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Abstract The precision of the yield measurement of »
the Higgs boson decaying into two Z bosons process s
at the Circular Electron-Positron Collider (CEPC) is
evaluated. Including the recoil Z boson associated with ss
the Higgs production (Higgsstrahlung) total three Z s
bosons are produced for this channel, from which final s
states characterized by the presence of a pair of leptons, s
quarks, and neutrinos are chosen for the signal. Two s
analysis approches are compared and the final preci- o
sion of oz -Br(H—ZZ) is estimated to be 7.89% using «
a multivariate analysis technique, based on boosted de- «
cision trees. The relative precision of the Higgs boson 4
width, using this H—ZZ decay topology, is estimated s
by combining the obtained result with the precision of s

the inclusive ZH cross section. 46
Keywords CEPC - Higgs boson - Higgs to ZZ o
18
49
1 Introduction 5

51

After the discovery of the Higgs boson [1,2], efforts are ,,
performed on measuring properties of the Higgs boson.
One of motivations of these studies is to obtain hints for ,
physics beyond the Standard Model (SM), whose exis-
tence is suggested by several experiment facts, such as
dark matter, cosmological baryon-antibaryon asymme-
try. The Circular Electron-Positron Collider (CEPC) [3,
4] is a proposed future circular eTe™ collider, having its
main ring circumstance of ~100 km. As a Higgs factory, .,
the CEPC is planned to operate at /s = 240 GeV with |
on integrated luminosity of 5.6 ab~! which is expected o
to achieve an order of magnitude improvement on mea-
surements of Higgs boson properties as compared to the ,
final LHC precision.
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The Higgs production mechanisms at /s = 240
GeV will be the Higgsstrahlung process ete™ —Z*—ZH
(hereafter, denoted as ZH process) and the vector bo-
son fusion processes, et e” —WT*W~*v, v, —Hu, v, (viH
process) and eTe”—Z*Z*ete” —HeTe™. Among these
processes, the Higgsstrahlung process is dominating over
all of the others. Therefore, it is going to provide series
of the Higgs measurements, such as the cross section
0(ZH), using the recoil mass method against the Z bo-
son. That Z boson also serves as a tag of the Z H process
by identifying decay fermions from it. With this tag in-
formation, individual decay channels of the Higgs boson
will be explored subsequently and give us valuable in-
formation on the Higgs boson properties.

The Higgs decay into a pair of Z bosons, via the
Z H process, will be studied at the CEPC. Like the
other decay modes, the Branching ratio BR(H—ZZ)
can be obtained from the measurement of the signal
yield, o(ZH)xBR(H—ZZ). In addition, the Higgs bo-
son width Iy can be inferred as well. Under the as-
sumption that the coupling structure follows the SM,
the branching ratio is proportional to BR(H—ZZ) =
I'(H—ZZ)/Tyu o« g&;,/Tu, therefore, Iy is deduced
with the uncertainty from the measurement of the cou-
pling ¢g3,, (0(ZH)xgd,,) and the signal yield. Note
that the vector boson fusion vUH process in combina-
tion with measurements of final states from H—-WW
decay will also contribute to the [y value and con-
sequently the final value will be determined from the
combination of the two measurements[4, 5].

The study of H—ZZ channel via the ZH process
has an unique feature among the other decays that is
originated from its event topology where two on-shell
Z bosons and one off-shell Z boson are involved. Con-
sidering various Z boson’s decay possibilities, the topol-
ogy diverges into lots of final states. H—ZZ—4l decay
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is the so-called “golden channel” of the Higgs boson s
study at the LHC, as it has the cleanest signature ofe
all the possible Higgs boson decay modes. However, the o
statistics of this leptonic channel at the CEPC may not ¢
allow to study the properties with required precision.wo
Conversely, fully hadronic channel can provide enoughia
statistics, but difficulties in identifying and matchinge
jets with proper Z bosons, as well as efficient separa-ios
tion from the SM backgrounds have to be overcome.io
Between these two extremes, the decay channels hav-is
ing a pair of leptons, two jets and two neutrinos are

