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Final States in e+e- Collisions

At e+e- machines vector states are produced

• Annihilation into single photon (JPC = 1--)

• EM process: C and P are conserved

• Discovery of J/ψ and ϒ
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Final States in e+e- Collisions

• Production of axial-vector mesons forbidden at tree level (JPC=1++)

• Two-photon transition allowed!

• However, no definitive observation until now:

Ø Several channels tested without success: η, η’, f0, a0, a2

Ø First hint from SND on f1(1285) (2 events, 2.5σ) [SND Ph.Lett.B 800 (2020)]

• The χc1 is a promising channel to look for at BESIII
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Production of C-even Resonances in &"&#
!$!%® 1++

! The C-even states can be produced directly through a process with two 
virtual photons or neutral current reaction

! Up to now, in e+e- annihilation only vector resonances with JPC=1-- observed

! Experimental null searches so far for: 
η, ηʹ, f0(980), f0(1300), f2(1270), a0(980), a2(1320), and X(3872) from Novosibirsk and BEPC-II

Recent evidence for the production of f1(1285) at SND/VEPP-2000 (2 events, 2.5s)

! The production rate is proportional to the electronic width of the states (Gee). 

For the cc1 state:

! Unitarity limit: Gee > 0.044 eV
! Vector Dominance Model:  Gee = 0.46 eV;  OR Gee ~ 0.1 eV
! Non-relativistic QCD: Gee ~ 0.1 eV
! Latest prediction: Gee = 0.43 eV; interference with background process!

Kaplan, Kühn, Phys. Lett. B78 (1978) 252 

A.D., Guo, Hanhart, Nefediev, Phys. Lett. B736 (2014) 221 

Kivel, Vanderhaeghen, J. High. Energy Phys. 2 (2016) 32 

Czyz, Kühn, Tracz, Phys. Rev. D94 (2016) 034033

Kühn, Kaplan, Safiani, Nucl. Phys. B157 (1979) 125 
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Final States in e+e- Collisions

• Cross section proportional to electronic width (Γee)

• Several theoretical predictions:

Ø Unitarity limit: Γee > 0.044 eV [Kaplan et al, Phys. Lett. B78 (1978)]

Ø Vector Dominance Model: Γee = 0.46 eV or Γee ~ 0.1 eV. 
[Kühn et al, Nucl. Phys. B157 (1979) , Denig et al, Phys. Lett. B736 (2014)]

Ø NRQCD: Γee ~ 0.1 eV [Kivel et al, J. High. Energy Phys. 2 (2016)]

Ø Latest prediction: Γee = 0.43 [Czyz et al, Phys. Rev. D94 (2016)]
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The Role of Interference

Latest prediction: Γee = 0.43 [Czyz et al, Phys. Rev. D94 (2016)]

• Include interference between
e+e- → χc1 → 𝛾J/ψ→ 𝛾µ+µ- and e+e- → 𝛾 J/ψ→ 𝛾µ+µ-

• Distortion of the total line shape (phase angle φ)
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The Role of Interference

Experimentally:

• Scan energy region around χc1 mass (≈450 pb-1 at 4 Ecms points)

• Energy resolution ≈50 keV (BEMS)

• Look for predicted interference pattern
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Point Ecms (GeV) Lint (pb
�1)

1 3.5080 181.79± 0.04± 1.04
2 3.5097 39.29± 0.02± 0.22
3 3.5104 183.64± 0.04± 1.05
4 3.5146 40.92± 0.02± 0.23
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FIG. 3. One-dimensional projections of the two-dimensional fit to the Mµ+µ� and | cos ✓µ| distributions from the control data
samples. The two-dimensional correction is not applied in this fit. The black dots with error bars are the distributions from
data, the gray histograms are the irreducible background predicted by the corrected MC simulation. The red curve is the best
fit result, the red dotted (blue dashed) curve is the signal (background) contribution.
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FIG. 4. One-dimensional projections of the two-dimensional fit to the Mµ+µ� and | cos ✓µ| distributions from the control data
samples. The two-dimensional correction factor is determined from

p
s = 3.773 GeV sample.
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The BESIII Experiment (1)
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[ NIM A614 (2010) 345 ]BEPCII

BESIII

• Located at the BEPCII collider 
(Beijing, China)

• Symmetric e+e- beams

• ECM between 2-4.95 GeV 

• Maximum luminosity: 1 nb-1/s

• 93% coverage of the solid angle



The BESIII Experiment (2)

