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Abstract

The e
+

e
� ! HZ process with the subsequent decay of the Higgs boson H ! Zg is stud-

ied, where both Z bosons are reconstructed in the final states with two jets. The analysis is

performed using Monte Carlo data samples obtained with detailed ILD detector simulation

assuming an integrated luminosity of 2 ab
�1

, beam polarizations of P
e
�

e
+ = (�0.8,+0.3),

and center-of-mass energy of
p

s = 250 GeV for the electron-positron International Linear

Collider being currently designed. The analysis is repeated for the case of two 0.9 ab
�1

data samples with polarizations P
e
�

e
+ = (⌥0.8,±0.3). Contributions of the potential back-

ground processes are studied using all available ILD MC event samples. The largest back-

ground comes from the e
+

e
� ! W

+
W

�
process supplemented by an energetic photon

produced by initial state radiation. To suppress this background we require that at least

one of the Z bosons decays to b-jets. To reduce the jet reconstruction uncertainties the

MD = M( j jg)�M( j j)+M(Znom) variable is used, where M(Znom) = 91.2 GeV. The MD
distributions are obtained for the studied signal and backgrounds to estimate the expected

accuracy of the Br(H ! Zg) measurement. The accuracy is 22% for the option of the single

polarization sample described above and deteriorate to 24% in case of the sample with two

polarizations. The proposed method can be applied at any future e
+

e
�

collider.

This work was carried out in the framework of the ILD concept group.
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The e+e� ! HZ process with the subsequent decay of the Higgs boson H ! Z� is studied, where
both Z bosons are reconstructed in the final states with two jets. The analysis is performed using
Monte Carlo data samples obtained with detailed ILD detector simulation assuming an integrated
luminosity of 2 ab�1, beam polarizations of Pe�e+ = (�0.8,+0.3), and center-of-mass energy ofp
s = 250 GeV for the electron-positron International Linear Collider being currently designed.

The analysis is repeated for the case of two 0.9 ab�1 data samples with polarizations Pe�e+ =
(⌥0.8,±0.3). Contributions of the potential background processes are studied using all available ILD
MC event samples. The largest background comes from the e

+
e
� ! W

+
W

� process supplemented
by an energetic photon produced by initial state radiation. To suppress this background we require
that at least one of the Z bosons decays to b-jets. To reduce the jet reconstruction uncertainties
the M� = M(jj�) � M(jj) + M(Znom) variable is used, where M(Znom) = 91.2 GeV. The M�

distributions are obtained for the studied signal and backgrounds to estimate the expected accuracy
of the Br(H ! Z�) measurement. The accuracy is 22% for the option of the single polarization
sample described above and deteriorate to 24% in case of the sample with two polarizations. The
proposed method can be applied at any future e

+
e
� collider.

PACS numbers: 13.38.Dg, 13.66.Fg, 13.66.Jn, 14.80.Bn

I. INTRODUCTION

The discovery of the Higgs boson by the ATLAS and
CMS collaborations [1, 2] in 2012 initiated measurements
of Higgs boson parameters with increasing accuracy. Al-
though many of these parameters can be precisely mea-
sured at the LHC, the most of them can be more accu-
rately determined at future e+e� colliders. In particular,
decay channel H ! Z� is well suited for lepton colliders.
The ATLAS [3] and CMS [4] collaborations estimated
the expected statistical significance for the signal from
the Standard model (SM) Higgs boson to be 1.2� based
on full datasets accumulated at

p
s = 13 TeV. ATLAS

Collaboration expects to reach 19% precision in the mea-
surement of the product of the Higgs boson production
cross section and the branching fraction with 3000 fb�1

dataset to be accumulated at the High Luminosity LHC
at 14 TeV in the future [5].

The process H ! Z� is described within the SM by
the loop diagrams (Fig. 1) with charged particles inside
the loop. Potentially heavy charged particles predicted
within any extension of the Standard Model can also con-
tribute to the process in a similar manner [6]. Although
the H ! Z� decay branching fraction depends weakly
on the mass of the W boson [7], this e↵ect is well inside
uncertainties obtained in this analysis.

Using Monte Carlo (MC) simulation of the proposed
experiment at the CEPC collider being designed in
China, the accuracy of the Br(H ! Z�) measurement
was estimated assuming a data sample of 5.6 ab�1 [8].
In that analysis the e+e� ! ZH(Z�) process was recon-
structed requiring that one of the Z bosons decays in the
Z ! ⌫⌫̄ channel and the other in the Z ! jj channel.

