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The processes e*e™ — X050 and ete™ — T¥X~ are studied using initial-state-radiation events in a
sample of 980 fb~! collected with the Belle detector at the KEKB asymmetric-energy e*e™ collider. The
cross sections from the mass threshold to 3 GeV/c? and the effective form factors of ¥ and =+ are
measured. In the charmonium region, we observe the decays J/y — X°X0 and J/y — =ZTE~ and
determine the respective branching fractions.
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I. INTRODUCTION

Electromagnetic form factors (EMFFs) are fundamental
observables for baryons. Precise measurements of EMFFs
help us to understand the internal structure and dynamics of
baryons [1,2]. Via the differential cross section of baryon-
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antibaryon pair production in electron-positron annihilation
(eTe™ — BB), the timelike EMFFs [2] of baryons are
accessible,

E _ a’pC
dQ  4s

4 2
(|GM(s)|2(1 + cos?0) +% |GE(s)|2sin2e>,

(1)

where the 6 is the baryon production angle in the baryon-
antibaryon pair rest frame, Gy and G,, are electric and
magnetic form factors, a is the fine structure constant,
f=1/1—4m%/s is the speed of the baryon for which the
natural unit (¢ = 1) is implied, mp is the baryon mass,
and /s is the center-of-mass (c.m.) energy. The Coulomb
correction factor C = y/(1 — ™) with y = za(1 + %)/p,
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accounts for the electromagnetic interaction between
pointlike charged fermions [3,4], and C =1 for neutral
baryons. The effective form factor [5,6] obtained under the
assumption that |Gy (s)| = |Gg(s)| = |Gy (s)|, denotes
the deviation of baryons from pointlike behavior. The
integral of Eq. (1) is then

o ma
o) = P Gl (14228). )

3s

and the effective form factor is given by

3s - 1
car- L

Experimentally, the e*e~ — BB cross section can be
measured by a direct energy scan or by initial state radiation
(ISR). The e*e™ — BB + yigg cross section is related to
the ete™ — BB cross section by:

dogp S, X
o810 (s ) gy (o1 - ). @)
X
where x = 2E*(yisr)/+/S, is the energy fraction of the
emitted ISR photon(s), with E*(yisg) the energy of ISR
photon(s) in the ete™ c.m. frame. The term s(1 —x)
corresponds to the c.m. energy squared for e*e~ — BB
production in an ISR event. W(s,x) denotes the ISR
emission probability. In this work, we use W(s,x) with
QED corrections up to order o? [7-11].

The EMFFs of strange baryons provide valuable in-
sight into the behavior of the strange quark. Recent
measurements of A timelike EMFFs [2], extracted from
the ete™ — AA cross section, show an unexpected near-
threshold anomaly [6,12]. Various theoretical models have
been proposed to explain this effect [1,13], including
unknown bound states or resonances [14—16], quark-level
interactions [17,18], and interaction between final states
[19-21]. Due to limited statistics no conclusion has yet
been reached on the principle driving the observed
anomaly. In addition, it has been noted [13] that similar
effects are possibly seen in eTe™ — TFEF [22], ete™ —
Y050 [6,23], ete” — E-E* [24], and ete” — EOE0 [25].
A more conclusive determination will require more detailed
measurements.

We have measured the e*e™ — X020 and ete™ — ZtE-
cross sections and effective form factors in events with
initial state radiation. We also measure the J/y — 2030
and J/yr — X*X~ branching fractions. The inclusion of the
charge conjugate decay is implied throughout this paper.
Because the X~ decays almost exclusively to nz~, which is
difficult to reconstruct at Belle, the process ete™ — XX+
is not included in this study.

TABLE I. The integrated luminosities (£) collected on or near
YT(nS) (n=1,2,...,5) resonances.

T(1S) T(2S) T(3S) T(49) T(59)
L(fb™1) 7.6 26.9 3.2 792.8 150.4

II. THE BELLE DETECTOR AND DATA SAMPLE

The analysis is based on 980 fb~! of data collected
with the Belle detector [26] at the KEKB asymmetric-
energy e'e” collider, operating on or near the Y (nS)
(n=1,2,....5) resonances. The integrated luminosities
collected on or near each resonances are shown in Table I.

The Belle detector is a large-solid-angle magnetic spec-
trometer consisting of several subdetectors. The silicon
vertex detector (SVD) and the 50-layer central drift chamber
(CDC) provide information on vertexing and tracking. The
aerogel threshold Cherenkov counters (ACC) and the time-
of-flight scintillation counters (TOF) serve to differentiate
the stable charged hadrons. The electromagnetic calorimeter
(ECL), comprised of CsI(TI) crystals, provides energy
information on photons and electrons. These subdetectors
operate inside a 1.5-T solenoidal magnetic field. Outside the
solenoid, the K9 and muon detector is composed of resistive
plate counters interleaved with iron plates that also serve as
the flux return. A detailed description of the Belle detector is
given in Refs. [26,27].

To simulate the processes under study, Monte Carlo (MC)
events are generated. ISR photons are first sampled by
PHOKHARA [28], taking into account the next-to-lead-
ing-order (NLO) QED correction. The subsequent et e™ pair
annihilation to hadrons is simulated by EviGen [29]. The X
production is simulated assuming Gy = G,,. The ratio
between the statistics of MC samples on Y (nS) (n =1,
2, ..., 5)resonances is decided with the ratio of the integrated
effective luminosities which equal £(y/s) x [ W(s,x)dx.
The L(4/s) is the integrated luminosity on the energy point
\/s shown in Table L. The integration [ W(s,x)dx ranges
from baryon-antibaryon pair threshold to 3 GeV/c?. With
similar settings, we simulate the background processes
ete” — yirAA and eTe” — yrZA. The background
processes ete™ — ygrppa’n’ and ete” — ygrET pa
are simulated assuming the ppz°z° and = pa° are from
four-body and three-body phase space, respectively. The ISR
background processes et e™ — y g ZZ7’, eTe” = yisREZA,
and the non-ISR processes ete™ — X210, ete™ — ZZp are
also simulated, assuming XX + /2" are from three-body
phase space. Other processes from e™e™ — qg (¢ = u, d, s,
c¢) or eTe™ to B meson pairs are simulated. The eTe™ — ¢g
simulation includes the simulation of initial state radiation.
Further details can be found in Ref. [30]. The detector
response is simulated based on GEANT3 [31].

