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Abstract: The number of w(3686) events collected by the BESIII detector during the 2021 run period is determ-
ined to be (2259.3£11.1)x10° by counting inclusive w(3686) hadronic events. The uncertainty is systematic and the
statistical uncertainty is negligible. Meanwhile, the numbers of yw(3686) events collected during the 2009 and 2012
run periods are updated to be (107.7+0.6)x10° and (345.4+2.6)x10°, respectively. Both numbers are consistent with
the previous measurements within one standard deviation. The total number of w(3686) events in the three data

samples is (2712.4+14.3)x10°.

Keywords: w(3686), inclusive process, Hadronic events, BESIII detector

DOI: 10.1088/1674-1137/ad595b

I. INTRODUCTION

In 2009, 2012, and 2021, the BESIII experiment accu-
mulated the world's largest w(3686) data sample pro-
duced in electron-positron collisions, thereby providing
an excellent platform to precisely study the transitions
and decays of the y(3686) and its daughter charmonium
states, including the y.;, k., and n., and to search for rare
decays with physics beyond the Standard Model. The
number of y(3686) events, Nyasess), 1S @ basic input para-
meter, and its precision has a direct impact on the accur-

acy of these measurements.

In this paper, we determine the number of y(3686)
events by using inclusive w(3686) hadronic decays,
where the branching fraction of ¥(3686) — hadrons is
known to be (97.854+0.13)% [1-3]. The nonresonant
background yield under the y(3686) peak is evaluated by
analyzing the two off-resonance data samples taken in
2009 and 2021 at a center-of-mass (c.m.) energy E., =
3.65 GeV. The same method of background estimation
was successfully used in our previous measurement of the
numbers of y(3686) events in the data samples collected
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in 2009 and 2012 [4].

II. BEPCII AND BESIII DETECTOR

BEPCII [5] is a double-ring e*e™ collider in the cen-
ter-of-mass energy range from 2.0 to 4.95 GeV which has
reached a peak luminosity of 1x10* cm™s™ at +/s=3.773
GeV. The cylindrical core of the BESIII detector [5] con-
sists of a helium-based multilayer drift chamber (MDC),
a plastic scintillator time-of-flight (TOF) system, and a
CsI(T1) electromagnetic calorimeter (EMC), which are all
enclosed in a superconducting solenoid magnet with a
field strength of 1.0 T (0.9 T in 2012). The solenoid is
supported by an octagonal flux-return yoke with resistive
plate counter modules interleaved with steel as a muon
identifier. The acceptance for charged particles and
photons is 93% over the 4n stereo angle. The charged-
particle momentum resolution at 1 GeV/c is 0.5%, and
the photon energy resolution at 1 GeV is 2.5% (5%) in
the barrel (end-caps) of the EMC. The time resolution in
the TOF barrel region is 68 ps, while that in the end cap
region was 110 ps. The end cap TOF system was up-
graded in 2015 using multigap resistive plate chamber
technology, providing a time resolution of 60 ps. The
MDC encountered the Malter effect due to cathode aging
during y(3686) data taking in 2012. This effect was sup-
pressed by mixing about 0.2% water vapor into the MDC
operating gas [6] and can be well modeled by Monte
Carlo (MC) simulation. The other sub-detectors worked
well during 2009, 2012, and 2021 operation.

The BESIII detector is modeled with a MC simula-
tion based on GEANT4 [7]. The w(3686) produced in the
electron-positron collisions are simulated with the gener-
ator KKMC [8], which includes the beam energy spread
according to the measurement of BEPCII and the effect
of initial state radiation (ISR). The known decay modes
of the w(3686) are generated with EVTGEN [9] accord-
ing to the branching fractions from the Particle Data
Group [3], while the remaining unknown decays are sim-
ulated using the LUNDCHARM model [10]. The MC
events are mixed with randomly triggered events (non-
physical events from collision) from data to take into ac-
count possible effects from beam-related backgrounds,
cosmic rays, and electronic noise.

III. EVENT SELECTION

The data collected at the y(3686) peak includes sever-
al different processes, i.e., y(3686) — hadrons, y(3686) —
¢ (€=e, u or 7), ISR return to J/y, and nonresonant
background including e*e™ — y* — hadrons (qq (¢ = u, d,
s5)), ete” >, and ete” - ete +X (X = hadrons,
¢*¢7). The data also contains non-collision events, e.g.,
cosmic rays, beam-associated backgrounds, and electron-
ic noise.

