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Abstract The Circular Electron Positron Collider and the
International Linear Collider are two electron-positron Higgs
factories. They are designed to operate at a center-of-mass
energy of 240 and 250 GeV and accumulate 5.6 and 2 ab−1

of integrated luminosity. This paper estimates their perfor-
mance on the H → τ+τ− benchmark measurement. Using
the full simulation analysis, the CEPC is expected to measure
the signal strength to a relative accuracy of 0.8%. Extrapolat-
ing to the ILC setup, we conclude the ILC can reach a rela-
tive accuracy of 1.1% or 1.2%, corresponding to two bench-
mark beam polarization setups. The physics requirement on
the mass resolution of the Higgs boson with hadronic decay
final states is also discussed, showing that the CEPC baseline
design and reconstruction fulfill the accuracy requirement of
the H → τ+τ− signal strength.

1 Introduction

Since the discovery of the Higgs boson in 2012 at the Large
Hadron Collider (LHC), the precise measurement of the
Higgs boson becomes one of the main goals of the high-
energy physics experiments. Compared to the LHC, the
e+e− Higgs factories offer cleaner collision environment,
well known and adjustable initial states, and can determine
the absolute value of Higgs boson couplings and total decay
width. Many electron-positron Higgs factories are proposed,
including the International Linear Collider (ILC) [1], the Cir-
cular Electron Positron Collider (CEPC) [2], the Future Cir-
cular Collider e+e− (FCCee) [3], and the CLIC [4].

The CEPC has a main ring circumference of 100 km and
can be operated as a Z factory (

√
s = 91.2 GeV ) and a

Higgs factory (
√
s = 240 GeV ). It can also perform a W

a e-mail: ruanmq@ihep.ac.cn

threshold scan at
√
s = 160GeV and determine the mass and

width of the W boson accurately. With a nominal integrated
luminosity of 5.6 ab−1, the CEPC is expected to produce one
million of Higgs bosons [5]. Benefitting from its very clean
collision environment, its detector system can record almost
all the Higgs events. This pure, large-statistic Higgs sample
provides crucial information on top of the Higgs program at
the HL-LHC, and can boost the precision of Higgs boson
property measurements by up to one order of magnitude [5].
More details can be found in the CEPC Conceptual Design
Report released in 2018 [2].

Another e+e− Higgs factory, the ILC, has been intensively
studied in the past 20 years; the ILC TDR [1] was published
in 2013. Compared to circular colliders, linear colliders as
the ILC have greater potential for achieving much higher
centre-of-mass energies. In the proposed staging scenario
[6], the ILC starts collisions at a centre-of-mass energy of
250 GeV, serving as a Higgs factory with a nominal lumi-
nosity of 2 ab−1. The ILC is foreseen to upgrade its centre-
of-mass energy to 380 GeV, 500 GeV, and eventually 1 TeV.
These high-energy collisions open the t t̄ , the t t̄ H , the vvHH
and the ZHH channels, and also improves the Higgs width
measurements significantly. Another notable advantage of
the ILC is the capability of beam polarization. Since the left
and right-handed fermions have different quantum numbers
in the electroweak interaction, the beam polarization pro-
vides a degree of freedom to the initial state of the colli-
sion, significantly enhancing the physics performance, e.g.,
for the sin2(θw) measurements. In the ILC TDR, there are
two official settings of the ILC beam polarization denoted
as the left and right-hand polarization settings, P(− 0.8, 0.3)
and P(0.8, − 0.3), where the first/second number represents
the electron/positron polarization, and the minus sign refers
to the left-hand polarization. In terms of the Higgs property
measurement, the polarization could also enhance the signal
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Table 1 The comparison of Higgs signal for the CEPC and the ILC

CEPC ILC (0.8, −0.3) ILC (−0.8, 0.3)

Polarization – (0.8, −0.3) (−0.8, 0.3)

Luminosity 5 ab−1 2 ab−1 2 ab−1

Higgs Cross section 203.66 311.99 205.24

Higgs Yield 1,018,300 623,980 410,480

yields, and suppress the SM background. Table 1 indicates
the inclusive cross-section, the nominal luminosity, and the
expected total Higgs events at the CEPC and the ILC.