• World largest τ-charm dataset in e+e- annihilation

• Detailed studies in:
Ø Charmonium spectroscopy and charm physics
Ø Light hadron dynamics
Ø τ-physics 
Ø R-scan
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Analysis Strategy

1. Select events with:
• 2 oppositely charged tracks 
• Identified as muons (EEMC< 400 MeV)
• At least 1 photon

2. Kinematic fit (4C):
• Beam energy-momentum conservation of µµ𝛾 system
• Test all reconstructed photons
• Select photon with best χ2

3. Best photon in central region (|cosθ𝛾|<0.8) 

4. 2D Fit to (Mµµ,|cosθµ|) distribution
• Templates from simulation
• Obtain Nsig and Nbkg

• Interference parameters from dedicated scan
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Signal Everywhere? MC Validation

Test the analysis strategy on control samples
• Up to 2.3σ significance (scaled to 180 pb-1 integrated luminosity)!
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FIG. 3. One-dimensional projections of the two-dimensional fit to the Mµ+µ� and | cos ✓µ| distributions from the control data
samples. The two-dimensional correction is not applied in this fit. The black dots with error bars are the distributions from
data, the gray histograms are the irreducible background predicted by the corrected MC simulation. The red curve is the best
fit result, the red dotted (blue dashed) curve is the signal (background) contribution.
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FIG. 4. One-dimensional projections of the two-dimensional fit to the Mµ+µ� and | cos ✓µ| distributions from the control data
samples. The two-dimensional correction factor is determined from

p
s = 3.773 GeV sample.
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FIG. 3. One-dimensional projections of the two-dimensional fit to the Mµ+µ� and | cos ✓µ| distributions from the control data
samples. The two-dimensional correction is not applied in this fit. The black dots with error bars are the distributions from
data, the gray histograms are the irreducible background predicted by the corrected MC simulation. The red curve is the best
fit result, the red dotted (blue dashed) curve is the signal (background) contribution.

)2 (GeV/cµµM
2.95 3 3.05 3.1 3.15 3.2 3.25

)
2

N
e
v
t 
/ 
(2

 M
e
V

/c

0

1000

2000

3000

4000

5000

data

total fit result

 BG-µ+µγ

 + Inte.
c1

χ

Pred. BG

3.773 GeV

µθcos
0 0.2 0.4 0.6 0.8 1

N
e
v
t 
/ 
0
.0

1

0

500

1000

1500

2000

2500

3000

3500

)2 (GeV/cµµM
2.95 3 3.05 3.1 3.15 3.2 3.25

)
2

N
e
v
t 
/ 
(2

 M
e
V

/c

0

500

1000

1500

2000

2500
data

total fit result

 BG-µ+µγ

 + Inte.
c1

χ

Pred. BG

4.178 GeV

µθcos
0 0.2 0.4 0.6 0.8 1

N
e
v
t 
/ 
0
.0

1

0

200

400

600

800

1000

1200

1400

1600

1800

)2 (GeV/cµµM
2.95 3 3.05 3.1 3.15 3.2 3.25

)
2

N
e
v
t 
/ 
(2

 M
e
V

/c

0

20

40

60

80

100

120

140

160

180

200
data

total fit result

 BG-µ+µγ

 + Inte.
c1

χ

Pred. BG

3.582 GeV

µθcos
0 0.2 0.4 0.6 0.8 1

N
e
v
t 
/ 
0
.0

1

0

20

40

60

80

100

120

140

160

180

200

)2 (GeV/cµµM
2.95 3 3.05 3.1 3.15 3.2 3.25

)
2

N
e
v
t 
/ 
(2

 M
e
V

/c

0

20

40

60

80

100

120

140

160

180
data

total fit result

 BG-µ+µγ

 + Inte.
c1

χ

Pred. BG

3.670 GeV

µθcos
0 0.2 0.4 0.6 0.8 1

N
e
v
t 
/ 
0
.0

1

0

20

40

60

80

100

120

140

FIG. 4. One-dimensional projections of the two-dimensional fit to the Mµ+µ� and | cos ✓µ| distributions from the control data
samples. The two-dimensional correction factor is determined from

p
s = 3.773 GeV sample.
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Corrections to 2D distribution
• Evaluated on 3.773 and 4.178 GeV samples
• Cross check (use different corrections)

• Significance always below 1σ!