To separate the candidate events for y(3686) — had-
rons from backgrounds, we require that there is at least
one good charged track candidate in each event. The
charged tracks are required to be within 10 cm from the
Interaction Point (IP) in the z axis, within 1 cm in the per-
pendicular plane and within a polar angle range of
|cosO] < 0.93 in the MDC, where @ is the angle measured
relative to the z axis. Photons reconstructed in the EMC
barrel region (|cos6| < 0.80) must have a minimum en-
ergy of 25 MeV, while those in the end-caps
(0.86 < |cosf] <0.92) must have an energy of at least
50 MeV. The photons in the polar angle range between
the barrel and end-caps are excluded due to the poor res-
olution. A requirement of the EMC cluster timing [0,
700] ns is applied to suppress electronic noise and en-
ergy deposits unrelated to the event.

The selected hadronic events are classified into three
categories according to the multiplicity of good charged
tracks (Ngood), i.e., type-I (Ngooda =1), type-II (Ngood =2)
and type-III (Ngooa > 2). For the type-III events, no fur-
ther selection criteria are required.

For the type-Il events, the momenta of the two
charged tracks (p; and p,) are required to be less than 1.7
GeV/c and the opening angle between them (A,) is re-
quired to be less than 176° to suppress Bhabha
(efe” > e*e”) and dimuon (e*e” — ptu~) backgrounds.
Figure 1 shows the distributions of p, versus p; and A,
for the type-1I events from the simulated Bhabha and in-
clusive y(3686) MC samples. Furthermore, a require-
ment of Eype/Een > 0.4 1s applied to suppress the low
energy background (LEB), which may comprise
efe” > ete” +X, double ISR events (e*e™ — yisryisrX),
etc. Here, E.gp 1S the visible energy which is the sum of
the energy of all the charged tracks calculated with the
track momentum assuming the tracks to be pions and all
the neutral showers. Figure 2 (left) shows the Eyisple/Ecm
distributions of the type-Il events for the y(3686) data
and inclusive MC samples. The visible excess in inclus-
ive MC at low energy is from w(3686)— n*n~J/y,
J/Iy — ete”,utu” where the lepton pair is missing. Un-
less noted, in all plots, the points with error bars are the
w(3686) data sample collected in 2021, and the histo-
gram is the corresponding inclusive MC sample.

For the type-I events, at least two photons are re-
quired in the event. Compared to those events with high
charged track multiplicity, the type-I sample has more
background according to the vertex distribution of the
charged tracks. Thus, a neutral hadron z° candidate is re-
quired to improve the suppression of background events
[4], where the 7° candidate is reconstructed from a yy
pair. Within each event, only the yy candidate with in-
variant mass closest to the 7° nominal mass and satisfy-
ing |M,, — M| < 0.015 GeV/c* is kept for further analys-
is. Figure 3 shows the M,, distribution of the selected 7°
candidates for type-I events. With the above selection cri-
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Fig. 1. (color online) Distributions of p, versus p; (top) and A, (bottom) for the type-II events from the (left) simulated Bhabha and
(right) w(3686) inclusive MC samples. The events satisfying p < 1.7 GeV/c and A, < 176° are kept for further analysis. In the top-right
plot, the event accumulation in the top-right corner comes from (3686) — e*e™, u*u~, while the different event bands come from
W(3686) — neutral +J |, J/w — ete”,utu~, etc., and the event band in the bottom-left comes from (3686) — ntn~J/y, J/y — ete™,utu~
where the lepton pair is missing.
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Fig. 2. (color online) Distributions of E;g/E., for the type-II (left) and type-I (right) events of the y(3686) data and inclusive MC
samples. The MC distributions have been scaled to data by using events with E;gp1o/Ecr > 0.4. The events lying above the red arrows
are kept for further analysis.

teria, the corresponding E;pe/E.n distributions of the events.

candidate events for the y(3686) data and inclusive MC The signal yield of e*e™ — hadrons is obtained by ex-
samples are shown in Fig. 2(right). An additional require- amining the event vertex distribution V. For type-II and
ment of E,gpie/ Eem > 0.4 1s also used to suppress the LEB type-III events, the V, is the event vertex fit position,
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Fig. 3.
ates from the type-I events. The region within the pair of red
arrows is the 7° signal window.

while for type-1 events, the V, is the defined one for
single track, i.e., the distance to IP in the z direction. Fig-
ure 4 shows the distributions of V, for w(3686) and off-
resonance data samples. The region |V, <4 cmis re-
garded as the signal region, and the region 6 < |V;| < 10
cm is taken as the sideband region. Events in the side-
band region are mainly from non-collision background
events. The number of observed hadronic events (N°*) is
determined by

obs __
N - Nsignal - Nsidebands ( 1 )

where Ngigna and Nggebana are the numbers of events in the
signal and sideband regions, respectively.