Due to the large τ mass (heaviest SM lepton), a signifi-
cant fraction of the SM Higgs boson decays into di-τ final
states, making the H → ττ channel a sensitive probe to
the new physics. In [7] this paper, the expected accuracy of
the H → ττ signal strength (defined as anticipated num-
ber of events times decay rates relative to Standard Model
(SM) expectations) measurement is analyzed using the offi-
cial CEPC software and samples. Two different analysis
methods are developed, corresponding to the signal with or
without jets in the final state. For the events without jets
(llH and ννH ), the signal identification strongly relies on
the event multiplicity information. For the events with jets
(qqH ), a dedicated tau-finding algorithm TAURUS has been
developed (see in Appendix A ), and the signal is identi-
fied using the measurements from both the di-tau system and
the recoiling di-jet system. The results of all those channels
are combined, leading to a relative accuracy of 0.8% of the
objective signal strength at the CEPC. Extrapolated to the
ILC, this analysis yields an accuracy of 1.1%/1.2% for the
nominal left/right-hand polarization setting.

This paper is organized into five sections. Section 2
describes the detector model, the software, and the samples
used in this study. Section 3 presents the CEPC analyses
at different channels. Section. 4 provides the combination
of different channels and extrapolates the result to the ILC
setups. The conclusion is summarized in Sect. 5.

2 Samples and software chain

The SM Higgs bosons are mainly generated via the Hig-
gsstrahlung and the vector boson fusion processes at the e+e−
colliders, see Fig. 1. At the designed center-of-mass opera-
tion for Higgs production, for both the CEPC and the ILC, the
inclusive SM background within the detector fiducial volume
is roughly 2–3 orders of magnitudes higher than that of the
Higgs signal. In our analysis, the backgrounds are character-
ized according to the number of final state fermions at the Par-
ton level. At 240 or 250 GeV centre-of-mass energy, the lead-

Fig. 1 Feynman diagram of Higgs production at the CEPC

Table 2 The cross section ( f b) of Higgs signal and background for the
CEPC and the ILC

Process CEPC ILC (0.8, −0.3) ILC (−0.8, 0.3)

eeH 7.04 10.69 7.14

μμH 6.77 10.41 7.02

ννH 46.29 77.53 42.59

qqH 136.81 202.41 141.39

2 f 79,681 116,223 81,198

Single Z 4733 1817 1439

Single W 5144 7865 594

WW 15,483 20,614 1422

Z Z 1033 1794 933

Mixed 3899 8740 298

ing SM backgrounds are the 2-fermion and 4-fermion back-
grounds. The 2-fermion backgrounds are the qq, Bhabha,
μμ and ττ processes; the 4-fermion backgrounds include the
Z Z , the WW , the single W , the single Z , and the interfering
processes. The latter is denoted as Z ZorWW and ZorW pro-
cess since the final state fermion combination allows multiple
intermediate states and their interferences. The cross sections
for signal and backgrounds are summarized in Table 2.

The detector model used in the simulation is the CEPC
baseline detector [2], a Particle Flow Oriented detector. It is
composed of a low-material tracking system, a high granu-
larity calorimeter system, and a 3-Tesla large radius solenoid
that hosts both ECAL and HCAL inside. A baseline CEPC
simulation-reconstruction software has been established. It
uses the Whizard as the generator [8], the MokkaPlus [9] for
the full detector simulation, the Clupatra [10] for tracking,
and the Arbor [11] for the PFA reconstruction.

Using the CEPC baseline geometry, an official Monte-
Carlo sample production is performed, corresponding to the
nominal setting of the CEPC Higgs runs. The samples are
scaled according to the luminosity for this massive produc-
tion. For the Higgs processes with small cross-section, typ-
ically under 20 f b, the sample is simulated to a minimal
statistic of 100 k. For leading 2-fermion standard model back-
ground, the production only simulates a fraction (20%) of the
expected statistics, to save the computing resource. For all
4-fermion backgrounds, the samples are generated with full
statistics.
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Table 3 The statistics of Higgs
decaying to τ in different
channels (5.6 ab−1)

μμH eeH ννH qqH

2388 2483 16331 48266

3 Signal strength measurement at the CEPC

We classify the H → τ+τ− signal into two categories
according to their final states: without jets (μμH , eeH and
ννH ) and with jets (qqH). The expected accuracy of the sig-
nal strength in each channel is analyzed independently. The
ττH channel are not covered in this paper. The statistics of
the H → ττ signal at different channels are listed in Table 3.

