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Abstract The precision of the yield measurement of1

the Higgs boson decaying into a pair of Z bosons pro-2

cess at the Circular Electron Positron Collider (CEPC)3

is evaluated. Including the recoil Z boson associated4

with the Higgs production (Higgsstrahlung) total three5

Z bosons are involved for this channel, from which fi-6

nal states characterized by the presence of a pair of7

leptons, quarks, and neutrinos are chosen for the sig-8

nal. Two analysis approaches are compared and the9

final precision of σZH·BR(H → ZZ∗) is estimated to10

be 7.9% using a multivariate analysis technique, based11

on boosted decision trees. The relative precision of the12

Higgs boson width, using this H → ZZ∗ decay topol-13

ogy, is estimated by combining the obtained result with14

the precision of the inclusive ZH cross section measure-15

ment.16

Keywords CEPC · Higgs boson · Higgs to ZZ17

1 Introduction18

After the discovery of the Higgs boson [1,2], efforts are19

performed on measuring properties of the Higgs boson.20

One of motivations of these studies is to obtain hints for21

physics beyond the Standard Model (SM), whose exis-22

tence is suggested by several experiment facts, such as23

dark matter, cosmological baryon-antibaryon asymme-24

try. The Circular Electron Positron Collider (CEPC) [3,25

4] is a proposed future circular e+e− collider, with a26

main ring circumstance of ∼100 km. As a Higgs factory,27

the CEPC is planned to operate at a center of mass en-28

ergy
√
s = 240 GeV with an integrated luminosity of29

5.6 ab−1 corresponding to the production of more than30
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106 Higgs bosons. Hence it is expected to achieve an31

order of magnitude improvement on measurements of32

Higgs boson properties as compared to the final LHC33

precision.34

The Higgs production mechanisms in e+e− collision35

at
√
s = 240 GeV will be the Higgsstrahlung process36

e+e− → Z∗ → ZH (hereafter, denoted as ZH pro-37

cess) and the vector boson fusion processes, e+e− →38

W+∗W−∗νeν̄e → Hνeν̄e and e+e− → Z∗Z∗e+e− →39

He+e−. Among these processes, the ZH process is pre-40

dicted to have the largest cross section, dominating41

over all of the others [5]. Therefore, the ZH production42

mode is going to provide series of the Higgs measure-43

ments, such as the inclusive ZH process cross section44

σZH, using the recoil mass method against the Z boson.45

That Z boson also serves as a tag of the ZH process46

through reconstruction of objects decaying from the Z47

boson. Utilizing this tag information, the Higgs boson48

is clearly identified and thus individual decay channels49

of the Higgs boson will be explored subsequently.50

The decay channel, where the Higgs boson decays51

into a pair of Z bosons via the ZH process, will be52

studied at the CEPC. Like the other decay modes, the53

Branching ratio BR(H → ZZ∗) can be obtained from54

the measurement of the signal yield, since the yield al-55

lows to extract the observable σZH×BR(H → ZZ∗).56

In addition, the Higgs boson width ΓH can be inferred57

as well. Under the assumption that the coupling struc-58

ture follows the SM, the branching ratio is proportional59

to BR(H → ZZ∗) = Γ(H → ZZ∗)/ΓH ∝ g2HZZ/ΓH ,60

therefore, ΓH can be deduced with precision determined61

from the measurements of the coupling g2HZZ (σZH ∝62

g2HZZ) and the signal yield. Note that the vector boson63

fusion νν̄H process in combination with measurements64

of the H → WW ∗ decay channel can also provide the65

ΓH value independently, hence the final value will be66
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determined from the combination of the two measure-67

