
Muon Collider 

Detector

Alessandro Cerri

Material from (in no particular order): D. Lucchesi, D. Buttazzo,  

P. Maede, N. Pastrone, F. Collamati, C. Curatolo, A. Mereghetti, 

P. Sala,  L. Sestini, M. Casarsa, N. Bartosik, C. Aime`, C. 

Riccardi, P. Salvini, I. Vai, N. Valle, L. Buonincontri, L. 

Giambastiani, G. Dal Molin, R. Venditti, M. Mastrapasqua



Physics Motivation

HE Muon collider described as “simply a dream machine”:

• Direct searches (pair production, VBF, resonances, DM, 

…)

• High-rate measurements (single H, self coupling, rare H 

decays, top, ….)

• High energy probes (di- and tri-boson, di-fermion, EFT, 

compositeness…)

• Muon physics (LFU, bsµµ, g-2, …)

Exciting new perspective in the collider landscape, and great 

interest from the theory community!
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Iit’s Competitive:
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…and complementary!

Muon collider as potential direct probe of indirect signals from EDM, Flavour, 

Gravitational Waves…
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Challenges for a Muon Collider Detector

Prototypical machine design to deliver:

• 1 bunch/beam

• Collision spacing: 10 / 15 µs @ 1.5 / 3 

TeV

• 𝜎z~10 / 5 mm @ 1.5 / 3 TeV

• Beam Induced Background: 

• Muon decays 4E5 decays/m/crossing at 

3 TeV

• Tertiary muons produced far from 

collision points

• Showers from final triplets
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Baseline Detector Model 
optimization @1.5 [3] TeV

• CLIC baseline detector model model

• MAP-designed MDI and vertex detector27 Sept. 2021
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Tracker [1.5 TeV]

Main focus on BIB effects:

• Design avoids “hottest” BIB regions

• Readout timing window tuned to exclude out 

of time BIB

• Granularity tuned to ≲1% occupancy

• Additional expedients under study against 

BIB:

• Cluster shape

• Use of PV for angular matching of doublets

• What about secondary vertices and LLP?
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M DI and detector design

Two examples of MAP’s solutions

to cope with the BIB:

MDI: two tungsten nozzles

with 5-cm polyethylene 

cladding for neutrons reduce

the beam-induced background

in the detector by a factor 

of ~500.

VXD geometry: the vertex

detector barrel is designed 

in such a way not to overlap

with the BIB hottest spots

around the interaction region.

VXD layer 0

VXD layer 1

VXD layer 2

VXD layer 3

V
X

D
 d

is
k
 1

L

V
X

D
 d

is
k
 0

L

V
X

D
 d

is
k
 2

L

V
X

D
 d

is
k
 0

R

V
X

D
 d

is
k
 1

R

V
X

D
 d

is
k
 2

R

z coordinate of BIB particles entering the detector



Calorimeters

• BIB deposits large amounts of energy 

both in EM and Hadr. Calorimeters

• Timing and shower profile allow in 

principle to distinguish:

Computational (& DAQ?) 

challenge in efficient 

separation from BIB 

background!

27 Sept. 2021

A. Cerri - U. of Sussex 8

ECAL barrel  hit arrival time – t0



Muon Detectors 

• Several detector technologies 

explored

• BIB not a performance issue of 

properly handled

27 Sept. 2021

A. Cerri - U. of Sussex 9



Tracking and Jet reconstruction performance

• Efficiency 

drops in 

nozzle region

• Resolution 

degrades too

Need further 

optimization of 

detectors and 

algorithms!
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B-jets and Secondary Vertex Reconstruction

B-jet ID

• Regional-tracking selected tracks

• Early steps towards b-tagging *work*in*progress*

• ML approach under study
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Muon Reconstruction
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Beyond “detector performance”

As detector design and simulation 

mature, detailed physics studies 

become possible

• Growing engagement within the 

Snowmass process

27 Sept. 2021

A. Cerri - U. of Sussex 13



Summary

Early detector design under study:

• CLIC inspired

• BIB driven

• Exciting challenge:

• Detector technology

• DAQ and data handling

• Computing

The Muon Collider appeal:

• Exciting physics potential

• Novelty of approach

• Complementarity to other future 

technologies

…but also an exciting detector and 

DAQ R&D challenge!
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