For the qqH channel, TAURUS, a dedicated τ finding
algorithm, has been developed and optimized for this analy-
sis. TAURUS identifies all the τ candidate in an event, from
which the Higgs decay products are identified using the pair
with leading energy. The remaining particles are recognized
as the di-jet system, whose invariant and recoil masses are
also used to distinguish the signal from the background.

No specific τ finding algorithm is used for the events with-
out jets. Instead, these signals are identified firstly using the
multiplicity of the charged particles and the photons. For the
μμH and the eeH , the prompt leptons are identified using
their invariant and recoil mass information, which signifi-
cantly reduces the SM background.

Roughly 40% of SM τ s decay into a single charged parti-
cle and neutrino(s). To ensure a high signal efficiency, the iso-
lated charged particles are intentionally identified as τ can-
didates in all those analyses. On the other hand, the CEPC
baseline detector is equipped with a high precision vertex
system. Because the τ lepton has a cτ of 89 µm, the lead-
ing tracks decayed from the τ candidates have a significant
impact parameter. Therefore, the track impact parameter is
used to distinguish the 1-prong decayed τ lepton from the
prompt isolated tracks.

The analyses of different sub-channels are discussed in
detail in the following sections.

3.1 μμH channel

The analysis of the μμH channel is presented in this section.
The cut chain is shown in Table 4.

The prompt μ pair is a critical signature of the signal.
The baseline CEPC detector provides a high-efficiency and
high purity identification of the leptons. Requesting at least a
pair of μ preserves 97% of the signal and reduces the entire
SM background by 40 times. The prompt di-μ system is
identified as the combination with the closest mass to the
91.2 GeV. The backgrounds are further reduced by applying a
constraint on the invariant and recoil mass of the di-μ system.
These requirements suppress the SM background by another
50 times, and the remaining backgrounds are dominated by

2 f events. Using the selection condition defined in Table 4 (3
first lines), the signal efficiency is 88.5%, and the background
rejection rate is 99.95%.

The remaining particles are identified as the di-τ system.
The leading charged particle is identified, and all the particles
within one radius to the leading particle are identified as
one τ candidate, while the remaining particles are identified
as the other τ candidate. Since the τ lepton decays into a
small number of charged particles and photons (π0 decayed
or charged particle radiated), the charged particle and photon
multiplicity of each τ candidate is required to be smaller than
6 and 7, respectively. At this step, the 2-fermion backgrounds,
including μμ and ττ (mainly 1-prong after the μ selection),
are suppressed by requiring the existence of the τ candidates
after the μ-pair elimination.

Several variables are extracted from the di-τ system and
combined using the TMVA tool, [12] to suppress the back-
ground further. These variables include

– the angle between the leading tracks and the remotest
track in each candidate;

– the angle between the leading tracks and the remotest
photon in each candidate;

– the angle between the leading photon and the remotest
photon in each candidate.

The impact parameter of the leading track in the τ can-
didates is also used in the TMVA. By looking at the impact
parameters of the tracks, those stemming from τ decays are
further away from the vertex than the others. The impact
parameters, along with the transverse and longitudinal direc-
tions (D0 and Z01) of the leading track from each τ candidate,
can be extracted.

The BDT distributions for the signal and the SM back-
grounds events are shown in Fig. 2. After an optimized cut
at BTD value of 0.78, the background is reduced 3 times, at
the cost of losing 5% of the signal statistic. See the 7th line
of Table 4. After the TMVA event selection in Table 4, the
remaining backgrounds are the single Z and Z Z events.