ments [5].68

The study of H → ZZ∗ channel via the ZH process69

has an unique feature among the other decays that is70

originated from its event topology where two on-shell Z71

bosons and one off-shell Z boson are involved. Consider-72

ing that Z bosons can decay to any fermion anti-fermion73

pair except a top quark pair, the topology diverges into74

lots of final states. The H → ZZ∗ → 4l decay is the75

so-called “golden channel” of the Higgs boson study76

at the LHC, as it has the cleanest signature of all the77

possible Higgs boson decay modes [6,7]. However, the78

statistics of this leptonic channel at the CEPC may not79

allow to study the properties with required precision.80

Conversely, fully hadronic channel can provide enough81

statistics, but difficulties in identifying and matching82

jets with proper Z bosons, as well as efficient separa-83

tion from the SM backgrounds have to be overcome.84

Between these two extremes, the decay channels having85

a pair of leptons, two jets and two neutrinos are most86

promising candidates for studying H → ZZ∗ proper-87

ties, owing to its clear signature and larger branching88

fraction than the leptonic channel. Therefore, this fi-89

nal state has been chosen as the signal for the eval-90

uation of the H → ZZ∗ properties. Among charged91

leptons, muons have advantage on discrimination of iso-92

lated candidates from those produced via semi-leptonic93

decays of heavy flavor jets. Therefore, the final states94

including a pair of muons are finally selected as the sig-95

nal process: Z → µ+µ−, H→ZZ∗ → νν̄qq̄ (Fig. 1) and96

its cyclic permutations, Z → νν̄, H → ZZ∗ → qq̄µ+µ−
97

and Z → qq̄, H → ZZ∗ → µ+µ−νν̄, where the q rep-98

resents all quark flavors except for the top quark.99

In this article, we report on the estimation of rel-100

ative precision of the yield measurement for the H →101

ZZ∗ decay at the CEPC using the signal processes char-102

acterized by the presence of a pair of muons, jets and103

neutrinos. In Sec. 2, we briefly introduce the CEPC104

detector design and the Monte Carlo (MC) simulation105

scheme. The details of the event selection on generated106

samples is described in Sec. 3. The statistical procedure107

and results of the estimated precision of the signal yield108

is presented in Sec. 4 followed by a brief discussion in109

Sec. 5. Finally, conclusions are summarized in Sec. 6.110

2 Detector design and simulation samples111

The CEPC will hosts two interaction points (IP) on the112

main ring, where the detector at each IP records colli-113

sion data under different center of mass energies varying114

from
√
s = 91.2 GeV as a Z factory to

√
s = 240 GeV115

as a Higgs factory. To fulfill the physics goals, a baseline116

Fig. 1 Example Feynman diagram of the signal process
which is characterized by the presence of a pair of muons,
jets and neutrinos. In this example, the initial Z boson re-
coiling against the Higgs boson is decaying into muons. Final
states with all of cyclic permutation of the decay products
from three Z bosons are considered throughout this analysis.

concept of the detector is developed based on the Inter-117

national Large Detector (ILD) concept [8] with further118

optimizations for the CEPC environment. From the119

most inner sub-detector component, the detector con-120

cept is composed of a silicon vertex detector, a silicon121

inner tracker consisting of micro strip detectors, a Time122

Projection Chamber (TPC), a silicon external tracker,123

ultra-fine segmented calorimeters, an Electromagnetic124

CALorimeter (ECAL) and an Hadronic CALorimeter125

(HCAL), a 3T superconducting solenoid, and a muon126

detector [4].127

The CEPC simulation software package implements128

the baseline concept detector geometry. Events for the129

SM processes are generated by the Whizard [9] includ-130

ing the Higgs boson signal, where the detector con-131

figuration and response is handled by the GEANT4-132

based simulation framework, MokkaPlus [10]. Modules133

for digitization of the signals at each sub detector cre-134

ates the hit information. Particle reconstruction has135

been taken place with the Arbor algorithm, which builds136

the reconstructed particles using calorimeter and track137

information [11]. A set of MC samples at
√
s = 240138

GeV has been generated with this scheme where the139

Higgs boson signal also contain theWW/ZZ fusion pro-140

cesses. All of the SM background samples, which can141

be classified according to number of fermions in their142

final states, two-fermion processes (e+e− → ff̄) and143

four-fermion processes (e+e− → ff̄f f̄), are produced144

as well. More details about the samples and their clas-145

sification can be found in Ref. [12].146
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3 Event selection147

