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Z.(4020)° — X(3872)y. We find no significant signal and set upper limits on ¢(e*e™ — 7°X(3872)y) -

B(X(3872) = ntn~J/y)

and o(ete” — 7°Z.(4020)%) - B(Z.(4020)° — X(3872)y) - B(X(3872) —

xtn~J/y) for each energy point at 90% confidence level, which is of the order of several tenths pb.

DOI: 10.1103/PhysRevD.104.012001

I. INTRODUCTION

The recent discovery of several charmoniumlike states
has attracted great experimental and theoretical interests
[1]. The charmoniumlike states are also called XY Z states
where X is the isospin-singlet state with J*€ # 177, Y is the
isospin-singlet state with J”¢ = 17~ and Z is the isospin-
triplet state [2]. The masses of these states are above the
open-charm thresholds, and due to the unexpected reso-
nance parameters and decay channels, these states cannot
be described by conventional quark models. Therefore,
they are good candidates for exotic states, such as hybrids,
tetraquarks, molecules, etc. [3-5].

The first charmoniumlike state X(3872), which has been
recently renamed as y.;(3872) by the Particle Data Group
(PDG [1]), was observed by the Belle experiment in the
process B* — K*X(3872) - K*ztz~J/w [6]. The
X(3872) is a rather narrow state with a mass that is
consistent with D°D*® threshold. It decays through
open-charm, radiative and isospin-violating pion emission
decays, and is found to be an isospin singlet with J¢ =
17" [1]. Among these features, the extremely small
mass difference between the X(3872) and D°D*? threshold
which we will denote as 6, is of particular interest. Taking
the values for the D°, D** and X(3872) masses from the
PDG [1], § is calculated to be (=10 4 180) keV/c?. Very
recently, the LHCb reported a new measurement yielding
8 = (70 & 120) keV/c? [7,8]. However the improved pre-
cision is still insufficient to tell whether the X(3872) mass
is above or below the D°D*" threshold. Better knowledge
of o will be an important step towards a deeper under-
standing of the nature of the X(3872) [9,10], and eventually
of other related XYZ states. A completely new method to
measure the § value by measuring the X(3872)y line shape,
which is sensitive to the 6 value due to a triangle singularity,
is proposed by Refs. [11-13]. Here, the X(3872)y needs to
be produced associated with another positive C-parity
neutral meson, e.g., eTe” — 7°X(3872)y. In principle,
this method could be applied at the BESIII experiment,
based on the sizable data samples taken for XYZ studies.
According to the theoretical prediction in Ref. [13], the
cross section of the process ete™ — 7°X(3872)y is
expected to be small. However, there could be other
scenarios where the expected cross section is large.

Recently, the BESIII Collaboration reported an enhance-
ment around 4.2 GeV for the e™e”™ — yX(3872) produc-
tion cross sections [14], which suggests a connection
between Y and X states. BESIII also reported another

connection, now between Y and Z states, with the obser-
vation of a Y(4220) resonance in the process e'e™ —
7Z.(3900)° [15]. Those observations may indicate some
common nature among the XYZ states. Therefore, it is
important to search for possible connections between Z and
X states. Establishing connections among XYZ states may
be a clue that can facilitate a better theoretical interpretation
of these. One such connection [16] could be a transition
Z.(4020)° — X(3872)y in the scenario where the X (3872)
is dominantly an S-wave D°D*® molecule and the
Z.(4020)° is an isotopic triplet of near-threshold S-wave
D*D* resonances. Therefore, the search for the transition
Z.(4020)° — X(3872)y will help to quantitatively study
the molecular picture of the X(3872). The Z.(4020) is
observed in the et e~ — 7Z.(4020) process, so the study of
ete” — 71°X(3872)y allows one to search for the transi-
tion Z.(4020)° — X(3872)y.

In this paper, we report the search for the reaction
ete” — 7°X(3872)y and Z.(4020)° — X(3872)y based
on the data of twenty-three energy points recorded with
the BESIII detector in the range of 4.178 <./s <
4.600 GeV. The X(3872) state is reconstructed via
X(3872) » 't J )y, J)y = €76 (£ = e or p).