In this study, two triggers are used. The first trigger
requires at least four clusters in the ECL and that the event
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not be recognized as a beam injection background or
cosmic ray event. The second trigger requires at least three
tracks in the CDC, at least one hit in the TOF, at least two
clusters in the ECL, the sum of deposited energy in the ECL
larger than 0.5 GeV and that the event not be recognized
as a beam injection background event. These triggers are
included in the detector response simulation. All selected
ete™ = ygrZ"2Z0 events must pass at least one of the two
triggers. All selected eTe™ — ysgE T2~ events must pass
the first trigger. For the process ete™ — yrZ’Z0,
20 > yA,A - pa~, the ISR photon, soft photons from
¥0/%9 proton and antiproton can cause clusters in the ECL,
and will trigger the first trigger. The proton, antiproton, and
pions tracks can trigger the second trigger. For the process
ete” = yigrZTE7, Tt — pa°, 2° — yy, the ECL clusters
of the ISR photon, daughter photons of z°, proton and
antiproton can trigger the first trigger.

II1. METHOD

For all of the results reported here, we reconstruct
exclusive yigr2ZZ final states by fully reconstructing a X
and a ¥ and requiring a hard photon. We require that there
be no additional charged tracks and that the square of the
mass recoiling against the XX system, M2 (XX), has a
value close to zero. The M2 (XZ) is defined as [32,33]

L0

where E,+,- and p,+,- are the energy and momentum of
the e*e™ pair, and E(XX) and p(ZX) are the energy and
momentum of the XX system. Some events have a
M2 (ZX) less than zero, due to the resolutions of E(ZX)
and p(ZX). According to Eq. (5), the difference between
the measured MZ%.(2X) and its truth value

oM? oM?,
M~ X _AE = _Ap;,
e~ SE(ES) +i; opi(z=) P
=X.y,Z

Mrzec(z:i) = (Ee+e’ - E(Zi))z - |ﬁe+e’ - 13(22)

where the AE (Ap;) is the difference between measured
E(ZX) (p;(£X)) and its truth value. AE and Ap; can be
plus or minus, therefore M2 (XX) is possible to have a
value less than zero.

Remaining backgrounds from events containing zero or
only one X/ are estimated from X/ mass sidebands.
Backgrounds from events containing two X/ in the final
state are estimated with specifically selected data/MC
samples. The eTe™ — XX cross section and ¥ effective form

factor are extracted from the X invariant mass spectrum.

IV. THE PROCESS e+e_ - yISREOEO

A. Event selection

In selected ete™ — yrZ2° final states, the X0 is
reconstructed in the channel yA, A — pz~. The branching

fractions are B(X’ - yA) =100% and B(A — pn~) =
(63.9 +0.5)% [34].

Each event is required to include exactly four charged
tracks with a net charge of zero and at least one photon with
E*(y) > 3 GeV, where E*(y) is the energy in the eT e~ c.m.
frame. The hardest photon in the event is tagged as the ISR
photon, yisg. The requirement to detect the ISR photon
reduces the background by a factor of 20, simplifying the
background analysis, and the cost is just a lost of 30% of
signal events. Each charged particle is identified by its
momentum, specific ionization in the CDC, time informa-
tion from the TOF and the response of ACC, through a
combined likelihood, £;, calculated for each of the particle
species i =z, K, p. A track is identified as a proton if
L,/(L,+L;)>06 and L,/(L,+ L) > 0.6, or as a
pion if L,/(L,+ Lg) > 0.6 and L,/(L, + L)) > 0.6.
This particle identification requirement removes 98% of
background events, with a loss of 50% of signal events.
Photons are identified from clusters of energy in the ECL
that are not matched to a charged particle track. To
discriminate against neutral hadrons, the ratio of energy
deposited in the central 3 x 3 array of the cluster to that
deposited in the enclosing 5 x 5 array is required to be
larger than 0.7.

For A — pz~ candidates, the proton and pion are
required to originate from a common vertex. The pz~
invariant mass is required to be between 1.110 GeV/c? and
1.122 GeV/c?. This region corresponds to about 3¢ in
mass resolution. Each A pair is combined with two soft
photons to form a X% candidate. For the soft photons
from X — yA, we require a laboratory frame energy
E(y) > 70 MeV. If there are multiple yyAA combinations
in an event, the one with the smallest M2 (yyAA)| is
retained, where MZ.(yyAA) is the square of the mass
recoiling against the yyAA system [32,33]. There are two
ways to combine the selected yyAA into a X°-E° pair.
The combination with the smallest |M(y;A) —myo| +
|M(y;A) — myo| is chosen, where msyo is the nominal X0
mass [34], y; and y; indicate different photons, and M (yA)
(M(yA)) is the invariant mass of the yA (yA) pair.

Events from background processes are further sup-
pressed by requiring —1 GeV?/c* < ML (yyAA) <
2 GeV?/c*, as shown in Fig. 1. The data and signal MC
samples, indicated with points and red histogram, show
clear peaks around zero. The hatched histogram is a
mixture of several MC samples, plotted for illustrative
purpose only. The quantitative background analysis is in
Sec. IVB. The enhancement above 5 GeV?/c*, corre-
sponds to processes with additional particles in the final
state, like ete™ — ygrE20 + 2%/n. The peak around
zero corresponds to ete” = yigrAA, ete” = yrZA,
and ete™ — X020 + 70/5.

The center-of-mass energy, /s, of ete™ — X%0 is
calculated as the X0 invariant mass. Since the energy
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FIG. 1. The distributions of M2, (yyAA) from data (points with
error bars), the MC sample for the ete™ — ysr 220 process (red
histogram) and the MC samples for background processes

(hatched histogram). These distributions are plotted after apply-

ing all selection criteria except the requirement on Mz, (yyAA).

The background MC histogram is plotted for illustrative purpose
only, and the quantitative background analysis is in Sec. IV B.
The vertical lines indicate the —1 GeV?/c* < MZ.(yyAA) <
2 GeV?/c* requirement.

resolution of the ISR photon is insufficient to improve
this determination, the photon is not used in the /s
determination. The invariant mass distributions of X°
candidates passing the criteria in data and MC are shown
in Fig. 2. The data and the signal MC events with X0 /%°
correctly reconstructed are displayed by points and red
histogram, peaking at the X° mass. The hatched histogram
is a mixture of events in ete™ — yiRAA and ete” —
YisrZ°A MC samples and the et e~ — ;522" MC events
with X°/%° misreconstructed. The ratio between the
ete™ = yirAA, eTe™ = ygrZA, and ete — ygrZ0E0
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FIG. 2. The invariant mass of the accepted yA and yA
candidates. The points with error bars are experimental data
and the red histogram shows the e*e™ — ygr 22" MC events
with Z0/%0 correctly reconstructed. The hatched histogram is a
mixture of events in ete™ — ygrAA and ete” = yrZ°A MC
samples and the ete™ — yrZ’Z’ MC events with X0/%0
misreconstructed. The solid and dashed vertical lines denote
the X9/%0 signal and sideband regions, respectively.