IV. BACKGROUND ANALYSIS

Following our previous measurement [4], the number
of remaining ¢g background events is estimated using the
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Fig. 4.

off-resonance data sample benefiting from the small dif-
ference in the c.m. energies, where one expects the ggq
background is comparable so that can be used to estimate
the background in the energy of w(3686). We apply the
same approach to determine the yields of collision events
for the off-resonance data samples, then estimate the con-
tribution at the y(3686) resonance after scaling by integ-
rated luminosity. Similarly, the contributions from the
ISR return to J/y are estimated by the same method as
above. The connection between two energy points can be
expressed by a scaling factor, f, determined from the in-
tegrated luminosity multiplied by 1/s to account for the
energy dependence of the cross section. This can be done
since the dominant backgrounds come from the Bhabha
and dimuon processes at the leading-order contribution
[11]. The scale factor is

_ '[—(,//(3686) ) 3.65?

f Loﬂ'—res 3.6862 ’

@)

where L3686 and Log—res are the integrated luminosities
of the w(3686) data and off-resonance data samples, and
3.686° and 3.65% are the corresponding squares of c.m.
energies, respectively.

The integrated luminosities at different energy points
are determined using Bhabha events [12] with the follow-
ing selection criteria. The number of charged tracks is re-
quired to be equal to two with net charge zero. Each track
must have energy deposited in the EMC between 1.0
GeV and 2.5 GeV and a momentum less than 0.5xE_, +
0.3 GeV. Furthermore, the sum of the momenta of the
positron and electron must be greater than 0.9xE_,,. The
cosine of the polar angle () for each track is required to
be within |cosf] <0.8 and their ¢ angles must satisfy
5° < |l¢; — | —180°| < 40°. The Iuminosities of the
w(3686) and off-resonance data samples taken in 2021
are 3208.5 pb' and 401.0 pb™', with uncertainties of about

10°

10°

10*

10°

Events / (0.05 cm)

10?

? | | | |
1

‘—5““0““5““10
Vv, (cm)

I
o L

(color online) The distributions of ¥, for the accepted hadronic events of the (left) w(3686) data and (right) off-resonance data.

The region within the pair of red arrows is the signal region, while the regions within the two pairs of blue arrows are the sideband re-

gions.
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1%, respectively.

To test if the interference between Bhabha events and
Y(3686) — e*e” events affects the luminosity measure-
ment, we examine the integrated luminosities of the
w(3686) data samples using e*e” — yy events with the
following selection criteria. The number of showers is re-
quired to be greater than or equal to two with no candid-
ate charged tracks. Each shower must have deposited en-
ergy in the EMC between 1.0 GeV and 2.5 GeV. The co-
sine of the polar angle (¢) for each shower is required to
be within |cosd| < 0.8. The two most energetic showers
are required to be back to back (||6; —90°|—16,—90°|| <
10°) and with ¢ angles ||¢; — ¢,|—180°| < 2°. The differ-
ence of the measured luminosities is less than 0.1%.

The integrated luminosities of the two off-resonance
data samples collected at E_,=3.65 GeV in 2009 and
2021 are 44.5 and 401.0 pb™, respectively. The former
one is used to estimate the continuum contribution of the
2009 w(3686) data sample, and the latter one is used to
estimate the continuum contribution of the 2012 and 2021
w(3686) data samples. The integrated luminosities of the
2009, 2012, and 2021 w(3686) data samples are 161.6,
506.9, and 3208.5 pb’, respectively, with scaling factors f
of 3.56, 1.24, and 7.85, respectively. The systematic un-
certainties of the luminosities for the two c.m. energies
almost cancel when calculating the scaling factors due to
the small energy difference.