most promising candidates for studying H—ZZ prop-

erties, owing to its clear signature and larger branch-
ing fraction than the leptonic channel. Therefore, this

final state has been chosen as the signal for the evalua-,
tion of the H—ZZ properties. Muons have most advan-,
tage among charged leptons for discriminating isolated,,,
status from those produced by semi-leptonic decays of,,
heavy flavor jets and the final states including a pair,,
of muons are selected as the signal process: Z—u* ™,
H—7Z7*—vpqq (Fig. 1) and its cyclic permutations,,,
Z—viv, H=77*—qqu* p~ and Z—qq, H=Z2Z*—p*p~ vy,
where the g represents all quark flavors except for the,,,
top quark. On the other hand, various final states in-,
volved in this analysis can serve as validation for de-,,
tector reconstruction on charged particles. It puts anc,,
overall test on whether the design and detector calibra-,
tion precision has reached our demand. 120
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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 as-
sociated with the Higgs production is decaying into muons
whereas cyclic permutation of the decay products from 3 Zin
bosons is considered in the analysis. 142

In this article, we report on the estimation of rela-
tive accuracy of the yield measurement for the H—77
decay at the CEPC using the signal process charac-
terized by the presence of a pair of muons, jets and
neutrinos. In Section 2, we briefly introduce the CEPC
detector design and the Monte Carlo (MC) simulation
scheme. The event selection is described in Sec. 3, fol-
lowed by an estimation on the precision of the signal
yield in Sec. 4. Finally, conclusions are given in Sec. 5
and futher discussions are in Sec. 6.

2 Detector design and simulation samples

The CEPC will hosts two interaction points (IP) on the
main ring, where the detectors at each IP should record
collision data under different center of mass energies
varying from /s = 91.2 GeV as a Z factory to /s = 240
GeV as a Higgs factory. To fulfill those physics pro-
grams, a baseline concept of the detector is developed
based on the International Large Detector (ILD) con-
cept [6] with further optimizations for the CEPC en-
vironment. From the most inner sub-detector compo-
nent, the detector concept is composed of a silicon ver-
tex detector, a silicon inner tracker consisting of micro
strip detectors, a Time Projection Chamber (TPC), a
silicon external tracker, ultra-fine segmented calorime-
ters, an Electromagnetic CALorimeter (ECAL) and an
Hadronic CALorimeter (HCAL), a 3T superconducting
solenoid, and a muon detector [4].

The CEPC simulation software package implements
the baseline concept detector geometry. Events for the
SM processes are generated by the Whizard [7] includ-
ing the Higgs boson signal, where the detector configu-
ration and response is handled by the GEANT4-based
simulation framework, MokkaPlus [8]. Modules for dig-
itization of the signals at each sub detector creates the
hit information. Particle reconstruction has been taken
place with the Arbor algorithm, which builds the re-
constructed particles using calorimeter and track infor-
mation|[9].

The Higgs boson production and decay are simu-
lated with the scheme, where the generated samples
also contain the WW/ZZ fusion processes. All of the
SM background samples, which can be classified into 2-
fermion processes (eTe™— f f ) and 4-fermion processes
(ete=—=ffff), are produced as well.

3 Event Selection

Event selection is performed in several stages. The pre-
selection builds higher-level objects, such as isolated
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muons, jets, and missing momentum from the Parti-iss
cle Flow (PF) objects which are reconstructed by thewr
ArborPFA. The isolation requirements on muons, iden-is
tified by the PFs, are imposed. For muons with en-io
ergy higher than 3 GeV, tracks inside of a cone witheo
a half-value of opening angle 6 around the candidatea
are examined and it is identified as an isolated muon 2o
when a ratio between the energy of the muon candi-os
date and a summation of the energy from all of thewos
tracks except for the candidate in a volume defined byaos
the cone is higher than 0.1 with cosf = 0.98. Jets arexs
clustered from the PFs but except for isolated leptoneor
candidates, using the k; algorithm for the eTe™ collisionzes
(ee — kt) with the FastJet package. Exclusive require-w
ment (Nje; = 2) on number of jets is imposed. Eventseo
are requested to have a pair of isolated muons of pos-u
itive and negative charged, and two jets successfullyzi
clustered. 213

