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The process ete™ — ¢n is studied at 22 center-of-mass energy points (1/s) between 2.00 and 3.08 GeV
using 715 pb~! of data collected with the BESIII detector. The measured Born cross section of e*e™ — ¢
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is found to be consistent with BABAR measurements, but with improved precision. A resonant structure
around 2.175 GeV is observed with a significance of 6.9¢ with mass (2163.5 & 6.2 + 3.0) MeV/c? and
width (31.177]} & 1.1) MeV, where the first uncertainties are statistical and the second are systematic.

DOI: 10.1103/PhysRevD.104.032007

I. INTRODUCTION

The first observation of the ¢(2170) meson was reported
by the BABAR Collaboration in the initial-state radiation
(ISR) process e*e™ — y;sppnn~ [1]. The BABAR [2-4],
BES [5], Belle [6], and BESIII [7-12] Collaborations also
studied ¢(2170) decays. Since the ¢(2170) is produced in
ete™ collisions, its quantum numbers are JP€ = 17, The
discovery of the ¢(2170) has sparked extensive discussions
about its internal structure. Proposed explanations include
an s5¢ hybrid state [13-17], either the 2°D, [18-21] or
338, [22,23] s5 state, an 55553 tetraquark state [24-32], a AA
molecular state [33-38], a ¢f((980) resonance [30,39-41]
including final-state interaction effects [7,42], an S-wave
threshold effect [42], and a X(2240) state [43]. None of
these explanations has been able to describe all experi-
mental observations. Therefore, the nature of the ¢(2170)
still needs to be clarified by further theoretical and
experimental efforts.

For different hypotheses regarding the internal structure
of the ¢(2170), certain decay modes such as ¢(2170) —
¢n [3,15,18,19] can have decay rates that vary strongly
across those models. According to the Okubo-Zweig-
lizuka (OZI) rule [44], excited ¢ mesons are predicted
to decay with a considerable fraction into the s5 modes ¢#
and ¢’ [22,23]. Both the 23D, [18,19] and 33S, [22,23] 55
states as well as s3s5 [24—32] tetraquark states favor the ¢z
and ¢n' decay modes according to model calculations.
Consequently, e*e™ — ¢ is an excellent channel to study
excited ¢ states [44].

The BABAR Collaboration observed evidence of the
$(2170) in the measurement of the cross section of
ete™ = y;or¢n using the ISR method [3], and also found
a hint of the ¢(2170) in the process eTe™ — y;srpn’ [45].
Assuming that the observed structure in the process
ete™ — ¢y is the ¢(2170), BABAR measured a partial

width of B2 = (1.7£0.7+£13) eV [3]. In
recent studies of the processes ete™ — KTK~ [8,46],
PK K~ [9], KTK~2°2° [10], wn [12], and ¢y [11]
by the BESII Collaboration, a clear structure around
2.2 GeV is observed in the line shape of the measured
cross sections.

The ratio between the ¢y and ¢y’ partial widths is an
important observable to assess the ¢(2170) as a hybrid
state. An s5¢g hybrid state is expected to have a stronger
coupling to ¢n, with the partial width expected to be larger
than that to ¢’ by factors ranging from 3 up to 200 [14,15].
The resulting partial width in the study of eTe™ — ¢n' at

BESIIL is found to be B0 "T?217 = (7.1£0.74£0.7)eV

[11]. The precision of the ratio of partial widths between
the decays to ¢n and ¢y’ of B¢<217°>r‘e/’£2;_70) provides a
strong benchmark for theoretical models aiming to explain
the nature of the ¢(2170). Hence, a new measurement of
the cross section of the process ete™ — ¢n is important in
order to improve our understanding of the nature of the
¢(2170) resonance.

In this paper, we present an improved measurement of
the Born cross section (agj;m) of the process eTe™ — ¢ at
22 (/s) in the range between 2.00 and 3.08 GeV with a
data sample corresponding to an integrated luminosity of
715 pb~! collected with the BESIII experiment.