Event selection is performed in several stages. The pre-148

selection builds higher-level objects, such as isolated149

muons, jets, and missing four momentum from the Par-150

ticle Flow (PF) objects which are reconstructed by the151

ArborPFA. The isolation requirements on muons, iden-152

tified by the PFs, are imposed. For muons with energy153

higher than 3 GeV, tracks inside of a cone with a half-154

angle θ around the candidate are examined and it is155

identified as an isolated muon, when a ratio of the en-156

ergy of the muon candidate to summation of the en-157

ergy from all of the tracks except for the candidate in158

a volume defined by the cone is greater than 10 with159

cos θ = 0.98. Jets are clustered from the PFs but except160

for isolated lepton candidates, using the kt algorithm161

for the e+e− collision (ee − kt) with the FastJet pack-162

age [13]. Exclusive requirement (Njet = 2) on number163

of jets is imposed. Events are requested to have a pair164

of isolated muons of positive and negative charged, and165

two jets successfully clustered.166

The events satisfying the pre-selection criteria are167

separated into six categories. Depending on which physics168

objects (µµ/qq̄/νν̄) form the tagged Z boson (hereafter169

denoted it as initial Z boson) , the signal samples can170

be classified into three categories. Furthermore, distin-171

guishing the status between having a pair of objects172

suppose to be decaying from the on-shell Z boson and173

from the off-shell Z boson where H → ZZ∗ decay is174

assumed, enhances the efficiency of the event selection175

by applying different selection criteria for each respec-176

tively. Following notation is adopted for denoting each177

category: µµHννqq (µµHqqνν) category is defined to178

be most sensitive to signal events having reconstructed179

invariant mass Mµµ of two muons in the range 80-100180

GeV where two top characters in the notation represent181

a pair of muons decaying from the initial Z boson, with182

the reconstructed invariant mass of missing term Mmiss183

due to escaping neutrinos is larger (smaller) than dijet184

invariant mass Mjj . The mass range of the initial Z bo-185

son for the other categories are chosen as 75-110 GeV186

for ννHµµqq and ννHqqµµ categories, 75-105 GeV for187

qqHννµµ and qqHµµνν categories, taking into account188

the reconstructed mass resolution for this analysis. The189

recoil mass against the initial Z boson is required to190

be in the range of 110-140 GeV. To ensure that the191

events are separated into categories exclusively, further192

requirements on recoil mass distributions of a pair of193

objects are applied that is described later.194

On total six categories, µµHννqq, µµHqqνν, ννHµµqq,195

ννHqqµµ, qqHννµµ, qqHµµνν, further event selection196

criteria are optimized separately. Two different anal-197

ysis approaches are exploited for this stage, the one198

where requirements are imposed on a set of kinematic199

variables (referred to “cut-based” analysis) and the one200

which uses a multivariate analysis technique, based on201

the boosted decision tree (BDT) implemented within202

scikit-learn package [15], in order to achieve better sepa-203

ration between signal and background (referred to “BDT”204

analysis).205

For the cut-based analysis, the signal to background206

ratio is maximized by the following requirements. The207