M(yA) [GeV/c?]

FIG. 3. The M(yA) versus M(yA) distribution in experimental
data, where the solid box is the signal region and dashed boxes B;
(i =1,...,8) denote the sideband regions.

cross sections is around 5:1:1 according to BABAR’s
measurements [6]. The signal selection procedure’s
efficiencies on ete™ — yirAA, ete” = yrZ°A, and
ee” — yisrZ'%° have a ratio of i : 55 :1. Therefore,
the ete™ — ysrAA and ete™ — y5rZ°A processes have
small contribution to the background, and e*te™ —
risrZ2? events with X°/X° misreconstructed become
dominant in the hatched histogram. These events mostly
have the y from X°/X° replaced by a fake photon. The X°
signal region is defined as M(yA) € [1.175,
1.205] GeV/c?, while the sideband region, used for back-
ground estimation, is defined as M(yA) € [1.140,
1.170] GeV/c? or M(yA) € [1.210,1.240] GeV/c?. Both
are shown in Fig. 2. Figure 3 shows the distribution in
M(yA) vs M(yA) in experimental data, with a clear %0
signal in the central box. The two-dimensional sideband
regions are illustrated by the surrounding boxes.

In the determination of the XX candidate pair mass,
we calculate the invariant mass difference AMss =
M(ZX) - M(X)—M(L), and add twice the £ nominal
mass [34]: Mys = AMyss 4+ 2my. This results in an
improved mass resolution, as contributions from M(X)
and M () candidates are canceled. The mass resolution and
bias are studied with MC samples in bins of 90 MeV/c?
from the X% threshold to 3 GeV/c?. In each bin, we
study the distribution of the difference (6M) between the
reconstructed and generated mass. The root-mean-square
varies from 3 MeV/c? at the £’ threshold to 15 MeV/ ¢?
at \/s = 3 GeV. The bias is less than 2 MeV/c?. Because
the bin width for the cross section measurement, as shown
in Table II, greatly exceeds the X°X° mass resolution, no
correction for resolution effects is applied. The distribution
of the X% invariant mass is shown in Fig. 4. We observe
24 events below 3 GeV/c? and 19 above, most of which
are from the J/y — X°E° decay.
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TABLE II.  The /s interval and the corresponding e*e™ — %20 signal yield N sig> detection efficiency e, effective luminosity L,
cross section ¢ and effective form factor |G |. The uncertainty on the signal yield is statistical. The uncertainty on the efficiency is taken
from the fit described in the text. For the cross section and the form factor the first uncertainty is statistical and second is systematic.

Vs (GeV) Niig e (1079 Lo (F671) o (pb) |Gere| (x107%)

2.385-2.600 10.7 £4.0 8.65 4 0.10 0.4700 642+24.6+7.6 104 +£2.0£0.6
2.600-2.800 42427 8.65 4+ 0.10 0.4775 249+ 158+28 57+18+03
2.800-3.000 24+22 8.65 +0.10 0.5177 134+120+2.1 41418403

B. Background estimation

Background events for ete™ — ygr "2 may include
zero, one, or two real X°/3°. Events containing zero
or only one X%/ in the final state originate from the pro-
cesses ete” = yisRAAX, ete” = AAX +7°0/n, ete” —
yiskZAX, and ete™ — ZOAX + 7°/5. Besides, misrecon-
structed events from signal process will also have zero or
only one correctly reconstructed X°/Z°. As such events do
not peak at both the X and £° mass simultaneously, their
contribution, Nygn_peak» 18 estimated from the sidebands, B;
(i=1,...,8), shown in Fig. 3, as

where N; is the number of events in sideband region B;.
Here, we assume linear dependence of background, and the
uncertainty due to possible nonlinearity is discussed below
among the systematic uncertainties. The Nqy peax in differ-
ent X0 mass bins is shown as the histogram in Fig. 4.

A fraction of the background events containing two
»0/39 originating from processes such as ete™ — X204
2/, etem - X020 + 72070, etem — ygrZX0 + 2%/,
and ete” — yrZ’E0 + 7%2°, may pass the selection
criteria. The contribution from these sources is estimated

20
+ Data
NU
> 15[ [ ]sideband
=
8 10f
~
2
C
¢ 5f |
NN
TR N
2.4 2.6 2.8 3.0 3.2

AM e +2M, [GeV/c?

FIG. 4. The invariant mass distribution of £°%° from exper-
imental data. The histogram shows the background contribution
estimated with the X0-£° sideband.

from data and MC samples, as described below. A
summary is listed in Table III.

The contribution from e*e™ — X°2%2% is estimated
through a comparison of data and MC events selected
for this process. The selected events contain a X°-X° pair
(AAyy) plus at least two additional photons. The X°-X° pair
is selected by taking the AAyy combination with the
smallest [M7(yyAA) — m%y|, with m,o being the z° nomi-
nal mass [34]. The photons in X% — Ay are assigned by
taking the combination with the smallest value of
|M(y;A) — mso| + [M(y;A) — myo|. Additional photons
are each required to have E(y) > 100 MeV. A kinematic
fit is applied to each combination of the X°X" candidate and
two additional photons, constraining the total four-
momentum to that of the e* e~ system. Combinations with
%> > 40 from the kinematic fit are rejected. For events
containing more than one viable combination, the one
with the smallest y? is selected. In a MC sample of
ete” = X0%079, generated according to the three-body
phase space distribution, the signal yield is determined by
the fit to the M(yy) distribution. The reconstruction
efficiency (e) is determined to be (2.33 £0.05) x 107.
No events passed the criteria in data, with M(yy) €
[85,185] MeV/c?.  If we define M(yy) € [110,
160] MeV/c? as the signal region and M (yy) € [85,110] U
[160,185] MeV/c? as the sideband region, then the
90% confidence level (CL) upper limit for the yield (V)
in this process is 2.44 events according to Ref. [35]. The
upper limit for the number of produced e*e™ — X0¥07°
events in the data (n = N/¢) is thus estimated to be less
than 1047. We then apply, on this ete™ — £030720 MC
sample, the selection criteria for ete™ — yrZZ? and
require M(X°X%) < 3 GeV/c?. This procedure yields an
efficiency for selection as ete™ — yrZ'2" of
¢ = (4.1 +0.2) x 107*. From this value, we estimate that
<04 events (Ng =nxé& =N x¢€/e) in the data will
contribute to the background of the ete™ — yrZ%0
channel. We take this contribution to be zero, and assign
a systematic uncertainty. The information of this channel is
summarized in Table III.

