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The process eTe™ — 1'J /y is observed for the first time with a statistical significance of 8.6¢ at center-
of-mass energy /s = 4.226 GeV and 7.3¢ at /s = 4.258 GeV using data samples collected with the
BESIII detector. The Born cross sections are measured to be (3.7 + 0.7 £ 0.3) and (3.9 £ 0.8 £0.3) pb at
/s = 4.226 and 4.258 GeV, respectively, where the first errors are statistical and the second systematic.
Upper limits at the 90% confidence level of the Born cross sections are also reported at other 12 energy

points.

DOI: 10.1103/PhysRevD.94.032009

I. INTRODUCTION

The region of center-of-mass (c.m.) energies above the
open charm threshold is of great interest due to the richness
of charmonium states, whose properties are not well
understood. Until now, the vector states (3770),
w(4040), w(4160), and w(4415) are well established
experimentally in the hadronic cross section in e'e”
annihilation [1] and match very well with the calculation
in the quark model of charmonium [2]. By exploiting the
initial state radiation (ISR) process, in the B-factories,
BABAR and Belle discovered several new charmonium-like
vector states, the ¥ (4260), Y(4360), and Y (4660), via their
decays into the hidden-charm final states z"z~J/y or
a7y (3686) [3-7], while there are no corresponding
structures observed in the cross sections to open-charm or
inclusive hadronic final states. In contrast, the decay of the
excited y states into the above two hidden-charm final
states has not been observed to date. The overpopulation of
the vector states between 4.0 and 4.7 GeV/c? triggered
many discussions about the nature of these states and the
possible discovery of new kinds of hadrons [8].

Besides the zt 7z~ hadronic transitions, information on
other hadronic transitions will provide further insight on the
internal structure of these charmonium and charmonium-
like states. CLEO-c, BESIII, and Belle measured the cross
section of eTe™ — nJ/w [9-11], which has significant
contribution from the y(4040) and w(4160) decays and is
different from the prediction in Ref. [12], which is obtained
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by considering virtual charmed meson loops. Treating #
and 5 with the light-cone approach and J/w with non-
relativistic QCD, and together with the contribution of the
resonance decays, the authors of Ref. [13] can reproduce
the measured eTe™ — nJ/y line shape and predict the
production cross section of the analogous process ete™ —
n'J/y at c.m. energies /s from 4.3 to 5.3 GeV.

To check the theoretical predictions [13] and to search
for potential #'J/y transitions from charmonium and
charmonium-like states, we measure the process ete™ —
1'J /w with the data taken at BESIII. The CLEO-c experi-
ment searched for this process with data at c.m. energies /s
from 3.970 to 4.260 GeV and did not observe the signal [9].

In this paper, we report measurements of the Born cross
section for eTe™ — #/'J/y at 14 energy points /s from
4.189 to 4.600 GeV [14]. The data samples are collected
with the BESIII detector [15] operating at the BEPCII
storage ring. The total integrated luminosity is about
4.5 fb~!, which is measured using large-angle Bhabha
events with an uncertainty of 1% [16]. In the analysis, the
J/y is reconstructed through its decays into lepton pairs
J/w = €167 (€ = e or ), while the %' is reconstructed
in two decay channels, #' — nztz~ (with n — yy) and
W —yntn.

II. DETECTOR AND MONTE CARLO
SIMULATION

The BESIII [15] detector is a general-purpose spectrom-
eter at the BEPCII accelerator [17] for studies of hadron
spectroscopy and physics in the z-charm energy region
[18]. The peak luminosity of the double-ring e™ e~ collider,
BEPCIL, is 10°} cm™2s7! at /s = 3.77 GeV with a beam
current of 0.93 A.