invariant mass Mµµ of the two muons, the invariant208

mass Mjj of two jets and the missing mass Mmiss are209

required to fall into the mass window around the Z210

(Z∗) boson. Number of particle flow objects NPFO in211

the event is required to be larger than a threshold value,212

which is decided by the condition whether jets are orig-213

inated from an on-shell Z boson or not, as well as sup-214

pression of background contributions where the jets are215

reconstructed from any objects other than quark seeds.216

Cut on the polar angle of the sum of all visible parti-217

cles cos θvis is applied to further reject background pro-218

cesses, such as two-fermion components which tends to219

be back-to-back along the beam axis. The angle be-220

tween the di-muons and di-jets systems ∆φZZ is used221

to reduce background components as well. Kinematic222

properties of two on-shell Z bosons has significant over-223

lap at
√
s = 240 GeV. As a result, a signal process224

and its conjugate process that is the signal process by225

exchanging decay objects from on-shell Z bosons, e.g.226

Z → µ+µ−, H → (Z→qq̄, Z∗→νν̄) and Z → qq̄, H →227

(Z→µ+µ−, Z∗→νν̄), have considerable overlaps in the228

kinematical phase space. To ensure that the events are229

grouped into mutually exclusive categories which are230

optimized based on their kinematic properties, two ex-231

clusive regions in the two-dimensional phase space of re-232

coil mass distributions of di-objects, are defined and are233

used to further restrict categories. For example, in the234

M recoil
µµ -M recoil

jj phase space, a region covering majority235

of Z → qq̄, H → (Z→µ+µ−, Z∗→νν̄) signal events is236

defined as237

M recoil
µµ −MH >

∣∣M recoil
jj −MH

∣∣ (M recoil
µµ > MH)

< −
∣∣M recoil

jj −MH

∣∣ (M recoil
µµ < MH)

where MH represents the Higgs boson mass of 125 GeV.238

A requirement, denoted by “not-qqHZZ”, has been added239

to the cut sequence for µµHqqνν category where events240

are rejected if a set of reconstructed recoil mass (M recoil
µµ ,241

M recoil
jj ) satisfies above condition. Similarly, total two242

kinds of “not-xxHZZ” (xx: µµ or νν or qq) cuts are243

added in the selection for each category. Table 1 sum-244

maries the selection criteria applied across all the cate-245

gories considered.246

The signal and background reduction efficiencies to-247

gether with expected number of events running at
√
s =248
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Table 1 Overview of the requirements applied when selecting events (cut-based).

Pre-selections

N(l) = 2, where leptons(l) should pass the isolation criteria
N(µ+) = 1, N(µ−) = 1 with E(µ±) > 3 GeV
N(jet) = 2

Selection (Cut-based) µµHννqq µµHqqνν ννHµµqq ννHqqµµ qqHννµµ qqHµµνν

Mass order Mmiss > Mjj Mmiss < Mjj Mµµ > Mjj Mµµ < Mjj Mmiss > Mµµ Mmiss < Mµµ

Mµµ (GeV) [80, 100] [60, 100] [10, 60] [15, 55] [75, 100]
Mjj (GeV) [15, 60] [60, 105] [10, 55] [60, 100] [75, 105]
Mmiss (GeV) [75, 105] [10, 55] [75, 110] [70, 110] [10, 50]
Mrecoil
µµ (GeV) [110, 140] - - [175, 215] [115, 155]

Mvis (GeV) - [175, 215] [110, 140] [115, 155] [185, 215]
Mrecoil
jj (GeV) [185, 220] - - - [110, 140]

NPFO [20, 90] [30, 100] [20, 60] [30, 100] [40, 95] [40, 95]
|cos θvis| < 0.95
∆φZZ (degree) [60, 170] [60, 170] < 135 < 135 - [120, 170]
Region masking not-ννHZZ & not-qqHZZ not-µµHZZ & not-qqHZZ not-ννHZZ & not-µµHZZ