The contribution from ete™ — X°%% is estimated
similarly. The upper limit on e*e~™ — X% in the sample
of ete™ — yrZ%20 is determined to be 0.2 events and is
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TABLE III.

The background channels with a £0-2° pair in the final state, and their corresponding yield in data (), reconstruction

efficiency (e), efficiency to be reconstructed as eTe™ — ygr Z°Z° events (¢'), and the estimated contribution to the background of the

ete™ = y5rZ'Z0 channel (Ng = N x €'/e).

Channel N e (107 e (10™) Npg
203070 <2.44 (90% CL) 24.0£0.5 4.1£02 <0.4 (90% CL)
3050y <4.41 (90% CL) 775409 37402 <0.2 (90% CL)
Y1sREVE070 35435 1.75 £ 0.05 0.86 £ 0.03 17417
71sr 20200 <7.97 (90% CL) 43+0.2 <1072 0(0.01), ignored
Others Ignored
included in the study of systematic uncertainty. More - N (7)
details are available in Table III. o= eLoi[B(Z" = yA) x B(A — pa~)]*’

The contribution to background from the process
ete” — yFSRZOZOﬂO is determined in a similar procedure.  where Ny, & and Lo are the signal yield, the
The criteria to select these events are similar to those for  recongiruction efficiency, and the effective luminosity,
ete” = ysrZ'20, plus a requirement of at least two respectively.
additional photons with E(y) > 100 MeV. The combina- The signal yield is N, = Nops — Npxg> Where N, is the

tion of yyyyAA with the smallest recoil mass squared
|MZ2..(yyyyAA)| is selected. The photons to form X% are
identified by selecting the combination with the smallest
value of [M(y;A) — myo| + |[M(y;A) — mso|. To suppress
background events from processes with extra neutral
particles, —1 GeV?/c* < M%.(yyyyAA) < 2 GeV?/c* is
applied. True ete™ — ygrZ"Z%2° events are identified
by the accumulation of z° in the invariant mass distribution
of the remaining two unassigned photons. After a X%-X0
sideband subtraction, the distribution is fitted to a z° signal
shape plus linear background to determine the yield. The
contribution of e*e™ — yrEZZ%7° to eTe™ = ygrZ20
channel is estimated to be 1.7 £ 1.7 events. The yield and
(mis-)reconstruction efficiency of this channel can be found
in Table III. When subtracting this contribution from the
ete™ = ysr220 yield, we assume this background con-
tribution to be uniformly distributed in M(Z°Z°) between
the threshold and 3 GeV/c?.

The process ete™ — ygrZ'2% is assessed similarly,
and we estimate the contribution to the eTe™ — ygrZ2°
sample to be of order 0.01 events. The contribution from
this channel is ignored in further study.

Other potential X°3°X backgrounds are studied in
ee” = qg and ete” — YT (4S)/Y(5S) —» BB MC sam-
ples, corresponding to 4 ab~! of integrated luminosity. The
ete™ — gq sample includes initial state radiation. No
events pass the selection criteria. We conclude that back-
grounds from this source can be safely ignored.

C. Cross section and effective form factor

The cross section of ete™ — X0 is extracted from the
yields in three ranges of /s = AMys + 2my. For each
range, the cross section is calculated as

number of observed events in the signal region illustrated in
Fig. 3, and Ny, is the total background contribution,
discussed in Sec. IV B.

The reconstruction efficiency ¢, estimated by the Gg =
Gy MC sample discussed in Sec. II, is found to be nearly
flat from the Z°% threshold up to 3 GeV/c?, as shown in
Fig. 5. The results are fitted to a constant. The charged
particle identification (PID) efficiency in data is estimated
to be 96.3% of that found in MC samples. This estimation
is based on a study of data-MC differences in the A — pz~
and DY - K~z control samples, and takes into account
the momentum and angular dependence. The trigger
efficiency in data is 99.9% of that in MC, estimated with
control samples from triggers using different logics. With
the PID efficiency correction and trigger correction, we find
e = (8.65+0.10) x 1074, The efficiency is low because
approximately 85% of the ISR photons are outside of the
detector acceptance due to their small polar angle.

x107°
15}
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FIG. 5. The £°£° invariant mass dependence of the detection

efficiency obtained from the MC sample, fitted to a constant.
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FIG. 6. The cross sections of e*e™ — X309 measured in this
work, compared with measurements by BABAR and BESIIL
Since the BESIII measurements are corrected for vacuum
polarization, their data points shown here are multiplied with a
corresponding factor to make them comparable to those of
BABAR and Belle. The vertical dashed line denotes the ete™ —
2039 production threshold.

The effective luminosity, L.y, is calculated from the
integrated luminosity and the ISR emission probability
W(s,x). We consider ISR photons with a polar angle
0 € [0°,180°]. The values of L. for the three intervals of
\/s = AMys + 2my are shown in Table IL

Our results are shown in Fig. 6 together with BABAR [6]
and BESII [36] results. Table II lists the signal yield,
reconstruction efficiency, effective luminosity, measured
cross section, and effective form factor obtained with
Eq. (3). The uncertainty on the signal yield is statistical.
The uncertainty of the efficiency is taken from the fit. For
the cross section and the form factor, the first uncertainty is
statistical and second is systematic.

Systematic uncertainties associated with the cross
section measurements include contributions from event

TABLE IV. Summary of systematic uncertainties for the
ete™ — yrZ%Z0 cross section measurement.

Source Systematic uncertainty (%)
Tracking 1.4
PID 2.7
A reconstruction 5.4
>0/5% mass resolution 0.6
Sideband method 6
ete” — yrZ%207° background 3-9
Other two X0/ background 2-6
Integrated luminosity 1.4
ISR emission probability 1
PHOKHARA simulation 1
A — prz~ branching fraction 0.8
Modeling of angular dependence 3-5
Modeling of energy dependence 1-5
Trigger 3
The fit to efficiency 1