II. BESIII EXPERIMENT AND MONTE CARLO
SIMULATION

The BESIII detector is a magnetic spectrometer [47]
located at the Beijing Electron Positron Collider (BEPCII)
[48]. 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 instrumented with resistive plate counters
interleaved with steel, which serve as muon identifiers.
The acceptance of charged particles and photons is 93% of
the full solid angle. The charged-particle momentum
resolution at 1 GeV/c is 0.5%, and the dE/dx resolution
is 6% for 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 part is 68 ps, while that of the end cap part
is 110 ps.

The detector response, including the interaction of
secondary particles with the detector material, is simulated
using GEANT4-based [49] Monte Carlo (MC) software. MC
simulation samples of 2.5 x 10% ete™ — ¢y events per
energy point generated by using P-waves in the production
process with the CONEXC [50] generator are used for the
efficiency determination and to calculate the correction
factors for radiative effects up to next-to-leading order
(NLO), as well for the effect of vacuum polarization (VP).
MC samples of inclusive hadronic events generated with
CONEXC combined with LUARLW [50] are used for back-
ground studies.
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III. EVENT SELECTION AND
BACKGROUND ANALYSIS

To select ete™ — ¢, the ¢ and 5 candidates are
reconstructed through their decays to K"K~ and yy,
respectively. Selected events must have exactly two
charged tracks with opposite charge. Tracks are recon-
structed using the MDC, and all track candidates have to be
within the MDC acceptance of |cos 0] < 0.93, where 0 is
the polar angle with respect to the symmetry axis of the drift
chamber. Additionally, both tracks are required to have
their point of closest approach to the interaction point be
within 10 cm along the beam direction and 1 cm in the
transverse plane. The TOF and the dE/dx information are
combined to calculate a particle identification (PID) like-
lihood for the 7z, K, and p hypotheses. For both tracks, it is
required that the likelihood of a kaon assignment be larger
than the two alternative hypotheses.

Photon candidates are selected from showers in the EMC
that are not associated with charged tracks. Good photon
candidates reconstructed in the barrel part of the EMC must
have a polar angle within |cosf| < 0.8, while photon
candidates reconstructed in the end caps must have a polar
angle within 0.86 < |cos 8] < 0.92. In order to suppress the
background from ISR processes, the energy of all photon
candidates is required to be larger than 70 MeV. To suppress
electronic noise and energy deposits unrelated to the event,
the timing information from the EMC is required to be within
700 ns of the event start time for all photon candidates.

A four-constraint (4C) kinematic fit is applied using the
hypothesis e"e™ — K"K~ yy, constraining the measured
four-momenta of all particles to the initial center-of-mass
(c.m.) four-momentum. For events with more than two
good photon candidates, the combination with the smallest
x* of the kinematic fit is retained for further study. Only
events with y5-(KT"K~yy) < 100 are kept. In order to
suppress background contributions from the reaction
ete”™ =y, ¢ = KTK~, where y;qp is the detected
ISR photon, a second kinematic fit is used testing the
ete™ — KK~y hypothesis. Events are rejected if the y?
of the kinematic fit to the e*e™ — KK~y hypothesis is
smaller than the one for the signal hypothesis. The distri-
bution of the invariant mass of the two kaons [M(K*TK™)]
versus the invariant mass of the two photons [M(yy)] is
shown in Fig. 1 for the data at a (1/s) of 2.125 GeV using the
above selection criteria. An enhancement at the # and ¢
meson masses is observed. Candidate events of e*e™ — ¢
are required to be within the combined 77 and ¢ signal region,
defined as [M(yy)—m,|<30MeV/c?, 0.98<M(KTK™)<
1.08GeV/c?, where m,, is the mass of 7 meson as listed by
the PDG [51], and 30 MeV/c? corresponds to 3 times the
detector resolution at the # mass.

The main sources of the remaining background are
processes of the type ete™ - K+K~n (where the KTK~
pair does not originate from a ¢ decay), e*e™ — KK~ 7°,

- (s=2.1250 GeV
© ' 400
>
)
S
<
L 200
s
: 0
M(yy) [GeV/c?]
FIG. 1. Distribution of m(K*K~) versus m(yy) at

/s = 2.125 GeV. The red rectangle indicates the signal region.

and ete™ — KT K~ 7°2°. Possible contaminations are esti-
mated to be less than 1.0% from studies performed on
inclusive hadronic MC samples. After selecting # candi-
dates using the invariant mass M(yy), background con-
tributions are highly suppressed and do not exhibit narrow
structures in M (K" K™) so that they can be described by a
smooth polynomial function.

