
1

Physics Studies 

Donatella Lucchesi
University of Padova And INFN

P. Andreetto, N. Bartosik, A. Bertolin, L. Buonincontri, M. Casarsa, F. Collamati, C. Curatolo, A. 
Ferrari, A. Ferrari, A. Gianelle, A. Mereghetti, N. Mokhov, M.Palmer, N. Pastrone, C. Riccardi, 

P. Sala, L. Sestini, I. Vai

For the International Muon Collider Collaboration



2With the full simulation, including the beam-induced background at √!= 1.5 TeV we 
evaluated:
q Jets reconstruction efficiency as function of transverse momentum
q Jet b-tagging efficiency as function of transverse momentum

Signal and physics background have been simulated and reconstructed at √!= 1.5 TeV, √!= 3
TeV and √!= 10 TeV by using the same detector and assuming the same beam-induced 
background. 

The √!= 10 TeV was an exercise à we should discuss how to approach these studies.

Higgs "#" Coupling Studies 
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Higgs !"! Couplings Results
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analogous to that at electron-positron accelerators, since the beam-induced background stops at the
calorimeters and is not expected in muon detectors. Therefore the uncertainty on the coupling can
be obtained with:
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where the uncertainty on g
2
HWW

�H
has been extracted from the CLIC study [14] and scaled for the

lower integrated luminosity assumed for the muon collider at
p

s = 1.5 TeV. The expected sensitivity
on the Higgs coupling to b quark at

p
s = 1.5 TeV is then found to be �gHbb

gHbb

= 1.9%.

5.2 Higgs Boson coupling to b quarks at
p

s = 3 TeV and
p

s = 10 TeV

The procedure used in Section 5.1 is also applied to evaluate the sensitivity to the gHbb coupling
when it is measured in muon collisions at

p
s = 3.0 TeV and

p
s = 10 TeV. The approach that is

followed is very conservative. The nozzles and the interaction region are not optimized for the
higher energies, nor is the detector. The e�ciencies obtained with the full simulation at

p
s = 1.5

TeV are used for the higher center-of-mass energy cases, with the proper scaling to take into account
the di�erent kinematic region. At higher

p
s the tracking and the calorimeter detectors are expected

to perform significantly better since the yield of the beam-induced background decreases with
p

s

as demonstrated in Ref. [7]. The uncertainty on g
2
HWW

�H
at

p
s = 3.0 TeV is taken from the CLIC

study at the same center-of-mass energy [14]. At
p

s = 10 TeV this uncertainty is assumed equal
to the one at

p
s = 3.0 TeV. For the moment this is the only estimated number and, following the

conservative approach that drives this work, it is used as is. It is reasonable to imagine that, when
the full Higgs boson couplings analysis is carried out at

p
s = 10 TeV, this uncertainty will improve.

The instantaneous luminosity, L, at di�erent
p

s are taken from Ref. [17]. The integrated
luminosity, Lint , is calculated by using the standard four Snowmass years. The acceptance, A, the
number of signal events, N , and background, B, are determined with simulation. The uncertainties
on � and gHbb are calculated and summarized in Table 2 along with all relevant inputs. The
resulting relative uncertainty on the coupling is 1.0% at

p
s = 3.0 TeV and 0.91% at

p
s = 10 TeV.

It should be noted that the result at
p

s = 10 TeV is dominated by the error on g
2
HWW

�H
, which is

assumed equal to the one used at
p

s = 3 TeV.

p
s A ✏ L Lint � N B
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�
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gHbb

[TeV] [%] [%] [cm�2s�1] [ab�1] [fb] [%] [%]
1.5 35 15 1.25 · 1034 0.5 203 5500 6700 2.0 1.9
3.0 37 15 4.4 · 1034 1.3 324 33000 7700 0.60 1.0
10 39 16 2 · 1035 8.0 549 270000 4400 0.20 0.91

Table 2. Summary of the parameters used as inputs for the determination of the Higgs coupling to b quarks.
The data taking time is assumed of 4 · 107 s. The parameter definitions are given in the text.
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§ The instantaneous luminosity, ℒ, at different √s is taken from MAP studies.
§ The acceptance, A, the number of signal events, N, and background, B, determined with simulation.
§ One detector and 4 Snowmass years are assumed.
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6 Comparison to CLIC

The direct comparison of the results obtained on �gHbb

gHbb

at a muon collider with other colliders,
as done in Ref. [18], is not yet available. In order to evaluate the potential of an experiment at a
muon collider, these results are compared to those published by CLIC [14]. CLIC numbers are
obtained with a model-independent multi-parameter fit. In addition, the fit is performed in three
stages, taking the statistical uncertainties obtainable at the three considered energies successively
into account. This means that each new stage includes all measurements of the previous stages and
is represented in Table 3 with a "+" in the integrated luminosity.

The muon collider results are not complete, since not all the necessary parameters are deter-
mined. They are based on assumptions that are very conservative, as discussed in the previous
sections. Data samples at the three center-of-mass energies are treated as independent, and not
taken successively into account. This means that at

p
s = 3 TeV the precision achieved by the

experiment at muon collider uses 4 data-taking years while the CLIC number includes also the 4
years at

p
s = 350 GeV.

p
s [TeV] Lint [ab�1] �gHbb

gHbb

[%]

Muon Collider
1.5 0.5 1.9
3.0 1.3 1.0
10 8.0 0.91

CLIC
0.35 0.5 3.0
1.4 +1.5 1.0
3.0 +2.0 0.9

Table 3. Relative precision on Higgs boson coupling to b�quark at muon collider and at CLIC. The
di�erence on how the numbers are obtained by the two experiments is described in the text.