The cross sections for e*e™ — 777~ are calculated to
be 1.84 and 2.14 nb at E., =3.65GeV and 3.686 GeV,
respectively. Since the above energy points are close to
the 777~ mass threshold, the production cross section
does not follow a 1/s distribution. Thus, only part of the
e*e” — 1~ background events is included in the off-res-
onance data samples. To subtract the full background
from e*e” — 1777, we estimate the remaining contribu-
tion, NUpeanceled - yging the detection efficiency from the
MC simulation, the cross section difference at the two
c.m. energy points, and the luminosity at the w(3686)

peak. The estimated residual e*e” — 777~ background
yields are shown in Table 1.

The cross section from the ISR return to J/y is also
found to slightly violate the 1/s distribution. However, the
corrected cross section difference for this process at the
w(3686) peak is about 0.1 nb, which is negligible if com-
pared to the total observed cross section of ¥(3686) —
hadrons, ~ 700 nb.

A small fraction of ¥(3686) — £*¢~ events survives
the event selection. Since their effect has been con-
sidered in the detection efficiency, no further subtraction
is made.

Figure 5 shows the comparisons of the distributions
of cos6, Eyiible/Ecm» Ngooa» and photon multiplicity (N,)
after background subtraction between data and MC simu-
lation, and a reasonable data-MC agreement is observed.
Table 1 summarizes the numbers of the observed hadron-
ic events for different Ny, requirements of y(3686) data
(Ng%ess)) and off-resonance data (N ..). The detection
efficiencies of y(3686) — hadrons are determined with
2.3 billion w(3686) inclusive MC events, where the
branching fraction of ¥(3686) — hadrons is included in
the efficiency.

V. NUMERICAL RESULTS

With the numbers listed in Table 1, we determine the
number of y(3686) events using
Niess) = f " Nofres — NpFEeE1

N, w(3686) —

The obtained numerical results for Nysess) With differ-
ent Ngea requirements are slightly different with each
other, mainly due to the imperfect simulation of the
charged track multiplicity. To obtain a more accurate
Nyes6)» an unfolding method is employed based on an ef-
ficiency matrix determined from the w(3686) inclusive

Table 1. Number of hadronic events N.Z'(J;sgs) in the yw(3686) data, separately for different requirements on the number of good tracks
Negood» Where NZ?§686) is the number of hadronic events observed in the w(3686) data, f'is the scaling factor, Nggs_rcs is the number of had-

ronic events observed in the off-resonance data, Nﬁ?iﬁ““eled is the number of remaining e*te™ —

t7~ events after subtracting the normal-

ized off-resonance data, € is the detection efficiency, and Nyese) is the determined number of y(3686) events. The statistical uncertain-

ties are expected to be negligible.

Multiplicity Ngood = 1 Ngood 22 Ngood 23

Year 2009 2012 2021 2009 2012 2021 2009 2012 2021
NoPsese)(10°) 107.98 345.14 2246.93 104.77 333.79 2172.16 83.36 264.57 1722.56

f 3.56 1.24 7.85 3.56 1.24 7.85 3.56 1.24 7.85

Nobs (109 2.05 18.18 18.18 1.99 17.65 17.65 0.75 6.51 6.51

Nupeanceled (76) 0.04 0.13 0.80 0.04 0.12 0.76 0.01 0.03 0.22

€ (%) 9321 92.83 92.86 90.42 89.65 89.86 74.69 73.39 73.85
Ny(aos)(10%) 107.96 347.36 2265.08 107.99 347.75 2262.32 108.03 349.46 2262.94
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right) N, between y(3686) data and inclusive MC samples after background subtraction.

MC sample. In practice, there are even numbers of
charged tracks generated in an event due to charge con-
servation, while any number of charged tracks can be ob-
served due to the reconstruction efficiency and back-
grounds. Therefore, the true multiplicities of charged
tracks of the data sample is estimated from the observed
multiplicities of charged tracks and the efficiency matrix
by minimizing the y?, defined as

S 10
10 (N;)bb— j:()Eij'Nj)z

X = Zi:o INObs ’

where the values N?™ (i=0, 1, 2,---) are the observed
multiplicities of charged tracks in the data sample corres-
ponding to the distribution in Fig. 5 (bottom-left, the
points with error bars), the matrix elements ¢; represent
the probability to observe i charged tracks for an event
with j actual charged tracks, and the values N;(j=0,
2, 4,---) are the true multiplicities of charged tracks in the
data sample. They are free parameters in the fit. For sim-
plicity, the events with ten or more charged tracks are
combined in the number Nyo. The Nyese) 1S calculated by
summing over all the obtained N;. The results are

“)

107.7x10°, 345.4x10° and 2259.3x10° for the 2009, 2012
and 2021 data samples, respectively.