The invariant mass of the τ pair is calculated using the
collinear approximation (assuming the momentum of neu-
trino or neutrinos is proportional to the τ ’s). A small fraction
(3%) of the signal events might take a negative value of the
Mcol

ττ , due to the anomalous reconstructed visible or miss-
ing momentum. (non-validity of assumptions will cause the
mass spreads but not negative ). Meanwhile, in many back-
grounds where no τ exists, the approximation is not valid
and also leads to negative Mcol

ττ . For simplicity, those events
are excluded from the event selection. The distribution of the

1 The impact parameter D0 is the signed distance from the origin to
the point of closest approach in the r − φ(x − y) plane. The impact
parameter Z0 is the Z position of the perigee.
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Fig. 2 The BDT values for the signal and the SM backgrounds events
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Fig. 3 Fit of the invariant mass of the di-τ with SM background
included

invariant mass of the τ pair is shown in Fig. 3 for signal and
SM inclusive background with a fit using PDF shape.

The number of expected signal event is then fitted from the
ττ collinear mass distribution, which has an relative accuracy
of 2.75% (�(σ × BR)/(σ × BR) = 2.75%, where the δ(S)

is the fitted signal event number error. )

3.2 eeH channel

The analysis of the eeH channel is similar to that of the μμH
channel. Because of the Z fusion events, the signal statis-
tic of the eeH channel is 4% more than the μμH channel.
The electron identification efficiency performance is slightly
worse than the muon identification because the electrons have
a much significant bremsstrahlung effect. The eeH channel
analysis also has much severe single W backgrounds. The cut
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chain for the eeH channel is shown in Table 5. After optimiz-
ing the parameters in the cut chain, 57% of the signal (1422)
events survive, and the entire SM background is reduced to a
12k statistics, leading to a relative uncertainty of 8.3%, about
50% worse than that of the μμH channel analysis.

Similar to the μμH channel analysis, a fit is performed
on the ττ invariant mass. The signal strength of H→ ττ

measured from the eeH channel reaches 5.07%.

3.3 ννH channel

The ννH signal has no jet in its decay final state and has
a statistic 6 times larger than the μμH signal. However,
the ννH has no prompt lepton pairs with clean invari-
ant and recoil mass signature, and the background for the
ννHchannel is much larger. All the SM processes with a
pair of τ candidates in the final states and significant miss-
ing mass turn to be the irreducible backgrounds, including
2 f (especially ττ ), WW /Z Z /single Z and the interference
events with ννττ final states. Besides, induced by the τ find-
ing strategy, the processes such as single W with the final
states eντν also has a significant chance to be misidentified
as the signal.

For the ννH channel, the parameters for event selection
are the missing mass (by recoiling the visible 4-momentum),
the transverse momentum, and the total mass. The steps for
di-τ tagging are similar to the μμH channel, except for that
there is no need to veto the lepton pair. The cut chain of ννH
channel is shown in Table 6. After the τ candidates found,
the angles between the τ s are applied to reduce the 2 f back-
grounds. After the cut chain, 55% of the signal events sur-
vives, but the background is two orders of magnitude larger
than in the μμH channel, this makes the signal strength accu-
racy of the ννH channel two times worse than in μμH chan-
nel.

In this channel, the collinear approximation cannot be
used, so only the statistic result of 7.9% from the cut chain
is used as the accuracy.

3.4 qqH channel

The qqH channel is critical for the H → ττ signal strength
measurement since 70% of the Higgs events at the CEPC are
generated via this channel. The cut chain for this analysis is
summarized in Table 7. It includes four steps, corresponding
to the information of the general event description, the di-τ
system, the di-jet system, and the vertex system correspond-
ingly.

The first step uses the information of the charged particle
multiplicity, the total visible energy, and the leading lepton
energy. The multiplicity of the charged particles is required
to be larger than 10. This requirement eliminates the full
leptonic SM background efficiently. According to the visible Ta
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Fig. 4 τ finding purity and efficiency at the qqH → ττ channel

energy distribution at the signal, the total visible energy is
limited to (110, 235) GeV. The upper range limit of 235GeV
efficiently reduces the fully visible hadronic events, such as
the ee → j j ( j = uds) and the WW/Z Z → 4q. However
the statistics of WW → τq and WW → μq is rather large
and only less than a half of them can be reduced by lower
range limit. The single W and single Z boson backgrounds
have energetic final state leptons and are efficiently vetoed
reduced by an up limit on the leading lepton energy.