I1. BESIIT DETECTOR AND MONTE CARLO
SIMULATION

The BESIII detector is a magnetic spectrometer [17]
located at the Beijing Electron Positron Collider (BEPCII)
[18]. The cylindrical core of the BESIII detector consists of
a helium-based multilayer drift chamber (MDC), a plastic
scintillator time-of-flight system (TOF), and a CsI(TI)
electromagnetic calorimeter (EMC), which are all enclosed
in a superconducting solenoidal magnet, providing a 1.0 T
magnetic field. The solenoid is supported by an octagonal
flux-return yoke with resistive plate chamber muon iden-
tifier modules interleaved with steel. The acceptance of
charged particles and photons is 93% over the 4z solid
angle. The charged-particle momentum resolution at
1 GeV/c is 0.5%, and the dE/dx resolution is 6% for
the electrons from Bhabha scattering. The EMC measures
photon energies with a resolution of 2.5% (5%) at 1 GeV in
the barrel (end cap) region. The time resolution of the TOF
barrel section is 68 ps, while that of the end cap section is
110 ps. The end cap TOF system was upgraded in 2015
with multigap resistive plate chamber technology, provid-
ing a time resolution of 60 ps [19]. About 70% of the data
sample used here was taken after this upgrade.
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Simulated data samples produced with the GEANT4-
based [20] Monte Carlo (MC) package, which includes
the geometric description of the BESIII detector and the
detector response, are used to determine the detection
efficiency and to estimate the background contributions.
The simulation includes the beam energy spread and initial-
state radiation (ISR) in the eTe~ annihilations modeled
with the generator KkMC [21]. The ISR production of
vector charmonium(like) states and the continuum proc-
esses are incorporated also in KKMC [21]. The known decay
modes are modeled with EvtGen [22], using branching
fractions summarized and averaged by the PDG [1], and the
remaining unknown decays from the charmonium states are
generated with LUNDCHARM [23]. Final state radiation from
charged final state particles is incorporated with the PHOTOS
package [24].

Signal MC samples for e*e™ — z°X(3872)y and
ete” — 1°Z,.(4020)° — z°X(3872)y are generated accord-
ing to phase space at each center-of-mass energy point,
assuming that the cross section follows the function fit for
the ete™ — nz~h, line shape in Ref. [25]. The event
selection criteria and the detection efficiencies are deter-
mined and studied based on signal MC samples of 1 x 10°
signal events generated for each value of 4/s. Detection
efficiencies are determined by the ratio of the reconstructed
event yields (after the selection criteria) and the number of
generated events. Inclusive MC samples consisting of open
charm production processes are employed to investigate
potential backgrounds.

III. EVENT SELECTION

For each charged track, the distance of closest approach
to the interaction point (IP) is required to be within 10 cm in
the beam direction and within 1 cm in the plane
perpendicular to the beam direction. The polar angles (0)
of the tracks with respect to the beam axis (ignoring the
small crossing angle), must be within the fiducial volume of
the MDC (| cos 6| < 0.93). Photons are reconstructed from
isolated showers in the EMC, which are at least 10° away
from the nearest charged track. The photon energy is
required to be at least 25 MeV in the barrel region
(Jcosf| < 0.80) or 50 MeV in the end cap region
(0.86 < |cos @] < 0.92). To suppress electronic noise
and energy depositions unrelated to the event, the EMC
cluster timing from the reconstructed event start time is
further required to satisfy 0 < ¢ <700 ns.

Since the reaction e*e” — 79X(3872)y results in the
final states yyyn+n~ £ £, candidate events are required to
have four tracks with zero net charge and at least three
photons. Tracks with momenta larger than 1.0 GeV/c are
assigned as leptons from the J/y decay; otherwise, they are
regarded as pions. Leptons from the J/y decay with energy
deposited in the EMC larger than 1.0 GeV are identified as
electrons, while those with less than 0.4 GeV as muons. The

7Y candidates are reconstructed from photon pairs with
invariant mass in the range 110 < M,, < 150 MeV/c?.

