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Precision measurements at lepton collider 

2HDM: Brief Introduction

Individual constraints: theory, EW, Higgs, flavour

Results and Conclusion
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SM-like Higgs

LHC Run-I:
𝑚" = 125.09 ± 0.24 GeV
LHC Run-II

∆= 160MeV

1. Higgs property
2. Higgs potential: EWPT
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Precision Measurements

LHC
HL-LHC
FCC

CEPC

ILC
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Precision: Higgs mass

LHC Run-I:
𝑚" = 125.09 ± 0.24 GeV
LHC Run-II

∆= 160MeV
HL-LHC

∆= 10 − 20 MeV

CEPC:   Δm" = 5.9 MeV
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collider CEPC FCC-ee ILCp
s 240GeV 240GeV 365GeV 250GeV 350GeV 500GeVR
Ldt 5.6 ab�1 5 ab�1 1.5 ab�1 2 ab�1 200 fb�1 4 ab�1

production Zh Zh Zh ⌫⌫̄h Zh Zh ⌫⌫̄h Zh ⌫⌫̄h

��/� 0.5% 0.5% 0.9% � 0.71% 2.0% � 1.05 �
decay �(� ·BR)/(� ·BR)

h ! bb̄ 0.27% 0.3% 0.5% 0.9% 0.46% 1.7% 2.0% 0.63% 0.23%

h ! cc̄ 3.3% 2.2% 6.5% 10% 2.9% 12.3% 21.2% 4.5% 2.2%

h ! gg 1.3% 1.9% 3.5% 4.5% 2.5% 9.4% 8.6% 3.8% 1.5%

h ! WW
⇤ 1.0% 1.2% 2.6% 3.0% 1.6% 6.3% 6.4% 1.9% 0.85%

h ! ⌧
+
⌧
� 0.8% 0.9% 1.8% 8.0% 1.1% 4.5% 17.9% 1.5% 2.5%

h ! ZZ
⇤ 5.1% 4.4% 12% 10% 6.4% 28.0% 22.4% 8.8% 3.0%

h ! �� 6.8% 9.0% 18% 22% 12.0% 43.6% 50.3% 12.0% 6.8%

h ! µ
+
µ
� 17% 19% 40% � 25.5% 97.3% 178.9% 30.0% 25.0%

(⌫⌫̄)h ! bb̄ 2.8% 3.1% � � 3.7% � � � �

Table 1. Estimated statistical precisions for Higgs boson measurements obtained at the proposed
CEPC program with 5.6 ab�1 integrated luminosity [1], FCC-ee program with 5 ab�1 integrated
luminosity [2, 3], and ILC with various center-of-mass energies [4].

2 The Higgs observables at future lepton colliders

To set up the baseline of our study, we hereby list the running scenarios of various machines in

terms of their center-of-mass energies and the corresponding integrated luminosities, as well

as the estimated precisions of relevant Higgs boson measurements that are used in our global

analyses in Tab. 1. The anticipated accuracies for CEPC and FCC-ee are comparable for most

channels, except for h ! ��. There are several factors that contribute to the di↵erence for

this channel, which include the superior resolution of the CMS-like electromagnetic calorime-

ter that was used in FCC-ee analyses, and the absence of background from beamstrahlung

photons [? ].

3 MSSM and  frame work

Wei: Do we need some introduction about MSSM? How simple or detailed?

Move the discussion of chi2 after the Higgs mass coupling discussion. To transfer

these precision observables to our model parameters, we construct the �
2 with the profile

likelihood method

�
2

Total
= �

2

mass + �
2

µ (3.1)

– 2 –

Precision: Higgs couplings
CEPC-CDR , FCC-ee,  ILC Operating Scenarios
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Fig. 26: (left) Summary plot showing the total expected ±1� uncertainties in S2 (with YR18 systematic
uncertainties) on the WH (top) and ZH (bottom) production cross sections in the different decay modes
normalised to the SM predictions for ATLAS(blue) and CMS (red). The filled coloured box corresponds
to the statistical and experimental systematic uncertainties, while the hatched grey area represent the
additional contribution to the total uncertainty due to theoretical systematic uncertainties. In the cases
where the extrapolation is performed only by one experiment, same performances are assumed for the
other experiment and this is indicated by a hatched bar. (right) Summary plot showing the total expected
±1� uncertainties in S2 (with YR18 systematic uncertainties) on the WH (top) and ZH (bottom) pro-
duction cross sections in the different decay modes normalised to the SM predictions for the combination
of ATLAS and CMS extrapolations. For each measurement, the total uncertainty is indicated by a grey
box while the statistical, experimental and theory uncertainties are indicated by a blue, green and red line
respectively. In addition, the numerical values are also reported.
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Fig. 25: (left) Summary plot showing the total expected ±1� uncertainties in S2 (with YR18 systematic
uncertainties) on the ggH (top) and VBF (bottom) production cross sections in the different decay modes
normalised to the SM predictions for ATLAS(blue) and CMS (red). The filled coloured box corresponds
to the statistical and experimental systematic uncertainties, while the hatched grey area represent the
additional contribution to the total uncertainty due to theoretical systematic uncertainties. In the cases
where the extrapolation is performed only by one experiment, same performances are assumed for the
other experiment and this is indicated by a hatched bar. (right) Summary plot showing the total expected
±1� uncertainties in S2 (with YR18 systematic uncertainties) on the ggH (top) and VBF (bottom) pro-
duction cross sections in the different decay modes normalised to the SM predictions for the combination
of ATLAS and CMS extrapolations. For each measurement, the total uncertainty is indicated by a grey
box while the statistical, experimental and theory uncertainties are indicated by a blue, green and red line
respectively. In addition, the numerical values are also reported.
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Precision: EW
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2HDM: Brief Introduction

l Two Higgs Doublet Model
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lParameters (CP-conserving, 𝑍5 Symmetry)

𝑚66
5 ,𝑚55

5 , 𝜆6, 𝜆5, 𝜆9, 𝜆:, 𝜆;

Soft 𝑍5 symmetry breaking: 𝑚65
5

𝑣, tan 𝛽 , 𝛼,𝑚",𝑚B,𝑚C,𝑚B±

246 GeV 125. GeV



Constraints: theory

• Perturbativity
• Stability of the potential
• Unitarity of the scattering matrix

cos β − α = 0,
𝑚I ≡ 𝑚B = 𝑚C = 𝑚B±

λv5 ≡ mI
5 −m65

5 /sNcN

−1255GeV5 < 𝜆v5 < 6005GeV5

Type-Independent

1709.06103: J.Gu, H.Li, Z.Li, S.Su,WS
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Constraints: EW+Higgs (indirect)
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Type-II



Constraints: heavy Higgs (direct)
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1910.06269 , WS

Type-II

http://arxiv.org/abs/arXiv:1910.06269


Constraints: flavor
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Results: Strong First Order Phase Transition
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Results: Strong First Order Phase Transition
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SFOPT

Preliminary
Allowed by CEPC



Conclusion
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