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The Born cross sections for the process e+e− → η′π+π− at different center-of-mass energies
between 2.00 and 3.08 GeV are reported with improved precision from an analysis of data samples
collected with the BESIII detector operating at the BEPCII storage ring. An obvious structure is
observed in the Born cross section line shape. Fit as a Breit-Wigner resonance, it has a statistical
significance of 6.3σ and a mass and width of M = (2111 ± 43 ± 25) MeV/c2 and Γ = (135 ±
34± 30) MeV, where the uncertainties are statistical and systematic, respectively. These measured
resonance parameters agree with the measurements of BABAR in e+e− → η′π+π− and BESIII in
e+e− → ωπ0 within two standard deviations.

PACS numbers:

I. INTRODUCTION

Low energy e+e− collision experiments, where ρ, ω and
φ resonances as well as their excited states are produced
copiously, offer an ideal test-bed to thoroughly investi-
gate the properties of these resonances. Many experi-
mental results regarding these states have been summa-
rized in the Particle Data Group (PDG) review [1]. Still,
the properties of some states are still ambiguous. No-
tably, the status of the ρ(2000), ρ(2150), and ρ(2270)
states is unclear, due to insufficient experimental infor-
mation. The ρ(2000) was found in pp̄ collisions [2–6], and
it was explained as a radial excitation of the ρ(1700) [6]
or a mixed state with a significant 3D1 component [7].
The ρ(2150) was initially regarded as a 23D1 state [8],
but later was considered to be a 43S1 state [9–13]. The
ρ(2270) was first observed in photo-production [14] and
categorized as a 33D1 state [12]. There are no published
results on ρ(2000) and ρ(2270) from e+e− collision exper-
iments. The ρ(2150) has been widely studied in e+e−,
pp̄, s-channel NN̄ and πp collision experiments, but in-
consistencies in the measured masses and widths make
the ρ(2150) more controversial.

According to the vector meson dominance model [15],
the isovector part of the electromagnetic current in the
positive G-parity process e+e− → η′π+π− allows di-
rect production of ρ−like states. Therefore this process
can be used to extract the resonance parameters of the
ρ−like states. The BABAR Collaboration has measured
the Born cross section line shape of e+e− → η′π+π−

at center-of-mass (c.m.) energies (
√
s) from 1.58 to

3.42 GeV with the initial state radiation (ISR) technique.
A resonance-like structure around 2.1 GeV/c2 reported
by BABAR could be interpreted as the ρ(2150) [16].

By using 19 data sets taken at
√
s between 2.00 and

3.08 GeV, the BESIII Collaboration recently reported a
JPC = 1−− vector state, Y (2040), in e+e− → ωπ0 [17]
with a mass and width of (2034 ± 13 ± 9) MeV/c2 and
(234 ± 30 ± 25) MeV, respectively. Here, we report the

Born cross sections for e+e− → η′π+π− based on the
same data sets. By fitting to these cross sections, we mea-
sure the parameters of the possible ρ−like resonances.

II. BESIII AND MONTE CARLO SIMULATION

BESIII is a general-purpose detector located at the
Beijing Electron Positron Collider (BEPCII) [18] and is
designed for studies of hadron spectroscopy and τ -charm
physics [19, 20]. The cylindrical detector has a geomet-
rical acceptance of 93% of 4π solid angle and consists of
four main components:

(i) A small cell, helium-based main drift cham-
ber (MDC) with 43 layers immersed in the 1.0 T mag-
netic field of a super conducting solenoid. The average
single-hit resolution is 135 µm, and the charged particle
momentum resolution is 0.5% at 1.0 GeV/c.

(ii) A time-of-flight system (TOF) made from two lay-
ers of plastic scintillator, with 88 counters 5 cm thick and
2.4 m long in each layer for the barrel, and 96 fan-shaped
counters in each end cap. It provides timing information
with a resolution of 68 ps in the barrel and 110 ps in the
end caps, which yields 2σ K/π separation at 1.0 GeV/c.