Sum in quadrature

selection efficiency, X°/%° mass resolution, signal yield,
two X°/2° backgrounds, effective luminosity, branching
fraction, model dependence of the reconstruction
efficiency estimation, and trigger efficiency. A summary
is shown in Table IV. The uncertainty on the charged track
reconstruction is 0.35% per track, therefore the total
uncertainty due to track finding is 1.4%. The uncertainty
introduced by particle identification is estimated to be
2.7%. The systematic uncertainty due to the A
reconstruction is estimated to be 2.7% per A and is
5.4% in total, including the momentum dependence.
This uncertainty is studied with a BT — AAK™ control
sample [37]. The systematic uncertainty induced by differ-
ent /%% mass resolution of data and MC, is estimated to
be 0.6%. We increase the /2% mass resolutions in MC by
10% with a smearing method, then recalculate the selection
efficiency, and its difference with the nominal selection
efficiency is taken as the systematic uncertainty. The
uncertainties in signal yield related to the choice of side-
band regions and possible nonlinearity of the background
with zero or only one X°/X° is estimated to be 6%. We
recalculated the yield after shifting the X sideband regions
by £3 MeV/c?, or changing the areas of sideband regions
by 2/3 or 3/4, with normalization factors changed accord-
ingly. Besides these two recalculations that assume a flat
background distribution, we also recalculate the yield with
the shape of the background MC histogram shown in
Fig. 2. We take the largest difference between the recalcu-
lated yields and nominal yield as the systematic uncer-
tainty. The systematic uncertainty introduced by the
uniform X°%° invariant mass distribution assumption when
subtracting the ete™ — y;gZ%2%2° contribution is esti-
mated to be 3%-9%, varying with /s. In order to simulate
possible %20 threshold structure in ete™ — ygr 2070
process, we recalculate the signal yield assuming the
ete” = ygr2"2%72° contribution have same shape as
ete™ = ysr 220 channel’s %0 invariant mass distribu-
tion in data. We take the difference between the recalcu-
lated yield and the nominal yield as the systematic
uncertainty. The systematic uncertainty from the upper
limits for the ete™ — X202 and ete™ — X% contri-
butions are also considered, as discussed in Sec. IV B. We
firstly assume these contributions to be uniformly distrib-
uted in X°X0 invariant mass between the threshold and
3 GeV/c?. Then we assume these contributions have same
shape on X0 invariant mass distribution as the signal
channel. We take the larger value between the uncertainties
estimated under these two assumptions as the systematic
uncertainty, in each £°%° invariant mass bin. The induced
uncertainty is then evaluated to be 2%—-6%, varying with
\/s. The uncertainty on the integrated luminosity £ is 1.4%,
determined from wide-angle Bhabha scattering events,
and that on the ISR emission probability is 1% [7,8].
The uncertainty originating from the ISR simulation in
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PHOKHARA is estimated to be 1% [38]. The uncertainty
in the branching fraction of A — pz~ is 0.8% [34].

The systematic uncertainty of the reconstruction effi-
ciency is also related to the modeling uncertainties of the
MC sample. The way we describe the angular distribution
of the baryon pairs and the energy dependence of the cross
section in the MC sample may not perfectly agree with the
true distributions, introducing systematic uncertainties. The
uncertainty from the angular distribution is estimated by
comparing reconstruction efficiencies calculated from
MC samples generated with a X% angular distribution
n(cos@) 1 + acos® @ witha = 1 or a = —1, correspond-
ing to Gg = 0 or Gy, = 0. The difference of 3%—-5%, which
varies with /s, is taken as the uncertainty. The uncertainty
from the energy dependence of the e*e™ — %0 cross
section is 1%—5%, evaluated from reconstruction efficien-
cies calculated with MC samples generated with different
energy dependence assumptions.

The efficiency of the trigger is studied with control
samples from triggers using different logics and is evalu-
ated to be (94.7 +2.3)%, where the error includes the
statistical uncertainty of the control samples and possible
differences between data and MC. The uncertainty in
trigger efficiency is 3%.

The uncertainty due to MC sample statistics is already
accounted for, through the uncertainty on the fit to the 00
invariant mass dependence of the efficiency, which is
about 1%.

Assuming all uncertainties are uncorrelated, they are
added in quadrature to obtain a total in the range of
11%-16%, depending on +/s. The combined systematic
uncertainties are listed in Table II.

D. J/y decays into X0

The X°2° mass distribution in the J /i region is shown in
Fig. 7. The background from events containing zero or only
one X°/%° is estimated from the X°-X° sideband, described
in Sec. IV B, and shown as a histogram. The background
from events containing two X°/%0 is estimated from the
J/y sideband, defined as M(2°Z°) € [3.00, 3.05] GeV/c?
and M(X°%0) € [3.15,3.20] GeV/c?. The J/w signal
region, defined as M(Z°ZY) € [3.05,3.15] GeV/c?, is
shown in Fig. 7. The background-subtracted yield (N)
for J/y — X0 is determined to be 13.3 & 3.9.

The product of the J/y branching fraction to X°Z° and
the J/yw — ete™ partial width is calculated as

B(J /- £°80).Tv

2
- s ity (8)
6% & dLeos/dE-B*(Z° —yA)-B*(A— pr~)’

The detection efficiency, &, of (9.3 +£0.2) x 1074, is
estimated with a MC sample where J/y — 220 is

8F * Data
© 7F
N Sideband
s of .
o SF
~ 4 -
o
c 3F
Q
m 2F
0 L 1
3.00 3.05 3.10 3.15 3.20
AM o + 2m, [GeV/c?]
FIG. 7. X°%° invariant mass distribution from data. Points with

error bars are from the X°-£0 signal region. The histogram shows
the estimated background from the X°-X° sideband. The arrows
indicate the J/y signal region, [3.05,3.15] GeV/c?. The J/y
sideband region is defined as [3.00,3.05] GeV/c?> and
3.15.3.20] GeV/c2.

generated with an angular distribution n(cos#)
1 + acos? 0, with a = —0.449 + 0.022 [39]. The PID corr-
ection and trigger correction is considered when calculating
€. dLy/dE = 2.793 pb~! -MeV~! is the effective lumi-
nosity at the J/y mass my;, = 3.0969 GeV/c? [34].
The product B(J/y — 205°) - T/ is determined to be
(524+1.5+0.6) eV/c?, where the first error is statis-
tical and the second is systematic. We consider contribu-
tions to the systematic uncertainty from the tracking,
PID, A reconstruction, X°/Z° mass resolution, sideband
method, integrated luminosity, ISR emission probability,
ISR simulation in PHOKHARA, the branching fraction of
A — pz~, the uncertainty on a, trigger, and MC sample
statistics. With T2/ =5.55+£0.11 keV/c? [34], the J/y —
20%0 branching fraction is (0.94 4+ 0.27 £0.10) x 1073,
where the systematic uncertainty includes a 2% uncertainty

from FZW. Our result is consistent with the world average
value, (1.172 £ 0.032) x 1073 [34].

V. THE PROCESS e*e™ — ygrE+ X"

A. Event selection

For the selection of eTe™ — y ;g =T events, the =F is
reconstructed in the channel ** — pz°, 7z° — yy. The
branching factions are B(X* — pz®) = (51.57 +0.30)%
and B(z° - yy) = (98.823 +0.034)% [34].

