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1. Why Muon Collider?

4. Detector simulation
Detector model inherited from MAP for detailed performance studies in the presence of the
beam-induced background

No conclusive signs of New Physics at LHC so far: new accelerator needed
after 2040
Conceptually different approaches
conceptually different accelerators
• direct: produce BSM particles → high collision energy → hadron collider [pp]
• indirect: observe deviations from SM → high precision → lepton collider [e+e-]

L/Pbeam [1034cm-2s-1/MW]

high collision energy + high precision in a single machine: Muon Collider [µ+µ-]
• µ+µ- at √s=14 TeV
• less synchrotron radiation than e+eequivalent to
↳ compact layout + energy efficient
pp at √s=100 TeV
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Featuring precise geometry, magnetic field map, digitization, resolution + noise effects
implemented in the ILCRoot software package
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Figure 5: Actual configuration of the detector. From inside to outside, in cyan are the nozzles followed by
system in magenta. The magnetic coil is drawn in blue and the calorimeter system is depicted in red. The
not implemented yet, is represented in green.

1 Scintillation + 1 Cerenkov signal from each tower
Cerenkov and Scintillation the
hits
simulated and digitized separately
most affected detector. As presented in Ref. [5], the maximum neutron fluence in the innermost layer
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tracker (R = 3 cm) for a one-year operation is at the level of 108 cm 2 , which is lower than what has be
for LHC in a similar position and several order of magnitude lower than the 1017 cm 2 expected for
The number of hits released in the tracking detector by background particles can be reduced by exploi
information. As shown in [9] and reproduced in this study, these particles have an arrival time distrib
significantly different from the signal ones. In Figure 6 it is shown the simulated arrival time of particles
modules with respect to the arrival time of the photons radiated from the interaction point. By selecting a
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2. Challenges at a Muon Collider

5. Detector performance [at √s=1.5 TeV]

Muon lifetime very short: 2 ⨉ 10-6 s → acceleration must be fast
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At √s=1.5 TeV with 2 ⨉ 1012 µ/bunch expecting 4.1 ⨉ 105 decays/m

muons from the interaction point (IP)

Precise timing information crucial for track reconstruction
• additional heat load and radiation damage to magnets (need protection)
components and in the walls of the tunnel produce a high flux of secondary particles (see figure 1).
• environmental radiation hazard
from the high flux of neutrinos
As it was shown in the recent study [1], the appropriately designed interaction region and machine
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muon beam background by more than three orders of magnitude for a muon collider with a collision
energy of 1.5layout
TeV.
• impact depends on the accelerator
and detector technologies
All kinds of secondary particles produced
due to the muon decays:
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Figure 1. A MARS15 model of the Interaction Region (IR) and detector with particle tracks > 1 GeV (mainly
muons) for several forced decays of both beams.

3. Beam-induced background
Machine-detector interface (MDI) plays a crucial role in reducing the rate
of secondary particles reaching the detector
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of a few ns around the expected arrival time, a large fraction of the background can be suppressed. Th

+5 be
σ studied
-3 σ must
+5 σin detail in the light of the new timing detectors already proposed for HL-LHC where r

tens of picoseconds are achievable [14]. Figure 7 shows the hits density as function of the vertex detect
expected, the first barrel layer, which is closer to the beam, has high hit density, around 450 cm 2 in this
The occupancy of the other barrel layers is significantly lower, at the level or below 50 cm 2 , while the e
show an occupancy around 100 cm 2 . The cluster density is reduced by applying a time cut, in the first
down to about 250 cm 2 by requiring a time window of ±0.5 ns. Improvements are seen also in the e
In Ref. [9] preliminary studies were presented to illustrate the benefits of using a double layer silicon d
strategies, not viable at the time of quoted studies, can be adopted in order to reduce the detector occupan

Strong reduction of
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with precise timing
in the tracking
detectors
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μ + μ − → H → bb̄
background
M. Casarsa

Muon Collider Pre

Timing information at ns level needed in calorimeter

Studied using a dedicated simulation tool developed within the
Muon Accelerator Program (MAP)
• interaction of muon decay products with the accelerator lattice in the
region of ±200 m from the interaction
point simulated
with MARS15
Background
composition
Figure 2. The shielding nozzle, general RZ view
Figure 3. The shielding nozzle, zoom in near IP
6. Jet
(W — tungsten, BCH2– - borated polyethylene).
(Be — beryllium).
• further interaction with the detector and MDI simulated with GEANT4
750-GeV μ± beams
The amount of MARS15 simulated data was limited to 4.6% of the µ+ µ decays on the
26 m beam length yielding total of 14.6 ⇥ 10 6 background particles per bunch crossing (BX).
The corresponding statistical weight (⇠ 22.3) was taken into account in the following ILCRoot
simulation. For each particle output by MARS15, 22 or 23 particles were generated by choosing a
new azimuthal angle at random. This provided a total of 3.24 ⇥ 10 8 particles entering the detector
in the ILCroot simulation. The most abundant background consists of photons and neutrons.
Table 1 lists these background yields together with kinetic energy thresholds used in the MARS15
simulation for different types of particles.

reconstruction [at √s=1.5 TeV]

Reconstructing jets from calorimeter clusters with a simple cone algorithm [R=0.5]
Beam induced background + μ + μ − → H → bb̄

MDI implemented as two cone-shaped
tungsten nozzles cladded with borated
polyethylene (5 cm) [shape optimised
for a specific collision energy]

Energy
resolution

Flux of secondary particles reduced by
up to 3 orders of magnitude

8. Summary
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Figure 6: Simulated time of arrival (TOF) of the beam background particles to the tracker modules, summ
modules,
σ =with
100respect
ps to the expected time (T0) of a photon emitted from the interaction point and arrivin
module.
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Contributions form μ decays outside the simulated range become quickly
negligible for all background species but Bethe-Heitler muons, whose range
of interest is ±100 m from IP.
In our background sample, generate for |z| < 25 m, we are missing ~20% of
Bethe-Heitler muons.

• Precision measurements at a Muon Collider are possible: arXiv:1905.03725
• Muon Collider is a very attractive candidate for a future machine after the LHC
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• combines advantages of hh and e e colliders in a single machine
• Timing information crucial in a future detector: tracker and calorimeter

• Beam induced background poses a serious challenge
• needs careful consideration in both the accelerator and detector design
• First performance estimation at √s=1.5 TeV done using the MAP framework
and precise background simulations with MARS15

• Several key improvements needed for further studies:
• improved software framework for detector simulation
• better detector design with modern technologies: position/energy/time resolution
• dedicated reconstruction algorithms and analysis techniques