The events satisfying the pre-selection criteria are®**
separated into six categories. Depending on which physiés
objects (uji/qq/vv) form the tag Z boson, the signal
samples can be classified into three categories. Further-2
more, distinguishing the status between having a pair®®
of objects suppose to be decaying from the on-shell 72
boson and from the off-shell Z boson where H—ZZ**®
decay is assumed, enhances the efficiency of the event?®
selection by applying different selection criteria for each??
respectively. Following notation is adopted for each cat-?*
egory: pupHrrqq (ppHgquy) category is defined to be
most sensitive to signal events where two characters of
the top represent a pair of muons decaying from the
initial Z boson, having reconstructed invariant mass,,
M,,, in the range 80-100 GeV with the reconstructed,,
invariant mass of missing term My,iss due to escaping,,,
neutrinos is larger (smaller) than dijet Mj;. The mass,,
range for the other categories are chosen as 75-110 GeV,
for vvHppugq/vvHqquu category and 75-105 GeV for,,
qqHvvpp/qqHuuvy category, taking into account the,,,
reconstructed mass resolution for this analysis. To en-,,,
sure that the events are grouped into exclusive cate-,,
gories, further separation on recoil mass distribution of,,
a pair of objects are applied which is described later.

28

234

On total six categories, ppHvrqq, ppHqquy, vvHpupeg,
vvHqquup, gqgHvvpp, qqgHppvy, further event selectionoss
criteria are optimised separately. Two different analysiss
approches are explored for this stage, the one where re-s
quirements are imposed on a set of kinematic variablesso
(referred to “cut-based” analysis) and the one whichuo
uses a multivariate analysis technique, based on thes
boosted decision tree (BDT) implemented within scikit-«
learn package [11], in order to achieve better separa-s
tion between signal and background (referred to “BDT"24
analysis). 215

For the cut-based analysis, the signal to background
ratio is minimized by the following requirements. The
invariant mass M, of the two muons, the invariant
mass Mj; of two jets and the missing mass Mpyiss are
required to fall into the mass window around the Z(Z*)
boson. Number of particle flow objects Npro in the
event is required to be larger than a threshold value,
which is affected and decided by the condition whether
jets are originated from an on-shell Z boson or not, as
well as to suppress backgrounds where the jets are re-
constructed from any objects other than quark seeds
coming from the Z boson. Cut on the polar angle of the
sum of all visible particles cos ;s is applied to further
reject background processes, such as two-fermion com-
ponents which tends to be back-to-back along the beam
axis. Angular differences between the reconstructed Z
bosons from di-muons and di-jets A¢zy is used to re-
duce background components as well. Kinematic prop-
erties of two on-shell Z bosons has significant overlap
at /s = 240 GeV, causing overlapping of categories
between interchange of on-shell Z bosons. In the two-
dimensional plane of recoil mass distributions of di-
objects, two exclusive regions are defined and are used
to confine the category to ensure that the events are
grouped into mutually exclusive categories. For exam-
ple, in the Mol Mrecoil plane, a region covering ma-
jority of Z(—qq)H(—ZZ*—puvv) signal can be defined
as

M;icoil — My > ’]%gecoil _ MH|
< — ’]%gecoil _ MH|

(forM;iCOil > My)
(forM;’ffOﬂ < M)

where My represents the Higgs boson mass of 125 GeV.
A requirement, denoted by “not-qqHZZ” , has been added
to the cut sequence for yuHgqrr category where events
are rejected if reconstructed recoil masses are included
in above region. Similarly, two kinds of “not-zaHZZ”
(zx : pp or vv or qq) are included in the selection for
each category. Table 1 summaries the selection criteria
applied across all the categories considered.

