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Using data samples collected by the BESIII detector located at the Beijing Electron Positron Collider, the
cross sections of the process eþe− → f1ð1285Þπþπ− are measured at 45 center-of-mass energies from
3.808 to 4.951 GeV. An investigation on the energy-dependent cross section is performed, and no
significant structure is observed.
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I. INTRODUCTION

In QCD, spectroscopy of hadrons is key toward under-
standing strong interactions in the nonperturbative regime,
and in particular the study of resonance decays into non-
trivial exclusive final states is a way to probe the structure of
bound states and their interaction properties. New oppor-
tunities are offered by unexpected resonances discovered in
the charmonium energy region, where theY resonanceswith
JPC ¼ 1−− can be produced directly in eþe− annihilation.
Multiple theoretical approaches have been proposed to

describe the Y exotic particles, e.g., as tetraquarks, hadronic
molecules, hybrid states, or hadrocharmonia [1–4]. Their
compatibility with experimental data has recently been
reviewed in detail in Ref. [2]. Currently all of the observed
decay modes of the Y are associated with the charm sector,
and no light hadron decay modes have been found yet [5].
For example, the BESIII experiment has performed series
studies on the exotic states decaying into light hadrons,
including eþe− → K0

SK
�π∓π0ðηÞ [6], K0

SK
�π∓ [7],

pn̄K0
SK

− þ c:c: [8], ϕϕϕ, ϕϕω [9], pp̄π0 [10], pp̄ηðωÞ
[11], 2ðpp̄Þ [12], ωπþπ− [13], and ωπ0ðηÞ [14].
Studying decay modes of Y states to light hadrons is

expected to provide information that allows one to distin-
guish between different theoretical models and to under-
stand strong interaction effects in this energy region. The
continued search for light hadron decays helps further to
understand the nature of exotic states and charmonium
resonances. More explorations of light hadronic final states
are desirable to probe the nature of charmoniumlike exotic
candidates [15,16]. In particular the hybrid model predicts a

sizable coupling between theYð4260Þ and charmless decays
[16]. Searches for new decay modes of the Yð4260Þ may
provide information that can shed light on its nature.
The process eþe− → f1ð1285Þπþπ− has been studied

only at the BABAR experiment, from threshold up to
4.550 GeV [17,18]. It may be used to investigate the decay
mode of exotic and charmonium states. In addition, the
process eþe− → f1ð1285Þπþπ− is sensitive to the transi-
tion form factors of the axial-vector current [19,20], which
is crucial to the hadronic light-by-light scattering in the
muon anomalous magnetic moment (αμ) calculation
[19,21,22]. A more precise measurement of this process
possibly provides a better input to extracting the transition
form factors [19].
In this work, we report the measurement of the process

eþe− → f1ð1285Þπþπ−, with f1ð1285Þ → πþπ−η and
η → γγ, based on data collected at the BESIII experiment
at 45 center-of-mass energies (

ffiffiffi
s

p
) ranging from 3.808 to

4.951 GeV, with an integrated luminosity of 22.2 fb−1

[23–25].

II. BESIII DETECTOR AND MONTE CARLO
SIMULATION

The BESIII detector [26] records symmetric eþe−
collisions provided by the BEPCII storage ring [27] in
the center-of-mass energy range from 1.84 to 4.95 GeV,
with a peak luminosity of 1.1 × 1033 cm−2 s−1 achieved atffiffiffi
s

p ¼ 3.77 GeV. BESIII has collected large data samples
in this energy region [28,29]. The cylindrical core of the
BESIII detector covers 93% of the full solid angle and
consists of a helium-based multilayer drift chamber
(MDC), a plastic scintillator time-of-flight system (TOF),
and a CsI(Tl) electromagnetic calorimeter (EMC), 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 counter
muon identification modules interleaved with steel.
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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 in the TOF barrel region is
68 ps, while that in the end cap region is 110 ps. The end
cap TOF system was upgraded in 2015 using multigap
resistive plate chamber technology, providing a time
resolution of 60 ps [30]. This improvement affects data
at 30 of the 45 center-of-mass energy points.
Simulated data samples produced with a Geant4-based

