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• The coupling of Higgs with W/Z boson and third generation charged-fermions have been 
observed in LHC. JHEP 08 (2016) 045 

• The  decay is a unique channel to measure Higgs Yukawa coupling to the 
second generation fermions. 

• Impact on CEPC 
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• Signal: two opposite charged muons 

• Background: Drell-Yan (dominant), +single-top, 
WZ/ZZ 

• Based on the different production mode of 
Higgs , use MVA for event classification 

• ggF: 12 categories 

• VBF: 4 categories 

• VH: 3 categories 

• ttH: 1 category 

• Fully data-driven method to estimate 
background 

• Use analytic functions to model Signal 

and Background

tt̄

Analysis Strategy
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Figure�1:�Examples�of�leading-order�Feynman�diagrams�for�Higgs�boson�production�via�the�(a)�ggF�and�(b)�VBF�
production�processes.

q

q

W, Z

H

g

g

Z

H

g

g

Z

H

�
Figure�2:�Examples�of� leading-order�Feynman�diagrams� for�Higgs�boson�production�via� the� (a)�qq�!� VH� and�
(b,�c)�gg�!�ZH�production�processes.
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Figure�3:�Examples�of� leading-order�Feynman�diagrams� for�Higgs�boson�production�via� the�qq/gg�!� ttH� and�
qq/gg�!�bbH�processes.

Other less important production processes in the SM, which are not the target of a direct search but
are included in the combination, are qq, gg ! bbH (bbH), also shown in Fig. 3, and production in
association with a single top quark (tH), shown in Fig. 4. The latter process proceeds through either
qq/qb! tHb/tHq0 (tHq) (Figs. 4a and 4b) or gb! tHW (tHW) (Figs. 4c and 4d) production.

Examples of leading-order (LO) Feynman diagrams for the Higgs boson decays considered in the com-
bination are shown in Figs. 5 and 6. The decays to W and Z bosons (Fig. 5a) and to fermions (Fig. 5b)
proceed through tree-level processes whereas the H ! �� decay is mediated by W boson or heavy quark
loops (Fig. 6).

The SM Higgs boson production cross sections and decay branching fractions are taken from Refs. [30–
32] and are based on the extensive theoretical work documented in Refs. [33–76]. The inclusive cross
sections and branching fractions for the most important production and decay modes are summarised
with their overall uncertainties in Tables 1 and 2 for a Higgs boson mass mH = 125.09 GeV. The SM
predictions of the branching fractions for H ! gg, cc, and Z� are included for completeness. Although
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Event Selection
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• 3/4 leptons 
• At least one b-tagged jet

• 3/4 leptons 
• No b-tagged jet

• 2 leptons 
• No b-tagged jet

• 2 leptons 
• No b-tagged jet

Use different event selection criterial for different production mode
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• Use BDT (implemented in XGBoost package) to further suppress backgrounds 

• Leading two muons as  

• 12 variables are used for the BDT 

• Main background is ttZ. Expected signal: 1.2 events

H → μμ
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• WH/ZH, ( ). Expected 
signal: 4.7 events 

• Two BDTs: one BDT for 3 
lepton (8 variables) and 
another BDT for 4 lepton (7 
variables) 

• Main background: Diboson

H → μμ
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Other less important production processes in the SM, which are not the target of a direct search but
are included in the combination, are qq, gg ! bbH (bbH), also shown in Fig. 3, and production in
association with a single top quark (tH), shown in Fig. 4. The latter process proceeds through either
qq/qb! tHb/tHq0 (tHq) (Figs. 4a and 4b) or gb! tHW (tHW) (Figs. 4c and 4d) production.

Examples of leading-order (LO) Feynman diagrams for the Higgs boson decays considered in the com-
bination are shown in Figs. 5 and 6. The decays to W and Z bosons (Fig. 5a) and to fermions (Fig. 5b)
proceed through tree-level processes whereas the H ! �� decay is mediated by W boson or heavy quark
loops (Fig. 6).

The SM Higgs boson production cross sections and decay branching fractions are taken from Refs. [30–
32] and are based on the extensive theoretical work documented in Refs. [33–76]. The inclusive cross
sections and branching fractions for the most important production and decay modes are summarised
with their overall uncertainties in Tables 1 and 2 for a Higgs boson mass mH = 125.09 GeV. The SM
predictions of the branching fractions for H ! gg, cc, and Z� are included for completeness. Although
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2 jet events: events with 2 or more jets
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VBF/ggF Categories 
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VBF/ggF Categories 
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VBF/ggF Categories 

11

Rest 
Events 

2 jet

1 jet

0 jet

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

VBFO

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Fr
ac

tio
n 

of
 E

ve
nt

s

ATLAS
-1 = 13 TeV, 139 fbs

2-jet

Data
 simulationµµ→VBF H
 simulationµµ→ggF H

Bkg simulation

ggF

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
(2)
ggFO

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Fr
ac

tio
n 

of
 E

ve
nt

s

ATLAS
-1 = 13 TeV, 139 fbs

2-jet

Data
 simulationµµ→VBF H
 simulationµµ→ggF H

Bkg simulation

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
(1)
ggFO

0

0.05

0.1

0.15

0.2

0.25

Fr
ac

tio
n 

of
 E

ve
nt

s

ATLAS
-1 = 13 TeV, 139 fbs

1-jet

Data
 simulationµµ→VBF H
 simulationµµ→ggF H

Bkg simulation

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
(0)
ggFO

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18

0.2
0.22

Fr
ac

tio
n 

of
 E

ve
nt

s

ATLAS
-1 = 13 TeV, 139 fbs

0-jet

Data
 simulationµµ→VBF H
 simulationµµ→ggF H

Bkg simulation

Phys.Lett.B 812 (2021) 135980

https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub


        April 16, 2021                                                                                      Jie Zhang (Shandong University)                                                                                                             