These two possible combinations of the respective final
states were studied together and the accuracy of 13% was
obtained for the Br(H ! Z�) measurement.
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FIG. 1: The loop diagrams of the decay of the Higgs boson
H ! Z�. The channel with the W loop is expected to give a
dominant contribution of about 85-90%.

In this analysis we reconstruct both Z bosons using
hadronic jets to increase the statistics. Below we de-
note the directly produced Z boson as Z1 to separate it
from the Z boson produced in the Higgs decay. There
are a number of background processes with high cross
sections that have a similar final configuration including
four jets and a high energy photon. The largest back-
ground comes from the e

+
e
� ! W

+
W

�
� process where

the photon is produced by initial state radiation (ISR)
from the beams. To suppress this background we require
that at least one Z boson decays to bb̄ jets. The b-jet
tagging technique provides a high e�ciency for the sig-
nal and a strong W

+
W

� channel suppression. Finally
we analyse the process:

e
+
e
� ! Z1(qq̄)H, H ! Z(qq̄)�, (1)

where either of the two quark pairs can be the bb̄ pair. For
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simplicity, all jet flavours are analyzed together, future
improvements should include flavour-specific corrections
[9].

II. MC SAMPLES AND ANALYSIS TOOLS

All available o�cial MC data samples produced by
the ILD Collaboration are used. All processes are gen-
erated using the Whizard 2.8.5 package [10] with the
LCIO [11] output format; hadronization is performed by
Pythia6 [12]. The detailed simulation of the ILD (The In-
ternational Large Detector) detector is performed using
the ILD_l5_o1_v02 model from the ILCSoft toolkit [13]
v02-00-02 using the DD4HEP [14] software package. Fi-
nally, the events are reconstructed with Marlin [15].

The o�cial MC samples are generated assuming four
possible combinations with 100% beam polarization,
Pe�e+ = (± 1.0,± 1.0), and 250 GeV center-of-mass en-
ergy. Initial state radiation and beam radiation pro-
cesses are properly included at the generation level. Low-
pt hadrons produced from high-rate ��-induced pro-
cesses as well as e

+
e
� pairs from beamstrahlung are

overlaid on the simulated events before reconstruction.
The MC samples contain information about all parti-
cles in an event. In particular, the MCParticles [16] and
PandoraPFOs (the Particle Flow Objects reconstructed
by PandoraPFA [17]) are important for the studies pre-
sented. Table I shows the basic information for the MC
samples most important for this analysis.

The separation of isolated photons, jet reconstruction
via FastJet [18], and b-jet tagging are handled by ad-
ditional Marlin processors as described in the following
sections.

To get the expected number of signal or background
events with Pe�e+ = (�0.8,+0.3) polarization and the
integrated luminosity 2 ab�1, we apply a weight factor
to each event from the MC samples. The sample nominal
integrated luminosities L are given in Table I. The weight
factor WLR/RL depends on the target polarisations and
the beam chiralities for which the original MC events
have been generated, as well as on the ratio of the target
luminosity to the generated luminosity. For the target
values of Pe�e+ = (�0.8,+0.3) and 2 ab�1, the weights
are:

WLR/RL =


(1± 0.8)

2
· (1± 0.3)

2

�
· 2 ab�1

L (2)

The numbers of the MC generated events before
weighting are significantly larger than the numbers of
expected events obtained after weighting.

III. EVENT PRESELECTION AND INITIAL

ANALYSIS

The signal MC samples are preselected requiring only
specific process and decay chains. All following selections

are applied using the information on the reconstruction
level.
The first step of the event selection is identi-

fication of the isolated photon candidate. The
IsolatedPhotonTagging processor is applied for this
goal. This processor finds isolated high energy photons
in events using a double-cone method and TMVA [19]
machine learning algorithms. We used the default set of
parameters and weights included in this processor.
Two variables are used to suppress the background

contributions related to ISR photons: the photon energy
E� , and the angle between the photon and beam direc-
tions cos✓�-beam. The ISR photons are mostly located
in the regions close to the beam directions and at low
energy. The signal photons have a flat angular distribu-
tion in cos✓�-beam and concentrate in the energy region
shown in Fig. 2. First, we choose the isolated photon
with E� > 5 GeV, which has the maximum energy over
all photons in the event.
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FIG. 2: The energy distribution of identified photons pro-

duced in the process e+e� ! HZ, with H ! Z�.

