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The Born cross sections and effective form factors of the process e*e~™ — AZ? + c.c. are measured at 14
center-of-mass energy points from 2.3094 to 3.0800 GeV, based on data corresponding to an integrated
luminosity of (478.5 & 4.8) pb~! collected with the BESIII detector. A nonzero Born cross section is
observed at the center-of-mass energy of 2.3094 GeV with a statistical significance of more than five
standard deviations, and the cross sections at other energies are obtained with improved precision compared
to earlier measurements from the BABAR Collaboration. The Born cross-section line shape is described
better by a shape considering the strong-interaction effects than by a pQCD motivated functional form.
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I. INTRODUCTION

The electromagnetic form factors (EMFFs) are funda-
mental observables describing the inner, dynamical struc-
ture of hadrons and quantifying their deviation from
pointlike particles. Their values can be extracted in space-
like and time-like regions via scattering and annihilation
processes, respectively. In the timelike region, the EMFFs
of baryons have been extensively studied in the pair-
production process e*e~ — BB, where B denotes a baryon.
For spin 1/2 baryons, the Born cross section of pair-
production can be parametrized in terms of the electric form
factor (FF) Gg and the magnetic FF G, under the one-
photon exchange approximation [1],
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Here, a is the fine-structure constant, f = /1 — 1/7 is the
velocity of the baryon, 7 = s/4m%c*, s is the square of the
center-of-mass (c.m.) energy, mp is the mass of the baryon,
and C is the Coulomb factor, which accounts for the BB
electromagnetic interactions. The factor C is unity for
neutral baryons, while for charged baryon, C =y/(1 —e™)

where y = wa\/1 — ?/p, resulting in a nonzero cross
section at threshold according to Eq. (1). The effective
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FF F(s) is defined in terms of the moduli squared of G
and G, as [2]
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In the past decades, a large number of studies have been
performed to investigate the properties of baryons, with
many of them relying on the interpretation of the Born cross
section of baryon pair-production. Equation (1) indicates
that the Born cross section of the e*e~ — BB process at the
production threshold, z = 1, is nonzero for charged baryon
pairs due to the Coulomb correction, and vanishes for
neutral baryon pairs. However, the measured cross sections
of eTe™ — pp [3-6] and eTe™ — nii [7,8] processes both
exhibit a flat behavior in the energy range from threshold
up to about 2 GeV. Similar behavior near threshold is also
observed in the e*e~ — AA process, with the average cross
section measured to be 0.3 nb [9-11] and the ete™ —
A} A7 process, with the average cross section measured to
be 0.2 nb [12]. A similar trend is also observed for the cross
sections of ete™ — XX [13,14] and e*e” — EZ produc-
tion [15,16], but larger samples are needed to reach a more
reliable conclusion. The plateau near the production thresh-
old in the cross-section line shape seems to be common for
a variety of baryon pairs [17]. This abnormal threshold
behavior has attracted great interest and stimulated many
theoretical explanations, with different hypotheses being
proposed such as final-state interactions [18], BB bound
states, vector meson resonances [19,20], Coulomb final-
state interactions or quark electromagnetic interaction and
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the asymmetry between attractive and repulsive Coulomb
factors [21,22]. The BABAR experiment measured the cross
section of the ete™ — AZX 4 c.c. (charge conjugate)
process via the initial-state radiation (ISR) approach. The
cross section in the energy interval from threshold up to
2.400 GeV was found to be (4713; & 5) pb [11]. Although
the uncertainty is large, the result hints at a nonzero cross
section at the threshold. This result motivates studying
ete™ — AXY + c.c. production at and above the threshold
with improved precision.

In this paper, we present the measurement of the Born
cross sections and effective FFs of the ete™ — AL’ + c.c.
process at c.m. energies ranging from 2.3094 GeV, which is
1.0 MeV above the AX° mass threshold, up to 3.0800 GeV,
with the data collected with the BESIII detector at the
BEPCII collider. A novel method is applied to measure the
Born cross section near threshold and a single-tag tech-
nique is used to improve the reconstruction efficiencies
at higher energies. In this paper, the charge conjugated
process is implied.

