation in the current version of the detectors
• Sizeable beam-induced background statistics

b) Path of detector study with frozen nozzles configuration:
1. Simulation of beam-induced background in the detector
2. Tuning of sub-detector configuration by looking at occupancies
3. Reconstruction of major physics objects tuning algorithms to minimize beam-induce 

background impact 

The activities in a) and b) are CPU intensive and human time-consuming, the complete 
process require about one year.                      

Next steps in detectors design



March 11, 2024 Donatella Lucchesi 21

Additional material
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Muon reconstruction

Muon det.

HCAL

𝜇%𝜇& → 𝑍'𝑋 → 𝜇𝜇𝑋 𝑠 = 10 TeV

𝑀#$ = 9.5 TeV

𝜇%𝜇& → 𝑍'𝑋 → 𝜇𝜇𝑋 𝑠 = 10 TeV

𝑀#$ = 9.5 TeV

Preliminary
No BIB

B = 5 T

mμμ [GeV]

❊ Need to cover a momentum range from few GeV up to TeV
❊ New approach needed: 

§ usual methods for low momentum;
§ combine information from muons detector, tracker and 

calorimeter information, jet-like structure.



Jets  reconstruction performance

Jets reconstruction proceeds:
§ Filter ”on time” calorimeter hits
§ Combine track and calorimeter information to 

reconstruct particles
§ Use kT algorithm to cluster particles in jets
§ Apply requirements to remove fake jets (max 0.7%)
§ Correct energy
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Fig. 24: Efficiency of b-jet reconstruction as a function of truth-level jet ⌘ (left) and as a function of the
truth-level jet pT (right, for |⌘| < 1.5).
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Fig. 25: Left: relative difference between reconstructed and true jet pseudo-rapidity. Right: b-jet pT
resolution as a function of the jet pT .

resolutions are of the same order, however some differences exist between the jet flavours: it has been
checked that these are mainly due to different jet ⌘ distributions in the three samples.

6.6 Invariant mass reconstruction of Higgs and Z bosons to b-quarks
The jet reconstruction is applied to the simulated samples of H ! bb̄ and Z ! bb̄ to probe the dijet in-
variant mass reconstruction. The invariant mass separation between these two processes is of paramount
importance for physics measurements at the muon collider. In this study both jets are required to have
pT > 40 GeV and |⌘| < 2.5. In Fig. 27 the dijet invariant mass distributions for H ! bb̄ and Z ! bb̄

are shown. The distributions are fitted with double gaussian functions, and the shapes are compared. A
relative width, defined as the standard deviation divided by the average value of the mass distribution, of
27%(29%) for H ! bb̄(Z ! bb̄) is found. It can be seen that a significant separation is achieved.

6.7 Future prospects on jet reconstruction
Before discussing the heavy-flavour jet identification, we notice that, at this stage, the jet reconstruction
algorithm can be improved in several ways. In this Section some guidelines are given:

– track filter: it has been verified that the track filter has a different impact in the central and the
forward region, in particular the efficiency in the forward region is lower. An optimized selection
should be defined,

– calorimeters threshold: the hit energy threshold has been set to the relatively high value of 2
MeV, as a compromise between computing time and jet reconstruction performance. This is a

25

0 1 2
ηtrue jet 

0.2

0.3

0.4
0.5

0.6
0.7

0.8

0.9

b-
je

t r
ec

on
str

uc
tio

n 
ef

fic
ie

nc
y

Muon Collider
Simulation

50 100 150 200
 [GeV]

T
true jet p

0.8
0.82
0.84
0.86
0.88
0.9

0.92
0.94
0.96

b-
je

t r
ec

on
str

uc
tio

n 
ef

fic
ie

nc
y

Muon Collider
Simulation
|<1.5η|

Fig. 24: Efficiency of b-jet reconstruction as a function of truth-level jet ⌘ (left) and as a function of the
truth-level jet pT (right, for |⌘| < 1.5).
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Fig. 25: Left: relative difference between reconstructed and true jet pseudo-rapidity. Right: b-jet pT
resolution as a function of the jet pT .
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checked that these are mainly due to different jet ⌘ distributions in the three samples.

6.6 Invariant mass reconstruction of Higgs and Z bosons to b-quarks
The jet reconstruction is applied to the simulated samples of H ! bb̄ and Z ! bb̄ to probe the dijet in-
variant mass reconstruction. The invariant mass separation between these two processes is of paramount
importance for physics measurements at the muon collider. In this study both jets are required to have
pT > 40 GeV and |⌘| < 2.5. In Fig. 27 the dijet invariant mass distributions for H ! bb̄ and Z ! bb̄

are shown. The distributions are fitted with double gaussian functions, and the shapes are compared. A
relative width, defined as the standard deviation divided by the average value of the mass distribution, of
27%(29%) for H ! bb̄(Z ! bb̄) is found. It can be seen that a significant separation is achieved.
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Before discussing the heavy-flavour jet identification, we notice that, at this stage, the jet reconstruction
algorithm can be improved in several ways. In this Section some guidelines are given:

– track filter: it has been verified that the track filter has a different impact in the central and the
forward region, in particular the efficiency in the forward region is lower. An optimized selection
should be defined,

– calorimeters threshold: the hit energy threshold has been set to the relatively high value of 2
MeV, as a compromise between computing time and jet reconstruction performance. This is a
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Fig. 24: Efficiency of b-jet reconstruction as a function of truth-level jet ⌘ (left) and as a function of the
truth-level jet pT (right, for |⌘| < 1.5).
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Fig. 25: Left: relative difference between reconstructed and true jet pseudo-rapidity. Right: b-jet pT
resolution as a function of the jet pT .

resolutions are of the same order, however some differences exist between the jet flavours: it has been
checked that these are mainly due to different jet ⌘ distributions in the three samples.