The BESIII detector with a geometrical acceptance of
93% of 4x consists of the following main components:
(1) A main drift chamber (MDC) equipped with 6796
signal wires and 21 884 field wires arranged in a small cell
configuration with 43 layers working in a gas mixture of
He (40%) and C3Hg (60%). The single wire resolution, on
average, is 135 ym, and the momentum resolution for
charged particles in a 1 T magnetic field is 0.5% at 1 GeV.
(2) A time-of-flight system (TOF) for particle identification
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made of 176 pieces of 5 cm thick, 2.4 m long plastic
scintillators arranged as a cylinder with two layers for the
barrel, and 96 fan-shaped, 5 cm thick, plastic scintillators
for two end caps. The time resolution is 80 ps in the barrel
and 110 ps in the end caps, corresponding to a K/z
separation at the 20 level up to about 1.0 GeV. (3) An
electromagnetic calorimeter (EMC) made of 6240 CsI(TI)
crystals arranged in a cylindrical shape, complemented by
two end caps. The energy resolution is 2.5% in the barrel
and 5% in the end caps at 1.0 GeV; the position resolution
is 6 mm in the barrel and 9 mm in the end caps at 1.0 GeV.
The time resolution of the EMC is 50 ns. (4) A muon
chamber system (MUC) in the iron flux return yoke of the
solenoid, made of resistive plate chambers (RPC) arranged
in 9 layers in the barrel and 8 layers in the end caps, with a
resolution of 2 cm.

In order to optimize the selection criteria, determine the
detection efficiency and estimate potential background
contributions, Monte Carlo (MC) simulated data samples
are generated using a GEANT4-based [19] software, which
takes into account the detector geometry and material
description, the detector response and signal digitization,
as well as the records of the detector running conditions and
performances. The signal MC samples of eTe™ — 5'J /ys are
generated at each c.m. energy point assuming that the Born
cross section follows an incoherent sum of a Breit-Wigner
(BW) function for the y(4160) resonance and a polynomial
term for the continuum production. For the background
study, inclusive MC samples including the ¥ (4260) decays,
ISR production of the vector charmonium states, continuum
production of hadrons, and QED processes are generated
with KkMc [20,21] at /s = 4.258, 4.416, and 4.600 GeV.
For the inclusive MC samples, the main known decay modes
are generated with EVTGEN [21], and the remaining events
associated with charmonium decays are generated with the
LUNDCHARM [22] model, while continuum hadronic events
are generated with PYTHIA [23].

III. EVENT SELECTION AND STUDY OF
BACKGROUND SHAPE

The candidate events of e"e™ — 5/J/y are required to
have four charged tracks with zero net charge. All charged
tracks are required to be well reconstructed in the MDC with
good helix fit quality and to satisfy | cos 8] < 0.93, where 6is
the polar angle of the track in the laboratory frame. The
charged tracks are required to originate from the interaction
region with R,, < 1.0 cm and |R,| < 10.0 cm, where R,,
and R, are the distances of closest approach of the charged
track to the interaction point perpendicular to and along the
beam direction, respectively. A charged track with momen-
tum less than 0.8 GeV is assigned to be a pion candidate,
while a track with momentum larger than 1.0 GeV is
assigned to be a lepton candidate. Electron and muon
separation is carried out by the ratio E/ p of energy deposited
in the EMC and momentum measured in the MDC. For
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electron candidates, we require an E/ p ratio larger than 0.8,
while for muon candidates, the E/ p ratio is required to be
less than 0.4. These select more than 99% of J/y — eTe™
and ptu~ with less than 0.2% of cross contamination.

Photon candidates are reconstructed from showers in the
EMC crystals. The minimum energy of the photon is
required to be 25 MeV in the barrel (| cosé| < 0.80) or
50 MeV in the end cap (0.86 < |cosd| < 0.92). To
eliminate showers produced by charged particles, the angle
between the shower and the nearest charged track is
required to be greater than 20 degrees. EMC cluster timing
is further required to be between 0 and 700 ns to suppress
electronic noise and energy deposits unrelated to the event.
The number of good photon candidates is required to be at
least 1 for #/ — yaz "z~ and at least 2 for ' = nx'z™.