II. DETECTOR AND DATA SAMPLE

The BESII detector [23] records symmetric e'e”
collisions provided by the BEPCII storage ring [24], which
operates in the c.m. energy range from 2.00 to 4.95 GeV.
BESIII has collected large data samples in this energy
region [25]. The cylindrical core of the BESIII detector
covers 93% of the full solid angle and consists of a helium-
based multilayer drift chamber (MDC), a plastic scintillator
time-of-flight system (TOF), and a CsI(T1) electromagnetic
calorimeter (EMC), which are all enclosed in a super-
conducting solenoidal magnet providing a 1.0 T magnetic
field [26]. The solenoid is supported by an octagonal flux-
return yoke with resistive plate counter muon-identification
modules interleaved with steel. The charged-particle
momentum resolution at 1 GeV/c is 0.5%, and the
dE/dx resolution is 6% for electrons from Bhabha scatter-
ing. The EMC measures photon energies with a resolution
of 2.5% (5%) at 1 GeV in the barrel (end caps) region. The
time resolution in the TOF barrel region is 68 ps, while that
in the end-cap region is 110 ps.

Simulated data samples produced with a Geant4-
based [27] Monte Carlo (MC) package, which includes
the geometric and material description of the BESIII
detector and the detector response, are used to determine
detection efficiencies and estimate background. The sim-
ulation models the beam-energy spread and initial-state
radiation (ISR) in the e™ e~ annihilations with the generator
CONEXC [28]. All particle decays are modeled with
EvtGen [29,30] using branching fractions taken from the
Particle Data Group (PDG) [31]. Final-state radiation from
charged final-state particles is incorporated with the
PHOTOS [32] package.

The A/A and X°/%° in the signal channel of eTe™ —
AZ°, and dominant background channels of ete™ — AA
and ete” — X°X0 are simulated in the A = pz~ /A —
prt and 20 — yA/Z% - yA decay modes.

III. RECONSTRUCTION OF e*e~ — AX!
AT /s=2.3094 GeV

The ete™ — AX° process is expected to dominantly
produce the final state yppatz~ at /s = 2.3094 GeV,
which is only 1 MeV above the kinematic threshold.
Furthermore, the decay products of A — pz~ decays are
close to its threshold, as are those of £° decays. Therefore,
the particles in the final state yp pz "z~ have low momenta
and are unlikely to all be reconstructed by the BESIII
detector. However, low-momentum antiprotons can interact
with the material in the detector, mostly the beam pipe, and
produce secondary particles which is reconstructable.
Moreover, the low momenta pions from the signal process
are quasimonoenergetic. Instead of requiring that all final-
state particles yppata~ are reconstructed, an indirect
search for the secondary product from the antiproton
interaction and the monoenergetic pions is employed.
Similar method has been also used in Refs. [9,14].

Charged tracks detected in the MDC are required to be
within |cos 0| < 0.93, where 6 is defined with respect to
the z-axis, which is the symmetry axis of the MDC. The
distance of closest approach to the interaction point (IP)
must be less than 10 cm along the z-axis and less than 1 cm
in the transverse plane.

Particle identification (PID) for charged tracks combines
measurements of the specific ionization energy loss in the
MDC (dE/dx) and the time of flight in the TOF to calculate
a likelihood L(h)(h = p,K, =, e) for each h hypothesis.
Tracks are identified as pions when the pion hypothesis has
the highest likelihood value L(z) > L(p,K,e). Events
with only one z* and one n~ reconstructed are kept for
further analysis. Considering the low momenta of the A and
30, and the vertex resolution, the 7 tracks are assumed to
arise from the same vertex. A vertex fit [33] is applied to the
two 7 tracks and the transverse distance of the vertex with
respect to the beam is required to be less than 2 cm. Both
the momenta of the z™ and z~ tracks in the laboratory
frame peak at around 0.1 GeV/c. The momentum of the 7~
track is required to lie in the range (0.08,0.12) GeV/c to
suppress background, and the momentum of z+ track is
used to fit the signal contribution.