6.6 Invariant mass reconstruction of Higgs and Z bosons to b-quarks
The jet reconstruction is applied to the simulated samples of H ! bb̄ and Z ! bb̄ to probe the dijet in-
variant mass reconstruction. The invariant mass separation between these two processes is of paramount
importance for physics measurements at the muon collider. In this study both jets are required to have
pT > 40 GeV and |⌘| < 2.5. In Fig. 27 the dijet invariant mass distributions for H ! bb̄ and Z ! bb̄

are shown. The distributions are fitted with double gaussian functions, and the shapes are compared. A
relative width, defined as the standard deviation divided by the average value of the mass distribution, of
27%(29%) for H ! bb̄(Z ! bb̄) is found. It can be seen that a significant separation is achieved.

6.7 Future prospects on jet reconstruction
Before discussing the heavy-flavour jet identification, we notice that, at this stage, the jet reconstruction
algorithm can be improved in several ways. In this Section some guidelines are given:

– track filter: it has been verified that the track filter has a different impact in the central and the
forward region, in particular the efficiency in the forward region is lower. An optimized selection
should be defined,

– calorimeters threshold: the hit energy threshold has been set to the relatively high value of 2
MeV, as a compromise between computing time and jet reconstruction performance. This is a
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of the nozzles. The mistag for c jets is shown in Fig. 34 and is found to be around 20%. As for b-jet
efficiency, the c mistag increases in the central region of the detector. Fig. 35 (left) shows the mistag for
the light and fake jets versus jet pT , up to 90 GeV, and is found to be lower than 1% below 50 GeV, while
increases to 5% at higher jet pT . Fig. 35 right shows the light+fake jet mistag as a function of ✓.
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Fig. 32: Distribution of the secondary vertex proper lifetime for b, c and light jets tagged. Distributions
are normalized to the unit area.
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Fig. 33: Left: b-tagging efficiency as a function of pTRight: b-tagging efficiency as a function of the
angle between the jet and the beam axes.
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Fig. 34: Mistag in cc̄ dijet samples as a function of pT (left) and ✓ (right).

As for jet reconstruction, the b-jet identification algorithm needs further improvements, but a solid
starting point has been set. In particular it will take advantage of the advancements in the vertex detector
and track reconstruction. Given the impact of the BIB, the features shown in this section are not sufficient
to setup an effective c-tagging algorithm, therefore this case should be studied by defining a dedicated
strategy for the muon collider environment.
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efficiency, the c mistag increases in the central region of the detector. Fig. 35 (left) shows the mistag for
the light and fake jets versus jet pT , up to 90 GeV, and is found to be lower than 1% below 50 GeV, while
increases to 5% at higher jet pT . Fig. 35 right shows the light+fake jet mistag as a function of ✓.
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Fig. 32: Distribution of the secondary vertex proper lifetime for b, c and light jets tagged. Distributions
are normalized to the unit area.
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Fig. 33: Left: b-tagging efficiency as a function of pTRight: b-tagging efficiency as a function of the
angle between the jet and the beam axes.
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Fig. 34: Mistag in cc̄ dijet samples as a function of pT (left) and ✓ (right).

As for jet reconstruction, the b-jet identification algorithm needs further improvements, but a solid
starting point has been set. In particular it will take advantage of the advancements in the vertex detector
and track reconstruction. Given the impact of the BIB, the features shown in this section are not sufficient
to setup an effective c-tagging algorithm, therefore this case should be studied by defining a dedicated
strategy for the muon collider environment.
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Fig. 32: Distribution of the secondary vertex proper lifetime for b, c and light jets tagged. Distributions
are normalized to the unit area.
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Fig. 33: Left: b-tagging efficiency as a function of pTRight: b-tagging efficiency as a function of the
angle between the jet and the beam axes.
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Fig. 34: Mistag in cc̄ dijet samples as a function of pT (left) and ✓ (right).

As for jet reconstruction, the b-jet identification algorithm needs further improvements, but a solid
starting point has been set. In particular it will take advantage of the advancements in the vertex detector
and track reconstruction. Given the impact of the BIB, the features shown in this section are not sufficient
to setup an effective c-tagging algorithm, therefore this case should be studied by defining a dedicated
strategy for the muon collider environment.
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Fig. 35: Mistag in light dijet samples as a function of pT (light) and ✓ (right).
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Fig. 35: Mistag in light dijet samples as a function of pT (light) and ✓ (right).
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of the nozzles. The mistag for c jets is shown in Fig. 34 and is found to be around 20%. As for b-jet
efficiency, the c mistag increases in the central region of the detector. Fig. 35 (left) shows the mistag for
the light and fake jets versus jet pT , up to 90 GeV, and is found to be lower than 1% below 50 GeV, while
increases to 5% at higher jet pT . Fig. 35 right shows the light+fake jet mistag as a function of ✓.
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Fig. 32: Distribution of the secondary vertex proper lifetime for b, c and light jets tagged. Distributions
are normalized to the unit area.
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Fig. 33: Left: b-tagging efficiency as a function of pTRight: b-tagging efficiency as a function of the
angle between the jet and the beam axes.
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Fig. 34: Mistag in cc̄ dijet samples as a function of pT (left) and ✓ (right).

As for jet reconstruction, the b-jet identification algorithm needs further improvements, but a solid
starting point has been set. In particular it will take advantage of the advancements in the vertex detector
and track reconstruction. Given the impact of the BIB, the features shown in this section are not sufficient
to setup an effective c-tagging algorithm, therefore this case should be studied by defining a dedicated
strategy for the muon collider environment.
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