To reduce the background -contributions and to
improve the mass resolution, a five-constraint (5C) kin-
ematic fit is performed. Four constraints come from the
total initial four momentum of the colliding beams; the last
one is from constraining the M,, invariant mass to the
nominal 7z° value [1]. If there is more than one combination
in an event, the one with the smallest ;(%C is chosen.
Furthermore, the ch is required to be less than 60. The
J/y is reconstructed via £+~ decays, and the invariant
mass of lepton pairs is required to be in the J/y mass
window [3.080, 3.120] GeV/c>

IV. BORN CROSS SECTION MEASUREMENT
A.e*e” — "X (3872)y

After applying the above requirements, the remaining
background is mainly coming from e*e™ — yritJ/ v,
n—natna’ and ete” — ywl/y, @ — xtx 1" events.
In order to veto these events, the 777z~ 7" invariant mass
is required to be outside the n# and @ mass regions
[0.535,0.560] GeV/c? and [0.750,0.810] GeV/c?, respec-
tively. Besides the 17 and @ backgrounds, the 7z~ (3686),
w(3686) — 7°2%J /yr background is removed by requiring
the 7z 7~ recoil mass to be outside the y(3686) mass region
of [3.670,3.700] GeV/c>.

Figure 1 shows distributions of the z*z~J/y invariant
mass M(zxtz~J/y) for data and the MC samples of
ete” — 71°X(3872)y. The X(3872) signal region is taken
as [3.860, 3.885] GeV/c?, while the sideband regions are set
to be [3.825,3.850] GeV/c? and [3.895,3.920] GeV/c>.
No significant X(3872) signals are seen at any energies.
The signal yield is determined from the event yields in
the X(3872) signal and sideband regions. The sideband
yields are scaled by the ratio of the relevant mass-
window widths in order to predict the background
expected in the signal region. Upper limits on the
number of signal events at the 90% C.L. are calculated
by using a frequentist method [26] with unbounded
profile likelihood treatment of systematic uncertainties,
which is implemented by the package TROLKE [27] in
the ROOT framework [28], where the signal and back-
ground obey Poisson statistics, and the efficiencies are
Gaussian-distributed. The numerical results are summa-
rized in Table L.

The Born cross section multiplied by the branching
fraction 6(ete™ — 7°X(3872)y) - B(X(3872) = ntn~J /w)
is calculated as:

olete”—n°X(3872)y)-B(X(3872) = ntn~J/w)

_ Nx@3s872) (1)
eLin(148(5)) B /w — £ ¢7)B(x° > yy)’
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FIG. 1.

The distribution of M (z"z~J/y) for each energy point and the sum (all). Dots with error bars denote data, and the red

histogram denotes the MC simulation of e*e~ — z°X(3872)y. The blue solid lines mark the signal region of X(3872), and the pink

dashed lines mark the sideband regions of X(3872).

where Ny 357,) is the number of X (3872) signal events, € is
the detection efficiency (excluding intermediate branching
fractions), L;,, is the integrated luminosity [29], 1 + §(s) is
the ISR correction factor obtained from a quantum electro-
dynamics calculations [21,30], m is vacuum polarization
factor [31]. The corresponding upper limits for this cross
section at the 90% C.L. for each energy point are listed in
Table I and shown in Fig. 2(a).

Assuming the Born cross section of eTe” —

7°X(3872)y is constant at 4.178 < /s < 4.600 GeV, the

average Born cross section multiplied by the branching
fraction 5(ete™ — 7°X(3872)y) - B(X(3872) = ntnJ /y)
for data is calculated as:

o(ete” - n°X(3872)y) - B(X(3872) » ntn=J /y)
) NS

>oi(€Lin(146(8)) )i BU /w = £ ¢7)B(z° = yy)”
(2)
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TABLEL The upper limits (calculated including the systematic uncertainties) on 6(e*e™ — 7°X(3872)y) - B(X(3872) — n"n~J/y)
and o(ete™ — 7°Z,(4020)°) - B(Z.(4020)° — X(3872)y) - B(X(3872) = ntn~J/y) at the 90% C.L. for each energy point,
together with integrated luminosities L;,, the number of events in signal region N°%, the number of events in sideband region

N*®, the number of signal events N at the 90% C.L., radiative correction factors 1+ 8(s), vacuum polarization factors ——, and

[1-11>
efficiencies without intermediate branching fractions e. Here, o - BB represents o(e*e™ — 7°X(3872)y) - B(X(3872) — n"n~J/y) or
o(ete™ — 7°Z.(4020)°) - B(Z.(4020)° — X (3872)y) - B(X(3872) — n*n~J/w). The first values in brackets are for the process
ete™ — 7°X(3872)y, and the second for the process e*e™ — 7°Z,(4020)° — z°X(3872)y. The low efficiency at 4.467 GeV is caused
by the cut on the z 7z~ recoil mass.

