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One of the main goals of future colliders is to measure with the highest possible precision all the 
Higgs couplings.

Higgs Couplings 

§ Precisions achievable at muon
collider are not yet evaluated to 
perform a comparison with other 
colliders

§ We are entering the game with the 
first evaluation of the ! → #$#

Results published 
Detector and Physics Performance at a 
Muon Collider
Accepted for publication JINST
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Detector Performance at ! =1.5 TeV
Ø Use of ILCRoot framework to simulate and reconstruct events and the beam-induced 

background provided by MAP collaboration
Ø Developed some of the missing tools, muon reconstruction not performed

Tracking performance
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Detector Performance at ! =1.5 TeV: Jets 

Fake jets ~25%

Background tagging:
§ Low statistics when all clean-up 

cuts are applied
§ fake rate: 1 ÷ 3%
Tests done so far show fake rate is 
manageable.



Muon Collider Workshop March 31, 2020 5

Detector Performance at ! =1.5 TeV: Muons Reconstruction 

Ø The current software package does not include muon detector simulation nor muon reconstruction.
Ø The same performance obtained by CLIC in muon reconstruction and identification are assumed:

§ beam-induced background particles are not fully 
contained before the muon detector, but the 
released energy is reduced by roughly a factor 20 
from the first to the last calorimeter layers 

§ The residual energy flux can be easily reduced by 
an absorber in front of the muon detector. 

§ the presence of the magnet coil in this design is 
not yet included in the present simulation. 
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!"! Studies at # =1.5 TeV
Events %&%' → )*)+ @ # = 1.5 /01 are generated with PYTHIA 8

MAY 9, 2019
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Table 2: Cross sections for processes with two b-quarks in the final state

.

originate from the interaction point) and secondary tracks (remaining tracks without the constraint) are found with this
method. The performance of the tracking algorithm has been presented in [17] and was not yet evaluated in this study.

Jet reconstruction was not included in the ILCRoot package, therefore a dedicated algorithm was developed for jet
clustering combining information from the tracking and calorimeter detectors. First, the reconstructed tracks and
the calorimeter clusters are combined using a Particle Flow (PF) algorithm [33], which performs matching between
tracks and clusters to avoid double counting. PF candidates with the transverse momentum greater than 0.5 MeV are
then used as input objects in the jet clustering algorithm with the cone size parameter R =

p
�⌘2 +��21 of 2.0

and 1.0 for the 125 GeV and 1.5 TeV cases, respectively. The jet radius is optimized in order to contain most of the
energy of b-quark jets from the Higgs boson decay. A jet energy correction is applied as a function of the jet transverse
momentum. It is determined by comparing the reconstructed jet energy to the energy of jets clustered from Monte Carlo
truth-level particles. The jet energy resolution was found to be 11% for the 125 GeV case and 20% at 1.5 TeV, when no
beam-induced background is present in the detector.

Jets originating from b-quarks are identified using a simple and not yet optimized b-tagging algorithm. A secondary
vertex, significantly displaced from the primary vertex, formed by at least three tracks is searched. Tracks with an
impact parameter greater than 0.04 mm inside the jets are used as inputs to the algorithm. The 2-track vertices are built
requiring a distance of closest approach between the two tracks less than 0.02 mm, and a total transverse momentum
greater than 2 GeV. Finally, 2-track vertices that share one track are combined to form 3-track vertices. The b-jet tagging
efficiency defined as ✏b = Nb�tagged/Nreconstructed is found to be ✏b = 63% at 125 GeV and ✏b = 69% at 1.5 TeV.
These numbers refer to signal only, since no background is added to the events.

A complete study of tracks efficiency has to be performed including the machine background with a detailed evaluation
of the fake tracks. This is mandatory also for the evaluation of the b-jet tagging performances in terms of wrong tags.
Similar studies have to be completed also for the calorimeter, where anyhow we expect lower contribution from the
background.