Events are required to have exactly two tracks. The
proton, antiproton, and ISR photon are identified with the
criteria described in Sec. IV. For this channel, the proton
identification requirement removes 99% of background
events and 30% of signal events survive. 7° candidates are
formed by combining two photons with a lab frame energy
greater than 30 MeV and an invariant mass in the range
100 MeV/c? < M(yy) < 150 MeV/c?, corresponding to
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FIG. 8. The distributions of Mz (pz°pz°) (top) and of the
angle between the ISR photon and the " ¥~ momentum vector
in the e*e™ c.m. frame (bottom), after applying all selection
criteria except the requirement on the plotted variable. The
experimental data is indicated by points with error bars, and
the MC events for the e*e™ — y;igZ"Z~ process are shown as
red histograms. The hatched histogram is a mixture of several
background MC samples, and is plotted for illustrative purpose
only. The quantitative background analysis is in Sec. V B.
The requirements —2 GeV?/c* < M2 (pa°pz°) < 2 GeV?/c*
and O(Pe.m (71sr): Pem. (pr°pa°)) > 3.13 rad are illustrated with
vertical lines.

36 in mass resolution. To improve the z° momentum
resolution, a mass-constrained fit is applied, requiring
the resulting 4> to be less than 50. This requirement on
x* removes 43% of fake z° candidates and retains 90% of
real 7° candidates.

For events with more than two #z” candidates, the
combination with the smallest |MZ.(pa°pz®)] is retained
for further analysis, where M. (pz°pz°) is the square of
the mass recoiling against the pz°pz°® system. There are
two combinations of pz°pz® forming X-X~ candidates,

and the combination with the smaller |M(pz?) — my+| +

0

\M(pn) — my+| is selected, where z) and z} indicate
different 7z°, and my+ is the nominal =+ mass [34].
To further suppress background, -2 GeV?/c* <
M2 (pr°pn®) <2 GeV?/c* is imposed, and the angle
between the direction of the ISR photon and the momentum

30
¢ Data
Ng 25F e*e’—wlsﬂz*i’ MC
>
O 20 F Background MC
=
0
o 15F ' ;
2 10f | : 5
(0] ' ' 1
T H H H
m gp : H *
S gt s pad st gt 3l
1.15 1.20 1.25

M(p=r®) / M(pr®) [GeV/c?]

FIG. 9. The pa’ and pz° invariant mass of the accepted
candidates. The points with error bars are experimental data,
and the red histogram shows the eTe™ = y g =T E~ MC events
with correctly reconstructed =+ /Z~. The hatched histogram is a
mixture of events in ete” — yrppa’a® and ete” —
risrZt pr® MC samples and the ete™ — y ;g Z"Z~ MC events
with misreconstructed =+ /¥~ The solid and dashed vertical lines
denote the X/~ signal and sideband regions, respectively.

of the *tZ~ system is required to be greater than
3.13 radians in the eTe™ c.m. frame, as illustrated in
Fig. 8. The points from data and the red histograms
from signal MC samples, peak around MZ.(pn°pn®) =
0 GeVz/CA and g(ﬁc.m.(yISR)’ ﬁc.m. (pﬂOp”O)) = m rad.
The hatched histogram is a mixture of several MC
samples for background processes and is plotted for
illustrative purpose only. The quantitative background
analysis is in Sec. V B. The peak around M2 (pn°pz®) =
0 GeV?/c* corresponds to ete™ — T~ + 2%, while
other background processes have flat distributions. In the
O(Pem. (Y1sR)» Pern. (pr°pn°)) distribution, no background
process peaks in the signal region. On the MZ (pn°pz®)
distribution, one can notice that there is a shift between data
and signal MC. In current statistics, we consider it to be a
binning effect, as its significance decreases when we
change the binning.

Figure 9 shows the invariant mass of pz® and pz°. The
data and the ete™ — yirZTZ™ MC events with correctly
reconstructed X*/X~ are indicated with points and red
histogram, clearly showing the £t signal. The hatched
histogram is a mixture of events in e*e™ — yrppa’n®
and eTe” = yrZTpa’ MC samples and the ete™ —
yisr= 2~ MC events with Xt/E~ misreconstructed.
Most of these misreconstructed MC events have
+/E7s n° daughter replaced by a fake z°. These three
background components have similar shapes. The ratio of
ete” = ygrppr’n’, etem = yrZ P’ and ete” —
yisrE T2~ cross sections is assumed to be 1:1:1 during
the MC study. The X" signal region is defined as
M(pz°®) € [1.168,1.200] GeV/c?, and the sideband as
M(pr°) € [1.133,1.165] GeV/c? and M(pz®) € [1.203,
1.235] GeV/c?. Both are indicated in Fig. 9 by vertical
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FIG. 10. The M(pz®) versus M(pz°) distribution in exper-
imental data, where the solid box is the signal region and dashed
boxes B; (i = 1,...,8) denote the sideband regions.
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FIG. 11. The =X~ invariant mass distribution from experi-

mental data. The histogram shows the background contribution
estimated with the -~ sideband.

lines. Figure 10 shows the M(pz°) versus M(pz°) dis-
tribution in data, with the signal and sideband regions
indicated.

Figure 11 displays the *X~ invariant mass in data.
There are 40 events below 3 GeV/c? and 27 above
3 GeV/c?, which originate mainly from J/y — ZtX-.
According to the MC study, the mass resolution varies from

3 MeV/c? at Z+Z~ threshold to 15 MeV/c? at 3 GeV/c?.
The bias is less than 2 MeV/c?. As shown in Table V, the
cross section is measured in regions of the X~ mass that
are significantly wider than the X*X~ resolution.

B. Background estimation

Background events for ete™ — ygr =" Z™ may include
zero, one or two X*/X”. Background from events
containing zero Xt/X~ in the final state originates
from processes such as efTe™ — yrpa’pa®X and
ete™ — pa’pr®X + 2°/n. Events containing only one
Tt/Z" include ete” = yrZTpA°X and ete —
=+ pa’X + z°/n. Those containing two X*/Z~ include
ete” - yrZtE 4+ 2% and etem - X +2%. In
addition, misreconstructed signal events will have zero
or only one correctly reconstructed /™. As with the
neutral X channel, contributions from background proc-
esses with zero or only one = /X~ are estimated with the
sideband method, described in Sec. IV B. Contributions
from background processes with two /X~ in the final
state are listed in Table VI, and are discussed below.