Vs (GeV)  Lip(pb™')  No® N*® N 1 +5(s) TP e(%) o - B(pb)

4.178 3195 (1,0) (1, 1) (<327,<126) (0.70,0.69) 1.055 (14.02, 13.97) (< 0.08, < 0.03)
4.189 527 0,00 (0,2) (<2.00,<0.52) (0.70,0.70) 1.056  (14.12, 14.02) (< 0.31, < 0.08)
4.199 526 0,00 (0,00 (<2.00,<200) (0.70,0.70) 1.057 (14.13, 1424) (< 0.31,< 0.31)
4.209 517 0,00 (0,00 (<2.00,<2.00) (0.71,0.71) 1.057 (1429, 13.75) (< 0.31,< 0.32)
4219 515 0,00 (0,00 (<200,<200) (0.72,0.72) 1.057 (14.07, 13.74) (< 0.31,<0.31)
4226 1056 0,00 (0,00 (<2.00,<200) (074,074 1.057 (1451, 14.11) (< 0.14, < 0.15)
4236 530 0,00 (0,00 (<1.99,<2.00) (0.76,0.76) 1.056  (14.50, 13.43) (< 0.27, < 0.30)
4244 538 0,00 (0,00 (<2.00,<200) (078,078 1.056 (14.03, 1320) (< 0.27,< 0.29)
4258 828 (1,0) (0,00 (<3.69,<201) (0.81,0.81) 1.054  (14.00, 12.99) (< 0.32,< 0.19)
4267 531 0,00 (0,00 (<2.00,<201) (0.83,0.83) 1.053 (1378, 1223) (< 0.27, < 0.30)
4278 176 0,00 (0,00 (<200,<2.02) (0.84,0.84) 1.053  (13.44, 11.89) (< 0.81,< 0.93)
4.288 502 0,00 (0,00 (<2.00,<201) (0.84, 0.84) 1.053 (1329, 11.74) (< 0.29, < 0.33)
4312 501 0,00 (0,0) (<2.00,<2.02) (0.84,0.84) 1.052 (1335, 11.68) (< 0.29, < 0.33)
4338 505 0,00 (0,00 (<2.00,<2.02) (083,083 1.051 (13.76, 12.03) (< 0.28, < 0.32)
4358 544 0,00 (1,0) (<157,<2.02) (0.83,0.83) 1.051  (14.11, 1242) (< 0.20, < 0.29)
4378 523 0,00 (4,00 (<030,<2.02) (0.84,0.84) 1.052  (14.06, 12.47) (< 0.04, < 0.30)
4397 508 0,00 (0,0) (<2.00,<2.02) (0.86, 0.86) 1.052  (13.60, 12.34) (< 0.27, < 0.30)
4416 1044 0,00 (0,00 (<2.00,<203)  (0.90,090) 1.053  (13.04, 12.10) (< 0.13,< 0.14)
4.437 570 2,00 (1,1) (<493,<157) (097,097) 1.054  (9.94, 1147) (< 0.72, < 0.20)
4467 111 0,00 (0,00 (<2.00,<203) (1.09, 1.09) 1.055 (525, 1039) (< 2.53,< 1.30)
4527 112 0,00 (0,00 (<2.00,<2.02) (1.38, 138) 1.055  (9.19,856) (< 1.13,< 1.23)
4.574 49 0,00 (0,00 (<2.00,<203) (1.62, 1.62) 1.055  (8.11,731)  (<2.50,<2.81)
4.600 587 0,00 (2,00 (<1.15<202) (1.76,1.75) 1.055  (7.71,7.06)  (<0.12,<0.22)

total
where N X(3872

) is the total number of X(3872) signal

events, and i denotes each energy point. The corresponding

upper limit for the average Born cross section multiplied by
the branching fraction is determined to be 21.9 fb at
the 90% C.L.

oB (pb)

B. Z,(4020)° - X(3872)y

The possible connection between X and Z charmonium-

like states can be studied via the decay Z.(4020)°—
X(3872)y. In order to search for the process, the X(3872)

signal region is set to be [3.860, 3.885] GeV/c?, which is the

(a) v v
- =y
R
Q
B v o
v v
| Y"WWwW vy Yy Vv
v,y oYY
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FIG. 2. The upper limits at the 90% C.L. on o(ete™ — 7°X(3872)y) - B(X(3872) = nta~J/w) (a) and 6(e*e™ — 7°Z,(4020)°) -
B(Z.(4020)° — X(3872)y) - B(X(3872) — a*n~J/w) (b) for each energy point.
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The distribution of M (X(3872)y) for each energy point and the sum (all). Dots with error bars denote data, and the red

histogram denotes the MC simulation of ete™ — 7°Z,(4020)° — 7z°X(3872)y. The blue solid lines mark the signal region of
Z.(4020)°, and the pink dashed lines mark the sideband regions of Z.(4020)°.