[31] Monte Carlo (MC) package, which includes the
geometric description of the BESIII detector and the
detector response, are used to determine detection efficien-
cies and to estimate backgrounds. The simulation models
the beam energy spread and initial state radiation (ISR) in
the eþe− annihilations with the generator KKMC [32].
Signal MC samples for the process eþe− →
f1ð1285Þπþπ− with the subsequent decays f1ð1285Þ →
πþπ−η and η → γγ are generated uniformly in phase space.
The inclusive MC sample includes the production of open
charm processes, the ISR production of vector charmonium
(like) states, and the continuum processes incorporated in
KKMC [32]. All particle decays are modeled with EVTGEN

[33] using branching fractions either taken from the Particle
Data Group (PDG) [5], when available, or otherwise
estimated with LUNDCHARM [34]. Final state radiation
from charged final state particles is incorporated using
the PHOTOS package [35].

III. EVENT SELECTION AND BACKGROUND
ANALYSIS

The process eþe− → f1ð1285Þπþπ− is reconstructed
with f1ð1285Þ → πþπ−η and η → γγ. Therefore, the final

state particles consist of 2ðπþπ−Þ and 2γ. Charged tracks
detected in the MDC are required to be within a polar angle
(θ) range of j cos θj < 0.93, where θ is defined with respect
to the z axis, which is the symmetry axis of the MDC. The
distance of closest approach to the interaction point (IP)
must be less than 10 cm along the z axis and less than 1 cm
in the transverse plane. Exactly four charged tracks with a
net charge equal to zero are required. Particle identification
(PID) combines information from the energy loss in the
MDC and the flight time in the TOF to calculate the
probabilities for the π, K, and p hypotheses. Each track is
then assigned a particle type corresponding to the hypoth-
esis with the highest probability. Events with four pion
candidates are kept for further analysis.
Photon candidates are identified using isolated showers

in the EMC. The deposited energy of each shower must be
more than 25 MeV in the barrel region (j cos θj < 0.80)
and more than 50 MeV in the end cap region
(0.86 < j cos θj < 0.92). To exclude showers that origi-
nate from charged tracks, the angle subtended by the EMC
shower and the position of the closest charged track at the
EMC must be greater than 10° as measured from the IP. To
suppress electronic noise and showers unrelated to the
event, the difference between the EMC time and the event
start time is required to be within [0, 700] ns. Events
containing at least two photon candidates are then retained
for further analysis. In order to further suppress back-
grounds and improve the momentum resolution, a four-
constraint kinematic fit is applied that enforces energy-
momentum conservation for the πþπ−πþπ−γγ final state.
Events are accepted if the fit satisfies χ2 < 100. If there
are more than two photon candidates in addition
to the four charged tracks in the event, the combination
with the smallest χ2 is retained. The selection efficiency
of the condition χ2 < 100 for all energy points
exceeds 95%.
The η candidate is reconstructed by two photons with

jMðγγÞ −MðηÞj < 25 MeV=c2, where MðγγÞ is the invari-
ant mass reconstructed from the two photons and MðηÞ is
the known η mass [5].
The invariant mass of Mðπþπ−ηÞ for all four

combinations within each event is illustrated in Fig. 1,
as an example, using the center-of-mass energy atffiffiffi
s

p ¼ 4.178 GeV that gives the highest statistics
among the studied points. A clear f1ð1285Þ signal is
observed. Background contributions are studied through
an analysis of the inclusive MC sample with an event-type
analysis tool TopoAna [36], indicating that the primary
background originates from the continuum proc-
ess eþe− → πþπ−πþπ−η.