IV. CROSS SECTIONS OF e*e~ — ¢y
A. Signal yields

The number of events of the process ete™ — ¢ is
determined by an unbinned maximum-likelihood fit to the
K*K~ invariant mass with a signal shape, which is para-
metrized by a P-wave relativistic Breit-Wigner function
convolved with a Gaussian function. The background shape
is described by a first-order polynomial. According to
Ref. [52], the P-wave relativistic Breit-Wigner amplitude
for p > KTK™ is

AM(KTK™)] = px{M(K*K~)* —m} + iM(K*K")
B(pk)

B(pk)’

where m is fixed to the mass of the ¢ meson [51], p is the
kaon momentum in the ¢ rest frame, and p’% is the kaon

momentum at the nominal ¢» mass. The width [[M (K" K™)]
is given by

o () P

T[M(KTK)]}" (1)

where [ is fixed to the nominal width of the ¢) meson [51]
and B(p) is the P-wave Blatt-Weisskopf form factor with
2(Rp)?
B(p) = \/ i
radius in the calculation of the centrifugal barrier factor.
The amplitude squared convolved with the Gaussian
function is added incoherently to the background poly-
nomial. The parameters of the polynomial and the Gaussian

where R = 3 GeV~! ¢ is chosen as the
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. (s=2.1250 GeV | |t data
DY =
§ 400~ — total fit
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0 F background
= 200f
5.t
2 100F
L [

0: od A I, . |

0.98 1 1.02 1.04 106 1.08

M(K*K') [GeV/c?]

FIG. 2. The invariant mass of the K™ K~ pair after selection of
the # meson candidate for the /s of 2.125 GeV. Black dots
represent experimental data, and the blue solid curve is the total
fit result, while the red dashed and green dotted curves show the
individual signal and background components, respectively.

function are free in the fit. The latter is used to compensate
for absolute resolution and an offset of the mass scaling in
data. The fit result for the data at /s =2.125 GeV is
shown in Fig. 2, while the signal event yields N;,p, for all
energy points are summarized in Table I.

B. Efficiency and radiative corrections

With Njop, determined, the Born cross section agf;m(s)
of the process e™e™ — ¢n at the c.m. energy squared s can
be determined using

Ngion;
O'g,(;m(s) - Signal

5 0

where L is the integrated luminosity measured with large-
angle Bhabha scattering [53], € is the reconstruction
efficiency, (1 4+ 0) is the radiative correction factor, and

ﬁ is the VP correction factor. The explicit (y/s)

dependence of those variables is omitted here. The total
branching fraction B is the product of the branching
fractions for the decays contained in the full decay chain
B=B(p—>K"K") -B(n—yy)=(19.39+0.22)% [51].
The product e(1 + §) is determined in an iterative pro-
cedure. At each step of the iteration, a set of 1000 MC
samples is produced, taking into account the fit to the Born
cross section introduced in Sec. V. The MC samples are
produced by sampling the model parameters according to a
Gaussian distribution using the uncertainties of the model
parameters as obtained in the fit as the width of the
Gaussian distribution. Each of the 1000 MC samples gives
a new value of ¢(1 + §). The mean of those 1000 values is
used to recalculate the Born cross section. This process is
repeated until the resulting Born cross section converges.
After two iterations, the observed change in the Born cross
section o—gj;m(s) is smaller than the uncertainty of the
generator, which is 0.5%. The efficiency, the radiative
and VP correction factors, and the results for 02}1’”‘ are

summarized in Table L.

TABLEI The integrated luminosity £, the number of ¢ events N;,n., efficiency e, radiative correction factor (1 + 8), VP correction
factor m and the Born cross section aggr" for the different \/s. The statistical uncertainty on the efficiency is negligible.