(iii) An electromagnetic calorimeter (EMC) consisting
of 6240 CsI (Tl) crystals in a cylindrical barrel and two
end caps to measure shower energies. The photon energy
resolution at 1.0 GeV is 2.5% in the barrel and 5% in
the end caps, while the position resolution is 6 mm and
9 mm for barrel and end caps, respectively.

(iv) A resistive plate chamber (RPC)-based muon
chamber (MUC) with nine layers in the barrel and eight
layers in the end caps providing 2 cm position resolution.

Monte Carlo (MC) simulations of the full detec-
tor, based on geant4 [21] simulation software, and
the BESIII Object Oriented Simulation Tool

(BOOST) [22], are used to optimize the event selection
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criteria, understand potential backgrounds, and deter-
mine the detection efficiency. The BOOST package con-
tains the detector geometry and material description, the
detector response and signal digitization models, as well
as records of the detector running conditions and perfor-
mance. Large inclusive MC samples at

√
s = 2.1250 and

2.3960 GeV are generated to estimate potential back-
grounds. The processes e+e− → e+e−, µ+µ− and γγ
are generated with the Babayaga generator [23], while
e+e− → hadrons and two photon processes are simu-
lated by the luarlw [24] and bestwogam [25] gen-
erators, respectively. Due to the dominance of ρη′ in
e+e− → η′π+π− process [16], the signal MC is generated
with conexc [26] as e+e− → ρη′. The cross sections
measured by the BABAR experiment [16] are used as
initial input. The ISR, vacuum polarization and the an-
gular distributions of the final state have been taken into
account in the generator. The wide ρ resonance in the
intermediate state is described by the Gounaris-Sakurai
(GS) model [27]. The η′ → γπ+π− decay is simulated
with a model based on the results of the amplitude anal-
ysis in Ref. [28], and the η′ → ηπ+π− decay is produced
using a phase-space (PHSP) model.

III. DATA ANALYSIS

In this analysis, the η′ is reconstructed via the two
decay modes η′ → ηπ+π− and η′ → γπ+π−, which will
be referred to as mode I and mode II, respectively. For
mode I, the η is reconstructed in the decay η → γγ.

Charged tracks are reconstructed using hits in the
MDC. Each track is required to be within the polar angle
(θ) region | cos θ| < 0.93 and have a distance of closest
approach to the interaction point within ±10 cm along
the beam direction (z-axis) and within 1 cm in the trans-
verse plane. For both modes, it is required that there are
exactly four charged tracks with net zero charge. Parti-
cle identification (PID) for charged tracks combines the
measurements of the specific ionization energy, dE/dx, in
the MDC and the flight time in the TOF. The charged
track is identified as a pion if the confidence level for the
pion hypothesis is greater than those for both the kaon
and proton hypotheses.

Showers in the EMC are chosen as photon candidates
if they satisfy the following requirements: the deposited
energy must be larger than 25 MeV in the barrel region
(| cos θ| < 0.80) and 50 MeV in the end cap (0.86 <
| cos θ| < 0.92). To suppress electronic noise and showers
unrelated to the event, the EMC time deviation from the
event start time is required to be within (0,700) ns. For
mode I (mode II), it is required that there are at least
two (one) photons.

A vertex fit is imposed on the selected charged tracks
to ensure that they originate from the same interaction
point. To improve momentum resolution and to suppress

background, a four-constraint (4C) kinematic fit impos-
ing energy-momentum conservation under the hypothe-
ses of e+e− → γγπ+π−π+π− and e+e− → γπ+π−π+π−

is employed on the selected candidates for mode I and
mode II, respectively. For events with additional pho-
ton(s), the combination with the smallest χ2

4C is re-

tained. Based on an optimization of s/
√
s′ + b for the

requirement on χ2
4C, where s and s′ + b is the number

of events in the η′ signal region ((M(ηπ+π−, γπ+π−) ∈
(0.943, 0.973) GeV/c2)) in signal MC and data, respec-
tively, candidate events with χ2