7 Summary and Conclusion

A detailed study of the Higgs boson decay to b�jets at
p

s = 1.5 TeV is presented, based on a full
simulation of the physics process and the beam-induced background. The physics performance of
the tracking and calorimeter detectors is discussed together with new ideas to mitigate the e�ect
of the beam-induced background. The Higgs boson decay to b�jets is e�ciently reconstructed
demonstrating that the beam-induced background does not jeopardize physics performance of
an experiment at a muon collider. These results demonstrate that high energy muon collisions
perform better than electron-positron machines thanks to the almost negligible beamstrahlung and
synchrotron radiation. The uncertainty on the Higgs boson coupling to b�quarks is determined
under several assumptions and compared to the results obtained by CLIC in similar conditions. CLIC
has quoted the best precision on gHbb [18] and the fact that the muon collider provides similar
numbers in a non-optimized configuration shows its potential. A study of the Higgs couplings to
fermions and bosons is in progress with high priority given to evaluating the Higgs self-coupling.
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CLIC numbers are obtained with a model-
independent multi-parameter fit performed in three 
stages, taking into account data obtained at the 
three different energies.

Results published on JINTST as Detector and 
Physics Performance at a Muon Collider

https://iopscience.iop.org/article/10.1088/1748-0221/15/05/P05001
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Physics Studies in the pipeline 

§ Optimization of jets reconstruction and b-jet identification.
§ Tracks reconstruction improvements is more demanding

Ø !"!# → %&,% → ()( at √*= 1.5 TeV, √*= 3 and √*= 10 TeV  
Re-evaluate

Ø !"!# → %%&,% → ()(, % → ()( and !"!# → ()(()(++̅ inclusive generated 
at √*= 3 with WHIZARD 2.8.2

Ø Detector acceptance and MDI of √*=1.5 TeV 
Ø Detector performance determined at √*=1.5 TeV  events 

weighted to take into account for the different energy.

Measure Higgs trilinear coupling at √*= 3 and √*= 10 TeV 

5

Boosted Decision Tree application

● BDT applied to signal and test samples

● Cut on the BDT output is applied and the signi9cance is calculated

Laura Buonincontri
master thesis.

News results will be
presented at
ICHEP2020 by 
Lorenzo Sestini.

-(H)[rad]
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Possible Roadmap for Physics Study 

We have to create a list of physics benchmark processes in concertation with the theoretical 
community. Our experience so far  tell us that we can follow two different paths:
1) Identify the physics process for which the full simulation is mandatory and study them 

including the beam-induced background.

2) Use efficiencies and resolutions “à la Delphes”, whenever it is possible but “cum grano salis” 
to make sure biases are not created.
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1) Identify the physics process for which the full simulation is mandatory and study them 

including the beam-induced background.

The code for beam-induced background generation is available

machine lattice 
& optics

LineBuilder

detector
nozzle
description

Flair +
new code 

Fluka simulation
muon decay & interaction
with material 

Background 
on detector
envelope 

machine 
geometry

detector
nozzle
position

Input data
Output data
Software program 

Fluka
Element DB

Machine IR needed: 
- We may have √!= 3 TeV from MAP.  When?
- What do we do for √!= 10 TeV? 

Latest results will be presented at ICHEP2020 
by Francesco Collamati.
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1) Identify the physics process for which the full simulation is mandatory and study them 

including the beam-induced background.

A full list of in J. de Blas Snowmass EF workshop talk 
§ Electroweak precise determination of observables: !", Γ", sin (), asymmetries
§ Full study of *+*, → .+.,
§ Vector boson scattering 

Several input from M. Carena Snowmass EF workshop talk
• Dark sector and mediators: 

• dark photon,
• dark Higgs, 
• heavy neutrino,
• axions

Detector optimization can heavily impact on forward tracks reconstruction, short tracks, etc

New detailed results will be presented at ICHEP2020 by 
Massimo Casarsa.

https://indico.fnal.gov/event/43963/contributions/190544/attachments/131694/161343/EWphys_Snowmass_21_deBlas.pdf
https://indico.fnal.gov/event/43963/contributions/190546/attachments/131700/161349/Carena-EF-BSM-2020-final.pdf
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2) Use efficiencies and resolutions “à la Delphes”, whenever it is possible but “cum grano

salis” to make sure biases are not created.

a. Higgs Couplings to bosons and fermions

Plan is to add the muon collider row 



9
2) Use efficiencies and resolutions “à la Delphes”, whenever it is possible but “cum grano

salis” to make sure biases are not created.

b. Higgs self-couplings
- !"!# → %%&,% → ()(, % → ()( and !"!# → ()(()(*+* in progress at √,= 3 TeV

- !"!# → %%%&,% → ()(, % → ()(, % → ()( signal 
!"!# → ()(()(()(*+* how to efficiently generate it?

Should we start meeting among the interested people to organize the Higgs studies?
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To summarize

q Create a priority list for physics tstudies at √!= 3 TeV for  1) full simulation and 2) 
parametric, à la Delphes.

q Agree on how to proceed to address the √!= 10 TeV studies if we will not have idea of 
the beam-induced background


