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Abstract 
 

Two facility concepts have been considered in the past years as pathways to the future of particle physics at 
the energy frontier in Europe: FCC-hh, a 100 TeV circular hadron collider and CLIC, a 3 TeV linear lepton (i.e. 
electron-positron) collider. They are improved versions of projects realised in the past. The expected cost and power 
consumption are 24 GCHF and 580 MW for FCC-hh and 18 GCHF and 590 MW for CLIC. 

The recent European Accelerator R&D Roadmap (https://arxiv.org/abs/2201.07895) includes a 10 or more 
TeV Muon Collider. This novel interest is based on two considerations: 

 The recognition of the physics potential of a lepton collider with a centre-of-mass energy of 10 TeV or more. 
 The recent advances in technology that make the realisation of a muon collider plausible. 
The Muon collider promises to expand the lepton collider energy reach. Muons are much heavier than electrons 

and with a much reduced synchrotron radiation, allowing acceleration and collision of the beam in rings, even at 
multi-TeV energies. This results in compact dimensions and promises high efficiency and limited cost. The tunnel 
length of a 10 TeV muon collider is expected to be similar to the 3 TeV CLIC and significantly smaller than FCC-
hh. Because muons are point-like particles, in contrast to the composite hadrons, a muon collider may have a physics 
case of comparable interest than a 100 TeV hadron collider. 

Past work has demonstrated several key muon collider technologies and concepts, and gives confidence that 
the facility concept is viable. Component designs have been developed that can cool the initially diffuse beam and 
accelerate it to multi-TeV energy on a time scale compatible with the muon lifetime. Relevant technologies, e.g. 
superconducting magnets, have recently progressed. 

While the muon collider promises high benefits it also poses a significant risk. No muon collider has yet been 
built. The facility is based on advanced concepts and technologies. The Roadmap identifies remaining key challenges 
that require to be addressed by the next ESPPU so that the High Energy Physics community may make informed 
choices. 

MuCol will address the core of these key challenges. It will develop the baseline design and assess the physics 
performance based on realistic performance goals for the collider components. The identification of the cost and 
power consumption drivers will enable determination of the cost and power consumption scale. This will allow the 
next European Strategy for Particle Physics Update (ESPPU) process to seriously consider also Muon Colliders for 
the selection of the next large collider to be built in Europe. 
 

1. Excellence 
1.1. Objectives and ambition 

The MuCol study will produce a coherent description of a novel particle accelerator complex that will collide 
muons of opposite charge at the energy frontier. The study will target a centre-of-mass energy (ECM) of 10 TeV 
with 3 TeV envisaged as a first stage. 

The main outcome of MuCol will be a report documenting the facility design that should demonstrate that: 
 the physics case of the muon collider is sound and detector systems can yield sufficient resolution and 

rejection of backgrounds; 
 there are no principle technology showstoppers that will prevent the achievement of a satisfactory 

performance from the accelerator or from the detectors side; 
 the muon collider provides a highly sustainable energy frontier facility as compared to other equivalent 

The project

WP2: Physics and Detector Requirements
WP2 will study the beam-induced background effects on the detector with different interaction region design 
to define its optimal configuration which will include the shielding. Event reconstruction algorithms will be 
developed to exploit 5D information in order to additionally mitigate the beam-induced background effects, in 
particular the irreducible part. The last objective is the detector performance evaluation by using the most 
relevant SM measurements and New Physics reaches. 

Task 2.1 Design of detector configurations at √s=3 TeV and √s=10 TeV with the optimised interaction regions
 
Task 2.2 Design and implementation of event reconstruction algorithms in 5D at √s=3 TeV and √s=10 TeV 

Task 2.3 Evaluate detector performance at different collision energies by using major physics processes 
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High luminosity requires, among other, high number of muons per bunch (𝑁!~2 $ 10"#)

Muons decay particles: 2×10$decays per meter of lattice, Ebeam= 1.5 TeV ( 𝑠 = 3 TeV),  2×10"#𝜇/bunch
mainly: electrons/positrons, photons, neutrons, charged hadrons and muons 
So far,  the best way to mitigate the particle fluxes effects on detector is to use two shielding cones 
entering in the detector, the nozzles.