4C < 100 (χ2
4C < 50)

for mode I (mode II) are accepted for further analysis.
For mode II, to suppress contaminations from e+e− →
2(π+π−) and e+e− → 2(γπ+π−), two additional 4C
kinematic fits under each of these two hypotheses are
performed. Events are discarded if the χ2

4C for either of
these fits is less than the signal mode 4C kinematic fit. To
further suppress background from e+e− → 2(π+π−), all
photon energies are required to be greater than 0.1 GeV
for mode II. For convenience, we take the data set at√
s =2.1250 GeV, which has the the largest statistics, as

an example in this section. Figure 1 shows theM(γγ) dis-
tribution of the accepted candidates for e+e− → η′π+π−

using mode I. The events in the η mass signal region,
M(γγ) ∈ (0.523, 0.573) GeV/c2 (the region between two
solid blue arrows), are kept for further analysis.

Figure 2 presents the distributions of M(ηπ+π−) for
mode I and M(γπ+π−) for mode II of the accepted can-
didates. Clear η′ signals are observed. For mode I, the
non-η backgrounds in the η mass signal region are exam-
ined by the events in the η mass sideband region, which is
defined asM(γγ) ∈ (0.488, 0.513)∪(0.583, 0.608)GeV/c2

(the region between two neighboring dashed green arrows
in Figure. 1). The resulting M(ηπ+π−) distribution of
the η sideband events is shown as the green shaded his-
togram in Figure. 2 (a). Further studies based on the in-
clusive MC samples show that the dominant backgrounds
are e+e− → η2(π+π−)|non-η′ for mode I and e+e− →
2(π+π−) for mode II. The resulting M(ηπ+π−, γπ+π−)
distribution of the accepted background events from the
inclusive MC samples for mode I and mode II are shown
as the magenta histograms of Figure. 2 (a) and (b), re-
spectively. No peaking backgrounds are seen near the η′

mass. Therefore, we will fit the M(ηπ+π−) (M(γπ+π−))
spectra using a smooth background shape to account for
the remaining backgrounds in the analysis.

Possible intermediate states in e+e− → η′π+π−

are examined by the corresponding Dalitz plots se-
lecting the η′ signal region as M(ηπ+π−, γπ+π−) ∈
(0.943, 0.973) GeV/c2, shown in Figure 3. After
subtracting the non-η′ background in the η′ side-
band region, M(ηπ+π−, γπ+π−) ∈ (0.918, 0.938) ∪
(0.978, 0.998) GeV/c2, with a weight factor of 0.8. Fig-
ure 4 presents the projections of the corresponding Dalitz
plots on the M2(π+π−) axis for two modes. As expected,
the dominant component is e+e− → ρη′, and the non-ρ
contribution is less than 10%. A fit to the M(π+π−)
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Figure 1: The M(γγ) spectrum of the e+e− → η′π+π−

candidate events for mode I in data (dots with error bars)
and signal MC (histogram) at

√
s =2.1250 GeV. The region

between the two solid blue arrows is the η signal region, while
the regions between the pairs of dashed green arrows are the
η sideband regions.

in the high-statistics bin at c.m. energy of 2.125 GeV
shows that the apparent shift between MC and data of
the ρ(770) peak can be explained by interference between
ρ(770) and non-ρ(770) process.

IV. BORN CROSS SECTION MEASUREMENT

The Born cross section, σB, at each c.m. energy is de-
termined as

σB =
Nobs

L · ǫ · B · (1 + δr ) · 1
|1−Π|2

, (1)

where Nobs is the signal yield, L is the integrated lumi-
nosity of the data set, ǫ is the detection efficiency, B is
the product of the relevant daughter branching fractions,
i.e., B = B(η′ → ηπ+π−) · B(η → γγ) = 16.8% for mode
I and B = B(η′ → γπ+π−) = 28.9% for mode II [1]. The
factor (1 + δr ) is the ISR correction factor and 1

|1−Π|2 is

the vacuum polarization factor. Both (1+δr ) and 1
|1−Π|2

are obtained from MC simulations [29, 30]. To obtain
reliable detection efficiencies and ISR factors, the Born
cross sections used as input in the generator have been
iterated until the product (1 + δr ) · ǫ has converged, de-
fined as an iteration leading to a relative change of less
than 1.0%.