The low-momentum antiprotons from the signal decay
predominantly interact with the material in the detector,
specifically the beam pipe, resulting in the production of
the secondary particles. To identify antiprotons, at least two
additional charged tracks are required to originate from a
common vertex. Since the source of these secondaries are
expected to be dominated by annihilations in the beam pipe
whose inner radius is 3.15 cm and outer radius is 3.37 cm,
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the transverse distance of their vertex with respect to the
beam must lie between 1 and 5 cm.

Two sources of contamination are investigated: physical
and beam-associated background. The physical back-
ground is studied with inclusive MC samples and the
beam-associated background is studied with special sepa-
rated-beam data taken at /s = 2.2324 and 2.6444 GeV,
where the centers of e™ and e~ beam bunch are separated
and do not collide at the IP, but the dataset is not sufficient
enough to extract the background shape for fitting.
Therefore, a data sample taken at /s = 2.1250 GeV,
which is below the production threshold for the signal
process, is also used to study the beam-associated back-
ground and the physical background other than the AA
process.

The number of signal events is extracted by an unbinned
maximum-likelihood fit to the momentum distribution of
the " tracks. A signal yield of 49.9 + 8.6 events with a
statistical significance of 7.7 standard deviations is obtai-
ned by comparing the change in the log likelihood between
the fits with and without the signal component, as shown in
Fig. 1. The signal is described with an MC shape convolved
with a Gaussian function describing momentum-resolution
difference between data and MC simulation. The back-
ground from the e*e™ — AA process is described by the
MC shape. The other physical background and beam-
associated background are described by the shape extracted
from the data taken at \/E = 2.1250 GeV, which has the
highest integrated luminosity below the threshold of the
signal process. The numbers of both background events
are free in the fit.

The Born cross section of the eTe™ — AZ? process is
calculated by
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FIG. 1. Fitted momentum distribution of reconstructed z*

tracks in the laboratory frame, showing the contributions of
the signal together with the background from e*e™ — AA events
as determined from MC simulation and the other background
determined from data at 2.1250 GeV.

TABLE I. Relative systematic uncertainties on the Born cross
section measurement at /s = 2.3094 GeV.

Source Uncertainty (%)
Luminosity 1.0
7t tracking 4.6
a* PID 2.0
Branching fraction 1.6
MC sample size 0.8
p annihilation 2.4
Signal shape 2.4
Background shape 2.5
Energy spread 2.7
1 + o calculation 0.5
Total 7.4

where N, is the number of observed signal events in data,
L is the integrated luminosity, € is the detection efficiency,
1 + 6 is the radiative correction factor due to the ISR and
the vacuum polarization. Both ¢ and 1 + § are determined
from MC simulation. B is the product of the branching
fractions of A — pz~, £ - yA and A — pz™.

Several sources of systematic uncertainties are consid-
ered in the Born cross-section measurement at /s =
2.3094 GeV, which are summarized in Table I. The integ-
rated luminosity is measured with 1.0% precision [34,35].
The uncertainties from 7™ tracking and PID efficiencies are
determined from a control sample of J/w — pprtn~
decays by focusing on z* with momentum overlapped
with the signal process, and estimated as 4.6% and 2.0%,
respectively. The uncertainty of B(A — pz~) is 0.8% [31].
The uncertainty associated with the limited size of the
is the number of events generated in simulation. The
uncertainties introduced by selection criteria, including
the requirement on the #~ momentum and the transverse
distance of the vertex, are studied by varying the criteria
and found to be negligible. The uncertainty from the
ISR process is found to be dominated by the accuracy
of 1 + § calculation in the CONEXC generator and quoted as
0.5% [28]. The uncertainty associated with the p annihi-
lation in the beam pipe is studied from a control sample of
J/w — pprtr~ events by focusing on p with momentum
overlapped with the signal process, and is determined
to be 2.4%.