We applied cuts on the energy and polar angle of the
photons, E(�) = [18, 50] GeV and |cos✓�-beam| < 0.95,
respectively. The photons from the background process
e
+
e
� ! Z� have the momentum 108 GeV and are re-

moved by these cuts. To further suppress ISR photons,
the two-dimensional cut E��70 ·cos2✓�-beam > �10 GeV
is applied. The cut is shown in Fig. 3, where the two-
dimensional distributions cos✓�-beam vs E� are given for
the signal (a) and all background contributions (b).
The most dangerous background sources are the

e
+
e
� ! W

+
W

�
� ISR and e

+
e
� ! ZZ� ISR processes,

which include four jets and an ISR photon in the fi-
nal states. The background e

+
e
� ! W

+
W

�
� ISR for

eLpR polarization has a large cross section and must be
strongly suppressed. For this goal we require that at least
one jet is tagged as a b-jet. To reconstruct jets and to tag
b-jets in event, we use the FastJet software package with
the Valencia [20] algorithm, which was specially devel-
oped for jet reconstruction at electron-positron colliders.
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TABLE I: The basic information for the MC samples for the signal and the backgrounds with significant contributions. The
given cross sections are corrected for the decay branching fractions indicated in the first column.

Process Integrated luminosity, ab�1 Cross section, fb Number of events

e
�/e+ polarization eLpR eRpL eLpR eRpL eLpR eRpL

Signal samples

qq̄H(Z�) 191 298 0.52 0.34 1·105 1·105

Background samples

qq̄ 5.00 5.00 128·103 70.4·103 6.40·108 3.52·108

W (qq̄)W (qq̄) 5.00 5.12 14.8·103 225 7·107 7·105

Z(qq̄)Z(qq̄) 5.05 5.11 1.41·103 607 7·106 3·106

Z/W (qq̄)Z/W (qq̄) 5.00 5.32 12.4·103 226 6·107 106

Z(qq̄)Z(µ+
µ
�
/⌧

+
⌧
�) 5.01 5.14 838 467 4·106 2·106

qq̄H(bb̄) 0.50 0.78 199 128 105 105

qq̄H(⌧+
⌧
�) 23.2 36.3 21.5 13.8 5·105 5·105

qq̄H(W+
W

�) 6.81 10.6 73.4 47.0 5·105 5·105

qq̄H(ZZ) 55.6 86.9 8.99 5.75 5·105 5·105

⌧
+
⌧
�
H(all) 7.45 11.6 67.1 42.9 5·105 5·105

We select this algorithm for its high e�ciency of jet re-
construction near the beam direction. Three parameters
should be adjusted in the Valencia algorithm, the gen-
eralized jet cone radius R, and the � and � parameters,
which are used to control the clustering order and the
background resilience. We set � to 1.0, � to 0.5 and R

to 1.5 and force all particles except the identified photon
to form four jets.

The b-jet tagging MVA likelihood is calculated by the
LCFI+ (Linear Collider Flavor Identification) algorithm
[21]. The jets with b tagging MVA likelihood value larger
than 90% are taken as positively identified. Only events
with at least one positively identified b-jet are selected
for the following analysis. To obtain the e�ciency of
identification, the ratio of the number of events with
identified b-jet to the number of events containing b-
quarks at the generator level is calculated. This identifi-
cation e�ciency is ⇠87% for all beam polarizations. The
branching fractions of the Z boson decay to any flavour
hadron jets and the bb̄ jets are equal to 69.91±0.06% and
15.12± 0.05% [22], respectively. Therefore the e�ciency
to tag positively at least one b-jet over all 4-jet signal
events is ⇠ 34%. The probability to tag a b-jet for events
with 4 jets in the case of the absence of b-quarks on the
MC generator level is 0.85%.

The product of the cross section and the branching
fraction discussed above can be measured experimentally
using the formula:

�(e+e� ! HZ1)⇥Br(H ! Z�) =

Nsig/(Lint · ✏ ·Br(Z1) ·Br(Z))
(3)

where Nsig is the number of signal events measured in a
specific channel, and Lint is the integrated luminosity of
a used data sample. The selection e�ciency is denoted

by ✏ and the relevant decay branching fractions of the Z

boson decays taken from PDG (Particle Data Group) [22]
are denoted as Br(Z1) and Br(Z).
To obtain a better resolution, the number of Higgs bo-

son signal events is obtained by fitting the M� distri-
bution, where the M� is calculated from the following
formula:

M� = M(jj�)�M(jj) +M(Znom) (4)

where M(Znom) = 91.2 GeV. This formula results in a
narrower Higgs boson mass peak, because uncertainties
of the jet reconstruction are mostly canceled in the mass
di↵erence.