IV. CROSS SECTION

The Born cross section at each center-of-mass energy is
determined by
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FIG. 1. The Mðπþπ−ηÞ distribution for all four combinations
within each event at

ffiffiffi
s

p ¼ 4.178 GeV. The black dots with error
bars are data. The magenta solid line represents the fit result for
signal extraction, the green dash-dotted line represents the
f1ð1285Þ shape, and the blue dashed line indicates the back-
ground shape.
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σB ¼ Nsig

ϵ · ð1þ δvÞ · ð1þ δγÞ · B · L
; ð1Þ

where 1þ δv ¼ 1
j1−Πj2 and 1þ δγ account for the vacuum

polarization (VP) and ISR corrections, respectively, and are
calculated based on theory [37,38], with numerical values
obtained by Monte Carlo integration. The product branch-
ing fraction B ¼ Bf1ð1285ÞBη ¼ 13.8% corresponds to the
decay chain f1ð1285Þ → πþπ−η and η → γγ. The numer-
ator Nsig is the signal yield extracted from the fit to
Mðπþπ−ηÞ distribution, L is the integrated luminosity
[39–41], and ϵ is the signal detection efficiency. The
dressed cross section is obtained by

σd ¼ σB · ð1þ δvÞ; ð2Þ

which incorporates the vacuum polarization correction.
The signal yield is obtained through an unbinned

maximum likelihood fit to the Mðπþπ−ηÞ distribution.
The signal shape is modeled by the MC shape convolved
with a Gaussian function to compensate the detector
resolution. The MC shape is obtained by matching the
reconstructed pions to the truth level ones decayed from
f1ð1285Þ to eliminate effects from incorrect combinations.
The background shape is described by a second-
order polynomial function. An example of the fit atffiffiffi
s

p ¼ 4.178 GeV is shown in Fig. 1. To prevent distortions
from low statistics at other center-of-mass energies, the
parameters of the convolved Gaussian function are fixed
to the values obtained at

ffiffiffi
s

p ¼ 4.178 GeV, with a mean
μ ¼ 0.11 MeV=c2 and width σ ¼ 0.14 MeV.
The signal efficiency is obtained from the signal MC

sample for eþe− → f1ð1285Þπþπ−, with f1ð1285Þ →
πþπ−η and η → γγ. To reduce discrepancies between data
and signal MC, a weighting method is applied to the two-
dimensional distributions of Mcolðf1ð1285ÞπþÞ versus
Mcolðπþπ−Þ and Mf1ðηπþÞ versus Mf1ðπþπ−Þ, where
pions in Mcol and Mf1 are produced directly in the
eþe− collisions and from f1ð1285Þ decay, respectively.
These pairs of invariant masses are used to correct the phase
space modeling of f1ð1285Þ production and decay. The
f1ð1285Þ candidates are selected as the πþπ−η combination
with invariant mass closest to the value of Mf1ð1285Þ among
the four combinations in an event in the data samples.
Mf1ð1285Þ represents the known f1ð1285Þ mass [5].
Figure 2 shows the comparison on Mðπþπ−Þ from eþe−
collision between data and the weighted signal MC
at

ffiffiffi
s

p ¼ 4.178 GeV.
The correction factors 1þ δγ and ϵ, which depend on the

energy-dependent cross section [38], are obtained using an
iterative method [42,43]. Both the Born and dressed cross
sections follow the trend described by Eq. (3), as discussed
in Sec. VI. The iterative process begins with fits to the
energy-dependent Born cross section, starting at 3.7 GeV,

below the lowest center-of-mass energy in this study. The ϵ
and ð1þ δγÞð1þ δvÞ are calculated from the fit curve at
each center-of-mass energy and used as input for the next
iteration, repeating until the Born cross section converges.
The results of cross sections at each center-of-mass

energy are presented in Table I, which includes both
statistical and systematic uncertainties for the dressed cross
sections (σd). The statistical uncertainty is originated from
the extraction of Nsig and given by the fit to Mðπþπ−ηÞ
directly. Detailed investigations of the systematic uncer-
tainties are discussed in Sec. V.

V. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties are estimated at each center-
of-mass energy. Multiple sources of systematic uncertain-
ties are taken into account in the measurement of the Born
cross section for the eþe− → f1ð1285Þπþπ− process.
These include the uncertainties from integrated luminosity
measurement, quoted branching fractions, tracking and
PID, photon reconstruction, signal yield estimation, kin-
ematic fit, ISR and VP correction factors, as well as
uncertainties in signal efficiency associated to weighting
method.
The integrated luminosity is determined using

large angle Bhabha events, with an uncertainty of
1% [23–25]. The systematic uncertainties of the branching
fractions are quoted from the PDG [5], with values of
42.9% and 0.5% for f1ð1285Þ → ηπþπ− and η → γγ,
respectively. The systematic uncertainty of the tracking
and PID efficiencies are both measured as 1% per track by
using control samples J=ψ → K0

SK
�π∓, J=ψ → pp̄πþπ−,

and J=ψ → πþπ−π0 [10,44–48]. A systematic uncertainty
of 0.2% is assigned to the single-photon reconstruction
efficiency using a J=ψ → γμþμ− control sample.
Conservatively considering 100% correlation among tracks
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FIG. 2. The distribution of Mðπþπ−Þ from eþe− collision atffiffiffi
s

p ¼ 4.178 GeV. The black dots with error bars are data; the
histogram shows the weighted distribution from signal MC
sample.
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(or photons), the total systematic uncertainties come from
the tracking efficiencies, PID, and photon reconstruction
are 4%, 4%, and 0.4%, respectively.
Three sources of the systematic uncertainties are taken

into account for signal yield estimation: signal shape,

background shape, and fit range. To mitigate the impact
of statistical fluctuation, samples from all center-of-mass
energies are combined for the systematic study. The
discrepancy in the signal yields obtained by using the
Breit-Wigner function convolved with a Gaussian instead

TABLE I. Dressed cross sections of the process eþe− → f1ð1285Þπþπ−. L is the integral luminosity of the data sample at each center-
of-mass energy, Nsig is the number of signal events, 1þ δγ and 1þ δv are the converged radiation and vacuum polarization correction
factor, respectively, ϵ is the signal efficiency with the weighting method, and σd is the dressed cross section. The first uncertainty in the
last column is statistical; the second one is systematic, without including the global systematic uncertainty of 43.3%. A detailed
discussion of all systematic uncertainties is provided in Sec. V.ffiffiffi
s

p
(GeV) L (pb−1) Nsig 1þ δγ 1þ δv ϵ (%) σd (pb)

3.808 50.5 56� 12 0.86 1.06 22.9 41.0� 8.8� 0.5
3.869 219.2 137� 22 0.89 1.05 20.9 24.3� 3.9� 0.3
3.896 52.6 42� 11 0.90 1.05 21.3 30.1� 7.9� 0.4
4.008 482.0 331� 31 0.94 1.04 19.9 26.6� 2.5� 0.3
4.085 52.9 40� 10 0.96 1.05 19.5 29.3� 7.3� 0.4
4.129 401.5 195� 26 0.98 1.05 19.9 18.2� 2.4� 0.3
4.158 408.7 179� 25 0.98 1.05 19.8 16.4� 2.3� 0.2
4.178 3189.0 1593� 69 0.99 1.05 18.1 20.3� 0.9� 0.4
4.189 526.7 235� 27 0.99 1.06 18.4 17.8� 2.0� 0.2
4.199 526.0 268� 27 0.99 1.06 18.6 20.1� 2.0� 0.2
4.209 517.1 227� 27 0.99 1.06 18.2 17.6� 2.1� 0.3
4.219 514.6 280� 28 1.00 1.06 18.3 21.7� 2.2� 0.2
4.226 1100.9 494� 40 1.00 1.06 18.5 17.6� 1.4� 0.2
4.236 530.3 248� 27 1.00 1.06 18.6 18.3� 2.0� 0.3
4.242 55.9 36� 10 1.00 1.06 18.5 25.3� 7.0� 0.4
4.244 538.1 212� 26 1.00 1.06 18.5 15.4� 1.9� 0.3
4.258 828.4 359� 33 1.01 1.05 18.2 17.2� 1.6� 0.2
4.267 531.1 259� 27 1.01 1.05 18.5 19.0� 2.0� 0.2
4.278 175.7 67� 15 1.01 1.05 18.3 15.0� 3.4� 0.2
4.288 502.4 221� 25 1.01 1.05 19.2 16.5� 1.9� 0.2
4.308 45.1 23� 8 1.02 1.05 17.9 20.4� 7.1� 0.4
4.313 501.2 244� 26 1.02 1.05 19.1 18.2� 1.9� 0.2
4.338 505.0 189� 25 1.02 1.05 19.4 13.7� 1.8� 0.2
4.358 544.0 204� 25 1.03 1.05 17.8 14.9� 1.8� 0.2
4.378 522.7 201� 25 1.03 1.05 19.1 14.2� 1.8� 0.1
4.387 55.6 28� 9 1.03 1.05 17.5 20.2� 6.5� 0.3
4.397 507.8 198� 24 1.03 1.05 19.1 14.3� 1.7� 0.2
4.416 1043.9 384� 34 1.04 1.05 18.8 13.7� 1.2� 0.2
4.437 569.9 173� 25 1.04 1.05 18.7 11.3� 1.6� 0.1
4.467 111.1 51� 12 1.05 1.05 18.6 17.1� 4.0� 0.2
4.527 112.1 39� 9 1.06 1.05 18.5 12.9� 3.0� 0.2
4.575 48.9 3þ4

