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Higgs Decay Modes
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Higgs @ Future Lepton Colliders

CEPC CDR vol 2 – Physics & Detector, Chapter 11
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Higgs Precision Observables

CEPC CDR vol 2 – Physics & Detector, Table 11.3
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More than Precision Machines

arXiv:2012.13922
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作业h-ττ Yukawa Coupling

SM:

BSM:

Δ is the CP phase in the h-ττ Yukawa coupling!

The CP phase can introduce O(1) effect on 
Yukawa coupling
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作业New Physics behind CP Phase

Type-III THDM

which contributes 3 neutral scalars (h, H, A)

The SM-like Higgs h has the τ Yukawa coupling as

H. K. Guo, Y. Y. Li, T. Liu, M. Ramsey-Musolf and J. Shu [arXiv:1609.09849 [hep-ph]]

Baryogenesis for matter-antimatter asymmetry!
More background in Xiao-
Ping Wang & Wei Su’s talks



Shao-Feng Ge @ HKIAS 2021 CP Measurement of h-ττ Coupling 9

作业h –> ττ Decay
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作业Event Topology

The angular distribution can be 
generally parametrized as:

1. The 1st term fixed by normalization

2. The 2nd term parameters (A, δɸ) have 
various choices!
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作业Angular Differential Distributions

1. Natural Azimuthal Angle

2. Polarimeter
A factor of 0.2 suppression

Uniformly large for both 
channels

J. H. Kuhn and F. Wagner, NPB ‘84

B. Grzadkowski & J. F. Gunion, PLB ‘95
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作业Angular Differential Distributions

3. Acoplanarity

4. The θ Variable

1. Natural Azimuthal Angle

2. Polarimeter

R. Harnik, A. Martin, T. Okui, R. Primulando and F. Yu, PRD 2013

G. R. Bower, T. Pierzchala, Z. Was & M. Worek [hep-ph/0204292]
M. Worek [hep-ph/0305082]
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作业Angular Differential Distributions

The dependence on the CP phase is O(1) effect!
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作业Momentum Reconstruction

The measurable momenta are 
those of Z, π, ρ

The Higgs momentum is reconstructed in 
terms of the Z momentum

The π / ρ momentum reconstructed from 
final-state particles

X. Chen and Y. Wu, EPJC 2017 [arXiv:1703.04855]
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作业Degeneracy in Neutrino Momentum

decay planes & azimuth angle difference

Neutrino Momentum

1、 Neutrino (      ) & Anti-Neutrino Momentum (      )

3、 Neutrino on-shell conditions

2、 Energy-momentum conservation

4、 τ on-shell conditions 

8 d.o.f

4 d.o.f

2 d.o.f

0 d.o.f

Two-fold degeneracy
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作业Impact Parameter

D. Jeans and G. W. Wilson, PRD 2018 [arXiv:1804.01241]
X. Chen and Y. Wu, EPJC 2017 [arXiv:1703.04855]Essentially remove the degeneracy!
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作业CP Discovery Potential

(95%)

(82%)
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作业CEPC, FCC-ee, ILC
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作业CP Sensitivity
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作业3σ Discovery of Baryogenesis Region

If the baryogenesis 
scenario with Type-III 
THDM is correct, it 
can be verified @ 
future lepton 
colliders with ~3σ 
sensitivities!
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作业Baryogenesis @ CEPC

Even with free strength, most of the baryogenesis region can be verified 



Shao-Feng Ge @ HKIAS 2021 CP Measurement of h-ττ Coupling 22

作业Summary

1、 Future lepton colliders: golden machines for measuring Higgs properties

2、 Not just precision machines, but can make O(1) measurement of NP

4、 1σ sensitivity can reach (2.9º, 3.2º, 3.8º) @ (CEPC, FCC-ee, ILC)

5、 3σ capability of distinguishing EWBG from CP conserving case

3、 CP discovery potential

(a) 95% of parameter space above 95% C.L.

(b) 82% of parameter space above 5σ C.L.
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Thank You



Shao-Feng Ge @ HKIAS 2021 CP Measurement of h-ττ Coupling 24

作业Backup
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