IV. RESULTS

The final state of the signal channel includes one pho-
ton and four jets. To form the Z1 and Z bosons from
these four jets we calculate a �

2 for six possible two-jet
combinations using respective masses and momenta:

�
2 =

(M(Z1)�M(Znom))2

�2
MZ1

+
(M(Z)�M(Znom))2

�2
MZ

+
(P (Z1)� P (Z1))2

�2
PZ1

+
(P (Z + �)� P (Z1))2

�2
PZ�

(5)

where P (Z1) = 60.0 GeV/c is the mean Z1 momen-
tum in the e

+
e
� ! HZ1 process at the 250 GeV

center-of-mass energy. The � parameters with the values
�MZ1

= 14.2 GeV, �MZ = 14.3 GeV, �PZ1
= 7.1 GeV,

�MZ� = 7.7 GeV are the mean e↵ective widths of the
corresponding mass or momentum distributions on the
reconstruction level. The combination with the minimal



4

15 20 25 30 35 40 45 50
 (GeV)γE

0.8−

0.6−

0.4−

0.2−

0
0.2
0.4
0.6
0.8

)
 - 

be
am

γ
θ

co
s(

0

5

10

15

20

25

30

Ev
en

ts
 / 

1.
0 

G
eV

(a)

 

15 20 25 30 35 40 45 50
 (GeV)γE

0.8−

0.6−

0.4−

0.2−

0
0.2
0.4
0.6
0.8

)
 - 

be
am

γ
θ

co
s(

500

1000

1500

2000

2500

Ev
en

ts
 / 

1.
0 

G
eV

(b)

 

FIG. 3: Two-dimensional distributions cos✓�-beam vs E� for

the signal (a) and the sum of significant backgrounds (b). The

curves indicate the cut explained in the text.

�
2 is selected. Only events with the value �

2
< 15 are

kept for the following analysis.

The list of considered backgrounds includes the pro-
cesses e

+
e
� ! qq̄, e

+
e
� ! Z(q1q̄1)Z(q2q̄2) and

e
+
e
� ! ⌧

+
⌧
�
H. Background contributions come also

from the e
+
e
� ! W

+(q1q̄1)W�(q2q̄2) and e
+
e
� !

Z(qq̄)H(⌧+⌧�) processes. The e
+
e
� ! qq̄ process can

be wrongly identified as a four-jet process and gives a
large background contribution due to the huge produc-
tion cross section. Some background processes are al-
ready partially suppressed due to the requirement of the
b-jet tag.

We applied a set of additional cuts to further suppress
backgrounds. The cuts are applied on the masses of the
Z1 and Z bosons M(Z1/Z) > 60 GeV. Transverse mo-
mentum of the total system Pt(jjjj�) < 10 GeV and
the energy of the total system E(jjjj�) < 270 GeV are
bounded. A requirement is imposed on the value of the
helicity angle cos✓h in the interval [�0.95, +0.9]. The
helicity angle is calculated as the angle between the di-
rections of the hadron jet with the higher momentum in
the Higgs boson decay and the reconstructed Higgs boson

H(jj�). This cut preserves most of the signal events but
suppresses the main backgrounds with a high e�ciency.
An additional suppression of the background is provided
by the cut on the angle between the Z1 and Z bosons
cos✓Z1Z > �0.95. Possible purely leptonic backgrounds
are rejected by the requirement on the total number of
reconstructed objects in the event NPFOs > 60. The
numbers of signal and background events before and after
cuts corresponding to the integrated luminosity 2 ab�1

and polarization Pe�e+ = (�0.8,+0.3) are listed in Ta-
ble II and Table III, respectively.

TABLE II: The numbers of signal events before and after cuts.