The uncertainty associated with the choice of signal
shape is estimated by changing the signal shape to a pure
MC shape without the convolved Gaussian function.
The uncertainty associated with the background shape is
estimated by replacing the shape with one extracted at
/s = 2.0000 and 2.1000 GeV. The difference in the signal
yields is taken as the uncertainty. To study the uncertainty
from the c.m. energy spread, a new signal MC sample

signal MC sample is calculated as % where N,
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TABLE II. The luminosity (£), signal yield (N,), detection
efficiency (e), radiative correction factor (1 4 d) and obtained
Born cross section (¢®) for the ete™ — AZX’ process at
2.3094 GeV. For the numerical result of the cross section, the
first uncertainty is statistical and the second one is systematic.
The uncertainty for the signal yields is statistical only.

L (pb™h 21.1

N gps 499 +8.6

€ 0.127

146 0.627

c® (pb) 729+126+54

including the energy spread is generated, and the difference
in € - (1 4 &) is taken as the uncertainty. All the systematic
uncertainties are considered uncorrelated and summed in
quadrature as listed in Table I. And the resulting Born cross
section is summarized in Table II.

IV. RECONSTRUCTION OF e*e™ — AX’
AT HIGHER ENERGIES

At c.m. energies from /s = 2.3864 to 3.0800 GeV, the
final-state particles have enough momentum to be recon-
structed, but the full reconstruction still suffers from low
efficiency. Hence, a single A-tag technique is employed,
i.e., only the A from the primary interaction is recon-
structed via the decay A — pz~, and the presence of the =°
is inferred from the recoil mass.

Charged tracks are reconstructed with the same method
described in Sec. III, except that the distance of closest
approach to the IP must be less than 30 cm along the beam
direction and less than 10 cm in the transverse plane.
A charged track is identified as a pion (proton) when the
pion (proton) hypothesis has the highest likelihood value
L(z) > L(p,K) [L(p) > L(r,K)]. Events with only one
px~ pair are kept for further analysis.

A primary-vertex fit [33] is preformed based on the pz~
track information to find the decay vertex of the A
candidate. And a secondary-vertex fit [36] is then per-
formed based on the interaction point of ete™ and decay
vertex of the A candidate to extract the decay length of
the A candidate, which is the distance between the
production vertex and decay vertex of the A candidate.
The decay length is required to be greater than twice of its
resolution. The sum of y? values of primary vertex fit and
secondary vertex fit is required to be less than 50. The
invariant mass of the pz~ combination is required to be
within [1.11,1.12] GeV/c>.

The X° candidate is inferred from the invariant mass of
the system recoiling against the selected A candidate
2%) _ |I_5 pr” |2

4 2

recoil __
MG" =
C c

where Eso is the expected energy of the X0, i.e., Eso =
(s + m3oc* —myc*)/24/s, and my and mso are the known
masses of the labeled baryons from the PDG [31]. Here
Ppr- is the three-momenta of the A candidate.

Potential sources of background are investigated by
studying the inclusive hadronic MC samples. The dominant
background processes are ete™ — AA and ete” — 200
with final states of ppatz~ and yyppn'tn~, respectively.
In addition, the A produced by the decay of the ¥ in
the ete™ — AZ" process also contributes to the back-
ground. Besides background from A recoil, there is also
combinatorial background which can be estimated using
the A sidebands. The A sidebands defined as M,, €
(1.095,1.105) GeV/c* and M ,,€(1.125,1.135) GeV/c?
are inspected, and indicate that there is a nonzero level of
combinatorial background, but no significant peaking
contamination.

