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Abstract The precision of the yield of the Higgs bo-
son decaying into two Z bosons process at the Circu-
lar Electrion-Positron Collider (CEPC) is evaluated.
Including the recoil Z boson with the Higgsstrahlung
process, total three Z bosons involves for this channel,
from which decay combinations having a pair of lep-
tons, quarks, and neutrinos are chosen and analyzed.
A short discussion about the precision of the Higgs bo-
son width is presented when the obtained precision of
oz Br(H—ZZ) is assumed.
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1 Introduction

After the discovery of the Higgs boson 77, efforts are
performed on measureing properties of the Higgs boson.
One of motivations of these studies is to obtain hints
for physics beyond the standard model (BSM) , whose
existence is suggested by several experiment facts, such
as dark matter, cosmological baryon-antibaryon asym-
metry. The Circular Electron-Positron Collider (CEPC)
is a proposed future circular ete™ collider, having its
main ring circumstance of ~100 km. As a Higgs fac-
tory, the CEPC is planned to operate at /s = 240
GeV with the integrated luminosity of 5.6ab~! which is
expected to achieve an order of magniutude improve-
ment on measuremernts of Higgs boson properties as
compared to the final LHC precision.

The Higgs boson production processes at /s = 240
GeV mainly consist of ete™—Z H (Higgsstrahlung, here-
after, denote it as the ZH process) and ete™—v, v, H
(veDe H process), where the former is the dominant re-
action and is going to be used for the best measurement
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of the cross section o(Z H) using the recoil mass method
against the Z boson. That Z boson also serves as a tag
of the ZH process. With help of this tag information,
indivisual decay channels from the Higgs boson will be
explored and give us valuable information on the Higgs
boson properties ever, such as the branching ratios and
its precisions.

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 estimated from the measurement of the sig-
nal yield, o(ZH)x BR(H—ZZ). In addition, the Higgs
boson width I'y can be inferred. Under the assump-
tion that the coupling structure follows to that of the
SM, the branching ratio is proportional to the ratio,
BR(H—ZZ) =T'(H—ZZ)/IT'u~g%,,/ 1, therefore,
I'y is deduced with the precision of the coupling g% ,,
and the signal yield.

Fig. 1 Example Feynman diagram for Higgs boson produc-
tion with decay into ZZ*, where 3 Z bosons are decaying into
a pair of muons, quarks and neutrinos that is the signature
of signal channels. It is a test version and should be updated



Explanation about signal channels.

In this article, we present the relative accuracy of
the measurement of the H—Z7Z7 at the CEPC, based
on the Monte Carlo (MC) simulation and data samples
for the CEPC-v4 detector concept at /s = 240 GeV.
In Section 2, we briefly introduce the CEPC detector
design and the MC simulation. The detail of the data
analysis are explained in Section 3, followed by the re-
sults and discussions in Section 4.

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 is developed that is based on
the ILC concept ref with further optimizations for the
CEPC environment. List it from the most inner subde-
tector component, the detector concept is composed of
a silicon vertex detector, a silicon inner tracker consist-
ing of micro strip detectors, a Time Projection Cham-
ber (TPC), a silicon external tracker, ultra-fine seg-
mented calorimeters, an Electronmagnetic CALorime-
ter (ECAL) and an Hadronic CALorimeter (HCAL), a
3T superconducting solenoid, and a muon detector ref.

The CEPC simulation software package implements
the baseline concept detector geometry. Events for the
SM processes are generated by the Whizard ref includ-
ing the Higgs boson signal, where the detector config-
uration and response is handled by the MokkaPlus ref.
Modules for digitization of the signals at each sub de-
tector creates the hit information. The reconstruction
procedure

3 Analysis of HZZ decay modes

As briefly introduced in the Section 1, the analysis
is focusing on signal channels where the decay prod-
ucts from three Z bosons are combinations of a pair of
muons, a pair of jets and a pair of neutrinos. Distin-
guishing the status of the decay pairs from a on-shell
Z boson and that from a off-shell Z boson, where both

Z bosons are coming from the Higgs decay, the analy-
sis comprises total 6 channels. For the convenience, we
adopt following notation for each signal: puHvvqq rep-
resents eTe” - ZH—Z(—pp)H, H—Z Zx— 7 (—vv) Zx
(—qq) . Note that both of Z bosons from a Higgs boson
could have their invariant masses well lower than the
nomial mass (~91.2 GeV) kinematically, the Z boson
having larger invariant mass is considered as on-shell Z
boson here.