240 GeV corresponding to a total integrated luminos-249

ity of 5.6 ab−1 after the event selection are listed in the250

Table 2. For the signal events, Table 2 reports the num-251

ber of events for the dominant and sub-dominant signal252

process separately, where the sub-dominant signal pro-253

cess in the category is always the conjugate process.254

The rest of signal processes other than the two pro-255

cesses are not listed in the table since their contribu-256

tions are found to be very small. In general, the analysis257

achieves a strong background rejection, while the signal258

selection efficiencies of approximately 30% and higher259

are kept. The major background which are common in260

all categories is the other Higgs decays. Four-fermion261

processes, particularly e+e− → ZZ → µ+µ−qq̄ compo-262

nent in both of the µµHqqνν and qqHµµνν categories,263

and e+e− → ZZ → τ+τ−qq̄ component in both of the264

ννHqqµµ and qqHννµµ categories, have large contribu-265

tions due to similarity of their kinematics.266

For the BDT analysis, simpler selection criteria are267

applied prior to the BDT discrimination. The invariant268

and recoil mass of the initial Z boson which is recon-269

structed from di-objects are required to be in the region270

of the signal mass window. The selection requirements271

on the number of particle flow objects and the polar272

angle of the sum of all visible particles are also applied273

as used in the cut-based analysis.274

A boosted decision tree is then trained on remaining275

signal and background events for each category sepa-276

rately. The boosting algorithm utilized in this analysis277

is the AdaBoost scheme [16]. The input variables to the278

BDT are defined as follows:279

• Mµµ, Mjj , Mmiss : invariant mass of di-objects280

• NPFO : number of PFOs281

• cos θvis: polar angle of the sum of all visible particles282

• ∆φZZ : angle between a Z boson reconstructed from283

the two muons and that reconstructed from the two284

jets285

• M recoil
jj , Mvis : recoil mass of the di-jets and invari-286

ant mass of all visible particles (for µµHννqq and287

µµHqqνν categories)288

• M recoil
jj , M recoil

µµ : recoil mass of the di-jets and the289

di-muons (for ννHµµqq and ννHqqµµ categories)290

• M recoil
µµ , Mvis : recoil mass of the di-muons and in-291

variant mass of all visible particles (for qqHννµµ292

and qqHµµνν categories)293

• Pvis, Pt,vis : magnitude of the momentum and trans-294

verse momentum from summation of all visible par-295

ticles296

• Eleadingj , Esub.j : energy of the leading jet and the297

sub-leading jet298

• P leadingt,j , P sub.t,j : magnitude of transverse momen-299

tum of the leading jet and the sub-leading jet300

The BDT analysis exploits the increased sensitivity by301

combining these 14 input variables into the final BDT302

discriminant. Fig. 2 shows the obtained BDT score dis-303

tributions for signal and background samples. For the304

final separation of signal and background events, the305

cut value on the BDT score is chosen so as to maximize306

a significance measure S/
√
S +B, where for a chosen307

cut, S (B) is the number of signal (background) events308

above this cut. The cut values as well as the other se-309

lection criteria are summarized in Table 3.310

4 Result311

An unbinned maximum likelihood fit is performed to312

extract the signal yield for each of six categories. The313

obtained signal and background distributions of recoil314

mass spectrum Mrecoil
Z against the initial Z boson in315
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Table 2 Summary of the selection efficiency ε and the number of expected events Nevt. for each category after the final event
selection in the cut-based analysis..

(Cut-based) µµHννqq µµHqqνν ννHµµqq

Process ε [%] Nevt. ε [%] Nevt. ε [%] Nevt.

Signal (“dominant”) 38 53 36 50 54 76
Signal (“sub”) 6 8 10 14 6 9
Higgs decays Bg. 2.2·10−3 25 7.0·10−2 794 5.3·10−4 6
SM four-fermion Bg. 3.7·10−6 4 4.9·10−4 520 5.6·10−6 6
SM two-fermion Bg. 0 0 0 0 0 0

ννHqqµµ qqHννµµ qqHµµνν

Process ε [%] Nevt. ε [%] Nevt. ε [%] Nevt.

Signal (“dominant”) 36 51 26 37 23 32
Signal (“sub”) 8 11 7 10 4 6
Higgs decays Bg. 1.0·10−2 114 2.4·10−2 275 1.4·10−2 160
SM four-fermion Bg. 4.3·10−5 46 1.5·10−4 157 1.8·10−4 190
SM two-fermion Bg. 0 0 0 0 0 0

Table 3 Overview of the requirements applied when selecting events (BDT-based).

Pre-selections

N(l) = 2, where leptons(l) should pass the isolation criteria
N(µ+) = 1, N(µ−) = 1 with E(µ±) > 3 GeV
N(jet) = 2

Selection (MVA) µµHννqq µµHqqνν ννHµµqq ννHqqµµ qqHννµµ qqHµµνν

Mass order Mmiss > Mjj Mmiss < Mjj Mµµ > Mjj Mµµ < Mjj Mmiss > Mµµ Mmiss < Mµµ

Mµµ (GeV) [80,100] - - - -
Mjj (GeV) - - - - [75, 105]
Mmiss (GeV) - - [75, 110] - -
Mrecoil
µµ (GeV) [110, 140] - - - -