For ' — yn*x~, a four-constraint (4C) kinematic fit is
performed on the four selected charged tracks (z7 7z~ ete™
or 7z~ u™) and one good photon candidate to improve
the momentum and energy resolutions of the final-state
particles and to reduce the potential background. If there is
more than one photon in an event, the one resulting in the
minimum yj. of the kinematic fit is retained for further
study. The y3c is required to be less than 40 (the signal
efficiency is 71% for the J/y — e™e™ mode and 78% for
the J/yw — utu~ mode according to the MC simulation;
the background rejection rates are 48% and 42% for the
J/w — eTe” mode and the J/yw — pu"u~ mode, respec-
tively, according to the inclusive MC samples, for
/s =4.258 GeV). For 1 - na*zx~, a five-constraint
(5C) kinematic fit is performed on the four charged tracks
(ztn~ete™ or atx ™) and two good photon candi-
dates, with the additional constraint on the invariant mass of
7y to be equal to the # nominal mass [1]. For events with
more than two photons, the combination with the minimum
X3c is chosen. The y2.. is required to be less than 40 (the
signal efficiency is 70% for the J/y — eTe™ mode and
77% for the J/w — u™pu~ mode; the background rejection
rates are 50% and 44% for the J/y — ee™ mode and the
J/y — ptpu~ mode, respectively, for /s = 4.258 GeV).

Besides the requirements described above, the following
selection criteria are applied to select the signal. For the
decay channel #' — yz™z~, in order to eliminate the
backgrounds from ISR processes with y(3686) in the final
state or from the process ete™ — 't z~J /y with final-state
radiation from the leptons, the invariant mass of zz~J /y
(M(zntz~J/y)) and the invariant mass of the system
recoiling against 77z~ (M™°!(z* 7)) are required to be
out of the regions 3.65 < M(x* 7~ J/y) < 3.71 GeV/c?
and 3.05 < M™°!(z+t77) < 3.15 GeV/c?, respectively.
For the decay channel 5’ — yatz~, the corresponding
distributions are required to be out of the regions 3.67 <
M(ztnJ/w)<3.71GeV/c* and 3.65<M™l(zt7z7)<
3.69GeV/c? to eliminate the background reactions e e~ —
ny(3686)—>nrxta~J/y and ete” — Ty (3686) —
atant )y, respectively.
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After applying the above selection criteria, Fig. 1 shows
the invariant mass distribution of #*#~ for events with
the invariant mass of y(n)z*z~ within the #’ signal and
sideband regions for the data samples at /s = 4.226 and
4.258 GeV. Here, the 5 signal region is defined as
(0.94,0.98) GeV/c?, while 5 sideband regions are
(0.90,0.94) GeV/c? and (0.98,1.02) GeV/c?. The J/y
signals are observed clearly at both energy points.
According to the MC study, the small peaking background
visible in the sideband distribution around the J/y mass
comes from eTe~™ — ygratn~J /y, which does not pro-
duce peaking background in the distribution of M (yz*z™).
The mass window requirement 3.07 < M(£7¢7) <
3.13 GeV/c? is used to select the J/y signal for further
study. After imposing all these selection criteria, the
background contribution is investigated with the inclusive
MC samples. The dominant backgrounds are found to be
those with the same final states as the signal events but
without #' or J/y intermediate states, and cannot be
eliminated completely.

151

' (b)

10

IV. SIGNAL DETERMINATION

After applying all of the above selection criteria except
for the ' mass window requirement, the invariant mass
distributions of yztz~ and natx~ for J/y — e*e” and
J/w — pTp~ individually, as well as the combination of
four channels, are shown in Figs. 2 and 3 for the data at
/s =4.226 and 4.258 GeV, respectively. The 7 is
observed clearly in the combined distribution. The back-
ground is a flat distribution in the yz* 7z~ invariant mass;
this is verified by studying the corresponding distributions
of the events in the J/y sideband region and of the MC
samples. The invariant mass distribution of the nztz~
channel is essentially background free.