The signal yields are obtained from a simultaneous un-
binned maximum-likelihood fit to the M(ηπ+π−) and
M(γπ+π−) spectra at each c.m. energy. The signal is
described by a MC-simulated shape convolved with a
Gaussian function. The parameters of the Gaussian func-
tion are free. Among the different data sets, a com-
mon Gaussian convolution is used to compensate for po-
tential differences in calibration and resolution between
data and MC simulation. A second-order Chebychev
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Figure 2: Fits to (a) M(ηπ+π−) and (b) M(γπ+π−) for the
accepted candidate events in data at

√
s =2.1250 GeV. Dots

with error bars show the data, black lines give the total fit
results, blue dotted lines are the signal components, red lines
are the smooth backgrounds, and magenta histograms are the
inclusive MC samples. The inclusive MC samples are normal-
ized to the data luminosity. The green shaded histogram in
(a) shows the events from the η sidebands in data.

polynomial is used to describe the combinatorial back-
ground shape. In the fit, the two modes share the same
Born cross section, and the expected signal yields are
Nobs = σB ·L·ǫ ·B ·(1+δr )· 1

|1−Π|2 . Figure 2 shows the fit

result for data taken at
√
s = 2.1250 GeV. Similar com-

bined fits to the two final states are performed for each
c.m. energy; the resulting cross sections and related vari-
ables are listed in Table I. They are consistent with those
from the BABAR experiment [16], as seen in Figure. 5.
Independent fits to the M(ηπ+π−) and M(γπ+π−) spec-
tra are also performed and the individual signal yields are
also summarized in Table I.

By implementing the same strategy described in [31–
34], several sources of systematic uncertainty on the mea-
sured cross section are considered. These uncertainties
for all datasets are summarized in Table II.

The uncertainty in the measurement of the integrated
luminosity of the data set has been determined to be
1.0% [35]. The uncertainties of the track reconstruction
and PID efficiencies of charged pions have been studied
by using a control sample of e+e− → K+K−π+π− [31],



7

.

Table I: Summary of the integrated luminosities (L) [35], observed event yields from independent fit (Nobs), detection efficiencies
(ǫ), radiative correction factors (1+δγ), vacuum polarization factors 1

|1−Π|2
, and the obtained Born cross section (σB) at different

c.m. energies (
√
s). The first uncertainties for σB are statistical and the second are systematic; those for Nobs I and Nobs II

are statistical only. The symbols of I and II represent the e+e− → η′π+π− processes reconstructed via η′ → ηπ+π− and
η′ → γπ+π−, respectively.

√
s (GeV) L (pb−1) Nobs I Nobs II ǫI ǫII 1 + δr 1

|1−Π|2
σB (pb)