Mvis (GeV) - - [110, 140] - -
Mrecoil
jj (GeV) - - - - [110, 140]

NPFO [20, 90] [30, 100] [20, 60] [30, 100] [40, 95] [40, 95]
|cos θvis| < 0.95
Region masking not-ννHZZ & not-qqHZZ not-µµHZZ & not-qqHZZ not-ννHZZ & not-µµHZZ
BDT score > 0.14 > 0.01 > −0.01 > −0.01 > −0.04 > −0.01

Fig. 2 (color online) BDT score distributions for two of most sensitive categories: µµHννqqmva (left) and ννHµµqqmva (right).
The signal distribution is shown with a red histogram while background contributions, ZH (green), four-fermion (cyan) and
two-fermion (yellow), are drawn.
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the range 110-140 GeV, are added to make up a pseudo-316

experimental result, while the likelihood template is317

constructed from sum of the Probability Density Func-318

tion (PDF) describing the distributions of Mrecoil
Z for319

the signal and the background individually. The nor-320

malized distribution of Mrecoil
Z for signal events in a321

category is described by sum of a double sided Crys-322

tal Ball function and small Gaussian tails for the signal323

process with the initial Z boson decaying to di-muon324

and a Breit-Wigner function convolved with a Gaus-325

sian for the rest of signal processes. For the SM back-326

ground components, a continuous PDF is constructed327

using the kernel density estimation technique [17] for328

each component. The background events from the other329

Higgs decay channels are modeled by the same PDF as330

the signal in terms of decay objects from the initial331

Z boson, except for the channels having small num-332

ber of events (< 20) where a PDF from the kernel333

density estimation is used to describe the shape.The334

background components mentioned above are combined335

according to their fraction and are normalized to the336

number of events left in the category. The template337

model used to the likelihood fit is then expressed as338

µ·Nsig·fsig + Nbkg·fbkg, where fsig (fbkg), Nsig (Nbkg)339

are the combined PDF and total number of events for340

signal (background) events, µ is a free parameter deter-341

mined by the fit. Note that nuisance parameters, such342

as uncertainty of the total luminosity, are fixed to the343

expected values. The recoil mass distribution together344

with the fitting results for two of the most sensitive345

categories is shown in Fig. 3.346

The number of expected signal events can be sim-347

ply represented by Nsig = L·ε·σZH ·BR(H → ZZ∗) ·348 ∏
X=µ,ν,q BR(Z → XX̄), where L is the total luminos-349

ity and ε represents efficiencies including the detector350

acceptance and the analysis selection. The uncertainty351

of the fitting parameter µ is then regarded as the uncer-352

tainty of σZH ·BR(H → ZZ∗) by neglecting other sys-353

tematic uncertainties. Table 4 summarizes the derived354

relative precision on the product of the inclusive ZH355

cross section and the branching ratio ∆(σ·BR)/(σ·BR)356

from the cut-based analysis and the BDT analysis. The357

bottom row shows the combined precision that is cal-358

culated from the standard error of the weighted mean,359

σ = 1/
√∑n

i=1 σ
−2
i , where σi is the precision for each360

category. The final result for the relative statistical un-361

certainty of the σZH × BR(H → ZZ∗) is estimated to362

be 8.3% in the cut-based analysis and 7.9% in the BDT363

analysis.364

The systematic uncertainty is not taken into ac-365

count in this result, since the uncertainty is expected366

to be dominated by the statistical uncertainty. Several367

sources of systematic uncertainties on Higgs measure-368

ments at the CEPC is described in Ref. [14]. Although369

the study in Ref. [14] has been performed with slightly370

different detector configuration and operation scenario,371

the order of magnitude of these estimated systematic372

uncertainties O(0.1)% can be also assumed for the cur-373

rent HZZ analysis, that is negligible relative to the sta-374

tistical uncertainty obtained from the fitting process.375

Table 4 Statistical uncertainties on the product of the ZH
cross section and the branching ratio. The bottom row shows
the result of combined value of the six categories.