same as for the eTe™ — 7°X(3872)y study. As we do not
observe any X(3872) signal, there cannot be any Z,(4020)°
being produced in the given channel. Still, we provide
corresponding upper limits, since a quantification might
well be helpful in the understanding of the involved states.
After the requirement of the X(3872) mass window no
significant 77, @ and y(3686) background remain. Figure 3
shows the X(3872)y invariant mass distributions for data
and MC samples of e"e™ — 7°Z,.(4020)° — 7°X(3872)y.
No Z.(4020)° candidates are found. Therefore, the

same method as before is employed to calculate the
upper limits for this process. For data samples taken above
V/s = 4.280 GeV, the Z.(4020)° signal region is set to be
[3.995,4.055] GeV/c?, and the sideband regions are set to
be [3.900,3.960] GeV/c?* and [4.090,4.150] GeV/c>.
At lower energies, kinematics dictates that Z.(4020)°
candidates cannot have a mass above 4.28 — M =
4.145 GeV/c?, where M, is z° nominal mass.
Accordingly, we use a single sideband region of
[3.900, 3.960] GeV/c?.
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The Born cross section multiplied by branching fractions
olete” — 7°Z.(4020)°) - B(Z.(4020)° — X(3872)y) -
B(X(3872) — n'tz~J/y) is calculated with the following
formula:

o(ete™ —>nZ.(4020)°) - B(Z.(4020)° - X (3872)y)
B(X(3872) =zt 7 Jy)

_ Nz 4020y 3)
€Lin (1 +5(S))ﬁ8(~’/w =T )B(r" = yy)

where N (4050p is the number of Z(4020)° signal events.
The corresponding upper limits at the 90% C.L. for each
energy are listed in Table I and shown in Fig. 2(b).

Assuming the Born cross section of efe” —
7°Z.(4020)° is constant at 4.178 < /5 <4.600 GeV, the
average Born cross section multiplied by branching frac-
tions 5(ete”—n°Z.(4020)°)-B(Z.(4020)°— X(3872)y)-
B(X(3872)—>xtn~J/w) for data is calculated with the
following formula:

6(ete™ > °Z,.(4020)%) - B(Z.(4020)° - X(3872)y)
B(X(3872) > ntnJ/y)

total
NZ( (4020)°

(€ Lin(1+8(5)) )i BU w = €7 67)B(a = yy)”

(4)
where NtZOF(ILOZO)O is the total number of Z.(4020)° signal

events. The corresponding upper limit for the average Born
cross section multiplied by the branching fraction is
determined to be 1.6 fb at the 90% C.L.

V. SYSTEMATIC UNCERTAINTY ESTIMATION

The systematic uncertainties of ¢(e e~ — 7°X(3872)y) -
B(X(3872) > ntn~J/y) and o(ete”—n"Z.(4020)°)-
B(Z.(4020)° - X (3872)y)-B(X(3872) »n"n~J /) origi-
nate from the luminosity measurement, the tracking effi-
ciency, the photon detection efficiency, the kinematic fit,
the J/w mass window, the X(3872) mass window, the
Z.(4020)° parameters, the line shape, the generator model,
the ISR correction, and the input branching fractions.

The integrated luminosity at each point has been
measured with a precision of 1.0% using the Bhabha
process [29].

The uncertainty from the tracking efficiency is 1.0% per
track [32] and the uncertainty in photon detection efficiency
is 1.0% per photon [33].

The uncertainty due to the kinematic fit requirements is
estimated by correcting the helix parameters of charged
tracks according to the method described in Ref. [34]. The
difference between detection efficiencies obtained from

MC samples with and without this correction is taken as the
uncertainty.

The uncertainty for the J/y mass window is estimated
using the control sample of ete™ — yry(3686),
w(3686) —» ztn~J/w. The difference of the efficiency
between data and MC simulation is found to be 1.6%
[35], which is taken as the uncertainty.