−3 1.07 1.05 18.6 2.2þ3.0
−2.2 � 0.0

4.600 586.9 170� 22 1.07 1.05 18.4 10.6� 1.4� 0.2
4.612 103.7 17� 8 1.08 1.05 17.7 6.2� 2.9� 0.1
4.628 521.5 183� 22 1.08 1.05 17.4 13.6� 1.6� 0.1
4.641 551.7 126� 20 1.08 1.05 17.7 8.7� 1.4� 0.1
4.661 529.4 141� 20 1.09 1.05 17.4 10.2� 1.4� 0.1
4.682 1667.4 400� 35 1.09 1.05 17.4 9.2� 0.8� 0.1
4.699 535.5 113� 18 1.09 1.05 17.3 8.1� 1.3� 0.1
4.740 163.9 37� 10 1.10 1.05 17.4 8.6� 2.3� 0.1
4.750 366.6 89� 16 1.10 1.05 17.4 9.2� 1.7� 0.1
4.781 511.5 100� 17 1.11 1.06 17.3 7.4� 1.3� 0.1
4.843 525.2 105� 18 1.12 1.06 17.1 7.6� 1.3� 0.1
4.918 207.8 36� 9 1.13 1.06 16.7 6.7� 1.7� 0.1
4.951 159.3 6þ8

−7 1.14 1.06 16.6 1.4þ1.9
−1.7 � 0.0
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of the MC shape convolved with a Gaussian function is
attributed to the systematic uncertainty arising from the
signal shape description. Similarly, the difference in the
signal yields when using a third-order polynomial to
describe the background shape, as opposed to the nominal
method, is taken as the systematic uncertainty stemming
from the background shape description. The systematic
uncertainty associated with the fit range is determined by
comparing the results obtained when enlarging or shrinking
the fit range by 10 MeV=c2 on both sides, with the largest
difference compared to the nominal signal yield being
considered as the systematic uncertainty. Systematic uncer-
tainties for signal yield estimation from signal shape,
background shape, and fit range are 1.5%, 0.7%, and
0.6%, respectively, for all the center-of-mass energy points.
The systematic uncertainty of the kinematic fit is

determined by taking into account the track helix correction
parameters in the signal MC sample. The value of π-type
track correction parameter is obtained from the control
sample eþe− → πþπ−J=ψ . The difference in efficiency
from the nominal result is considered as the systematic
uncertainty caused by the kinematic fit [49], which gives
the uncertainties ranging from 0.3% to 0.7% at different
center-of-mass energies.
The systematic uncertainty associated with ISR and VP