The e*e™ — AX signal yields at each energy point are
extracted by an unbinned maximum-likelihood fit to the
Mol spectrum, an example of which is shown at /s =
2.6444 GeV in Fig. 2. The signal is described with the
shape obtained from MC, convolved with a Gaussian
function to compensate for possible mass-resolution differ-
ence between data and MC simulation. The background is
modeled with the MC shapes of the e"e™ — AA process,
the ete™ — %20 process, the A from X0 decay in the
signal process and the sideband shape from experimental
data. The MC shape of the ete™ — AA process is con-
volved with the same Gaussian function as the signal shape.
The MC shape of A from X° in the ete™ — AZ? process is
fixed according to the signal MC sample. The Born cross

80 [ —e— Data @ 2.6464 GeV

L e Signal
—~ I JERT A decay from X°
RO B THy o AA_
% 60 2.020
&) B Sideband
= B — Total Background
o 5 — Total
S
S 40 |
Z L
" L
g L
LE 20 N

0 1
1.1 1.15

Mol (Gev/e?)

FIG. 2. Fitted distribution of M=l at \/s = 2.6464 GeV. The
black dots with error bars are the data, The blue solid line is the fit
result, and the red solid line is the overall background. The red
dashed line represents the signal, the blue dashed line represents
the AA background, the green dashed line represents the back-
ground where A decays from X0, the cyan dashed line represents
the background extracted from M ,, sideband, and the gray filled
curve represents the %0 background.
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TABLE III.

Relative systematic uncertainties (in %) in the cross section measurement for each c.m. energy (1/s) above 2.3864 GeV:

the uncertainty associated with luminosity (£), A reconstruction (A), MC sample size (¢), branching fraction (53), A angular distribution
(Angle), signal shape, sideband shape (Sideband), AA background shape (AA shape), X°Z0 background shape (X°Z° shape), signal
input line shape and 1 + & calculation (1 + §). The last column gives the total systematic uncertainty.

Vs (GeV) L A € B Angle  Signal shape  Sideband ~ AA shape XX shape 1+6  Total
2.3864 1.0 2.6 0.9 0.8 7.8 1.7 7.7 0.9 0.0 0.5 11.5
2.3960 1.0 2.6 0.8 0.8 7.4 1.3 1.1 0.5 0.0 0.5 8.2
2.5000 1.0 2.6 0.5 0.8 6.7 2.5 2.5 3.7 2.3 0.5 9.3
2.6444 1.0 33 0.4 0.8 5.7 0.7 3.5 7.9 0.1 0.5 10.9
2.6464 1.0 3.3 04 0.8 6.1 0.3 6.8 8.3 0.6 0.5 12.9
2.7000 1.0 3.3 0.4 0.8 5.7 0.3 6.8 8.3 0.6 0.5 12.7
2.8000 1.0 3.3 0.4 0.8 5.6 2.6 5.5 7.3 4.6 0.5 12.5
2.9000 1.0 33 0.5 0.8 5.4 0.6 2.9 0.9 1.5 0.5 7.3
2.9500 1.0 3.1 0.5 0.8 5.8 0.4 13.8 0.5 0.3 0.5 15.3
2.9810 1.0 3.1 0.5 0.8 5.7 0.2 0.1 2.2 10.2 0.5 124
3.0000 1.0 3.1 0.5 0.8 5.8 0.1 3.3 1.6 1.4 0.5 7.8
3.0200 1.0 3.1 0.5 0.8 5.9 3.2 3.9 1.7 2.9 0.5 9.1
3.0800 1.0 3.1 0.5 0.8 5.7 0.5 4.0 2.6 4.4 0.5 9.3

section is determined using Eq. (3), where B is the
branching fraction of the decay A — pz~.