The signal and background reduction efficiencies as
well as expected number of events running at /s = 240
GeV with an integrated luminosities of 5.6 ab™! af-
ter the event selection are listed in the Table 2. Most
sensitive signal channel and a sub-leading signal chan-
nel which is the production process by replacing the
decays of on-shell Z bosons, per category is separately
shown for the signal component. In general, the analysis
achieves a strong background rejection, while the signal
selection efficiencies of approximately 30% and higher
are kept. The main background which is common in
all categories is the other Higgs decays. Four fermion
processes, such as ete™—=ZZ —uuqq and ete™—77
—77qq due to the similarity of kinematics, have large
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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(uT) =1, N(u~) =1 with E(uF) > 3 GeV
N(jet) =2

Selection (Cut-based) pnuHvvqq puHgquy vvHpupqq vvHqquu qqHvvpp qqHppvv
Mass order Miniss > ij Mpiss < ij MHH > ij MHH < ij Mpiss > MMM Mpiss < MMM
M, (GeV) [80, 100] [60, 100] [10, 60] [15, 55] [75, 100]
M;; (GeV) [15, 60] (60, 105] (10, 55] (60, 100] (75, 105]

Mmiss (GeV) [75, 105] [10, 55] [75, 110] [70, 110] [10, 50]
M;‘ifon (GeV) [110, 140] - - [175, 215] [115, 155]
Myis (GeV) - [175, 215] [110, 140] [115, 155] [185, 215]
Mol (GeV) [185, 220] - - - [110, 140]

Npro [20, 90] (30, 100] [20, 60] (30, 100] [40, 95] [40, 95]
|cos Oyis| < 0.95

A¢pzz (degree) [60, 170] (60, 170] < 135 < 135 [120, 170]

Region masking not-vwHZZ & not-qqHZZ

not-upHZZ & not-qqHZZ

not-vwHZZ & not-upHZZ

contributions in the puHgqrv /qqHppvy categories andes:
in the vvHqquu/qqHvvup categories, respectively. 282

For the BDT analysis, simpler selection criteria are
applied prior to the BDT discrimination. The invari—284
ant and recoil mass of the associated Z boson which is
reconstructed from di-objects (i.e. a pair of muons for::
upHrrgq and ppHgquy categories) are required to be287
in the region of the signal mass window. The selection288
requirements on the number of particle flow objects and289
the polar angle of the sum of all visible particles are also290
applied as used in the cut-based analysis.

3

291
A boosted decision tree is then trained on remaining

signal and background events for each category sepa-
rately. The boosting algorithm utilized in this analysis
is the AdaBoost scheme [12]. The input variables to thexs
BDT are defined as follows:
294
M., Mjj, Miiss : invariant mass of di-objects 205
Npro : number of PFOs 206
cos fis: polar angle of the sum of all visible particlesor
A¢zyz - angle between a Z boson reconstructed fromoes
the two muons and that reconstructed from the twoee
jets 300
° ]\/[jgec"“, M,is : recoil mass of the di-jets and invariantso
mass of all particles (for puHvvqq/uuHgqry cate=o

gories) 303
° ]\{[jrje“’ﬂ7 M :ﬁf"ﬂ : recoil mass of the di-jets and theso
di-muons (for vvHppqq/vvHgqup categories) 305

o M fﬁf‘)ﬂ, M,;s @ recoil mass of the di-muons and in-sos
variant mass of all particles (for qqHvv pu/qqHppuvvse
categories) 308

o Py, Pivis : magnitude of the momentum and tran-os
severse momentum from summation of all visibleso

particles an
. Ejleadmg, Ef“b' : energy of the leading jet and thes:
sub-leading jet 313

. Ptljadmg , Ptfj“b' : magnitude of transeverse momen-
tum of the leading jet and the sub-leading jet

The BDT analysis exploits the increased sensitivity
by combining the 14 input variables into the final BDT
discriminant. Fig. 2 shows the obtained BDT score dis-
tributions for signal and background samples. For the
final separation of signal and background events, the
cut value on the BDT score is chosen so as to maximize
a significance measure S/v/S + B, where for a chosen
cut, S(B) is the number of signal(background) events
above this cut. The cut values as well as the other se-
lection criteria are summrized in Table 3.