VI. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties in the N, ;e measure-
ment from different sources are described below and lis-
ted in Table 2.

A. Polar angle of charged tracks

The polar angles of charged tracks are required to sat-
isfy |cosf| < 0.93. To estimate the relevant systematic un-
certainty, we redo the measurement with an alternative
requirement of |cosf| <0.8. The difference in the meas-
ured number of y(3686) events is taken as the systematic
uncertainty.

B. Tracking efficiency

The systematic uncertainties due to the tracking effi-
ciency for both the 2009 and 2012 data samples have
been found to be negligible based on various studies [4].
Therefore, the associated systematic uncertainty for the
2021 data sample is also ignored.
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Table 2. Relative systematic uncertainties (%) in the determination of the number of y(3686) events.
Source 2009 2012 2021
Polar angle of charged track 0.25 0.20 0.22
Tracking efficiency negligible negligible negligible
Momentum and opening angle 0.20 0.26 0.26
LEB contamination 0.02 0.04 0.12
Extraction method of N°bs 0.16 0.16 0.03
Vertex requirement 0.13 0.08 0.07
Scaling factor (f) negligible negligible negligible
7° mass requirement negligible 0.01 0.05
Missing Ngood = 0 hadronic events 0.38 0.31 0.11
Charged track multiplicity 0.24 0.56 0.26
MC modeling negligible negligible negligible
Trigger efficiency negligible negligible negligible
B(Y(3686) — hadrons) 0.13 0.13 0.13
Total 0.60 0.75 0.49

C. Momentum and opening angle

To estimate the systematic uncertainty due to the re-
quirement on charged track momentum for the type-II
events, we vary the nominal requirement from p<1.7
GeV/e to p<1.55 GeV/c, and the opening angle between
two charged tracks from 6 < 176° to 6 < 160°. The change
in Nygaese 1 taken as the corresponding systematic uncer-
tainty.

D. LEB contamination

In the nominal measurement, the E.iye/Eem < 0.4 re-
quirement is used to suppress the LEB background events
for the type-I and type-II events. The systematic uncer-
tainty due to this requirement is assigned with alternative
requirements of Evisiable/Ecm <0.35 and Evisiable/Ecm <0.45.
The larger change in Nyes6) 1S assigned as the systematic
uncertainty.

E. Extraction method of N°"

The nominal measurement is performed by counting
the events in the V, distributions in Fig. 4. To examine
the systematic uncertainty associated with the counting
method, we use an alternative method by fitting the V,
distributions with three linearly added Gaussian func-
tions to model the signal shape and a second order poly-
nomial function to describe the non-collision background.
The difference in the determined N,;ses6 values between
these two methods is taken as the systematic uncertainty.

F. Vertex requirement

To estimate the systematic uncertainties due to the
vertex requirement, we examine the number of w(3686)
events after varying the nominal vertex requirements of

V,<l cm to V,<2 cm, and from |V,| <10 cm to |V,| < 15
cm. The change in the measured number of w(3686)
events is taken as the systematic uncertainty.

G. Scaling factor

The systematic uncertainty due to the scaling factor f
is estimated with the alternatively measured luminosities
with e*e” — yy events. The change of the re-measured
Nycesey 18 found to be negligible and this systematic un-
certainty is therefore neglected.

H. 7’ mass requirement

A requirement of |M,, — M[<0.015 GeV/c* has been
imposed on the type-I events to suppress background. Its
effect on the measured number of y(3686) events is stud-
ied with an alternative requirement of |M,, — M,0|<0.025
GeV/c*. The change in Nygese) 18 taken as the systematic
uncertainty.

L. Missing Ny o4 = 0 hadronic events

We do not consider the Nyq =0 hadronic events in
the nominal measurement. The topological analysis for
the w(3686) inclusive MC samples shows that most of
these events come from well-known decay channels, such
as Y(3686) — X +J/y (where X denotes 7, 7°, n°7°, yy,
etc.) and ¥(3686) — e*e”, u*u~. The fraction of Nypoq =0
hadronic events is ~2.0%, and the pure neutral channels
contribute about 1.0%.