The contribution from ete™ — Z+tZ 7% is studied
with selected samples that contain X7, -, and at least
two photons with E(y) > 100 MeV in the final state.
As with the neutral ¥ analysis, the =+, ¥~ and additional

0 2 2

n° are selected with the smallest |Mg.(pa®pa®) —m2,

(M (pz)) — ms:| + [M(pz)) — my+|, and the smallest y*
resulting from the kinematic fit. To suppress background
with additional particles, we then require that y*> < 20. The
yield is determined from the M(yy) distribution after
subtracting the contribution from the X*-Z~ sideband.
The contribution to the ete™ — yrZE™ channel’s
M(ZFTZ7) spectrum up to 3 GeV/c? is less than 0.4 events.
This is taken as the systematic uncertainty. Similarly, the
90% CL upper limit for the background contribution
originating from ete~™ — X*X7y is determined to be of
order 0.01 events and is ignored in the further study. More
details are shown in Table VI.

The selection procedure for the ete™ — yrZ 7"
process is similar to that of ete™ — ygrZTZ". Addi-
tionally, at least two extra photons with an energy greater

s

TABLE V. The +/s interval and the corresponding e*e™ — Z+X~ signal yield N sig> reconstruction efficiency ¢, effective luminosity

L., cross section ¢ and effective form factor |G| The uncertainty on the signal yield is statistical. The uncertainty on the efficiency is
from the fit described in the text. For the cross section and the form factor, the first uncertainty is statistical and second is systematic.

V5 (GeV) Ny e (107%) Lo (167 o (pb) |G| (x1072)

2.379-2.440 55421 0.98 + 0.04 0.1285 1689 +64.2 +27.3 2094+4.0+1.7
2.440-2.500 85+29 1.154+0.02 0.1298 219.8 +73.7 £34.1 193+324+1.5
2.500-2.560 55+£2.6 1.28 +0.02 0.1333 124.4 +58.2 £ 19.8 134+3.1+1.1
2.560-2.620 7.8 +2.7 1.38 £ 0.02 0.1368 158.0 &= 54.7 = 26.0 145+25+1.2
2.620-2.680 55+2.9 1.46 +0.02 0.1403 103.1 +=53.4 +16.6 11.44+3.0+0.9
2.680-3.000 3.8+33 1.62 +0.02 0.8089 11.0+9.6 +3.1 37+£1.64+0.5
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TABLE VL

The background channels with a Z+-Z~ pair in the final state, and their corresponding yield in data (N), reconstruction

efficiency (e), efficiency to be reconstructed as eTe™ — ysrZ T2 events (¢'), and the estimated contribution to background of the

ete™ = ygrZtE™ channel (N = N x e/e).

Channel N e (1074 g (10™) Np

e a0 <4.36 (90% CL) 41.9+0.7 43+0.2 <0.4 (90% CL)
=8y <6.42 (90% CL) 172+ 1 0.22 £ 0.05 0(0.01), ignored
7isr=HE 70 <10.2 (90% CL) 0.85 +£0.05 0.134+0.02 <1.6 (90% CL)
7isRETZ7n <17.5 (90% CL) 5.48 £0.08 <1072 0(0.01), ignored
Others Ignored

than 100 MeV are required. As in the neutral X case,
the extra z° Xt and ¥~ candidates are selected
by choosing the smallest |MZ (yypa°’pa®)| and
\M(pa)) = my+| + |M(pa)) — my+|. To further suppress
background, —2 GeV?/c* < M%.(yypr’pn’) <2GeV?/c*
is required. The distribution of the invariant mass of
the additional two photons, M(yy), is used to estimate
the yield of eTe™ — ysrE "2 7. The -X~ sideband
contribution is subtracted as in Sec. IV B. The resulting
M (yy) distribution is fitted with a constant and the z° signal
shape extracted from a MC sample, determining the yield.
The 90% CL limit for the e*e™ — ygg =72~ 7° channel’s
contribution to the X*X~ mass spectrum up to 3 GeV
is 1.6 events, and is treated as a systematic uncertainty.
With a similar reconstruction procedure, the eTe™ —
yisrZTZ7n channel’s contribution to eTe™ — ygrETE"
is estimated to be of order 0.01 events. We thus ignore
this contribution in the further study. More details are listed
in Table VI.

Similar to the neutral X channel, we also study the
contribution of other possible two X*/E~ backgrounds
with the MC samples for e"e™ — g and e e~ annihilating
into B mesons corresponding to 4 ab~! of integrated

x107°

Efficiency

[ B T
0.0 2.4 2.6 2.8 3.0

AM__ +2m. [GeV/c?]

P

FIG. 12. Reconstruction efficiency for y ;g =" as a function
of the =T~ invariant mass determined with MC simulations,
overlaid with a fit to a threshold function.

luminosity. Zero events survive the selection criteria, thus
we ignore this contribution.

C. Cross section and effective form factor

The cross section of eTe™ — XT3~ is extracted in six
ranges of /s from the yields in six bins of the X*X~
invariant mass. For each range, the cross section is
calculated as

o= Niig )
eLo[B(E" — pn)B(n® — yy))?
The signal yield N;, and the effective luminosity L. are

calculated using the method presented in Sec. IV C. The
reconstruction efficiency ¢ as a function of the Z* ¥~ mass
is determined from MC simulations, fitted to a smooth
threshold function as shown in Fig. 12, and multiplied by a
PID efficiency correction factor of 98.9% and a trigger
efficiency correction factor of 100.7%.

The measured cross section of ete™ — X~ is shown
in Fig. 13. The signal yield, reconstruction efficiency,
effective luminosity, cross section and effective form factor
for the six /s regions are listed in Table V. The quoted

300
Belle
a
& A BESIII
. 200
I
2
‘T %
P
o° 100}
A A 4
A
OF, I....I....I....I....I....I....‘I.
2.4 2.5 2.6 2.7 2.8 2.9 3.0
Vs [GeV]
FIG. 13. The cross section of ete™ — 7%~ measured in this

work, compared with BESIII measurements. Since the BESIII
measurements are corrected for vacuum polarization, the data
points shown here are multiplied with a corresponding factor to
make them comparable to the Belle results. The vertical line
indicates the X threshold.

072008-11



G. GONG et al.

PHYS. REV. D 107, 072008 (2023)

TABLE VII. Summary of systematic uncertainties for the
ete” — yirE X cross section measurement.

Source Systematic uncertainty (%)
Tracking 0.7
PID 1.2
7° reconstruction 8
>+ /Z~ mass resolution 0.1
Sideband method 10
Two X* /%~ background 5-23
Integrated luminosity 1.4
ISR emission probability 1
PHOKHARA simulation 1
Branching fractions 1.2
Modeling of angular dependence 1-5
Modeling of energy dependence 3-9
Trigger 5
The fit to efficiency 1-4
Sum in quadrature 16-28

uncertainty in the reconstruction efficiency is taken from
the fit shown in Fig. 12. The uncertainty on the signal yield
is statistical only, and for the cross section and the effective
form factor the first uncertainty is statistical and the second
systematic.