3.1 Event selection

Event selection is performed in several stages. The pre-
selection builds higher-level objects, such as isolated
muons, jets, and missing momentum from the parti-
cle flow objects reconstructed by the Arbor. The isola-
tion requirements on muons, identified by the PF, are
imposed, which is a threshold on the ratio between a
sumation of energy in a volume defined by a cone of
angular radius R = 0.3? (need to check the number)
and the energy of the muon. Jets are clustered from
the PFs but except isolated lepton candidates, using
the k; algorithm for the ete™ collision (ee — kt) with
the FastJet package. Exclusive requirement (Nje; = 2)
on number of jets is imposed. The events containing
a positive charged muon and a negative charged muon
with succesive jet clustering are kept for the latter part
of the event selection.

At the next stage, the signal to background ratio is
minimized by the set of selection criteria listed in the
followings:

— Mdimuon; XX GeV < Mdimuon <YY GeV
— Maijet

- Mmissing

— Npso

— c08(0) is

— Angle,,;

_ Mrecoil
—not..HZZ

— probably more

The detail of the cut efficiency is given in Table??.

3.2 Estimation of ozyxBr(H—ZZ)

Description of the fitting procedure, fitting figures, and
final numbers of the precision.

4 Conclusion
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Table 1 Overview of the requirements applied for each Higgs decay channels. further explanations should be given here.

Pre-selections

N(1) = 2, where leptons(l) should

pass the isolation criteria

N(ut) =1, N(u~) =1 with E(uF) > 3 GeV

N(jet) =2

upHrrgq

pupHgquy

vvHppqq

80 GeV < M,,,, < 100 GeV

75 GeV < ij < 110 GeV

75 GeV < Mmiss. < 110 GeV
110 GeV < Myeeell < 140 GeV
20 < Npro < 90

|cos Byis.| < 0.95

0° < Agpzz < 180°

|Mjrjecoil _ Mhiggs > 3 GeV

80 GeV < M,,,, < 100 GeV

75 GeV < ij < 110 GeV

75 GeV < Mpiss. < 110 GeV
110 GeV < Mpeeoll < 140 GeV
20 < Npro < 90

|cos Byis.| < 0.95

0° < Ag¢zz < 180°

|M_jr_jeCOil _ Mhiggs > 3 GeV

80 GeV < M,,,, < 100 GeV
75 GeV < M;j; < 110 GeV

75 GeV < Mpiss. < 110 GeV
110 GeV < My;s. < 140 GeV
20 < Npro < 90

|cos Byis.| < 0.95

0° < A¢zz < 180°

’Miiecoil _ Mhiggs > 3 GeV

vvHqquu

qqHvvpp

qqHppvv

80 GeV < M, < 100 GeV
75 GeV < M;j; < 110 GeV

75 GeV < Mpiss. < 110 GeV
110 GeV < Myis, < 140 GeV
20 < Npro < 90

|cos Byis.| < 0.95

0° < A¢zz < 180°

|Mjrjecoil _ Mhiggs > 3 GeV

80 GeV < M,,, < 100 GeV

75 GeV < M;j; < 110 GeV

75 GeV < Mpiss. < 110 GeV
110 GeV < Mol < 140 GeV
20 < Npro < 90

|cos Byis.| < 0.95

0° < A¢zz < 180°

|M_jr_jeCOil _ Mhiggs > 3 GeV

80 GeV < M,,, < 100 GeV

75 GeV < M;j; < 110 GeV

75 GeV < Mpiss. < 110 GeV
110 GeV < M}l < 140 GeV
20 < Npro < 90

|cos Byis.| < 0.95

0° < Agzz < 180°

’Miiecoil _ Mhiggs > 3 GeV

Table 2 Summary of event selection.
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Fig. 3 Dimuon recoil mass distrubution. S+ B
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Table 3 Statistical uncertainties on the product of the ZH
cross section and the branching ratio. further explanations
should be given here.

Channel —ﬁgéBR?) (%]
Z—sputu~ H—ZZ*—viqq 10.0
Z—utu— H—ZZ*—qquv 10.0
Z—vu H—ZZ*—putu qq 10.0
Z—vv H—ZZ*—qqutu= 10.0
Z—qq H—ZZ*—ptu~vi 10.0
Z—qq H—ZZ*—voptu~ 10.0

Combined 10.0
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Fig. 6 Recoil mass distributions.

Mfee' [GeV]

further explanations should be given here.

130

135 | 140
MESCOH [Gev]