V[ Gev clpb) Nz de] a4y ot b
2.0000 10.1 +0.1 237.0+ 154 21.5 1.113 1.037 489.9 +31.8 £20.0
2.0500 3.34 4+ 0.03 72.1 £8.5 22.4 1.131 1.038 422.4+49.8 £19.0
2.1000 122 +0.1 252.0+ 159 23.3 1.135 1.039 389.2 +24.5+16.6
2.1250 108 + 1 2097.0 £45.8 23.9 1.120 1.039 358.6 + 7.8 + 14.0
2.1500 2.84 +£0.02 60.8 7.8 24.7 1.090 1.040 394.1 £50.5+16.7
2.1750 10.6 £ 0.1 146.7 + 12.6 24.4 1.348 1.040 2084+ 179+ 11.0
2.2000 13.7 +£0.1 161.0 + 12.7 21.6 1.358 1.040 198.9 + 15.7 £8.2
2.2324 14.5+0.1 1259+ 11.9 22.4 1.315 1.041 1459+ 13.8+£73
2.3094 21.1 £0.1 201.1 +14.2 23.0 1.314 1.041 156.0 + 11.0 £ 6.6
2.3864 22.54+0.2 197.5 £ 15.1 23.3 1.342 1.041 138.8 £ 10.6 +5.9
2.3960 66.9 + 0.5 502.8 +£234 23.4 1.346 1.041 118.1+55+5.1
2.4000 3.42 £0.03 263453 23.9 1.348 1.041 118.6 £24.0 £ 6.1
2.6444 33.7+0.2 156.0 + 12.5 23.1 1.475 1.039 673+544+26
2.6464 34.0+0.3 157.0+12.5 23.0 1.476 1.039 67.5+544+28
2.9000 105+1 262.8 £16.2 21.9 1.639 1.033 348 £2.1£1.7
2.9500 159 +0.1 29.0+54 214 1.677 1.029 255+47+1.1
2.9810 16.1 £0.1 29.9 +£5.7 21.3 1.703 1.025 258+49+14
3.0000 159 £0.1 29.1+5.6 21.1 1.720 1.021 256+494+1.8
3.0200 173+ 0.1 250+5.0 20.9 1.741 1.014 202 +4.0+1.7
3.0500 149 +£0.1 21.0+ 4.6 20.8 1.782 0.996 19.7+434+0.8
3.0600 15.0+0.1 29.1 £54 20.6 1.803 0.984 274+514+1.3
3.0800 157+ 1 298.5+17.6 19.4 1.901 0.915 2.1 +£1.7+12
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TABLE II.

Relative systematic uncertainties (in %) of the measurement of agf,m from the tracking efficiency (Trk), PID efficiency

(PID), photon detection (y detect), luminosity (Lum), the kinematic fit (KinFit),  selection ( range), fit range (Fit range), signal shape
(Signal), background shape (Background), ¢ peaking background (Side), radiative correction [e(1 + &)], and branching fractions (13).
The total uncertainty is obtained by summing the individual contributions in quadrature.