2.0000 10.1 35.4 ± 7.5 119.2 ± 16.8 0.157 0.265 0.983 1.037 144.0 ± 17.0 ± 9.7
2.0500 3.34 23.9 ± 5.5 55.6± 10.6 0.167 0.275 0.941 1.038 229.3 ± 33.2 ± 15.7
2.1000 12.2 58.6 ± 9.1 207.9 ± 19.6 0.166 0.269 0.979 1.039 200.1 ± 16.3 ± 14.1
2.1250 108. 555.4 ± 27.4 1684.6 ± 58.2 0.160 0.258 1.016 1.039 191.0 ± 5.4 ± 12.7
2.1500 2.84 8.7± 3.7 53.0± 9.3 0.154 0.252 1.045 1.040 184.8 ± 31.9 ± 12.5
2.1750 10.6 43.7 ± 7.7 116.4 ± 15.7 0.159 0.251 1.059 1.040 137.6 ± 14.7 ± 9.1
2.2000 13.7 36.0 ± 7.6 130.1 ± 16.6 0.155 0.247 1.075 1.040 108.8 ± 12.0 ± 9.3
2.2324 11.9 35.1 ± 7.4 127.0 ± 15.8 0.156 0.244 1.089 1.041 122.0 ± 13.2 ± 9.9
2.3094 21.1 45.8 ± 8.2 149.1 ± 17.9 0.153 0.237 1.109 1.041 83.3 ± 8.4 ± 5.6
2.3864 22.5 57.5 ± 8.8 158.1 ± 17.4 0.152 0.232 1.120 1.041 87.9 ± 7.9 ± 6.3
2.3960 66.9 167.9 ± 15.2 496.1 ± 31.7 0.156 0.235 1.119 1.041 89.3 ± 4.7 ± 5.9
2.6444 33.7 46.8 ± 7.9 164.1 ± 16.7 0.160 0.223 1.154 1.039 55.4 ± 4.9 ± 3.6
2.6464 34.0 51.8 ± 8.3 148.2 ± 17.0 0.160 0.222 1.157 1.039 52.7 ± 5.0 ± 3.8
2.9000 105. 137.4 ± 13.0 288.7 ± 22.4 0.163 0.211 1.192 1.033 37.3 ± 2.2 ± 2.8
2.9500 15.9 19.6 ± 4.9 43.2± 8.3 0.161 0.203 1.197 1.029 37.4 ± 5.7 ± 2.9
2.9810 16.1 13.5 ± 4.3 35.5± 8.3 0.163 0.206 1.199 1.025 28.1 ± 5.2 ± 2.0
3.0000 15.9 16.1 ± 4.5 33.8± 7.8 0.163 0.204 1.197 1.021 29.7 ± 5.3 ± 2.0
3.0200 17.3 13.6 ± 4.8 33.9± 7.6 0.163 0.204 1.199 1.014 26.1 ± 5.0 ± 2.3
3.0800 126. 88.0± 10.2 218.3 ± 20.1 0.157 0.191 1.135 0.915 28.0 ± 2.0 ± 1.9

resulting in 1.0% per pion for tracking and 1.0% per pion
for PID. The uncertainty on the photon efficiency is es-
timated as 1.0% per photon by using a control sample
of e+e− → π+π−π0 [36]. Since the number of photon
for mode I and mode II are two and one respectively,
the larger change in the cross section due to shifting the
detection efficiency by ±2.0% for mode I and ±1.0% for
mode II in the simultaneous fit (with both shifts having
the same sign), is taken as the systematic uncertainty.

To estimate the uncertainty of the MC modeling, we
examine the efficiency at 2.1250 GeV, which has the
largest statistics among all the c.m. energies. The sig-
nal MC samples are weighted according to the the Dalitz
distribution of e+e− → η′π+π− in data after background
subtraction. The difference between the weighted effi-
ciency and the nominal efficiency, 1.3%, is taken as the
systematic uncertainty. Due to the limited statistics at
other c.m. energies, this systematic uncertainty is taken
to be the same as that for 2.1250 GeV at all energies.

The track helix parameters for the MC simulation
are corrected before the 4C kinematic fit to account
for observed data-MC differences [37]. The differences
in detection efficiencies with and without corrections,
(0.8 − 1.9)%,are assigned as the systematic uncertainty
from the 4C kinematic fit.

The uncertainty originating from the ISR correction
factor is taken as the relative difference of the values of
(1 + δr ) · ǫ between the last two iterations of the cross
section measurement.

Three uncertainties associated with the fits to the mass
spectra are examined. The background shape is replaced
by a third-order Chebychev polynomial function. The
signal shape is replaced with a Gaussian function with
fixed resolution, obtained by shifting the resolution from
the nominal fit by one standard deviation in each di-
rection. Finally, the fit range is varied by ±5 MeV. The
quadrature sum of the changes in the fitted yields is taken
as the uncertainty.