A τ finding algorithm, TAURUS, is used to identify
the τ candidates. Its parameters are optimized for the sig-
nal strength analysis at the qqH channel. An overall τ

finding efficiency/purity of 80%/90% is achieved at the
qqH, H → ττ signal, see Fig. 4. More details can be found
in Appendix A. The leading τ candidates of both charges,
if exist, are identified as the decay products of the Higgs
boson. The invariant mass of this pair is calculated using the
collinear approximation (assuming the momentum of neu-
trino or neutrinos is proportional to the tau’s), as shown in
Fig. 5. The second step requires a pair of τ candidates, and
its invariant mass is limited to (90, 160) GeV.

The first step is a gentle selection that preserves 90% of the
signal and reduces the SM background by almost 4 times. The
second step reduces the remaining background by 3 orders of
magnitudes at the cost of losing 60% of the signal events. The
second step, especially the τ finding performance, is critical
for this measurement.

After the first two steps, the main backgrounds include the
backgrounds with the same final states at the parton level:
Z Z → qqττ and ZH (Z → ττ , H → qq). The signal
here is ZH (Z → qq, H → ττ ), this makes ZH (Z → ττ ,
H → qq) a background. A few WW , single W backgrounds
survive after the previous steps, where one of the τ candidates
might be generated from the misidentification of TAURUS.
These backgrounds can be significantly reduced by using the
information of the remaining final state particles, which is
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Fig. 5 Distribution of the invariant mass of the di-τ , Mτ+τ− for Z →
qq, H → ττ , and each backgrounds at

√
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Fig. 6 Distribution of the invariant mass of the qq, Mqq for Z →
qq, H → ττ and each backgrounds at

√
s = 240 GeV after the previ-

ous cuts

defined as the di-jet system. The ZH and WW background
can be reduced using the invariant mass of the di-jet sys-
tem, since the signal peaks at the Z boson mass, while the
ZH background peaks at the Higgs mass and the WW back-
ground has a flat distribution, see Fig. 6. After the restriction
on di-jet invariant mass (line 7 of Table 7), the Z Z back-
ground became a dominant one since its di-jet invariant mass
also peaks at Z boson mass. However, the recoil-mass of the
di-jet system can clearly separate the signal from the Z Z
background, see Fig. 7 (line 8 of Table 7).

The PFA oriented detector design and reconstruction pro-
vide an accurate reconstruction of the di-jet system. Using
the invariant and recoil mass of the di-jet system, the back-
grounds are suppressed by one order of magnitude, and the
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Fig. 7 Distribution of the recoil mass of the qq, Mrecoil
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qq, H → ττ and each background at
√
s = 240 GeV after the previous

cuts

cost of lost 5% of the remaining signal, and the accuracy
improves more than a factor of 2, see line 7 and line 8 of
Table 7. After these event selections, the dominant back-
grounds are WW and Z Z , especially their semi-leptonic
decay.

For each track, the pull is defined as: D2
0/σ 2

D0
+ Z2

0/σ 2
Z0

,
where σD0/Z0 is the uncertainty of D0 and Z0. The pull
parameter of the event is then extracted as the sum of the
two τ candidates decayed from Higgs, which distinguishes
the τ candidates from the prompt tracks, see Fig. 8. In this
case, the signal and the background is mixed with each other
but their shape can be defined in the later data driven, this
makes it possible to use fit method to get a more precise statis-
tic of signal and backgrounds. The signal strength accuracy
of the H → ττ) is extracted to be 0.93%.

4 Combination of results and extrapolation

To first order, the measurements of different channels (eeH ,
μμH , ννH and qqH ) are independent. The signal strength
accuracy of Higgs decaying to ττ can be summarized as in
Table 8. A total accuracy of 0.8% is achieved with 5.6 ab−1,
the nominal integrated luminosity of the CEPC Higgs runs.
In the eeH and the ννHchannel, it is shown that the accuracy
is significantly worse than the μμH channel, despite that the
signal statistics in these two channels are larger. The eeH
channel has a significantly higher background than the μμH
channel, mainly from the singleW and single Z backgrounds.
Compared to the μμH channel analysis, the event selection
of the eeH channel has a lower signal efficiency but three
times larger SM background. As a result, the final accuracy of
the eeH channel is 80% worse than that of the μμH channel.