We examine the effect of the Ngoq =0 hadronic
events as follows. A sample is selected using the require-
ments Nyoq =0 and N, >3, where the good charged
tracks and showers are selected with the same criteria
mentioned above. The N, > 3 requirement is used to sup-
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press the efe” — yy and beam-associated background
events. Figure 6 shows the distributions of the total en-
ergy in the EMC, Egyc, for the different data sets and in-
clusive MC samples. The events concentrated around the
c.m. energy are mainly from the pure neutral hadronic
candidates. The number of signal events is determined by
a fit to the Egyc distribution. In this fit, the signal is de-
scribed by a Breit-Wigner function convolved with Crys-
tal Ball function, the nonresonant background in the
w(3686) data sample is described by the shape of off-res-
onance data sample after luminosity normalization, and
the other backgrounds are described by a polynomial
function. For the 2021 data sample, the difference in the
number of pure neutral hadronic events between the
w(3686) data and inclusive MC samples is 11%. Since the
fraction of the pure neutral hadronic events is about 1%
of the total selected hadronic events, the systematic un-
certainty due to the missing Nyoq =0 hadronic events
must be less than 11%%1% = 0.11% for the 2021 data
sample. With the same method, the systematic uncertain-
ties for the 2009 and 2012 data samples are assigned as
0.38% and 0.31%, respectively.

J. Charged track multiplicity

To estimate the systematic uncertainty arising from
the charged track multiplicity, we compare the directly
calculated result as shown in Table 1 and that obtained
with the unfolding method after including the Ngpq <1
events. The differences in the numbers of y(3686) events
for the 2009, 2012 and 2021 data samples, which are
0.24%, 0.56%, and 0.26%, respectively, are taken as indi-
vidual systematic uncertainties.

K. MC modeling

The systematic uncertainties due to MC modeling in-
clude the input branching fractions and the angular distri-

x10°
: —+ data
total
; 60 - — signal
[} \ ---- nonresonance /"\
= L -+~ background 7 “.
0 q
< 40 -
= RN S,
w 20 ::-.,_._ .,
07 e e b b P T
26 28 3 32 34 36 38 4

Ecnc (GeV)
Fig. 6.

butions of the known and unknown decay modes in the
w(3686) inclusive MC sample. These uncertainties have
been covered by those of the charged track multiplicity
and the missing Ny..q = 0 events. Hence no systematic un-
certainty is assigned for the MC modeling.

L. Trigger efficiency

The trigger efficiencies for BESIII data were studied
in 2010 [13] and 2021 [14]. The trigger efficiency for the
Neooa = 2 (type-1I and type-III) events is found to be close
to 100.0%, while it is 98.7% for the type-I events [13].
Since the fraction of the type-I events is only about 3% of
the total selected hadronic events, the associated system-
atic uncertainty is negligible. The neutral channel trigger
has been added since 2012, and the trigger efficiency for
the type-I events is expected to be higher than before.
Therefore, the systematic uncertainty associated with the
trigger efficiency is negligible.

M. Branching fraction of /(3686) — hadrons
The uncertainty of the branching fraction of

W(3686) — hadrons, 0.13% [1-3], is taken as a systemat-
ic uncertainty.

N. Total systematic uncertainty

The total systematic uncertainty for each y(3686) data
sample is obtained as the quadratic sum of all the system-
atic uncertainties.

VII. SUMMARY

By analyzing inclusive hadronic events, the number
of 1(3686) events taken by the BESIII detector in 2021 is
measured to be (2259.3+11.1)x10°, where the uncer-
tainty is systematic and the statistical uncertainty is negli-
gible. The numbers of w(3686) events taken in 2009 and

100
—— data

80 total

— signal

---- background
60 &

J‘/\\‘\\\x
—

()

w

40

Events / (5 MeV)

20

(color online) Distributions of Egmc for the Ngooq =0 hadronic events from the yw(3686) data (left) and inclusive MC (right)

samples. The black points with error bar are data. The red lines are the signal shapes of neutral y(3686) decays, the blue lines are the
background shapes from y(3686) decays, the pink line is the total background shape from nonresonant processes, and the green lines

are the final fit curves.
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2012 are also updated to be (107.7£0.6)x10° and
(345.4+2.6)x10°, respectively. Both are consistent with
the previous measurements within one standard deviation,
and a slight difference in the 2012 w(3686) events relat-
ive to the previous one is caused by changing the off-res-
onance data from the previous z-scan data to the off-res-
onance data at /s =3.65 GeV in 2021. The total number
of w(3686) events for the three data samples is obtained

to be (2712.4+£14.3)x10° by adding the above three yields
linearly. This work provides an important parameter used
in precision measurements of decays of the w(3686) and
its daughter charmonium particles.
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