corrections, as well as signal efficiency are assessed from
two perspectives: the iterative method and the choice of
start point for the energy-dependent Born cross section fit.
By randomly varying the fit parameters [λ and c in Eq. (3)]
of converged energy-dependent Born cross section with
respect to their correlation matrix based on Gaussian
functions for a sufficient number of times (in this analysis,
1000 times are used), a distribution of the new ϵð1þ
δγÞð1þ δvÞ with 1000 entries is obtained. The standard
deviations of the Gaussian functions are set to the uncer-
tainties of corresponding parameter. This distribution is
then fitted by a Gaussian function. The ratio of the width to
the mean of the fitted Gaussian distribution is considered as
the systematic uncertainty related to the iterative method. It
is estimated as 0.04% for all center-of-mass energies, which
is negligible and thus ignored. To determine the systematic
uncertainty related to the choice of the starting point in the
energy-dependent Born cross section fit, the start point is
set to 1.8 GeV, close to the production threshold of the
eþe− → f1ð1285Þπþπ− process. For energies below
3.7 GeV, results from the BABAR experiment [17] are
utilized. Given that KKMC [32] is originally designed for
simulating cc̄ processes and may not accurately represent
processes below the cc̄ threshold, the signal MC samples
are generated using the CONEXC generator [38] to address
the issue. Differences between the two generators are found
to be less than 0.2%, which is considered negligible. The
systematic uncertainty from the energy-dependent Born
cross section fit range is determined by comparing the
ϵð1þ δγÞð1þ δvÞ values obtained from the complete

energy-dependent Born cross section fit with the nominal
values. It ranges from 0.2% to 1.6% at different center-of-
mass energy points.
The systematic uncertainty associated with the signal

efficiency, derived from the weighting method, is assessed
by varying weights of the two-dimensional histograms
according to Gaussian distributions with their standard
deviations as the corresponding error in the bin. This
process is repeated 1000 times to generate a distribution
of efficiencies and fitted by a Gaussian function. The
systematic uncertainty is determined by the ratio of the
width to mean of the fitted Gaussian function, which gives
results ranging from 0.7% to 1.0% in the studied center-of-
mass energy region.
The total systematic uncertainty at each center-of-mass

energy is calculated by summing the individual contribu-
tions in quadrature. The systematic uncertainties originat-
ing from integrated luminosity, branching fractions,
tracking and PID, photon reconstruction, and signal yields
from the fit are defined as global uncertainties, as they hold
the same value at each center-of-mass energy and treated as
fully correlated. These global uncertainties amount to
43.3% totally. Systematic uncertainties associated to ISR
and VP correction factors, signal yields from weight, and
kinematic fit are center-of-mass energy dependent.
Considering the methods how they were obtained, they
are also correlated uncertainties. These systematic uncer-
tainties are then propagated to the dressed cross sections
using the relation given by Eq. (2).

VI. THE FIT OF e + e− → f 1ð1285Þπ +π −
CROSS SECTION

The dressed cross section of the process eþe− →
f1ð1285Þπþπ− is shown in Fig. 3. No obvious resonance

4 5
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Energy depend Unct.
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FIG. 3. The energy-dependent dressed cross section of the
process eþe− → f1ð1285Þπþπ−. The blue points represent data,
with green bars on them showing the total statistical and
systematic uncertainties except the global systematic uncertainty
of 43.3%. The fit properly accounts for all uncertainties is
described by the magenta solid line.
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is observed in the energy region from
ffiffiffi
s

p ¼ 3.808 to
4.951 GeV. The energy-dependent dressed cross section
can be described by [10,50]

σd ¼
�

cffiffiffi
s

p
�

λ

; ð3Þ

where c and λ are free parameters to be determined in
the fit.
The best fit parameters are determined by minimizing the

χ2 function [51–54]

χ2 ¼
Xn
i

�
σi − fσfiti

δi

�
2

þ
�
1 − f
δf

�
2

; ð4Þ

where σi and σfiti are the measured and fitted dressed cross
sections at the ith energy point, respectively. δi is the
uncorrelated uncertainty, f is the scale factor as a free
parameter in the fit, and δf is the relative systematic
uncertainty of f, determined by the total correlated uncer-
tainties. Systematic uncertainties are treated as correlated,
while the statistical ones are uncorrelated. The correlated
systematic uncertainties are estimated at each center-of-
mass energy, resulting in slight differences at different

ffiffiffi
s

p
.