To determine the signal yields, a simultaneous fit to the
invariant mass of y(n)z "z~ with an unbinned extended
maximum likelihood method is performed for the four
different channels. The total signal yield, denoted as N'*', is
a free parameter in the fit. The signal yields for the
individual decay modes are constrained by assuming the
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FIG. 2. Simultaneous fit to the M(yztz~ /yya"z~) spectra at \/s = 4.226 GeV. (a) Fory - yztz~ and J/y — e*e™, (b) for ' —
yrtrx~ and J/y — ptu~, (c) for ' = nrta~ and J/y — ete™, and (d) for ' - pxtz~ and J/yw — utp~. Panel (e) shows the
combined result. The dots with error bars and the (green) shaded histograms represent events from data within the J/y signal and
sideband regions, respectively. The solid lines show the fit results, while the dashed lines represent the background.
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sideband regions, respectively. The solid lines show the fit results, while the dashed lines represent the background.

same production cross section for e*e™ — 5/J/y and are  efficiency. The 7’ signal is described with a probability
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FIG. 4. The distributions for the data samples taken at /s = 4.189, 4.208, 4.217, 4.242, 4.308, 4.358, 4.387, 4.416, 4.467, 4.527,
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simulation; the parameters of the Gaussian function are free
but constrained to be the same for the different channels.
The background is described with a linear function, and its
normalization factors are allowed to vary in different
channels.

Projections of the mode-by-mode and combined fit
results at /s = 4.226 GeV are shown in Fig. 2. The
x*/ndf for the combined result is 5.41/6, where sparsely
populated bins are combined so that there are at least seven
counts per bin in the y? calculation and ndf is the number of
degrees of freedom. The fit yields N° = 36.5 & 6.9, and
the statistical significance of the #’ signal is determined to
be 8.60 by comparing the log-likelihood values with and
without 7’ signal included in the fit and taking the change of
the number of free parameters into account. A similar fit
process is performed for the data at /s = 4.258 GeV, and
corresponding results are shown in Fig 3. The y?/ndf for
the combined result is 3.76/4, the fit yields Nobs —
30.0 £+ 6.2, and the statistical significance of the #’ signal
is 7.30.

The same event selection criteria are applied to the
data samples taken at the other 12 energy points.
Figure 4 depicts the scatter plot of M(£7¢~) versus
M(yztn~ /ynTx~) and the projections of M(£7¢~) and
M(yn" 7~ /yz*7~) including all 12 energy points. We can
see a cluster of events in the signal region, although no
significant #'J/y signal is observed at any individual
energy point. As a consequence, upper limits on the
number of signal events at the 90% confidence level
(C.L.) are set using a Bayesian method [24] at every
individual energy point. By fitting the M(yz"n~ /natn~)
distribution with fixed values for the signal yield, we obtain
a scan of the likelihood as a function of the number of
signal events. The upper limit is determined by finding
the number of signal events below which lies 90% of the
area under the likelihood distribution. The results are listed
in Table I.
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V. CROSS SECTION RESULTS
The Born cross section is calculated with

B _ Nobs
Li- (148)- |1 +T11%-

o 1
el o
where L;, is the integrated luminosity, €; is the selection
efficiency for the ith channel estimated from the MC
simulation, 5; is the product branching fraction of the
intermediate states for the ith channel taken from the
Particle Data Group (PDG) [1], |1 +TI|? is the vacuum
polarization factor [25], and (1 4 9) is the radiative cor-
rection factor, which is defined as
—x))F(x,s)dx
o(s) '
The radiative correction changes the total cross section, and
emission of additional photons affects the efficiency of
selection. Here, x is the ratio between the radiative photon’s
energy and the center-of-mass energy; F(x,s) is the
radiator function, which is obtained from a QED calcu-
lation [26] with an accuracy of 0.1%; and o(s) is the line
shape of the cross section for eTe™ — 1'J/y, which is
described by a constant-width relativistic BW function with
the parameters of the y(4160) plus a polynomial function.
All the numbers used in the cross section calculation are
summarized in Table I. The Born cross section is measured
to be (3.7 £0.7) pb at 4.226 GeV and (3.9 £0.8) pb at
4.258 GeV, where the errors are statistical. The Born cross
sections and upper limits at the other energy points are also
shown in Table I. In the upper limit determination, a
conservative result with a factor 1/(1 — o) is included to
take into account the effect of the total systematic uncer-
tainty, o, which is described in the next section in detail.
Figure 5 shows the measured Born cross sections for
ete™ — n'J/y over the energy region studied in this work.
Assuming that the #'J/y signals come from the y/(4160)