The percentage of the number of events from the previous step

is indicated in brackets.

e
+
e
� ! Z1(jj)Z(jj)� eLpR eRpL

MC events 70100 69786

Weight factors 6.1 · 10�3 2.4 · 10�4

Weighted MC events 430.5 16.4

Photon tagging 388.9 (90.3%) 14.8 (90.4%)

b-tagging 131.5 (33.8%) 5.0 (34.0%)

Weighted events after all cuts 58.0 (44.1%) 2.0 (39.0%)

The signal and background M� distributions after all
cuts are fitted to obtain shape parameters separately for
the signal and background (Fig. 4a). The error bars in-
dicate the MC statistical uncertainties, which are much
smaller than the fluctuations of the expected data. The
signal distribution FS(m) is modelled by the sum of three
functions: a Breit-Wigner function BW convolved with a
Gaussian function G1 and two additional Gaussian func-
tions G2 and G3 to account events due to a wrong jet
matching in the �

2 selection in the both tails of the dis-
tribution:

FS(m) = f1 BW⌦G1+(1�f1)⇥[f2 G2+(1�f2)G3] (6)

The corresponding fractions are denoted as f1 and f2.
The width of the Breit-Wigner function is fixed to the
value � = 2.495 GeV, because the Z boson natural width
transfers into the M� value. The mean value of the first
Gaussian is fixed to zero.
The background is described by the so-called decay

function FB(m), which is an exponential function con-
volved with a Gaussian function:

FB(m) = exp(�m/⌧)⌦G4 (7)

The obtained signal and background fit parameters are
given in Table IV.
Then, the signal statistical uncertainties are esti-

mated using the obtained distribution shapes and nor-
malizations. To reproduce the real data distribution,



5

TABLE III: The numbers of MC events before and after cuts for significant backgrounds. The numbers of MC events before

weighting are given in the nominal MC events column.

Process Nominal Weight factors Weighted �-tagging b-tagging After all

MC events MC events cuts

e
�/e+ polarization eLpR eRpL eLpR eRpL eLpR eRpL eLpR eRpL eLpR eRpL eLpR eRpL

qq̄ 6.4 · 108 3.5 · 108 0.23 1.4 · 10�2 3.1 · 107 1.1 · 106 1.3 · 107 1.1 · 106 6.0 · 106 2.1 · 105 39.0 1.0

W (qq̄)W (qq̄) 7.0·107 7.0·105 0.23 1.3 · 10�2 1.6·107 1.6·105 1.5·106 809.3 1.1 · 104 6.5 2.0 0.0

Z(qq̄)Z(qq̄) 7.0·106 3.0·106 0.23 1.4 · 10�2 1.6·106 4.2·104 1.4·105 3.7·103 5.0·104 1.4·103 12.0 0.0

Z/W (qq̄)Z/W (qq̄) 6.0·107 106 0.23 1.3 · 10�2 1.4·107 1.3·104 1.2 · 106 1.4·103 8.3·103 10.0 2.0 0.0

Z(qq̄)Z(µµ/⌧⌧) 4.0·106 2.0·106 0.21 1.1 · 10�2 8.4 · 105 2.2 · 104 7.2 · 104 2.3 · 103 1.2 · 104 373.7 14.0 0.0

qq̄H(bb̄) 105 105 0.17 6.6 · 10�3 1.7·104 657.6 961.2 38.1 860.7 33.9 1.0 0.0

qq̄H(⌧+
⌧
�) 5.0·105 5.0·105 0.04 1.5 · 10�3 2.0·104 760.9 2.1·103 83.4 403.3 15.3 1.0 0.0

qq̄H(W+
W

�) 5.0·105 5.0·105 0.14 3.0 · 10�3 7·104 1.5·103 3.5·103 77.1 623.1 13.6 1.0 0.0

qq̄H(ZZ) 5.0·105 5.0·105 0.16 6·10�3 7.9 · 104 3 · 103 4.9·103 187.2 1.6·103 62.2 2.0 1.0

⌧
+
⌧
�
H(all) 5.0·105 5.0·105 0.12 4.4·10�3 5.8·104 2.2·103 5.5·103 206.0 2.9·103 108.7 13.0 0.0

TABLE IV: The parameters obtained from the separate signal

and background fits shown in Fig. 4a.

Signal

BW mean, µ 124.99± 0.06 GeV

G1 width 1.38± 0.09 GeV

G2 mean 140.63± 1.76 GeV

G2 width 12.05± 0.75 GeV

G3 mean 122.54± 0.31 GeV

G3 width 7.11± 0.18 GeV

Fraction f1 0.55± 0.02

Fraction f2 0.73± 0.04

Background

Exponential ⌧ 14.59± 0.97

G4 mean 106.08± 0.59 GeV

G4 width 4.18± 0.66 GeV

the weighted signal and background distributions are
summed, the content of each bin is rounded to the in-
teger number and the Poisson uncertainties for the bin
contents are assumed. Figure 4b shows the M� distribu-
tion for the sum of the signal and background events.