Category
∆(σ·BR)

(σ·BR)
[%]

cut-based BDT

µµHννqqcut/mva 15 14
µµHqqννcut/mva 48 42
ννHµµqqcut/mva 12 12
ννHqqµµcut/mva 23 20
qqHννµµcut/mva 45 37
qqHµµννcut/mva 52 44

Combined 8.3 7.9

The signal yield σZH ·BR(H → ZZ∗) combined with376

independently determined σZH allows the Higgs width377

ΓH to be extracted as described in Sec. 1. Hence the378

precision of the Higgs width can be evaluated from the379

H → ZZ∗ decay channel. Using the following relation-380

ship381

σZH ·BR(H → ZZ∗) ∝ g2HZZ ·
Γ(H → ZZ∗)

ΓH
∝ g4HZZ

ΓH

the relative uncertainty of the extracted Higgs width382

is obtained where the relative uncertainty on square of383

the coupling g2HZZ of 0.5% taken from Ref. [5] is as-384

sumed. From the cut-based analysis, the relative pre-385

cision of the Higgs width ∆ΓH/ΓH is estimated to be386

8.4% whereas it is 7.9% from the BDT analysis. As men-387

tioned in Sec. 1, the measurement of theH →WW ∗ de-388

cay will give another estimation on the precision of the389

Higgs width in the same manner discussed above. It is390

shown that the precision determined from the measure-391

ment of the H → WW ∗ decay reaches 3.5% [5], there-392

fore, final combined precision of the Higgs width is dom-393

inated by the the H → WW ∗ measurement. It should394

be mentioned that the effective field theory (EFT) is395

also widely accepted as an alternative approach to ex-396

plore the Higgs couplings, where additional terms for397

the interaction between Higgs and Z boson in the La-398

grangian collapse the simple picture above [5,18].399
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Fig. 3 (color online) Recoil mass distributions in µµHννqqcut (left) and ννHµµqqcut (right) categories in the cut-based
analysis. The black dots represent the predicted results at the CEPC and the solid blue line shows the fitted model which is
broken down into signal (dashed red line) and background (dashed green line) components.

5 Discussion400

Our estimation of the precision of the yield measure-401

ment σZH×BR(H → ZZ∗) does not reach the level402

presented in Ref. [5]. A possible difference may exists403

on more sophisticated treatment of background estima-404

tion in current analysis. Although improvement on the405

precision could be achieved by performing further elab-406

orated studies to suppress backgrounds more effectively,407

the improvement is also expected by considering more408

final states of the H → ZZ∗ decay in the ZH process409

since only small fraction (< 3%) of the entire decay410

events has been chosen as signals and analyzed.411

Broadening analysis channel of the H → ZZ∗ decay412

will provide crucial qualitative improvements in study-413

ing other HZZ related topics as well. For example, the414

application of EFT frameworks on the HZZ decay ver-415

tex for the study of Higgs CP properties and anomalous416

couplings to gauge bosons in the presence of beyond the417

SM physics, has been discussed so far on the produc-418

tion channel (ee→ Z∗ → ZH) for future lepton collid-419

ers [19,20]. Increasing the signal statics under sufficient420

background rejection will allow further study on the421

H → ZZ∗ vertex directly.422

6 Summary423

The precision of the yield measurement σZH×BR(H →424

ZZ∗) at the CEPC is evaluated using MC samples for425

the baseline concept running at
√
s = 240 GeV with426

an integrated luminosity of 5.6 ab−1. Among the vari-427

ous decay modes of the H → ZZ∗, the signal process428

having two muons, two jets and missing momentum in429

final states has been chosen. After the event selection,430

relative precision is evaluated with the likelihood fit-431

ting method on signal and background. The final value432

combined from all of six categories is 8.3% from the cut-433

based analysis and 7.9% from the BDT analysis. The434

relative precision of the Higgs boson width from the435

H → ZZ∗ analysis, is estimated to be 7.9% from the436

BDT analysis by combining the obtained relative un-437

certainty on σZH×BR(H → ZZ∗) with the precision of438

the inclusive ZH cross section measurement.439
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