4 Characterization of H ! bb̄ and Z ! bb̄ processes

The reconstruction of H ! bb̄ and Z ! bb̄ is taken as a benchmark to assess the first physics performance of the MC
at 1.5 TeV. The two resonances are generated with Pythia 8. In Table 2 the production cross sections of processes with
two b-quarks in the final state are summarized. The Higgs and Z signals are generated, simulated and reconstructed
following the procedures described above. In this study b-tagging is not applied in order to not reduce the statistics, and
the background described in Section 3 is not included. The fiducial region considered is defined by an uncorrected
jet transverse momentum greater than 10 GeV and an absolute jet pseudorapidity lower than 2.5. In Figure 9 the
uncorrected jet transverse momentum and the jet pseudorapidity in Higgs and Z events are shown. It is evident that jets
in Higgs events are well contained in the fiducial region while part of Z events fail the requirements. In Figure 9 the
reconstructed di-jet mass distributions for Higgs and Z are shown. The Z boson is mainly produced in association with
a high energy photon (see Table 2), therefore the Z distribution is labeled as Z + �. The relative normalization of the
Higgs and Z distributions is taken as the ratio of the expected number of events, considering the selection efficiencies
and the cross sections, and it is equal to 12. Although the cross sections are similar, most of the Z + � events fail the
fiducial region cuts, therefore a low yield of such events is expected. Since b-tagging is not applied a tail at high mass in
the Z distribution is present, it corresponds to candidates where the � is reconstructed as a jet.

1�� is the difference between the calorimeter cluster and the jet axis in the azimuthal angle. �⌘ is the same difference in the
pseudo-rapidity variable.

7

Preliminary

%&%' → 233̅ → )*)33̅ + beam-induced 
background fully simulated 

H → )*)+beam-induced background
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Higgs !"! Couplings: Assumptions
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Obtained, with several 
approximations, from E&E': 
2% @1.4TeV and 1.8% @ 
3TeV

:; : number of signal events.
B: number of background events, %&%' → F1F from Pythia + beam-induced background
#:  cross section times BR
<: acceptance; removed nozzle region for ; =1.5 TeV, 2 jets G < 2.5, and KL > 40 GeV

for ; = 3, 10 TeV same nozzle angle is conservatively assumed
=: measured with the full simulation at ; =1.5 TeV,  used the same at ; = 3, 10 TeV (conservative)
t = 4 · 107 s 
One detector

Δ#
#
≃

:; + .
:; arXiv:1608.07538v2



Muon Collider Workshop March 31, 2020 8

Higgs !"! Couplings: Assumptions for # = %, '( TeV cases
Ø nozzles and interaction region are not optimized for the higher energies, nor is the detector. 
Ø efficiencies obtained with the full simulation at √s = 1.5 TeV used for the higher center-of-mass 

energy cases, with the proper scaling to take into account the different kinematic region. 
Ø At higher √s the tracking and the calorimeter detectors are expected to perform significantly better 

since the yield of the beam-induced background decreases with √s

Ø The uncertainty on )(+
,-../0-)

(+,-../0-)
is taken from the CLIC at √s = 3 TeV and used at √s = 10 TeV

Conservative Assumptions
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Higgs !"! Couplings Results

§ The instantaneous luminosity, ℒ, at different √s is taken from MAP
§ The acceptance, A, the number of signal events, N, and background, B, are determined with simulation
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Higgs !"! Couplings Comparison to CLIC

§ CLIC numbers are obtained with a model-independent multi-parameter fit. 
§ CLIC fit is performed in three stages, taking the statistical uncertainties obtainable at the three 

considered energies successively into account. 
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Summary and Next Steps

q By using the MAP framework and simulated beam-induced background, it has been evaluated the 
precision on ! → #$# coupling for the first time @ % = 1.5 *+, with full detectors and beam-
induced background simulation.

q Extrapolation @ % = 3, 10 *+, have been determined
q After the new framework will be fully validated other couplings will be evaluated
q First performance studies in the next presentations by M. Casarsa, N. Bartosik and L. Sestini