(Pull)
10

log
0 5 10

E
ve

nt
s/

0.
1

0

1000

2000

3000

4000 Tagged data
S+B Fit
sig
bkg

Fig. 8 Fit of the sum of D02 and Z02 of the leading tracks of two cones
with SM background included

Table 8 Combined signal strength accuracy

δ(σ×BR )/(σ×BR) (%)

μμH 2.8

eeH 5.1

ννH 7.9

qqH 0.9

Combined 0.8

In the ννHchannel, there is no direct measurement of the Z
decay information, but severer backgrounds from the Z Z ,
WW , and Z ZorWW processes. Therefore, the ννHchannel
contributes the least accurate measurements among all these
four channels.

The result is extrapolated to the ILC. The ILC will be oper-
ated at 250 GeV centre-of-mass energy with polarized beams;
therefore, the signal and background cross sections are differ-
ent from that at the CEPC. We calculated the cross sections
and the expected number of events at the ILC. Assuming that
the efficiency for each signal and background stays the same
for the ILC and the CEPC, extrapolation results are shown in
Table 9. Comparing with the result in ILC [14], the indepen-
dent analysis in this paper leads to an accuracy10% better,
this improvement is mainly from the di-jet system informa-
tion.

The precise measurement might be influenced by the sys-
tematic uncertainties caused by luminosity measurement, the
fit procedure, and other experiment effects. There are several
other experimental effects such as acceptance, uncertainties
of the τ finding, jet energy corrections, or the influence of pas-
sive detector material. Further quantitative analysis of these
effects is still needed. The uncertainty of the fitting procedure
could be estimated by changing the background shape and
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Table 9 Extrapolated accuracy δ(σ×BR )/(σ×BR) in the ILC 250 GeV
(2000 fb−1)

CEPC ILC(L) ILC(R)

Luminosity (ab−1) 5.6 2 2

Polarization (e−, e+) – (0.8, −0.3) (−0.8, 0.3)

Total Higgs 1.18 M 0.60 M 0.40 M

Accuracy (%) 0.8 1.09 1.21

fitting range, and the difference in the measurement is taken
as the systematic uncertainty.

The final accuracy of the H → τ+τ− signal strength mea-
surement strongly relies on the precision of the invariant mass
reconstruction of the jet system. The latter can be quantified
using the Boson Mass resolution (BMR), which is defined as
the invariant mass resolution of the vvH, H → gg events at
240 GeV centre-of-mass energy. The CEPC baseline detec-
tor, under the support of the Arbor reconstruction algorithm,
essentially reaches a BMR of 3.8% [11,13]. A fast simula-
tion is performed to quantify this dependence. This fast sim-
ulation takes into account the qqH signal and the leading
SM background (Z Z ) after the event selection. It smears the
4-momentum of the identified Higgs decay final state, and
predicts the accuracy of qqH, H → τ+τ− signal strength
at different BMR, see Fig. 9.

For BMR better than 4%, the signal and background are
well separated and the accuracy is only 10% worse than the
statistic limit of 1/

√
εsig · Nsig (Here εsig · Nsig refers to the

number of signal events after the event selection, and εsig is
the event selection efficiency). For a BMR between 4% to
15%, the accuracy degrades rapidly. For instance, the qqH
signal strength accuracy degrades by 20% if the boson mass
resolution degrades from 3.8% to 8%. For BMR larger than
15%, the degrading tendency saturates, because the recon-
structed invariant, and recoil mass of the Z boson does not
provide significant separation power. In general, the BMR is
essential for any measurement concerns the qqH channel -
the leading channel of Higgs signal at both CEPC and ILC,
especially those with Higgs decays into non-jet final states.
Therefore, a BMR better than 4% is highly appreciated for
this benchmark measurement and should be pursued as an
important goal for the detector design and optimization.