The impact of uncertainties on the branching fractions
of the intermediate states is examined by changing the
branching fractions of η and η′ by ±1σ in the simulta-
neous fit, where σ is the uncertainty of the individual
branching fractions. The difference on the cross section,
1.8%, is taken as the systematic uncertainty.

Adding the systematic uncertainties in quadrature
yields the total systematic uncertainties of the measured
Born cross sections, which are summarized in Table II.

V. FIT TO THE BORN CROSS SECTION

The obtained Born cross sections are shown in Fig-
ure. 5 in which a clear structure around 2.05 GeV is ob-
served. To determine the mass and width of the possible
resonance, a χ2 fit is performed to these cross sections.
The cross section is parameterized as the coherent sum of
a resonant amplitude described by a Breit-Wigner func-
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Table II: Systematic uncertainties (in %) from luminosity (L), photon reconstruction (photon), tracking, PID, MC modeling
(MC), kinematic fit (KF), radiation correction (RC), fitting and quoted branching fraction in the cross section measurements.
The sources with ∗ superscript are common systematic uncertainties for different c.m. energies.√

s (GeV) L∗ photon∗ tracking∗ PID∗ MC∗ KF RC Fitting B∗ Sum
2.0000 1.0 1.3 4.0 4.0 1.3 1.6 0.5 1.7 1.8 6.7
2.0500 1.0 1.3 4.0 4.0 1.3 1.5 0.1 2.3 1.8 6.9
2.1000 1.0 1.3 4.0 4.0 1.3 1.9 0.5 2.5 1.8 7.1
2.1250 1.0 1.3 4.0 4.0 1.3 1.8 0.4 1.2 1.8 6.7
2.1500 1.0 1.3 4.0 4.0 1.3 1.7 0.4 1.7 1.8 6.8
2.1750 1.0 1.3 4.0 4.0 1.3 1.7 0.1 1.3 1.8 6.7
2.2000 1.0 1.3 4.0 4.0 1.3 1.8 0.8 5.4 1.8 8.5
2.2324 1.0 1.3 4.0 4.0 1.3 1.7 0.1 4.9 1.8 8.2
2.3094 1.0 1.3 4.0 4.0 1.3 1.7 0.2 1.8 1.8 6.8
2.3864 1.0 1.3 4.0 4.0 1.3 1.5 0.6 3.2 1.8 7.2
2.3960 1.0 1.3 4.0 4.0 1.3 1.4 0.3 1.3 1.8 6.6
2.6444 1.0 1.3 4.0 4.0 1.3 1.4 0.5 0.7 1.8 6.5
2.6464 1.0 1.3 4.0 4.0 1.3 1.3 0.4 3.3 1.8 7.2
2.9000 1.0 1.3 4.0 4.0 1.3 1.3 0.1 3.9 1.8 7.5
2.9500 1.0 1.3 4.0 4.0 1.3 0.8 0.1 4.2 1.8 7.6
2.9810 1.0 1.3 4.0 4.0 1.3 1.9 0.1 3.0 1.8 7.2
3.0000 1.0 1.3 4.0 4.0 1.3 1.3 0.1 1.9 1.8 6.7
3.0200 1.0 1.3 4.0 4.0 1.3 1.2 0.4 5.8 1.8 8.7
3.0800 1.0 1.3 4.0 4.0 1.3 1.4 0.7 2.3 1.8 6.9
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Figure 3: Dalitz plots of the accepted e+e− → η′π+π− can-
didate events for (a) mode I and (b) mode II in data at√
s =2.1250 GeV. The requirement M(ηπ+π−, γπ+π−) ∈

(0.943, 0.973) GeV/c2 has been imposed.
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Figure 4: Projections of the corresponding Dalitz plots
on M2(π+π−) axis for (a) mode I and (b) mode II in
data (dots with error bars) and signal MC (histograms) at√
s =2.1250 GeV.
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tion and an s-dependent continuum amplitude [38]:

σ(s) =

∣

∣

∣

∣

C0

sn

√

Φ(
√
s) + C1 · BW (

√
s)× eiφ

∣

∣

∣

∣

2

, (2)

where C0 and n are the continuum parameters, C1 =
3.894×105 nb ·GeV2 is a unit conversion factor, and φ is
the phase angle between the amplitudes. The relativistic
Breit-Wigner amplitude is given by

BW (
√
s) =

√

12πΓee
RBRΓtot

R

s−M2
R + iMRΓtot

R

√

Φ(
√
s)

Φ(MR)
, (3)

where MR, Γ
ee
R and Γtot

R are the mass, partial width to
e+e− and total width of the assumed resonance R. BR

is the branching fraction for R → π+π−η′, and Φ(
√
s) is

the two-body PHSP factor of R → ρη′ [1].

In the fit, the correlated and uncorrelated uncertainties
are incorporated and the χ2 is constructed as

χ2 = ∆XTM−1∆X, (4)

where ∆X is the difference between the measured and
predicted cross sections; the uncertainty of the measured
value includes the uncorrelated statistical and systematic
components. M is the covariance matrix; its diagonal
elements represent the total uncertainty and off-diagonal
elements are correlated systematic uncertainties.

The systematic uncertainties marked with ∗ in Table II
are treated as fully correlated uncertainties, while the
other systematic uncertainties are considered indepen-
dent for the various c.m. energies. M is defined as

Mi,j =
∑

k

xi ǫi,j,k xj ǫj,i,k, (5)

where xi is the measured value at c.m. energy i, ǫi,j,k =
ǫj,i,k is the common relative systematic uncertainty of xi

and xj from correlated source k.

Figure 5 shows the result of the fit to the Born cross
sections. There are two solutions with equal fit quality
and very similar mass and width for the resonance, while
the product BRΓ

ee
R and phases are different in the two

solutions. The goodness of fit is χ2/n.d.f. = 9.4/13 =
0.72, where n.d.f. is the number of degrees of freedom.
The fit parameters are summarized in Table III. Since the
mass, width, n(n′) and C0(C

′
0) values of the two solutions

are consistent within 0.2 standard deviation, we present
the average values of the two solutions in Table III. The
statistical significance of this resonance is estimated to be
6.3σ, by comparing the change of χ2 (∆χ2 = 50.5), with
and without the R amplitude in the fit and taking the
change of degrees of freedom (∆n.d.f.=4) into account.

The systematic uncertainties of the resonance parame-
ters come from the c.m. energy calibration, the resonance
model, the parameterization of the continuum and the
type of PHSP factor. The uncertainties of the measured
Born cross sections have been included in the fit.
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Figure 5: Fit to the e+e− → η′π+π− Born cross sections
(only BESIII results). (a) Solution I, constructive interfer-
ence. (b) Solution II, destructive interference. Red solid dots
with error bars are BESIII data, and hollow dots with error
bars are BABAR data. The black solid curve is the total fit
result, the blue dashed line is the resonant component, the
green dashed line is the continuum contribution, and the ma-
genta dot-dashed line represents the interference between the
resonance and the continuum contribution. The systematic
uncertainties are included.

Table III: Results of the fit to e+e− → η′π+π− Born cross
section. The first uncertainties are statistical and the sec-
ond systematic. n′ and C′

0 are parameters of the alternative
parameterization of the continuum contribution.

Parameter Solution 1 Solution 2

MR (MeV/c2) 2111 ± 43± 25
Γtot
R (MeV) 135 ± 34± 30

BRΓ
ee
R (eV) 0.64± 0.49 ± 0.42 23.3± 5.3± 3.3

φ (rad) 2.24± 0.73 ± 0.48 4.46 ± 0.06± 0.10
n(n′) 4.42± 0.22 ± 0.20 (1.66± 0.12± 0.07)
C0(C

′
0) 921± 240± 114 (53.0± 13.2 ± 0.1)

The systematic uncertainty of the c.m. energy is found
to be negligible.