The distribution of the sum of the signal and back-
ground contributions is fitted with the sum of the func-

tions used in the separate fits with fixed shapes and free
normalizations. The binned extended maximum likeli-
hood fit method [23] is applied to obtain the number of
signal events. A clear signal peak is observed in the com-
bined distribution. The fit yields 60± 13 signal events
and 89± 14 background events. The signal number of
events corresponds to the statistical uncertainty of 22%.

The signal significance is checked with a toy MC using
the RooFit package. 10000 M� mass distributions are
generated using the shapes and normalizations for the
sum of the signal and background distributions obtained
separately. The generated mass distributions are fitted
with a function including both signal and background
terms with free normalizations. Figure 5 shows the dis-
tribution of the numbers of the signal events obtained
from the toy MC. The fit of this distribution to the Gaus-
sian function gives the mean value and width of 60± 13
events, respectively. The toy MC results agree within
uncertainties with the combined fit results. Therefore
the statistical uncertainty is 22% for an assumed dataset
of 2 ab�1 with Pe�e+ = (�0.8,+0.3). The ILC straw-
man running scenario foresees two 0.9 ab�1 datasets with
Pe�e+ = (�0.8,+0.3) and Pe�e+ = (+0.8, 0.3) each,
plus 0.1 ab�1 with Pe�e+ = (�0.8,�0.3) and Pe�e+ =
(+0.8,+0.3) each [24]. We therefore also reweighted
the events passing our analysis to the combination of
0.9 ab�1 with Pe�e+ = (�0.8,+0.3) and 0.9 ab�1 with
Pe�e+ = (+0.8,�0.3), obtaining a statistical precision of
24%. This result takes into account the increase in ef-
fective luminosity compared to an unpolarised dataset of
1.8 ab�1, but not the full advantage of polarised beams.
For optimal results, the selection should be tuned sepa-
rately for each of the datasets, in order to exploit their
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FIG. 4: The M� = M(jj�) � M(jj) + M(Znom) mass dis-

tributions are shown for the e
+
e
� ! Z1(j1j2)H(Z�) process

followed by the decays Z ! j3j4. (a) The distributions are

presented separately for the signal (full dots) and background

(shaded histogram). The fit results are overlaid: a blue solid

curve for the signal and a red dashed curve for background.

(b) The sum of the signal and background contributions is

shown by full dots together with the fit results: red dashed

curve for background and the red solid curve for the sum. The

functions and the fit methods are described in the text.

di↵erent intrinsic signal-to-background ratios. We leave
this part for future work.

The systematic uncertainties are not studied in this
analysis. The largest systematic uncertainties are ex-
pected from the uncertainty in the selection e�ciency
and the uncertainty due to the signal and background
shape modelling in the fit. The total systematic uncer-
tainty is roughly evaluated to be less than 3%, which is
much smaller than the expected statistical one. Unfortu-
nately accurate estimates of the systematic uncertainties
cannot be performed without real data.
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FIG. 5: The distribution of the number of the signal events

obtained from the toy MC fits (dots with errors) is shown to-

gether with a fit by the Gaussian function (curve) as described

in the text.

V. CONCLUSIONS

Using MC method we simulated the e
+
e
� ! HZ pro-

cess with subsequent H ! Z� decay as well as back-
grounds in the ILD detector planned at the future ILC
collider. The generation is performed assuming an inte-
grated luminosity of 2 ab�1, center-of-mass energy of 250
GeV, and beam polarizations of Pe�e+ = (�0.8,+0.3).
The statistical uncertainty of 22% is obtained for the
number of the signal events. We also repeated the
analysis assuming two data samples with integrated lu-
minosities of 0.9 ab�1 and two beam polarizations of
Pe�e+ = (⌥0.8,±0.3) and obtained the statistical un-
certainty of 24%. The accuracy of this method is about
the same as one obtained at CEPC [8], where the decay of
one of the Z bosons to the neutrino channel has been used
to determine the branching fraction. Because the cross
section �(e+e� ! HZ) can be determined with a high
accuracy of better than 1% using other final states [25],
the obtained uncertainties directly correspond to the un-
certainty of the potential Br(H ! Z�) measurement. A
slightly better accuracy can be obtained with a future de-
velopment of advanced event reconstruction technologies,
such as a full kinematic fit, a multivariate analysis, and
the specific b-jet treating taking into account secondary
displaced vertices. The results of this method and of the
method proposed in Ref. [8] can be combined to further
improve the accuracy.
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