Various sources of systematic uncertainties have been
considered in Born cross-section measurements in this
energy regime, with a summary presented in Table III.
The uncertainties associated with the luminosity measure-
ment, branching fraction knowledge, MC sample size,
signal line shape and 1+ 6 calculation are assigned
following the same procedure as described in the previous
section. The uncertainty associated with the reconstruction
of the A is determined from the control samples J/y —
pKTA and J/yw — AA, with a similar method as used in
Ref. [37]. To estimate the uncertainty coming from the
knowledge of the angular distribution of the A baryon,
the analysis is repeated with the two extremes of the
angular distributions (1 + cos?@) and (1 — cos® @) [38].
The difference in the resulting efficiencies divided by v/12
is taken as the uncertainty. Alternative fits are performed
to study the uncertainties associated with the fit shapes.
These include changing the default signal shape to a pure
MC shape without the convolved Gaussian function,
varying the regions of sideband background to only
[1.095,1.105] GeV/c? or [1.125,1.135] GeV/c?, replac-
ing the input line shape of AA background MC sample
with one extracted from the cross section of the A pair
production at BESIII experiment [9,10] instead of the fitted
result from BABAR experiment [11], and fixing the back-
ground shape of the X°%° process according to the
integrated luminosity and its cross section. Any potential
bias arising from the requirement on the y? of the vertex fit
is investigated by varying the boundaries from 20 to 100,
and that from the mass-window requirement of the A
candidate is estimated by varying the left boundary from
1.109 to 1.112 GeV/c? and the right boundary from 1.118
to 1.122 GeV/c?. Both of these contributions are found to

be negligible, and no uncertainties are assigned. All the
systematic uncertainties are considered uncorrelated and
summed in quadrature.

V. RESULTS AND CONCLUSION

For the ete™ — AX process, the expressions of Eqgs. (1)
and (2) need to be modified by the substitutions [11,39],

2(m2, +m})ct  (mZ, —m3%)>c®
/3_\/1— ES — > .4

N

e (my + mio)zc“ ’

(5)

The resulting Born cross sections and the effective FFs are
summarized in Table IV, and a comparison between the
results of this work and those of BABAR is illustrated
in Fig. 3.

A perturbative QCD (pQCD) motivated energy power
function [40], given by

Co‘ﬁ'c
(\/E—Cl)lo’

is used to fit the line shape, where ¢, and c¢; are free
parameters and the Coulomb correction factor C is 1 for a
neutral channel. Figure 3(a) shows the fit result, with ¢, =
(9.94 £3.91) x 10° pbGeV'®, ¢, = (0.97 £0.07) GeV
and fit quality y?/ndof = 41.0/12 = 3.42, where ndof
is the number of degrees of freedom. From the fit quality,
the nonzero cross section at threshold does not fit to the
pQCD model.

Inspired by the nucleon pair-production cross section
and its plateau near threshold region [6], another empirical

oB(s) = (6)
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TABLE IV. The luminosity (£), signal yield (N,), detection efficiency (¢), radiative correction factor (1 + &), obtained Born cross
section (¢®) and effective FF [F(s)] for the e*e™ — AZ? process at each c.m. energy (/). The first uncertainties are statistical and the
second ones are systematic. The uncertainties for the signal yields are statistical only.

V5 (GeV) £ (pb™) Nops e 1435 o® (pb) F(s)

2.3094 21.1 499 £+ 8.6 0.127 0.627 729 £12.6+54 0.312 4+ 0.027 £ 0.012
2.3864 22.5 1242 +11.8 0.107 0.886 91.4 +£8.7+£10.6 0.127 4+ 0.006 + 0.007
2.3960 66.9 4472 £22.1 0.134 0.896 87.3+43+7.1 0.121 £ 0.003 +£ 0.005
2.5000 1.10 7.6+28 0.301 0.985 36.6 £13.3+34 0.069 + 0.013 £+ 0.003
2.6444 33.7 183.8 = 16.0 0.338 1.095 23.14+£2.0£2.5 0.053 + 0.002 £ 0.003
2.6464 34.0 163.2 =154 0.338 1.096 203+£1.94+26 0.049 4+ 0.002 + 0.003
2.7000 1.03 0.0+£23 0.344 1.140 0.0£89+0.0 0.000 £+ 0.033 + 0.000
2.8000 1.01 1.8+ 1.6 0.333 1.231 6.8+6.04+0.9 0.029 + 0.012 + 0.002
2.9000 106 272.0 + 18.8 0.312 1.337 9.6 +0.74+0.7 0.034 £+ 0.001 £ 0.001
2.9500 15.9 259+7.1 0.295 1.397 62+1.74+0.9 0.028 + 0.004 + 0.002
2.9810 16.1 30.9 6.1 0.297 1.436 70+£1.4+09 0.030 £ 0.003 £ 0.002
3.0000 15.9 30.6 = 6.3 0.289 1.461 71£15+06 0.030 4+ 0.003 + 0.001
3.0200 17.3 27.3+£59 0.287 1.486 58+1.2+0.5 0.027 4+ 0.003 + 0.001
3.0800 126 1369 + 14.4 0.254 1.511 44+05+04 0.024 + 0.001 + 0.001