To estimate the uncertainty related to the fit model,
a modified Breit-Wigner function, in which the width is
energy dependent, is employed in the fit. The width of
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the modified Breit-Wigner function is written as:

Γ(
√
s) = ΓR

∣

∣

∣

∣

p

pR

∣

∣

∣

∣

2L+1
MR√
s

B(p)

B (pR)
, (6)

where ΓR is the nominal width. p and pR are the daugh-
ter momenta in the rest frame of P , when P taken as√
s or MR, respectively. L is the angular momentum of

the decay specified in its subscript. B(p) is the Blatt-
Weisskopf form factor [39]. The shifts of the mass and
width, which are 14 MeV/c2 and 17 MeV, respectively,
are taken as the systematic uncertainties.

The uncertainty of the parameterization of the contin-
uum contribution is estimated by replacing C0/s

n with

an exponential function of the form C′
0 · e−n′(

√
s−Mth),

where Mth = mρ +mη′ . The differences of the obtained
mass and width, which are 21 MeV/c2 and 24 MeV, re-
spectively, are assigned as the corresponding systematic
uncertainties.

To assess the uncertainty regarding the PHSP factor,
we replace the two-body PHSP factor with an alternative
PHSP factor consist of 90% two-body and 10% three-
body PHSP factor. The resulting changes in the fit of
0.4 MeV/c2 for the mass and 4.1 MeV for the width are
taken as the systematic uncertainties.

A quadrature sum of all contributions yields total
systematic uncertainties for the mass and width of
25 MeV/c2 and 30 MeV, respectively.

VI. SUMMARY AND DISCUSSION

We present measurements of the Born cross sections
for e+e− → η′π+π− using the data samples collected by
the BESIII detector at c.m. energies between 2.00 and
3.08 GeV. The measured Born cross sections are consis-
tent with those of BABAR but have much improved pre-
cision. The Born cross section line shape fit has two solu-
tions with equal fit quality and identical mass and width
of the resonance, while the product BRΓ

ee
R and phase

are different in the two solutions. The statistical signifi-
cance of the observed resonant structure is 6.3σ, and its
mass, width and BRΓ

ee
R are determined to be M = 2111±

43 ± 25 MeV/c2,Γ = 135 ± 34 ± 30 MeV and BRΓ
ee
R =

(0.64 ± 0.49± 0.42) eV or (23.3± 5.3± 3.3) eV, respec-
tively, where the first uncertainties are statistical and the
second systematic. The mass and width measured in this
work agree with those of the Y (2040) resonance found in
e+e− → ωπ0 by BESIII (M = 2034 ± 13 ± 9 MeV/c2,
Γ = 234 ± 30 ± 25 MeV) [17] and with those of the
ρ(2150) resonance found in e+e− → η′π+π− by BABAR

(M = 1990±80 MeV/c2, Γ = 310±140 MeV) [16] within
two standard deviation.

The e+e− → π+π−η′(η) processes are also studied
in the Resonance Chiral Theory framework and the ex-
tended Nambu-Jona-Lasinio model [40–44]. However,
most of the comparisons of experimental data with those
theory predictions are performed in the energy region be-
low 2.0 GeV. With more resonances being included and
precise experimental measurements available, these the-
ory models could be tested above 2 GeV in the future.
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[40] D. GómezDumm and P. Roig, Phys. Rev. D 86, 076009

(2012).
[41] L. Y. Dai , J. Portoles, and O. Shekhovtsova, Phys. Rev.

D 88, 056001 (2013).
[42] M. K. Volkov, A. B. Arbuzov, and D. G. Kostunin, Phys.

Rev. C 89, 015202 (2014).
[43] L. Y. Dai, X. W. Kang, Ulf-G. Meibner, X. Y. Song, and

D. L. Yao, Phys. Rev. D 97, 036012 (2018).
[44] W. Qin, L. Y Dai, and J. Portoles, JHEP 03, 092 (2021).