5 Conclusion

In this paper, the expected accuracies of the H → ττ sig-
nal strength measurement of different channels with Higgs
decaying into ττ at the CEPC and ILC have been studied. At
CEPC, using full simulated samples, the combined accuracy
reaches 0.8%. This result is extrapolated to the ILC, an accu-
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Fig. 9 The dependence of the accuracy of the qqH channel on the
boson mass resolution. The thicker red line indicates that the CEPC
baseline BMR is 3.8%, the other two red lines show the accuracy when
the BMR drops to 6% and 8%. (Signal: ZH → qqττ , Background:
Z Z → qqττ )

racy of 1.2%/1.1% are anticipated for the ILC benchmark
left/right polarization setting.

The signal events are divided into two kinds according to
the number of jets. The qqH channel dominates the accu-
racy. In the channels without jets, the accuracy of the μμH
channel is the best since the prompt μ pair provides clear sig-
nal signature, and is free of single Z background compared
to the eeH channel.

In the channels with a Z boson decaying to visible final
states, the invariant mass of the τ pair using collinear approx-
imation could efficiently distinguish the signal from the SM
background. In the μμH and the eeH channel, fits on the
invariant mass spectrum are used to determine the objective
signal strength and improves the signal strength accuracy
by 60%. In the qqH channel, the cut on the invariant mass
reduces the background by roughly 1 order of magnitude, at
the cost of 30% of the signal efficiency.

A precise reconstruction of the impact parameter is essen-
tial for the τ events identification. In the llH channel, the
impact parameters are used in the TMVA training, and it
can improve about 1/3 of the result compared to the TMVA
without these parameters. In the qqH channel, the fit on the
impact parameter improves almost 50% with the final result
of the cut chain.

The PFA oriented detector design and reconstruction are
critical for this analysis. At channels without jets, includ-
ing μμH , eeH , and ννH, the τ events identification relies
strongly on a successful reconstruction of the photons and
charged particles. The PFA oriented detector reconstructs the
proper number of final state particles, providing critical mul-
tiplicity information. In the qqH events, a dedicate τ finding
algorithm is developed based on the precise reconstruction
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of final state particles. Equally importantly, the invariant and
recoil mass of the identified di-jet system provides the separa-
tion between the signal and the backgrounds: the background
could be suppressed by 1 order of magnitude, at the cost of
5% of the signal efficiency.

To conclude, the H → τ+τ− signal strength could be
measured to accuracies of 0.8% and 1.1%–1.2% for the
CEPC and ILC, respectively. Multiple analysis technolo-
gies and dedicated τ finding algorithms are developed in this
manuscript. The PFA oriented detector design is critical for
this measurement. A good precision on the mass reconstruc-
tion of hadronic final state is crucial for the analysis in the
qqH channel, and a BMR better than 4% is recommended, as
one crucial performance benchmark for the detector design
and optimization at those future e+e− Higgs factories.
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Appendix A: TAURUS(TAU reconstrUction toolS)

The package for τ finding in the CEPC is a double cone based
algorithm, as shown in Fig. 10.

The steps for the τ candidates finding are: first, find tracks
with energy higher than a defined Emin as the seed; then
collect tracks and photons within the small/larger cone (angle
ConeA/ConeB) around the seed. The conditions for τ tagging
are:

– an invariant mass of the particles in ConeA smaller than
Mmax ,

Fig. 10 Double cone based τ finding algorithm in a τ → π−π0 event

– a number of tracks/photons in ConeA smaller than NTrk
and N Ph,

– an energy ratio in the two cones greater than REn .

Here the parameters E_min, ConeA, ConeB, Mmax and
REn are optimized to the value ε · p, where ε is the efficiency
of finding τ in qqττ events (defined as the number of truth
τ and found divided by the number of truth τ ), and p is the
purity of the tagged τ s (defined as the number of truth τ

and found divided by the number of tagged τ ). The value of
these parameters are: Emin = 1.5 GeV, ConeA = 0.15 rad,
ConeB = 0.45 rad, Mmax = 2.0 GeV, REn = 0.92.

In this paper, after the τ candidates found, the invariant
mass of the ττ system, the invariant mass of the qq system
(the particles except for τ s ) Mqq and the recoil mass of the
qq system (the particles except for τ s ) Mrecoil

qq are used for
the H → ττ events.
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