• 20 categories in total: 4 VBF + 12 ggF + 3 VH + 1 ttH

12

Event Categorization
Phys.Lett.B 812 (2021) 135980
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• Double-sided Crystal-Ball function is used to model the signal shape, which is described 
by a Gaussian core of distribution and two asymmetric exponential tails as below:

Signal Modeling

13
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• Proposed model with two components: [ fix ] x [ floating ] 

• Fixed part (physics motivated): LO 2 2 Drell-Yan analytic lineshape 

•  resolution effect included by smearing with Gaussian 

• Floating part: 

→
mμμ

Background Modeling
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Category Empirical Function max(SS/ �S)[%] max(SS/SSM )[%]

VBF Very High Epoly1 -20.3 -34.8

VBF High Power0 11.7 20.0

VBF Medium Power0 8.5 16.4

VBF Low Power0 11.2 2.4

2-jet Very High Power1 -13.3 -34.5

2-jet High Epoly2 -19.8 -41.2

2-jet Medium Power1 19.8 40.9

2-jet Low Epoly3 2.1 8.0

1-jet Very High Epoly2 21.9 -53.4

1-jet High Epoly2 -7.8 -18.5

1-jet Medium Power1 4.2 7.9

1-jet Low Power1 17.3 51.5

0-jet Very High Power1 19.2 50.9

0-jet High Power1 -19.4 43.5

0-jet Medium Power1 25.8 69.4

0-jet Low Epoly3 -20.8 -100.4

VH4L Power1 20.7 230

VH3LH Epoly2 36.9 210

VH3LM Epoly3 33.6 276

tt̄H Power0 32.2 117

Simultaneously fit with 
20 categories to extract 
signal strength
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• Significance: 2.0  (1.7  expected) 

• Best fit:  = 1.2  0.6

σ σ
μ ±

Statistical Results
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Signal Strength in Different Categories

16
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Higgs Coupling
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Figure 14: Reduced coupling-strength modifiers ^�
<�
E for fermions (� = C, 1, g, `) and

p
^+

<+
E for weak gauge

bosons (+ = , , /) as a function of their masses <� and <+ , respectively, and the vacuum expectation value of
the Higgs field E = 246 GeV. The SM prediction for both cases is also shown (dotted line). The black error bars
represent 68% CL intervals for the measured parameters. The coupling modifiers are measured assuming no BSM
contributions to the Higgs boson decays, and the SM structure of loop processes such as ggF and � ! WW. The
lower inset shows the ratios of the values to their SM predictions. The level of compatibility between the combined
measurement and the SM prediction, estimated using the procedure outlined in the text with six degrees of freedom,
corresponds to a ?-value of ?SM = 84%.

7.5 Generic parameterization including e�ective photon and gluon couplings with and

without BSM contributions in decays

The models considered in this section are based on the same parameterization as the one in Section 7.4 but
the ggF, � ! 66, and � ! WW loop processes are parameterized using the e�ective coupling-strength
modifiers ^6 and ^W , similar to the benchmark model probed in Section 7.3.

The measured parameters include ^/ , ^, , ^1, ^C , ^g , ^W and ^6. The sign of ^C can be either positive or
negative, while ^/ is assumed to be positive without loss of generality. All other model parameters are
also assumed to be positive. Furthermore it is assumed that any potential BSM e�ect does not a�ect the
kinematics of the Higgs boson decay products significantly. Two alternative scenarios are considered for

36

Updated with 
139 fb-1

ATLAS-CONF-2020-027



        April 16, 2021                                                                                      Jie Zhang (Shandong University)                                                                                                             

•  is used to probe the Higgs coupling to second generation fermions. 

•  search with full run2 data. Observed significance: 2  (1.7  expected) 

• Best-fit combined signal strength:  = 1.2 ± 0.6  

• Outlook in LHC:  

• Need more data to understand the coupling between Higgs and muons 

• LHC Run 3 will start Feb 2022 

• Impact on CEPC : 

• The background is extremely clean. 

• Develop different event selection criterial based on different production mode. 

• Apply MVA method for event categorization. 

• Use profile likelihood method to estimate significance.

H → μμ
H → μμ σ σ

μ

H → μμ

Summary

18

Kunlin Ran’ talk: Higgs to dimuon measurement at the CEPC

https://indico.ihep.ac.cn/event/13888/session/13/contribution/78/material/slides/0.pdf
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ttH BDT Training Variables
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VH 3-lepton BDT Training Variables
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VH 4-lepton BDT Training Variables
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2-jet BDT Training Variables
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1-jet BDT Training Variables
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