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Requirements for a 10 TeV detector
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BIB simulated with FLUKA

• The design of the detector for 10 TeV collisions is driven by several requirements
• Physics requirements:

• Boosted low-pT particle from SM processes (Higgs, electroweak etc.)
• Central high-pT new physics signatures
• Exotic signatures: disappearing tracks, displaced particles etc.

• Machine design:
• Final focusing magnets ±6m from the interaction point
• Machine backgrounds
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Machine backgrounds
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BIB simulated with FLUKA

Incoherent pair production (IPP)Beam-Induced Background (BIB) • The muon collider environment 
poses important challenges:
• High occupancy in the tracker
• Diffused background in the 
calorimeters

• Backgrounds produce a significant 
dose in detector:
• Radiation hardness 

requirements at the level of HL-
LHC

• All these factors play a crucial role 
in the detector designFrom MDI group
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MUSIC detector concept
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BIB simulated with FLUKA

• Vertex detector (VXD):
• 25x25 μm2 silicon pixels

• Inner Tracker (IT) and Outer Tracker (OT):
• 50 μm x 1 mm silicon macropixels

• Electromagnetic calorimeter (ECAL):
• Semi-homogeneous with 6 layers of PbF2 
crystals

• CRILIN technology (Leonardo’s talk)
• Superconductive solenoid with 5 T field 
between ECAL and HCAL

• Hadronic calorimeter (HCAL):
• Iron-scintillator sampling

• Muon system:
• Resistive-plate chambers
• Final technology has to be established

MUSIC (MUon System for Interesting Collisions)

https://indico.desy.de/event/45968/contributions/186310/
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Occupancy
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BIB simulated with FLUKA

• Occupancy in the tracking system is 
partially reduced by timing requirements:
• 30 ps and 60 ps time resolutions are 
assumed in Vertex and IT+OT 
respectively

• VXD is the most affected sub-detector, a 
dedicated tracking strategy is needed

• ECAL energy density is higher than HCAL
• 100 ps time resolution is assumed for 
calorimeter cells
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Tracking performance
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BIB simulated with FLUKA

• Simulations and reconstruction are performed with the muon collider software framework
• Tracking is performed with the ACTS algorithm
• Second, third and fourth VXD layers are used as seed
• Final filtering step where only high quality tracks are retained, important for removing fake 
combinatorial

https://github.com/MuonColliderSoft
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Photons and electron performance
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BIB simulated with FLUKA

• Signal threshold based on hit 
arrival time and energy for several 
ECAL sub-regions

• A modified version of 
PandoraPFA clustering algorithms 
is applied

• Huge effort for ECAL calibration 
with CRILIN technology 
(Leonardo’s talk)

• Electron efficiency from the 
convolution of tracking and ECAL 
reconstruction

• Energy resolution:
for barrel
for endcap

https://indico.desy.de/event/45968/contributions/186310/
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Muon identification
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BIB simulated with FLUKA

• Tracks are extrapolated to the inner ECAL surface, then a cone of R=0.2 (0.3) in 
the barrel (endcap) is open to find hits in the Muon system

• Hits are matched if the timing is compatible with the muon time of flight in a 
window of [-3σt,+3σt]

• Tracks with at least five matched hits are flagged as muons
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Jet reconstruction
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BIB simulated with FLUKA

• Particle Flow inputs (tracks, ECAL 
and HCAL clusters) are selected 
with a modified version of 
PandoraPFA

• Jets are clustered with the kt 
algorithm and R=0.5

• A calibration procedure is applied 
to corrected measured jet energy

• A lot of work has been done for 
achieving a good jet energy 
resolution, now at the level of a 
hadron collider

• Fake jets are removed with quality 
requirements, resulting to 0.85 
fake jets per event

Central region

Forward region
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Jet tagging
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BIB simulated with FLUKA