(2)

TABLE I. The values used to calculate the Born cross section of e*e™ — 5'J/y. The upper limits are at the 90% C.L.

V5 (GeV) N Lu(pb™) 146 YeB(102)  [140p o (pb)

4.189 3.8+23(<8.7) 43.1 0.857 1.01 1.056 9.7+58+0.6(<24)
4.208 2.6 £3.2(< 13.3) 54.6 0.885 1.04 1.057 49+6.14+04(<27)
4.217 1.0+ 1.7(<6.2) 54.1 0.902 1.00 1.057 1.9+33+£0.2(<13)
4.226 36.5+6.9 1047.3 0.919 0.98 1.056 37+£0.7£03
4.242 0.8+14(<5.3) 55.6 0.945 0.95 1.056 1.5+£27+£02(<11)
4.258 30.0 +6.2 825.7 0.969 0.91 1.054 39+08+£0.3
4.308 22+ 1.5(<59) 44.9 1.036 0.81 1.052 5.6+3.8+0.3(<16)
4.358 3.0+23(<179) 539.8 1.114 0.77 1.051 0.6+05+0.1(<1.7)
4.387 2.1+2.1(<8.3) 55.2 1.162 0.73 1.051 434+434+03(<13)
4.416 10.8 £4.1(< 15.9) 1028.9 1.191 0.71 1.053 1.24+0.5+0.1(<2.0)
4.467 59+4.1(< 14.8) 109.9 1.161 0.72 1.055 6.1+£42+0.5(<17)
4.527 1.4+13(<5.3) 110.0 1.002 0.81 1.055 1.5+£14+0.1(<6.1)
4.575 0.0+ 1.7(< 9.0) 47.7 0.907 0.90 1.055 0.0+42+0.4(< 24)
4.600 1.2+23(<79) 566.9 0.880 0.92 1.055 03+05+0.1(<2.1)
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FIG. 5. Fit to the Born cross section o(e*e™ — #'J/y) with a
w(4160) resonance (red curve), or a coherent sum of w(4160)
and y(4415) amplitudes (green curve).

decay, the cross section is fitted with a constant-width
relativistic BW function, i.e.,

o(m) = [ Ay@igo)(m) - /@(m)/ (M), (3)

where A, 4160)(m) represents the contribution of
w(4160) — n'J/w and ®(m) is the 2-body phase-space
factor. Here, Ay, (4160)(m) is written as below:

_ \/12ﬂreert0t6(l//(4160) _)’7/*]/1//)

. (4
m?—M?+iMT, “)

Al//(4160) (m)

where the resonant parameters [the mass M, the total width
[ of the yw(4160)] are taken from PDG [1] and fixed in
the fit. The y?/ndf is 11.5/13, which indicates a reasonable
description of the data with a simple BW function.

If we fit the data with a coherent sum of the y(4160) BW
function (the resonant parameters are fixed to the PDG
values [1]) and a phase-space term, we find that the phase-
space contribution is not significant. However, if we fit the
data using only the phase-space term, the fit results in a
change of the likelihood —In L = 23.8 compared with the
fit with the sum of a w(4160) BW function and a phase-
space term. Taking the change of the ndf into account, we
find the statistical significance of the y(4160) resonance is
6.60, and this is the reason we take the fit with the y(4160)
only as the default description of the data.

The second resonance y(4415) (the resonant parameters
are fixed to the PDG values [1]) is added coherently in the
fit, and the statistical significance of it is determined to be
1.30. This indicates that the contribution of y(4415) is not
significant.