Systematic uncertainties from the following sources are
included, as shown in Table VII. The uncertainties due to
track finding and particle identification are estimated to
be 0.7% and 1.2%, respectively. A study of 7~ — 7~ 7',
decays [40] yielded an uncertainty originating from the 7°
reconstruction of 4% per z°. The systematic uncertainty
related to differing X+ /X~ mass resolution in data and MC
is estimated to be 0.1%, with the method mentioned in
Sec. IV C. The uncertainty associated with the choice of
sideband regions or possible nonlinearity of background
with zero or only one X* /X~ is estimated to be 10%, using
the same method as in the neutral channel. An upper limit
on backgrounds with a >3- pair is also set, as discussed
in Sec. V B. We assume these contributions to be uniformly
distributed in ©*Z~ invariant mass between the threshold
and 3 GeV/c?, or distributed in a same way as the e*e™ —
Yisr= 2~ channel. We take the larger value between the
uncertainties calculated under these two assumptions.
The induced uncertainty is evaluated to be 5% for /s €
[2.379,2.680] GeV and 23% for /s € [2.68,3.00] GeV,
where the signal yield per MeV is low. The effective
luminosity has uncertainties based on the integrated lumi-
nosity £ and the ISR emission probability, estimated to be
1.4% and 1% [7,8], respectively. The simulation of the
initial state radiation by PHOKHARA results in an esti-
mated uncertainty of 1% [38]. The branching fractions of
>t - pa® and 7° — yy contribute with 0.58% and 0.03%
[34], respectively. The uncertainties from the MC sample’s
modeling of the angular distribution (1%-5%) and the

energy dependence of the cross section (3%-9%) are
estimated with the method described in Sec. I'V. Besides,
we additionally check for the angular distribution modeling
uncertainty by comparing the efficiencies of MC samples
generated according to the |Gg/Gy,| measurement values
from BESIII [22] and the corresponding +/s to that of
the Gp = Gy, MC sample. The differences are around
5%, which is consistent with the 1%-5% uncertainty.
The trigger efficiency for this channel is found to be
(89.6 £ 4.2%), estimated by the method described earlier,
and we take the uncertainty from this source to be 5%.
The statistical uncertainty from the MC sample is already
included through the uncertainty from the fit to the
invariant mass dependence of the >+t¥- efficiency, which
is 1%—4%, varying with /s. Assuming all uncertainties are
uncorrelated, they are summed in quadrature for a total
systematic uncertainty on the cross section of 16%—28%,
depending on /s, as shown in Table V. The 28% is from
the region /s € [2.68,3.00] GeV. In this region the yield
per MeV is low, and the uncertainty introduced by back-
grounds is dominant.

D. J/w decays into X+ X~

The =+~ mass spectrum in the J/y region is shown in
Fig. 14. The number of resonance events is 20.8 £ 4.7,
determined by the number of events in the J/y signal
region with a background subtraction as in Sec. IV D.
The definition of the J/y signal region is the same as in
Sec. IV D, and is indicated in Fig. 14.

The J/y — %~ reconstruction efficiency of (1.76 +
0.03) x 1073, including the PID correction and trigger
correction, is determined with a MC sample generated
with an angular distribution n(cos6) 1 + acos® @, with
a = —0.508 + 0.007 [41]. With the method described in

7k { Data
o
o 6F
= I:lSideband
o 5F
=
° 4f
2 sf
[
2 o
m
1F
0 1. 11
3.00 3.05 3.10 3.15 3.20
2
AM_ o +2m,. [GeV/c?]

FIG. 14. The £*Z~ invariant mass spectrum near the J/y
mass. The histogram shows the background contribution esti-
mated from the X*-5~ sideband. As indicated by the arrows,
the region [3.05,3.15] GeV/c? is chosen as J/y signal region.
The J/y sideband region is defined as [3.00,3.05] GeV/c? and
[3.15,3.20] GeV/c?.
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Sec. IV D, the product B(J/y — £+£-) - T/" is found to
be (6.8 £1.540.8) eV/c?, where the first error is stat-
istical and the second is systematic. The latter includes
the uncertainties from tracking, particle identification,
7° reconstruction, £+ /X~ mass resolution, the sideband
method, integrated luminosity, ISR emission probability,
ISR simulation in PHOKHARA, branching factions, the

uncertainty of the quoted a, trigger, and the statistics of
the MC sample. Using Fié"’ =5.55+0.11 keV/c2 [34],
including the FZ"’ systematics, the J/y — £+~ branch-
ing fraction is found to be (1.22 +0.28 £0.14) x 1073.
Our result is consistent with the world average value of
(1.07 £0.04) x 1073 [34].

VI. SUMMARY

In summary, we report the measurement of the e*e™ —
¥0%0 and ete” — XX~ cross sections, from the baryon
pair mass threshold to 3 GeV/c?, using initial state
radiation events. The cross sections of eTe™ — X¥X~ in
the /s € (2.4,2.5) and /s € (2.5,2.6) GeV regions are
reported for the first time. The effective form factors |G|
are also extracted. Figure 15 shows |G| measured by
Belle in this work, compared with results from BABAR [6]
and BESIII [22,23]. All the results are consistent with
previous measurements within uncertainties.

In addition, the products of the J/y branching fractions
and the J/y — eTe™ partial decay width are determined
with events in the J/y region:

B(J )y — 2050 . T = (52 4+ 1.5+ 0.6) eV/c2,
B(J/y — StE7) T = (68 +1.54+0.8) eV/c2.

30
- * Belle =°
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& 201 ® BABAR 3°
X, - ‘; BESIII =°
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o [ 1 1 1 ‘:
2.4 2.6 2.8 3.0
Vs [GeV]
FIG. 15. The measured dependence of the effective form factors

of baryons on the dibaryon invariant mass, compared with BESIII
and BABAR measurements. Since the BESIII measurements are
corrected for vacuum polarization, the data points shown here are
multiplied with the square root of a corresponding factor to make
them directly comparable to results from BABAR and Belle. The
vertical dashed line indicates the %0 threshold, and the vertical
solid line indicates threshold for =+

Using T2/ = 5.55+£0.11 keV/c? [34], we obtain

B(J/y = 2°2%) = (0.94 £ 0.27 4+ 0.10) x 1073,
B(J/y - L) = (122 £ 0.28 £0.14) x 107,
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