4 Result

An unbinned maximum likelihood fit is performed to
extract the signal yield for each of six categories. The
obtained signal and background distributions of recoil
mass spectrum M3 against the initial Z boson in the
range 110-140 GeV, are added to make up a pseudo-
experimental result, while the likelihood template is
constructed from sum of the Probability Density Func-
tion (PDF) describing the distributions of Mpecoi for
the signal and the background individually. The nor-
malized distribution of M3e°? for signal events is de-
scribed by sum of a double sided Crystall Ball func-
tion and small Gaussian tails for puHrvqq (upHqquy)
categories and a Breit-Wigner function convolved with
a Gaussian for the rest of four signal categories. For
the SM background components, a continuous PDF is
constructed using the kernel density estimation tech-
nique [13] for each component. The background events
from the other Higgs decay channels are modeled by the
same PDF as the signal in each category, except for the
channels having small number of events ( < 20 ) where



Table 2 Summary of the selection efficiency € and the number of expected events N, for each category after the final event
selection.

(Cut-based) upHvrqq upHgquy vvHpuqq
Process € [%] Neot. € [%] Neot. € [%] Neot.
Signal (“main”) 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~% 6
SM four-fermion Bg. | 3.7-10— 4 | 4.9-10~¢ 520 | 5.6-10~6 6
SM two-fermion Bg. 0 0 0 0 0 0
vvHqqup qqHvvpp qqHppvv
Process € [%] Newt. € [%] Newt. € [%] Neowt.
Signal (“main”) 36 51 26 37 23 32
Signal (“sub”) 8 11 7 10 4 6
Higgs decays Bg. 1.0-1072 114 | 2.4.1072 275 | 1.4-10—2 160
SM four-fermion Bg. | 4.3-10~° 46 | 1.5-10~4 157 | 1.8-10~% 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(pt) =1, N(p~) =1 with E(uT) > 3 GeV
N(jet) =2
Selection (MVA) puHrrgq ppHgquy vvHpupqq vvHgqup qqHvvpp qqHppvy
Mass order Miniss > ij Miniss < ij MHH > ij MHH < ij Miniss > Mﬂﬂ Mniss < Mp,p,
My, (GeV) [80,100] - - - -
ij (GeV) - - - - [75, 105}
Mmiss (Gev) - - [75, 110] - -
Mreeell (GeV) [110, 140] - - - -
M,is (GeV) - - [110, 140] - -
Mot (GeV) - - - - (110, 140]
Npro [20, 90] [30, 100] [20, 60] [30, 100] [40, 95] [40, 95]
|cos Oyis| < 0.95
Region masking not-vwHZ7Z & not-qqHZZ not-upHZZ & not-qqHZZ not-vwHZZ & not-upuHZZ
BDT score > 0.14 > 0.01 > —0.01 > —0.01 > —0.04 > —0.01
> L L L LU L L L LN AL L (L S S S > =
[} signal [ = signal
(‘\Dn 103 E 2fermion background (‘\% : 2fermion background
s | e - m
[T m
L 107 =
e E E ;
i h i ) 10 =
0 | ml W E Il ]
| Il | ﬂ:ﬁ |
= l LHTH I i E
g i ]
1ol L Ly Py ] 11 | [ [1[1 Lol
-0.5 -04 -03 -02 -0.1 O 0.1 02 03 -05 -04 -03 -02 -0.1 0 01 02 03
BDT score BDT score

Fig. 2 (color online) BDT score distributions for two best categories: ppHrrgg™v® (left) and vvHppugg™ ™ (right). The
signal distribution is shown with a red histogram while background contributions, ZH (green), 4-fermion (cyan) and 2-fermion
(yellow), are drawn.



