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Muon Collider is a promising option for the next generation high-energy collider, possessing very
low radiation losses due to synchrotron radiation. Treatment of the beam-induced background is
one of the most critical issues in such a machine. Since the muon beams must be very intense to
reach high luminosity, the muons decay products and subsequent particles from secondary inter-
actions with the environment can reach the interaction point, limiting the physical performance
of the detector. This talk presents a reconstruction strategy for a benchmark process, H->bb-bar,
in the presence of the beam-induced background.

XXIX International Symposium on Lepton Photon Interactions at High Energies - LeptonPhoton2019
August 5-10, 2019
Toronto, Canada

∗Speaker.

c© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/



P
o
S
(
L
e
p
t
o
n
P
h
o
t
o
n
2
0
1
9
)
1
2
7

Study of Physics Performances at Muon Collider Nazar Bartosik

1. Introduction

In the view of no convincing signature of New Physics observed at the LHC, the HEP com-
munity is actively discussing the possible future machine that would open the widest range of pos-
sibilities to move the research in particle physics forward. Well established candidates for the LHC
successor are hadron-hadron colliders with their high centre-of-mass energy and electron-positron
colliders with their clean collision environments. Other possible technologies are investigated in
order to answer to the demand for a universal and efficient machine. In this light the muon collider
is a very attractive choice, since it possesses both multi-TeV centre-of-mass-energy reach of hadron
machines combined with the clean final state of lepton colliders, delivered with minimal losses due
to the synchrotron radiation. A muon collider concept faces a number of technological challenges,
which are being studied by different groups as summarised in the input from the muon collider
(MC) working group to the European strategy update [1].

2. Beam-induced background

One of the most critical experimental issues at a muon collider is the limited lifetime of the
muons in the beam, which leads to a stream of secondary and tertiary particles arriving to the
interaction region (IR). Exact rate and composition of this beam-induced background depends on
the layout of the accelerator around the interaction point (IP), experimental hall, detector, etc. Until
now the only detailed study of such background has been performed by the MAP collaboration [2],
and resulted in the specific design of the machine-detector interface (MDI) [3, 4] featuring a pair of
cone-shaped tungsten shields (nozzles) in vicinity of the IP. This study starts from the latest results
obtained by the MAP collaboration using their IR and MDI optimized for 1.5 TeV centre-of-mass
energy [3] shown in Fig. 1 (a), as well as the realistic sample of background particles arriving to
the detector during a single bunch crossing simulated with the MARS15 software [5], which has
the particle composition presented in Fig. 1 (b).

(a) (b)

Figure 1: (a) Illustration of the model used in the MARS15 simulation in a range of ±100 m around the
IP. It includes the machine components in the tunnel, detector and shielding nozzles, which are shown in
yellow inside the detector [3]. (b) Particle composition of the beam-induced-background as a function of
muon-decay distance from the IP for the case of a 1.5 TeV collider.
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3. Detector model

The detector model used in this study is inherited from the previous studies by the MAP
collaboration and features vertex and tracking silicon pixel detectors with 20 µm and 50 µm pitch
respectively [6]. The tracking detector is surrounded by a dual readout calorimeter based on the
ADRIANO design [7] immersed inside a solenoidal magnetic field of 3.57 T. The outer part of the
detector includes a muon spectrometer, which is not simulated in this study. Full simulation of the
detector response is performed with the software based on the ILCRoot framework [6] and takes
into account sensor efficiency and noise, saturation effects, light attenuation in crystals, etc.

4. Detector performance

The number of background particles arriving to the tracking detector in a single bunch crossing
would make the track reconstruction with all registered hits impossible. Exploiting the difference
in time of arrival between the background particles and the particles originating from the IP it is
possible to significantly reduce the occupancy in the tracker. Effectiveness of this method was
estimated by assuming 50 ps (100 ps) time resolution in the vertexing (tracking) detector and only
selecting hits in the narrow time window around the expected time of arrival, which is presented as a
function of layer number in Fig. 2 (a). Tracking efficiency was evaluated by performing a detector
simulation and track reconstruction in H → bb̄ events overlayed with the expected background
particles. The resulting track-reconstruction efficiency as a function of track tranverse momentum
is shown in Fig. 2 (b). The reduced tracking efficiency of the low-momentum tracks is caused by
the limited number of iterations performed during the track reconstruction due to the contrained
computing resources.

(a) (b)

Figure 2: (a) Simulated occupancy as a function of tracker layer number before and after applying hit
rejection outside the expected arrival time window. (b) Track-reconstruction efficiency in H → bb̄ events
simulation with and without the beam-induced background.

Jet reconstruction was not included in the ILCRoot package, therefore a dedicated algorithm
was developed using the reconstructed tracks and calorimeter clusters as input. A jet energy cor-
rection is applied as a function of the jet transverse momentum, and is determined by comparing
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the reconstructed jet energy to the energy of jets clustered from the Monte Carlo truth-level parti-
cles. The jet energy resolution was found to be 20% when no beam-induced background is present
in the detector, and degraded to about 30% with the background included. The reconstructed di-
jet invariant mass in H → bb̄ events simulated with and without the beam-induced background is
shown in Fig. 3. A significantly improved performance is expected with proper reconstruction of
low-momentum tracks and an optimised jet clustering algorithm.

Figure 3: Reconstructed invariant mass of 2 jets in signal H→ bb̄ events without (left) and with (right) the
presence of the beam-induced background.

5. Conclusions

A preliminary study of the effects of the machine-induced background on the detector perfor-
mance was carried out using the MAP simulation framework and MARS15 generated backgrounds
for a muon collider with a centre-of-mass energy of 1.5 TeV. The detector performance is similar
to results presented at conferences and more in-depth detector optimisation studies are in progress
based on a modern software framework.
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