Considering that energy-dependent systematic uncertain-
ties, including sources from ISR and VP correction factors,
signal yields from weight, and kinematic fit, are much
smaller comparing to the global one. The slight difference
of systematic uncertainties at different center-of-mass
energies has negligible effects on the fit results. The value
at

ffiffiffi
s

p ¼ 4.178 GeV is taken as δf. The fit result is shown in
Fig. 3. The p value of the fit is p ¼ 0.3. The parameter λ
describes the cross section as a function of the center-of-
mass energy. The values of λ ¼ 6.61� 0.37� 0.27 and
c ¼ 6.54� 0.49� 0.55 are determined from the fit, where
the first uncertainties are statistical and the second are
systematic. The correlation coefficient between the two
parameters is −0.37. Systematic uncertainties for λ and c
are derived from the cross section measurement and the fit
range of the energy-dependent dressed cross section. By
increasing or decreasing the cross section at all center-of-
mass energies simultaneously by the systematic uncertain-
ties and comparing to nominal values of the parameters, the
larger difference is treated as the systematic uncertainty
from cross section measurement. Changing the fit threshold
from 3.7 down to 1.8 GeV, the differences comparing to
nominal values of the parameters are assigned to the
systematic uncertainties due to the choice of the fit range.
To explore the possible resonance contribution, a Breit-

Wigner function is added coherently to Eq. (3):

σd ¼
2
4

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
cffiffiffi
s

p
�

λ
s

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
12πCΓeeBf1ð1285Þπþπ−Γ

p
s −M2 þ iMΓ

eiϕ
#2

; ð5Þ

where Γee, Bf1ð1285Þπþπ− , M, Γ, s, ϕ and C are the partial
width of the resonance decaying to eþe−, the branching
fraction of the resonance decaying to f1ð1285Þπþπ−, the
mass of the resonance, the width of the resonance, the
square of the center-of-mass energy, the relative phase of
the resonance compared to the nonresonant process, and a
conversion constant equal to 3.894 × 105 nbGeV2, respec-
tively. In the fit, M and Γ are fixed to the known masses
and widths of the resonances ψð4040Þ;ψð4160Þ;
ψð4230Þ;ψð4360Þ;ψð4415Þ, or ψð4660Þ [5], while
other parameters including ΓeeBf1ð1285Þπþπ− and ϕ are
left free to vary. The fit is performed individually for each
resonance. The number of additional parameters is
two, which are ΓeeBf1ð1285Þπþπ− and ϕ. The significance
of all possible resonances is found to be less than 2σ in
each case.

VII. SUMMARY

The cross sections of eþe− → f1ð1285Þπþπ− at center-
of-mass energies from 3.808 to 4.951 GeV are reported.
The precision is improved by a factor of 2 compared to the
previous results [17,18], and the first cross section meas-
urement is provided in a range extending from 4.550 up to
4.951 GeV. From the analysis of energy-dependent dressed
cross section as shown in Fig. 3, no significant resonance
is observed. The energy-dependent cross section of
eþe− → f1ð1285Þπþπ− can be well described by a power
law function. Individual examinations of potential reso-
nance contributions from the charmonium states ψð4040Þ,
ψð4160Þ, ψð4230Þ, ψð4360Þ, ψð4415Þ, and ψð4660Þ indi-
cate that their significance are each below 2 standard
deviations. Variation of χ2 over additional number of
freedom (Δn:d:f:) between with out and without resonance
considered in the fit is at most Δχ2=Δn:d:f: ¼ 1.8=2.
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