VI. SYSTEMATIC UNCERTAINTIES

Several sources of systematic uncertainties are considered
in the measurement of the Born cross section, including
the integrated luminosity measurement, background shape,
fitting range, ISR correction factor, photon detection,

PHYSICAL REVIEW D 94, 032009 (2016)

tracking efficiency, kinematic fit, lepton pair mass resolu-
tion, and the branching fractions of intermediate state decay.

Since the relative signal yields for each individual

decay mode i are constrained by the weight factor ¢;15;/
>4 | €:B; in the fit procedure, the uncertainties due to €; or
B; affect not only €;5; but also N°*, Taking both terms into
account, we change the values of ¢; or I5;, and then refit the
data. The change of the measured cross section is taken as
the systematic uncertainty. The following systematic uncer-
tainties, including the ISR correction factor, photon detec-
tion, kinematic fit, lepton pair mass resolution, and the
branching fractions of intermediate state decay, are esti-
mated with this method. Most of these uncertainties are
energy independent, except that associated with ISR
correction. We use the uncertainties determined with the
data at the high-statistics energy point /s = 4.226 GeV as
the systematic uncertainties for all the samples.

(a) The uncertainty from integrated luminosity measure-
ment using large-angle Bhabha (eTe™ — eTe™) scat-
tering is estimated to be 1.0% [16].

(b) The systematic uncertainty due to the background
shape is estimated by varying the background shape
from a linear function to a second-order Chebyshev
polynomial. The difference in the signal yields is taken
as the systematic uncertainty.

(c) When the fit range is changed, the region used to
estimate the background will change, and this intro-
duces an uncertainty. The systematic uncertainty due
to the fit range is estimated by varying the fit range
from the nominal value [0.86,1.04] GeV/c? to
[0.87,1.05] GeV/c? or [0.85,1.03] GeV/c?. The larg-
est change in the signal yields is taken as the
systematic uncertainty.

(d) The ISR correction factor depends on the true Born
cross section of this process. Due to the insufficient
information from previous experiments, we obtain the
ISR correction factor according to the observed cross
section measured in this analysis first. Then, the Born
cross section is obtained, and the ISR correction factors
are calculated iteratively until they become stable. In
the calculation, the cross section is parametrized by the
sum of a BW function for y(4160) and a polynomial
function. This fit introduces large uncertainty because
of the limited data points and the limited precision at
each energy point. To estimate the uncertainty due to
the ISR correction factor, the measured cross section is
also parametrized with a BW function or a polynomial
function. The largest discrepancy between the results
with an alternative assumption and the nominal value is
taken as the systematic uncertainty.

(e) The uncertainty due to photon reconstruction is 1.0%
per photon with energy above 0.2 GeV, which is
determined from a study of the control sample
eTe™ = yutu~ [27]. Therefore, we vary the values
of ¢; up or down by 1% x N, and refit the data, where

032009-8



OBSERVATION OF ...

PHYSICAL REVIEW D 94, 032009 (2016)

TABLE II. Systematic uncertainties (%).

Source/+/s (GeV) 4.189 4208 4.217 4.226 4.242 4.258 4.308 4.358 4.387 4.415 4.467 4.527 4.575 4.600
Luminosity measurement 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Background shape 0.1 34 53 02 49 24 0.1 02 06 46 0.1 02 00 29
Fit range 04 4.1 27 22 07 22 03 sl 02 77 6.1 12 00 35
ISR factor 3.0 1.2 3.0 40 44 1.1 25 21 2.9 1.7 .5 29 60 21
Photon detection 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Tracking efficiency 40 40 40 40 40 40 40 40 40 40 40 40 40 40
Kinematic fitting 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
Lepton pair mass resolution 2.2 22 22 22 22 22 22 22 22 22 22 22 22 2.2
Branching fraction 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Total 6.1 76 85 70 85 63 58 76 60 105 82 6.1 80 7.3

®

(o)

()

N, is the number of photons in the final state. The
maximum change of the measured cross section is
taken as the systematic uncertainty.