314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

a PDF from the kernel density estimation is used to
describe the shape.The background components men-
tioned above are combined according to their fraction
and are normalized to the number of events left in these
categories. The template model used to the likelihood
fit is then expressed as pt-Ngig- fsig + Nokg-forg Where
fsig(fokg)s Nsig(Npig) are the combined PDF and to-
tal number of events for signal (background) events, u
is a free parameter determined by the fit. Note that
nuisance parameters, such as uncertainty of the total
luminosity, are fixed to the expected values. The recoil
mass distribution together with the fitting results for
two of the most sensitive category is shown in Fig. 3.
The number of expected signal events can be sim-
ply represented by Ny;y = L-€-:0z5-BR(H—ZZ)- H 363
X=pu,v,@64
BR(Z—XX), where L is the total luminosity and € rep-ss
resents efficiencies including the detector acceptancess
and the analysis selection. The uncertainty of the fit—e
ting parameter p is then regarded as the uncertainty ofss
oz BR(H—ZZ) by neglecting systematic uncertainty.ss
Table 4 summarizes the derived relative precision ons,
the product of the ZH cross section and the branching,
ratio A(o-BR)/(¢-BR) from the cut-based analysis ands,
the BDT analysis. The bottom row shows the combinedss
precision that is calculated from the standard error of
the weighted mean, o = 1/4/>"1, 0; %, where o0; is the
precision for each category. The final result for the rel-""
ative statistical uncertainty of the ozp -Br(H—ZZ) is
estimated to be 8.34% in the cut-based analysis and
7.89% in the BDT analysis. 376
The systematic uncertainty is not taken into ac—z78
count in this result, since the uncertainty is expected379
to be dominated by the statistical uncertainty. Sev—380
eral sources of systematic uncertainties on Higgs mea-
surements at the CEPC is described in Ref. [10]. Al—382
though the study in Ref. [10] has been performed With383
slightly different detector configuration and an oper-
ation scenario, the order of magnitude of these esti-
mated systematic uncertainties O(0.1)% on oz, £ and3::
BR(Z—ff) is also assumed for the current HZZ aunaly—387
sis, which are much smaller than uncertainty obtauined388
from the fitting. »
The signal yield oz -BR(H—ZZ) combined with in-
dependently determined oz allows the Higgs width
Iy to be extracted as described in Sec. 1. Hence the
precision of the Higgs width can be evaluated using the,,
H—ZZ decay channel. Using the following relationship

77

4

392

I'(H—Z77) ~ Ytizz

oz BRH=ZZ) gt a8 8

393
394

the relative uncertainty of the extracted Higgs widthses
is obtained where the relative uncertainty on square ofs

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 6 categories.

A(c-BR)
Category (c-BR) (%]

cut-based BDT
ppHypggeut/mva 15.5 13.6
ppHgquyeut/mva 48.0 42.1
vvHpupgqeht/ mva 11.9 12.5
vvHqquuevt/mva 23.5 20.5
qqHvvppcut/mva 45.3 37.0
qqHpppyeut/mva 52.4 44.4
Combined 8.34 7.89

the coupling g3y, of 0.5% taken from Ref. [5] is as-
sumed. From the cut-based analysis, the relative pre-
cision of the Higgs width Al'y/Iy is estimated to be
8.37% whereas it is 7.92% from the BDT analysis. Al-
though the precision of H—ZZ decay measurement is to
be limited by its low branching ratio, there is a room to
improve from the obtained level since only small frac-
tion of the H—ZZ decay events has been chosen and an-
alyzed. Increasing the signal statistics under sufficient
background rejection will allow further study on the
precision of the signal yield

5 Summary

The precision of the yield measurement oz i x Br(H—Z7Z)
at the CEPC is evaluated using MC samples for the
baseline concept running at /s = 240 GeV with an in-
tegrated luminosities of 5.6 ab~!. Among the various
decay modes of the H—ZZ, the signal process having
two muons, two jets and missing momentum in final
states has been chosen. After the event selection, rel-
ative precision is evaluated with the likelihood fitting
method on signal and background. The final value com-
bined from all of six categories is 8.34% from the cut-
based analysis and 7.89% from the BDT analysis. The
relative precision of the Higgs boson width, using this
H—7ZZ decay, is estimated by combining the obtained
result with the precision of the inclusive ZH cross sec-
tion and it is estimated to be 7.92% from the BDT
analysis.