prediction of the Born cross section is used to describe the
line shape, which takes into account strong-interaction
effects near the threshold,

OB PRI
s [1 - 6_”(/):?x(;>:| [1 + (—‘/E_<'"A+”’20)02)“2] ’

ay

oB(s) =

(7)

Here ay, a;, a, are free parameters, a is the normalization
constant, a; is the QCD parameter near threshold, a, is a
power-law parameter related to the number of valence
quarks, a is the electromagnetic coupling constant and
a,(s) is the strong running coupling constant,

1 25 s -1
LSl Y (A
a,(m%c?) + 127 n(mzzc“ﬂ (8)

where mz = 91.1876 GeV/c? is the Z boson mass and
ag(m%c*) = 0.11856. Figure 3(a) also shows the fit result,

as(s) =

ete” = AT +c.c.

100 —e— This work

—s— BABAR
A0 threshold
—— Fit with pQCD

50 Fit with strong-interaction

Cross section (pb)

L L I L I

Vs (GeV)

FIG. 3.

with ag = —1.09 £ 0.10, a; = (0.20 £ 0.03) GeV, a, =
2.00 £0.17 and y*/ndof = 13.7/11 = 1.25. The descrip-
tion of Eq. (7) that includes strong-interaction effects gives
a better fit quality than the pQCD prediction. Figure 3(b)
shows the effective FFs obtained in this work and previous
measurement at BABAR. Except for the c.m. energy of
2.3094 GeV, our measured results are consistent with
earlier results from BABAR, with improved precision.

VI. SUMMARY

Based on a total integrated luminosity of 478.5 pb~!
eTe™ collision data collected with the BESIII detector,
the Born cross sections and effective form factors of the
ete™ — AX process have been determined at c.m. ener-
gies ranging from 2.3094 up to 3.0800 GeV. At /s =
2.3094 GeV, which is approximately 1 MeV above the
threshold, the signal process is identified by the primary
pion from the signal decay and secondary tracks from
the interaction of antiproton with beam pipe. A nonzero

[ etfe” - A +cc.
osb F®
L —e— This work
- [ —=— BABAR
5 o2 AX° threshold
= [
= L
:E o
3 0.1 - +
& [
: U T
C 1 " " " " 1
2.5 3
Vs (GeV)

(a) The Born cross sections and (b) effective FFs for the e*e~ — AX? 4 c.c. process from this analysis shown with fits to the

pQCD model [Eq. (6)] and a model with strong-interaction effects included [Eq. (7)]. Also shown are the results obtained by BABAR.
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Born cross section is found with a statistical significance
greater than 5 standard deviations and measured to be
(729 £12.6 £5.4) pb, where the first uncertainty is
statistical and the second is systematic. At other energies,
a single-tag technique is employed by tagging the primary
A alone to optimize the detection efficiency. The Born cross
sections at these energies are in good agreement with those
of BABAR, but with improved precision. Fits with pQCD
assumption and strong-interaction effects are performed
on the line shape of the Born cross sections, and it is found
that the latter gives a better description of the data. The
measured effective FFs are consistent with BABAR’s results
for the c.m. energies above 2.3094 GeV.
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