• Secondary vertices (SVs) are reconstructed using the LCFIplus software, with a specific tuning for 
MUSIC. Muons inside jets are also identified

• Two Deep Neural Network (DNN) are also trained to separate b/light and b/c flavours, using SV variables 
as inputs

• A jet is labeled as tagged if a SV or/and a muon  
• It may not be evident with one slide, but a huge effort has been done here for obtaining this good 

performance!
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ESPPU input: performance
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BIB simulated with FLUKA

https://indico.cern.ch/event/1439855/
contributions/6461432/ 

https://indico.cern.ch/event/1439855/contributions/6461432/
https://indico.cern.ch/event/1439855/contributions/6461432/
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Benchmarks: H →bb̅
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BIB simulated with FLUKA

• Two b-tagged jets with pT>40 GeV are 
selected

• An unbinned maximum likelihood fit to 
the dijet invariant mass is performed to 
extract the H→bb ̅yield

• Statistical uncertainty on the H→bb ̅
cross section:

• Phenomenological study here reports 
0.22%

https://link.springer.com/article/10.1007/JHEP08(2022)185
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Benchmarks: H →WW*
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BIB simulated with FLUKA

• Reconstructed in the semi-leptonic decay 
H→WW*→qqμ𝜈:
• Two jets and one muon are selected

• Two Boosted Decision Trees (BDTs) are trained 
to separate signal from Higgs backgrounds and 
background without Higgs production:
• Kinematic variables are used as inputs

• A binned likelihood fit to the two BDTs is 
employed to determine the statistical 
uncertainty on the cross section:

• Phenomenological study here reports 0.45% 
including also electron channel

https://link.springer.com/article/10.1007/JHEP08(2022)185
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Benchmarks: HH →bb̅bb̅
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BIB simulated with FLUKA

• Four jets with pT>20 GeV, at least two 
of them are required to be b-tagged

• In this first study just background from 
heavy flavours (b/c) is considered

• A Multi Layer Perceptron (MLP) is 
trained using the event kinematic as 
input to separate the signal from the 
combinatorial background

• A binned likelihood fit to the MLP 
distribution is employed to determine 
the statistical uncertainty on the cross 
section:
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Benchmarks: trilinear coupling
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BIB simulated with FLUKA

• A second MLP is trained to separate HH from the signal component sensitive to the trilinear 
coupling

• A likelihood method is performed to extract the statistical sensitivity on the trilinear coupling: 

• On-going: inclusion of the HH→WW*bb channel
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ESSPU input: Higgs
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BIB simulated with FLUKA

https://indico.cern.ch/event/1439855/
contributions/6461583/
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Status and plans
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BIB simulated with FLUKA

• The MUSIC studies presented today have been documented in three documents submitted to the ESPPU:
• The general paper “The Muon Collider”, detector chapter
• “Performance study of the MUSIC detector in 10 TeV muon collisions”
• “Sensitivity study on H→bb, H→WW*, HH→bbbb and trilinear Higgs self-coupling with the MUSIC 

detector at 10 TeV”

• Plans for future studies on the detector design and reconstruction:
• Establish HCAL and Muon System technologies
• Implement further optimization of interaction region (i.e. adding nozzles supports)
• General improvements of reconstruction algorithms
• Advanced machine learning algorithm for jet flavour tagging

• Plans for Physics benchmarks:
• Complete the analyses with missing Higgs decay channels to have the full picture and the coupling 

sensitivity
• Study new physics signatures with high pT objects

• We will prepare soon two MUSIC papers, one for performance and one Physics benchmarks, to be 
submitted to peer-review journals

https://indico.cern.ch/event/1439855/contributions/
https://indico.cern.ch/event/1439855/contributions/6461432/
https://indico.cern.ch/event/1439855/contributions/6461583/
https://indico.cern.ch/event/1439855/contributions/6461583/
https://indico.cern.ch/event/1439855/contributions/6461583/


Thanks for your attention!
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