6 Discussion

It should be mentioned that the effective field theory
(EFT) is also widely accepted as an alternative ap-
proach to explore the Higgs couplings, where additional
terms for the interaction between Higgs and Z boson in
the Lagrangian collapse the simple picture above [5,14].
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Fig. 3 (color online) Recoil mass distributions in puHvrrqq®®® (left) and vvHpupgq®™t (right) categories. The black dots
represent the predicted results at the CEPC and the solid blue line shows the fitting curve which is broken down into signal
(dashed red line) and background (dashed green line) components.

The application of EFT frameworks has been discussed
on so far the production channel (ee—Z*—ZH) for fu-+=
ture lepton colliders [15,16]. Higgs anomalous couplings::
to the Z bosons in EFT frameworks on the HZZ decay,,,
vertex can also be studied. On the other hand, Higgs CPuss

properties and anomalous couplings to gauge bosons in*?

the presence of BSM physics can also be measured. Thejzj

fraction of the high-order CP-even contribution and the,,,

fraction of CP-odd contributions are related to SM con-a

tribution and new physics. Further study is in progress.#2
443
444

Acknowledgements The authors would like to thank thess

CEPC computing team for providing the simulation tools andass

samples. We also thank Yaquan Fang, Manqgi Ruan, Gang Lias

and Yuhang Tan for helpful discussions. 448

449

450

References o

452

1. ATLAS Collaboration, G. Ada et al., Observation of ajzj
new particle in the search for the Standard Model Higgs,
boson with the ATLAS detector at the LHC, Phys. Lett.,
B, 716, 1-29 (2012), arXiv:1207.7214 [hep-ex] 7

2. CMS Collaboration, S. Chatrchyan et al., Observation,,
of a new boson at a mass of 125 GeV with the CMS
experiment at the LHC, Phys. Lett. B, 716, 30-61 (2012)
arXiv:1207.7235 [hep-ex]

3. The CEPC Study Group, CEPC Conceptual Design Re-
port: Volume 1 - Accelerator (2018), arXiv:1809.00285
[physics.acc-ph]

4. The CEPC Study Group, CEPC Conceptual De-
sign Report: Volume 2 - Physics & Detector (2018),
arXiv:1811.10545 [hep-ex]

5. F. An et al., Precision Higgs physics at the CEPC, Chi-
nese Physics C 43 no.4 (2019) 043002

6. T. Behnke et al., The International Linear Collider
Technical Design Report - Volume 4: Detectors (2013),
arXiv:1306.6329 [physics.ins-det]

460

10.

11.

12.

13.

14.

15.

16.

W. Kilian, T. Ohl, and J. Reuter, WHIZARD simulating
multi-particle processes at LHC and ILC, Eur. Phys. J.
C 71, 1742 (2011), arXiv:0708.4233 [hep-ph]

P. Mora de Freitas and H. Videau, Detector sim-
ulation with MOKKA/GEANT4: Present and fu-
ture, Presented at the International Workshop
on Linear Colliders (LCWS 2002), 623-627 (2002),
https://inspirehep.net/literature/609687

M. Ruan et al., Reconstruction of physics objects at the
Circular Electron Positron Colluder with Arbor, Eur.
Phys. J. C 78 426 (2018)

Z. Chen et al., Cross section and Higgs mass measure-
ment with Higgsstrahlung at the CEPC, Chinese Physics
C 41 no.2 (2017) 023003

Pedregosa et al., Scikit-learn: Machine Learning in
Python, JMLR 12, pp. 2825-2830, (2011)

Y. Freund, and R. Schapire, A Decision-Theoretic Gen-
eralization of On-Line Learning and an Application to
Boosting, Journal of Computer and System Sciencesss,
55, 119-139, (1997)

K. Cranmer, Kernel estimation in high-energy physics,
Comput. Phys. Commun. 136 , 198-207, (2001)

T. Barklow et al., Improved formalism for precision Higgs
coupling fits, Phys. Rev. D 97 (2018) 053003

I. Anderson, et al., Constraining anomalous HVV inter-
actions at proton and lepton colliders, Phys. Rev. D, 89,
(2014) 035007

N. Craig, et al., Beyond Higgs couplings: probing the
Higgs with angular observables at future e+4e- colliders,
JHEP 03 (2016) 050



