
CP-Violation in the Top-Higgs Interaction at Future Muon Colliders
Morgan Cassidy, Yanzhe Zhang, Zhongtian Dong, Kyoungchul Kong, Ian Lewis, Yajuan Zheng

University of Kansas, Department of Physics and Astronomy, Lawrence, KS, USA

SM + CPV

The advantages of a muon collider are 
that it can have clean collision 
environments, reach high energy, and 
have less energy loss. Disadvantages 
include muons’ short lifetime and that 
muons are hard to collimate. 
To better simulate the detector 
environment and improve the signal’s 
significance, we apply 

1. Jet smearing, 
2. eta (< 2.5 rad), 
3. ΔR (> 0.4 rad)
4. invariant mass (100 GeV ~ 150 

GeV).

Because the muon collider is a proposed 
new type of collider, we use 
MadGraph5_aMC@NLO [3], a Monte 
Carlo simulation framework, to generate 
and analyze events. 

The Standard Model is a largely 
successful theory describing fundamental 
particles and their interactions but doesn’t 
explain phemonena such as :

1. dark matter,
2. matter-antimatter asymmetry,
3. neutrino mass, or
4. gravity.

The project  propose a search for finding 
a new physics by studying a CP-Violating 
top Yukawa coupling The 𝑡𝑡h Lagrangian 
interaction term can be modeled by: 

Fig.1 Cross-
section varying with 
CP-phase for signal 
processes (not 
decayed) at √s = 10 
TeV. At large 
CP-angles, the 
cross-section of 𝑡𝑡h𝜈𝜈 
and 𝑡bh𝜇𝜈 signals 
increase significantly.

Fig.2 Design of muon collider [2]. 

Kinematic Distributions

Cutflow & Significance

We study different kinematic distributions to characterize the signal and 
background. Of interest is the study of the invariant mass of the higgs 
boson’s decay products. We show the invariant mass of the 
reconstructed higgs from two bottom jets.
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parameterized with CP-violating 
phase, ɑ. In the weak interaction, the 
combined CP-symmery is not 
conserved. Since, in the SM, ɑ = 0, we 
use non-zero ɑ-values for signal 
processes, to look for a new source of 
CP-violation. According to the ATLAS 
Collaboration, |ɑ| > 43° is excluded at 
95% confident level [1]. Our study 
focuses on the ɑ = 3π/16 case and we 
show the results at √s = 10 TeV.

Table 1 Cross-sections for signal and background before and after cuts, 
using a luminosity of 10,000 (fb-1) and significance calculated by S/√S+B. 

Fig.3 Invariant mass distributions. The left figure is before cuts including 
detector effects, and the right distribution is after acceptance cuts.

Cross-Section

2𝝈  Exclusion
Fig.4 Distribution showing the total signal 
cross-section varying with ɑ at 1 TeV, 10 
TeV, and 30 TeV. The dashed lines 
correspond to 2𝜎 exclusion (95% CL) 
bands on ɑ and represent how much ɑ 
can vary to still be consistent with 
Standard Model like data. The bands are 
limited (with statistical uncertainty only) 
within |ɑ| < 55°, |ɑ| < 9°, and |ɑ| < 3°, for 1 
TeV, 10 TeV, and 30 TeV respectfully.  
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