/5[ GeV] Trk PID ydetect Lum KinFit #range Fitrange Signal Background Side €(1+4+6) B  Total
2.0000 20 2.0 2.0 0.7 0.0 1.0 0.0 0.5 1.1 0.5 0.5 1.1 4.1
2.0500 20 2.0 2.0 0.8 1.4 1.3 1.5 0.0 0.1 0.0 0.5 1.1 4.5
2.1000 20 2.0 2.0 0.7 1.2 0.6 0.1 0.5 1.0 1.1 0.5 1.1 4.3
2.1250 20 20 2.0 0.9 0.8 0.3 0.0 0.2 0.1 0.4 0.5 1.1 3.9
2.1500 20 20 2.0 0.9 0.2 1.5 0.2 0.9 0.6 0.0 0.5 1.1 4.2
2.1750 20 20 2.0 0.9 0.4 2.8 0.1 0.8 1.0 1.2 1.6 1.1 53
2.2000 20 20 2.0 0.7 0.5 0.8 0.3 0.6 1.3 0.0 0.5 1.1 41
2.2324 20 20 2.0 0.6 0.6 1.1 2.3 1.3 1.1 1.3 0.5 1.1 5.0
2.3094 20 20 2.0 0.7 0.1 1.2 0.0 0.0 0.1 1.5 0.5 1.1 4.2
2.3864 20 2.0 2.0 0.8 0.7 0.7 1.3 1.0 0.2 0.5 0.5 1.1 4.3
2.3960 20 20 2.0 0.7 0.8 1.1 04 0.7 1.3 0.8 0.5 1.1 4.4
2.4000 20 20 2.0 0.7 0.2 1.8 2.7 0.7 0.9 0.0 0.5 1.1 5.1
2.6444 20 20 2.0 0.6 0.1 0.6 0.5 0.4 0.8 0.3 0.5 1.1 39
2.6464 20 2.0 2.0 0.8 0.0 1.3 0.1 0.7 0.5 1.1 0.5 1.1 4.2
2.9000 20 2.0 2.0 0.9 0.4 0.9 0.2 0.0 0.9 2.7 0.5 1.1 4.9
2.9500 20 20 2.0 0.9 0.4 1.8 0.3 0.8 0.4 0.0 0.5 1.1 4.3
2.9810 20 20 2.0 0.6 0.7 1.8 3.5 0.9 0.6 0.0 0.5 1.1 5.6
3.0000 20 20 2.0 0.7 1.1 1.8 1.8 0.7 0.6 5.2 0.5 1.1 7.0
3.0200 20 2.0 2.0 0.7 4.0 6.3 0.5 0.0 0.0 0.0 0.5 1.1 83
3.0500 20 2.0 2.0 0.7 0.0 1.7 0.9 0.0 0.1 0.0 0.5 1.1 4.2
3.0600 20 2.0 2.0 0.9 0.7 2.3 0.0 1.3 1.1 0.0 0.5 1.1 4.8
3.0800 20 20 2.0 0.6 0.6 0.5 0.6 0.2 0.8 1.4 0.5 1.1 4.2

C. Systematic uncertainties

Several sources of systematic uncertainties are consid-
ered in the determination of 0'3/3)"‘“. The uncertainties
associated with the knowledge of the tracking efficiency
of the two charged tracks as well as those from the PID
efficiency are studied with a ete™ — Kt K~z "z~ control
sample. The difference of the efficiency measured in data
and MC is assigned as the uncertainty, and it is found to be
1.0% per track for both tracking and PID efficiency [8].
The uncertainty due to photon reconstruction efficiency is
1.0% per photon [54]. The uncertainty of the luminosity
measurement is smaller than 1.0% [53]. The uncertainty
associated with the kinematic fit is estimated by not using
the correction of the helix parameters of the charged
tracks described in detail in Ref. [55] and taking the
difference to the nominal result as the uncertainty. In order
to estimate the contribution from the # selection, the mass
window is varied from [M(yy) —m,| <3¢ to 2.5¢ and
3.50, and the larger difference to the nomimal result is
taken as the uncertainty. The systematic uncertainty of the
signal yield is estimated by varying the fit range from
(0.98, 1.08) GeV/c? to (0.99,1.09) GeV/c?, where the
difference to the nominal result is the uncertainty. The
uncertainty related to the signal shape is estimated with an
alternative fit using the ¢¢ MC shape convolved with a
Gaussian function. The uncertainty due to background
shape is estimated with an alternative fit using an Argus

function [56] instead of a polynomial. The uncertainty due
to ¢ peaking background is estimated by investigating the 5
sideband, which is defined as 40 MeV /c? < |M (yy) —m,| <
150MeV/c?. We take the difference of the normalized
number of the events from a signal fit to the sideband region
and the number of events estimated from MC as systematic
uncertainties. The uncertainty in (1 + &) arises from the
accuracy of the radiator function, which is about 0.5% [57],
and has an additional contribution from the parametrization
of the oo™ (s) line shape, which is taken as the standard
deviation of the fit to the sampled parameters. The two
contributions are summed in quadrature. The uncertainties
of the branching fractions of intermediate states are 1.1%
[51]. Assuming that these contributions to the systematic
uncertainties are uncorrelated, the total systematic uncer-
tainties are obtained by adding the individual uncertainties
in quadrature. The resulting values for all /s are shown in
Table II. The total systematic uncertainties on ag,‘;m range
from 3.9% to 8.3%.