The discrepancy of tracking efficiency between the
MC simulation and the data is estimated to be 1.0%
per charged track from a study of ete™ — ntx~J/y
and ete™ — 2(z"77). Because the four decay chan-
nels have the same, fully correlated uncertainty (4.0%)
on the tracking efficiency, the signal yield ratios
between different decay modes will not change if
we change the tracking efficiency. This 4.0% uncer-
tainty contributes to the total signal yield directly, so
the total uncertainty in the final results is 4.0%.

The mass resolution discrepancy between the MC
simulation and the data will introduce an uncertainty
when we apply a mass window requirement on the
invariant mass distribution of the lepton pairs. This
uncertainty is estimated using the control sample
ee” = yisry(3686) — yisrr 7 J [y with J/y —
ete™ or utu~. The same J/y mass window
[3.07,3.13] GeV/c? is required for both the data
and the MC sample, and the discrepancy in efficiency
between the MC simulation and the data is (1.0 £
1.1)% and (2.9 £ 1.6)% for J/y — ete™ and 'y,
respectively. Next, we vary the efficiencies within the
maximum range of these uncertainties (2.1% and 4.5%
for J/w — eTe™ and putu~, respectively) and refit the
data. We quote the difference from the nominal fit as
the systematic uncertainty.

The uncertainty associated with the kinematic fit arises
from the inconsistency of track helix parameters
between the data and the MC simulation. Therefore,
the three track parameters ¢, x, and tan 1 are corrected
in the signal MC samples. The correction factors are
obtained by comparing their pull distributions in a
control sample (ete™ — zta~J/y, J/y — eTe™ and
u ™) between the data and the MC simulation [28].
The difference of the detection efficiency is deter-
mined by the MC samples with and without the helix
correction. As mentioned above, the change of effi-
ciency also affects the weight factors €,8;/ > ¢ | €;5;
in the fit. Therefore, the data are refitted, and the

resulting difference on the Born cross section with
respect to the nominal value is taken as the systematic
uncertainty.

(i) The experimental uncertainties due to branching
fractions of J/w—eTe /utu~, 4 - yaxtx /nnta,
and n — yy are taken from the PDG [1]. The system-
atic uncertainty is determined by changing them one
by one in the fit procedure. The sum in quadrature of
all individual uncertainties on the Born cross section is
taken as the systematic uncertainty.

(G) The uncertainties related with the requirements to veto
backgrounds are negligibly small, and the uncertain-
ties from other sources such as the final-state-radiation
simulation, the E/ p ratio requirement for electron and
muon separation, the vacuum polarization, and c.m.
energy measurement are estimated to be less than 1%
and are neglected in this analysis.

The sources of systematic uncertainty and their contri-
butions are summarized in Table II. The total systematic
uncertainty is the sum in quadrature of all individual
uncertainties.

VII. SUMMARY

In summary, the process ete™ — 5/J/y is investigated
using data samples collected with the BESIII detector at
14 c.m. energies from 4.189 to 4.600 GeV. Significant
ete” — n'J/y signals are observed at /s = 4.226 and
4.258 GeV for the first time, and the corresponding Born
cross sections are measured to be (3.7 +£0.7 +0.3) and
(3.9 £0.8 £0.3) pb, respectively. The upper limits of
Born cross sections at the 90% C.L. are set for the other
12 c.m. energy points where no significant signal is
observed. The measured cross sections support the hypoth-
esis that signal events of #'J /y come from y(4160) decays;
the contribution of y(4415) is not evident.

Compared with the Born cross section of eTe™ — nJ /y
[11], the measured Born cross section of e*e™ — 1'J /y is
much smaller, which is in contradiction to the calculation in
Ref. [13]. There are two possible reasons contributing to
this discrepancy. The cross section of ete™ — /J/y is
investigated at an order of O(aﬁ); therefore, higher order
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corrections might need to be considered; additionally, the
proportion of gluonic admixture in #' needs to be further
studied to make certain the contribution of a gluonium
component on the results.
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