Beam-Induced Background

Fig. 6: Rendering of the MCD geometry used for the presented simulation studies, including the cone-
shaped shielding nozzles (cyan) and the beryllium beampipe (violet). Shown are the R-Z cross sections
of the full detector geometry (left) and two zoomed-in portions: up to ECAL (top right) and up to Vertex
Detector (bottom right). Muon Detector (violet and green) surrounds the solenoid (cyan), which encloses
the HCAL (magenta), ECAL (yellow) and the Tracking Detector (green and black).

2.3 Implications of higher beam energies
FLUKA simulations at

p
s = 3 TeV and

p
s = 10 TeV are currently under development. Since the MDI

has not yet been optimized for those energies, the one designed for
p
s = 1.5 TeV has been adopted. In

both cases the preliminary results show a BIB with intensity of the same level as in the
p
s = 1.5 TeV

configuration characterized by spatial and temporal structures very similar to those presented in the
previous section. A careful optimization of machine lattice and MDI is expected to further suppress BIB
in the detector region.

3 Overview of the Detector design
The Muon Collider Detector (MCD) follows the classical cylindrical layout typical for multipurpose
detectors of symmetric collisions and the specific geometry used for simulation studies in this work has
the reference code MuColl_v1. The rendering of the detector geometry is presented in Fig. 6, with the
dimensions of each subsystem summarised in Table 2. A cylindrical coordinate system is used with its
centre placed at the nominal interaction point. The Z axis is defined as the moving direction of the µ

+

beam. The X axis is defined to point towards the inner part of the ring and the Y axis therefore pointing
upwards. Cylindrical coordinates are often used with R, ✓ and � denoting the radial distance from the
interaction point, the polar and azimuthal angles respectively. Pseudo-rapidity ⌘ = � log

⇥
tan(✓/2)

⇤
is

also used in some cases for convenience.
Starting from the Be beampipe with a radius of 22mm, the Vertex Detector is the closest to the IP

with its innermost layer having a radius of only 30mm. It is followed by the Inner and Outer Trackers.
The three sub-systems complete the all-silicon Tracking Detector, which operates in the strong magnetic
field of 3.57T provided by the superconducting solenoid, to reconstruct trajectories and transverse mo-
menta (pT) of charged particles. High-granularity sampling ECAL and HCAL calorimeters are arranged
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Nozzle effect

F. Collamati et al. 2021 JINST 16 P11009

Muon beam 0.75 TeV

2021 JINST 16 P11009

Figure 11. Comparison of number and energy spectra of the BIB: with nozzles (Y) in solid red line and
without nozzles (N) in dotted black line.

Figure 12. 1 MeV neutron equivalent fluence in the detector region, normalized to one year of operation

The map of 1-MeV-neq in the region internal to the yoke is shown in figure 12. It has been
obtained, assuming symmetry between the positive and negative muon beams, by reflecting the
values obtained with `� beam around the IP and averaging direct and reflected maps.
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The irreducible BIB

Fig. 4: Time distribution of BIB particles exiting the machine (top). Longitudinal distribution of primary
µ
� decay generating BIB particles exiting the machine and cumulative function normalized to 1 of the

total distribution in black dotted line (bottom). Results by FLUKA considering primary µ
� decays within

100m from the IP.

Fig. 5: Lethargy plot (left) and longitudinal exit coordinate distribution (right) of BIB particles, divided
by particle type. Results by FLUKA considering primary µ

� decays within 100 m from the IP. No time
cut is applied to distributions represented in dotted lines while in solid line only particles exiting the
machine between -1 and 15 ns are considered.
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t: time distribution of 
particles exiting the machine 

Ekin: kinetic energy 
distribution 
z: longitudinal exit 
coordinate distribution 
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