V. LINE SHAPE OF e*e™ — ¢n
A. Fit of the line shape

To study a possible resonant behavior in eTe™ — ¢, a
least y° fit taking into account the correlation between
systematic uncertainties for different (1/s) is performed to
the measured values of the Born cross section aggm.
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Previous results from the BABAR Collaboration [3] are also
included to be able to describe the low-energy behavior of
the cross section. Following Ref. [3] and assuming that the
reaction proceeds mostly through the decay of the two
resonances ¢(1680) and ¢(2170), the line shape is fitted
using a coherent sum of two phase-space factor modified
Breit-Wigner functions and a nonresonant term:

m nr p(1680 $(2170)
Ol (5) = 122 () A (5) + A7, () + AT ()P,
(4)
where P, (s) is the phase-space factor of the ¢ system,

Aj(s) describes the nonresonant contribution, and

Aifllﬁso)(s) and AZZSIZWO) (s) are the two vector resonances.

For the phase space for the ¢n system, we use
{(s + mg — my)* — 4mis]%

N

Pyy(s) = (5)
A reasonable description of the nonresonant contribution
is given by the power-law dependence Aj;:(s) = ao/s".
We describe the ¢(1680) resonance using Breit-Wigner
amplitude

#(1680), \ | ,a(1680) 1~p(1680)
Ap () =By

F/)(mso)
P{/m( (1680))

X . (6)
M 1680) = 5 = 1v/STp(1680)(5)
with partial width Bgﬂmso F¢(1680>, mass mgy(je80), and

width Iy (1650)- The width Ty (1630) on the denominator uses
an energy-dependent width [3]:

P
Ty1680) (5) = Ty(1680) [WL()
"

1= B, )

B1680)
1680))

on

In the fit, the previous results from the BABAR Collaboration
[3] are included to be able to also describe the low-energy
behavior (<2 GeV) of the cross section where we have no
data. The parameters of the ¢(1680), such as mass
= 1709 MeV/c?), width (Tp(1680) = 369 MeV),

and branching fraction (I\\*BH% = 138 ev), are

fixed to the results from Ref. [3] The ¢(2170) is described
using Breit-Wigner amplitude

(Mg (1680)

$2170), \ [ $(2170)h(2170)
A (8) =By T

Lpoir0) i,
— 2B 1% 4 (2170)
» P(ﬁv(mz(zno)) B(p) (8)
5;(2170 ’\/_F(/) 2170) B(P')

with partial width B(’5 (@170) 4 5217()) width

[y(2170)> and relative phase angle to the nonresonant com-
ponent Wy 2170). B(p) is the P-wave Blatt-Weisskopf form
factor, p is the breakup momentum corresponding to the
(1/$), and p is the breakup momentum at the ¢(2170) mass.

The fit has two solutions with identical mass and width
of the resonance. The fit quality is estimated by y2, where
the best fit gives a y?/n.d.f = 0.9, with n.d.f = 97 being
the number of degrees of freedom. The mass and width of
#(2170) are determined to be myi70) = (2163.5 &

6.2) MeV/c? and Tya170) = (31.177}§) MeV from our
fit, illustrated in Fig. 3. The significance of the ¢(2170)
resonance is determined to be 6.9¢. This is obtained by
comparing the change of Ay?> = 59.05 with [blue solid
line in Figs. 3(a)-3(d)] and without [gray dotted line in
Figs. 3(a)-3(d)] the resonance in the fit and taking the
change of the number of degrees of freedom An.d.f =4
into account. The cross section and the fit results are
summarized in Table III and shown in Fig. 3. Figures 3(a)
and 3(c) are solution I; Figs. 3(b) and 3(d) are solution II.
Figure 3(b) shows the same data subtracting the fit result
that is obtained without inclusion of the ¢(2170). It is
obvious that an additional resonant structure around
2.175 GeV is needed.

> Mass mg2170),

B. Systematic uncertainties

For the systematic uncertainties of the resonance
parameters, we examine effects from the choice of the
model for the nonresonant contribution and the choice of
the fit range. For the model dependence of the nonreso-
nant contribution, Ag"(s) = ag / s is used instead, result-
ing in differences of 3 0 MeV/c? and 0.1 MeV for mass
and width, respectively. For the dependence on the fit
range, we set aside the energy points 2.00 and 3.08 GeV,
resulting in differences of 0.3 MeV/c? and 1.1 MeV for
mass and width, respectively. The total systematic uncer-
tainties are thus 3.0 MeV/c? and 1.1 MeV for mass and
width, respectively.