The uncertainty from the X(3872) mass window is
estimated by changing the window range by +10%, and
the largest efficiency change is taken as the uncertainty.

The uncertainties arising from the Z.(4020)° mass and
width are estimated by changing them by one standard
deviation values [1] while generating the signal MC. The
largest efficiency difference relative to the nominal one is
taken as the uncertainty.

The line shape affects the ISR correction factor and the
efficiency. No obvious signal was found for our Z.(4020)°
search, so we use the line shape from eTe™ — Tz h,
in Ref. [25] as the input line shape to get the nominal
results. To get the uncertainty introduced by the
line shape, we change it to a Breit-Wigner function
describing the w(4230) or w(4415), with the masses
and widths fixed to the values from PDG [1]. The largest
difference of the final result is taken as a systematic
uncertainty.

For the systematic uncertainty from the MC simulation
describing the process e*e™ — 7°X(3872)y, we use the
three-body phase space MC simulation to get the nominal
efficiency, then change to the ete™ — 7°Z,(4020)° —
7°X(3872)y. The difference on the detection efficiency
with and without the intermediate resonant state is taken as
the uncertainty due to the MC generator model.

The systematic uncertainty from the MC simulation
describing the process e*e™—79Z.(4020)°—z°X(3872)y
is estimated by varying the distribution of the z° polar angle
6. The nominal efficiency is determined assuming a flat
distribution in cosf. A conservative estimate of the
systematic uncertainty is obtained using alternative MC
samples with angular distributions of 14 cos?6. The
largest change of efficiency is taken as the uncertainty
due to the MC generator model.

The ISR correction factor is obtained from quantum
electrodynamics calculations [21,30]. We also analyze MC
samples with and without ISR effects considered to get the
ISR correction factor, the difference of the two results is
taken as the systematic uncertainty on the ISR correction
factor.

As uncertainties introduced by the branching fractions
of J/y—¢*¢~ and 7° — yy we use those quoted by the
PDG [1].

Table II summarizes all the systematic uncertainties
related to o(e*e”—n°X(3872)y)-B(X(3872)—xtn~J /)
and o(ete™ = 7°Z,(4020)%) - B(Z.(4020)° — X(3872)y) -
B(X(3872) » n"n~J/y) for each center-of-mass energy.
The total systematic uncertainty for each energy point is
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TABLE II.

Summary of relative systematic uncertainties (%) associated with luminosity(L;,), tracking efficiency (Tracks), photon

detection efficiency (Photons), kinematic fitting (y2.), J/w mass window (J/y), X(3872) mass window (X(3872)), Z.(4020)°
parameters (Z, (4020)0), line shape (Line shape), generator model (Generator), ISR correction factor (ISR) and branching
fraction (B). The first values in brackets are for the process eTe™ — 72°X(3872)y, and the second for the process
ete” — 1°Z,.(4020)° — 7°X(3872)y. A dash indicates that a systematic effect is not applicable.

/s (GeV) Ly, Tracks Photons X J/w X(3872) Z.(4020)° Line shape Generator ISR B Sum

4.178 1.0 40 30 (26,200 1.6 13 -, 42)  (56,60) (74,24 (0.7,07) 04 (11.1,9.7)
4.189 1.0 40 3.0 (2.8,2.1) 1.6 1.3 (-, 3.5) (6.4,6.8) (5.7,39) (0.7,0.6) 04 (10.6, 10.4)
4.199 1.0 40 3.0 (2.1,22) 1.6 1.3 (-, 4.3) (6.7,4.7) (7.5,39) (05,05 04 (11.7,9.6)
4.209 1.0 40 3.0 (2.0,2.1) 1.6 1.4 (-, 4.1) “4.9,63) (35,66) (02,03) 04 (84,11.6)
4.219 1.0 4.0 30 (24,26) 1.6 1.5 -57 (43,35 (52,77 (0.1,0.1) 04 (9.1, 11.9)
4.226 10 40 30 (23,21 16 15 -, 56) (15,23 (51,7.1) (0.1,0.1) 04 (8.0, 11.1)
4.236 1.0 40 3.0 23,2.1) 1.6 1.5 (-, 6.3) (2.1,2.2) (1.3,92) (0.1,0.1) 04 (6.5, 12.8)
4.244 1.0 40 3.0 (2.1,2.3) 1.6 1.3 (-, 4.6) “44,13) (33,97 (0.2,01) 04 (8.1,12.4)
4.258 1.0 40 3.0 (2.3,2.6) 1.6 1.6 (-, 5.8) (64,44) (33,95 (0.2,03) 04 (94, 135)
4.267 1.0 4.0 3.0 (2.0,2.0) 1.6 1.3 -,59) (5.7,6.8) (0.2,129) (0.2,0.1) 04 (8.2,16.8)
4.278 1.0 4.0 30 (24,2.1) 16 1.5 (-, 5.6) (69,72) (1.0,13.6) (0.2,0.1) 04 (9.2,17.4)
4.288 1.0 40 3.0 2.1,22) 1.6 1.4 (-, 5.9) (79, 6.0) (1.3, 13.5) (0.2,0.1) 04 (10.0, 17.0)
4312 1.0 40 3.0 (2.8,2.1) 1.6 1.3 (-, 6.6) (58,59 (2.2,154) (0.1,0.2) 04 (8.8, 18.7)
4.338 1.0 40 3.0 2.1,22) 1.6 1.5 (-, 54) (7.0, 5.6) (2.9,16.0) (0.1,0.1) 04 (9.6, 18.8)
4.358 1.0 40 3.0 (2.0, 1.8) 1.6 1.2 (-, 5.6) (7.6, 6.1) (2.8, 15.5) (0.1,0.1) 0.4 (10.0, 18.5)
4.378 1.0 4.0 30 (2.1,1.8) 1.6 1.5 (- 6.0) (70,39 (35,149 (0.1,0.1) 04 (9.8, 17.5)
4.397 1.0 4.0 30 (2.1,1.8) 1.6 1.3 (- 74) (53,55 (53,164) (0.1,0.1) 04 (9.5, 19.7)
4.416 1.0 40 30 (18,17 16 13 G, 7.1) (44,55 (43,19.0) (0.1,0.1) 04 (8.5,21.8)
4.437 1.0 40 3.0 (2.1,2.0) 1.6 1.4 (- 7.1) 3.1, 1.2) (5.9,174) (0.1,0.2) 04 (8.9, 19.7)
4.467 1.0 40 3.0 2.4,22) 1.6 1.5 (-, 7.3) 3.7,5.5) (9.8, 18.2) (0.1,0.1) 04 (12.1,21.2)
4.527 1.0 40 3.0 (2.6, 1.5) 1.6 1.5 (-, 7.4) (5.8,2.1) (5.5,17.8) (0.2,03) 04 (10.1, 20.2)
4.575 1.0 40 3.0 2.3,15) 1.6 1.4 (-, 7.2) (4.1, 3.0) (7.4,20.1) (0.5,05) 04 (104, 22.3)
4.600 1.0 4.0 30 (23,19 16 1.4 (- 6.6) (04,1.1) (8.1,162) (0.5 0.6) 04 (10.1, 18.5)

calculated as the quadratic sum of the individual uncertain-
ties, assuming them to be uncorrelated.

VI. SUMMARY

Using data samples collected at the center-of-mass
energies between 4.178 and 4.600 GeV, the processes
etem - 719X(3872)y and Z.(4020)° — X(3872)y are
investigated. In neither of the two processes are significant
signals observed. Upper limits at the 90% C.L. on the cross
sections multiplied by the branching fractions, 6(e"e™ —
7°X(3872)y) - B(X(3872) —» ntn~J/w) and o(ete” —
7°Z.(4020)%) - B(Z,.(4020)° — X (3872)y) - B(X(3872) —
ntx=J /y), are reported for each energy point. The average
cross sections multiplied by branching fractions are also
determined. The measured results of the process ete™ —
7°X(3872)y are not in conflict with the theoretical expect-
ation of about 0.1 fb [13]. A three orders of magnitude
increase in statistics is needed to test these models.

Using the experimental  results on the
olete™ - 7°Z.(4020)°) - B(Z.(4020)° - (D*D*)°)  at
Vs =4226 and 4.258 GeV [36], the ratio

0, . Sntam ) .
B(Z.(4020) Béﬁfgj&gg f 52(3)87)20)) Iv) s determined to be

less than 0.15% at the 90% C.L. The ratio does not
contradict the prediction reported in Ref. [16] based on

the molecular picture. Since no significant ete™ —
7°X(3872)y signals are observed, we cannot study the
lineshape as proposed in Refs. [11,12]; this may be
achieved at future super tau-charm facilities [37,38].
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