VI. SUMMARY AND DISCUSSION

This paper presents the most accurate measurement of the
Born cross section of e™e™ — ¢y, at 22 c.m. energies in the
interval 2.00 to 3.08 GeV. A resonant structure is observed in
the ag;’m line shape. We determine the parameters of this
resonance to be n(179) = (2163.5 £ 6.2 £ 3.0) MeV/c?
and Typoi709) = (3117714 £ 1.1) MeV. Here, the first
uncertainties are statistical and the second ones are system-
atic. The significance is larger than 6.90. Compared to a
previous measurement by the BABAR experiment [3], the
mass value reported here is significantly larger. While
similar resonances have been observed in many different
channels, the observed decay widths vary significantly.
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FIG. 3. Results from this work (red solid squares) including statistical and systematic uncertainties for the e*e™ — ¢ cross section
and a fit to the combined data of BABAR and this work (blue solid line). Panels (a) and (c) show Solution I; panels (b) and (d) show
Solution II. Panels (e) and (f) show the cross section and the nominal fit after subtraction of the fit curve without inclusion of the ¢(2170)
for (e) Solution I and (f) Solution II. Also shown are previously published measurements from BABAR (3 — yy) [3] and BABAR

(n — xta~ 70 [45].

The fitted result is compared with the parameters of the
$(2170) state measured by previous experiments via
various processes as shown in Fig. 4. The results obtained
in this paper are consistent with the world average
parameters of the ¢(2170). However, differences to other
individual measurements in different channels can be

sizable. Among the existing measurements, the result of
this measurement yields the smallest width of the ¢(2170)
resonance observed so far.

In principle, the resonance observed in this work could
also be an excited w. However, according to the OZI rule
[44], intermediate w-like resonances should be highly
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TABLE III. Parameters for resonances ¢(2170) obtained by
fitting.

Parameter Solution I Solution II
2*/nd.f. 86.8/97

ao -0.1159% -0.24 £0.58
a L91:08) 254128

BT 0.247007 eV 10.11731] eV

m¢(2170) 2163.5+6.2 1\/16\//6'2
21.1
F¢(2170) 31'1jll.6 MeV
+0.35 +0.05
@y (2170) 1.82103 —2.9271005
—— BESIlle'e > 97 —¥— PDG 2021 [51]
—Z— BESlll e'¢’ - oy [12) —F— BABAR e'e — yor'x [1]
—¥— BESlll e - on' [11] —E— BES Jly — 19f,(980) [5]
300 —~&— BESlll e'e’ —» K*K 7°7°[10]] —— BABAR e'e — 741 (3]
—:l— BESIll e'e’ - K'K ' [8] + Belle e'e” — ¢n*n [6]
—£— BESIll e'e’ - KK [13] —F— BABAR e'e — yK'K'n*x [4]
s —&8— BESIIl J/y - non*n [7) | —F— BABAR e'¢ — yK'K n°z° [4]
g L | —¥— BABAR e’ — y0f,(980) [4]
= 200+
= I ¢
R
<
[ |
100~ ' : +
0 1 1 1 1 I 1 1 1 1 l 1 1 1 1
2.1 2.2

2.3
M y0170) [GEV/C?]

FIG. 4. The parameters of the ¢(2170) state obtained from
different processes compared to those obtained in this work in the
ete™ — ¢n process.

suppressed in the ¢n channel. The widths of vector states
®(2205), ©(2290), and w(2330) listed in PDG [51] are
much larger than the results in ¢ mode. The mass and
width measured in this work do not agree with those of
the p-like resonance found in ete™ — wzn® by BESIII
[m¢(2170) = (2034 + 13+ 9) MCV/CZ, F¢(2170) = (234 +
30 +25) MeV] [12]. p-like contributions should be sup-
pressed due to the isoscalar nature of the ¢pn channel. Our
results agree with those of p-like resonance found in a
recent work e e” — 'z 2~ by BESIII [m5170) = (2108 £

46 +25) MeV/c?, Cy170) = (138 +36 + 30) MeV] [58]
to within 2 standard deviations.
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