4

THE DISTRIBUTION OF -LN(L) IN A LARGER PARAMETER SPACE REGION

Figure 1 shows the distribution of the log-likelihood value (� ln(L)) as a function of �ee (x-axis) and � (y-axis)
in a larger parameter space region. The red square (0.12 eV, 205.0�) represents the point where the likelihood value
is maximum. The orange triangle (0.41 eV, 212.0�) comes from the theoretical calculation in Ref. [14]. The green
circles are the parameter points where MC samples are produced.
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FIG. 1. The distribution of � ln(L) in a larger parameter space region.

THE CORRECTION FACTOR

Figure 2 shows the correction factors used for the two-dimensional correction to the distribution of Mµ+µ� and
|cos✓µ|. The left plot shows the correction factors derived from the

p
s = 3.773 GeV sample and the right plot is

from the
p
s = 4.178 GeV sample. Figure 3, Fig. 4, and Fig. 5 show the results from the two-dimensional fits to

the Mµ+µ� and |cos✓µ| distributions from the control samples before correction, after correction using the correction
factors extracted from data and MC samples at

p
s = 3.773 GeV, and the correction factors from

p
s = 4.178 GeV.
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FIG. 2. The correction factors extracted from the
p
s = 3.773 GeV sample (left) and the

p
s = 4.178 GeV sample (right).



Signal Extraction

• After corrections, fit 2D (Mµµ,|cosθµ|) 
distribution at each scan data point 
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Mass spectra of 4 scan points after calibration procedure:

Achim Denig Mainz gamma-gamma programme for HLbL
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First Observation!

Combining the 4 energy points: 5.1σ global significance
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Observation of &"&# → ($% with 5.1s Significance
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Combination of 4 energy points yields a significance of 5.1s: 
First observation of a non-vector resonance in >$>% annihilation!

Common fit to all 4 scan points
" first measurement of Gee

arxiv:2203.13782
accepted for publication in Phys. Rev. Lett.

Gee=0.12+0.13
-0.08 eV, f=205°+15.4°-22.4°

Discrepancy wrt. predicted interference parameters
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background events (Nbg) are free parameters, while the
interference (Nint) is written as f ·

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Nχc1 · Nbg

p
, where the

factor f is determined from signal MC sample with the Γee
and ϕ parameters set to the optimal values from a common
fit to all scan points, as will be explained below.
The fit results are shown in Fig. 2 and are listed in

Table I. Significant signal components are seen at
ffiffiffi
s

p
¼

3.5080 GeV and 3.5097 GeV with Nsig ¼ Nχc1 þ Nint (and
its statistical significance) determined to be 210# 52
(4.1σ) and 63# 24 (2.8σ), respectively. The signal com-
ponent is not significant at

ffiffiffi
s

p
¼ 3.5104 GeV with Nsig ¼

0þ16
−19 (0.0σ). A negative signal component is seen at

ffiffiffi
s

p
¼

3.5146 GeV with Nsig ¼ −40# 22 (1.8σ). The combined
statistical significance, obtained by adding the log-like-
lihoods from each of the four data samples, is 5.3σ. The
cross section of the signal component and its uncertainty is
calculated as σsig ≡ ðσχc1 þ σintÞdata ¼ Nsig=ðL · ϵÞ, where
the efficiency ϵ is calculated from the simulated signal MC
samples. The sum of σsig and σISR BG at each χc1 scan point
is shown in Fig. 1 (black dots), which is in good agreement
with the theoretical prediction [14]. Here σISR BG is fixed
using the PHOKHARA generator. Statistical tests are per-
formed to the χc1 scan samples individually using like-
lihood ratios t ¼ −ðlnLs − lnLnsÞ to discriminate the

hypothesis with or without signal components (distribu-
tions to be found in Supplemental Material [21]).
Using a common fit to the four χc1 scan points, the values

of Γee and ϕ can be determined directly from data. Since it
is not easy to obtain an analytic formula for the total cross
section of eþe− → γðISRÞμþμ− as a function of Γee and ϕ,
the analysis is done via a scan method. At each c.m. energy
of the χc1 scan sample, the MC samples of eþe− →
γðISRÞμþμ− are produced with different sets of (Γee, ϕ)
values, see open circles in Fig. 3. The total likelihood from
the four samples in the χc1 mass region is then calculated
using the same two-dimensional distributions used previ-
ously with the number of events at each energy point
constrained to the expected number of events calculated
from MC. The best Γee and ϕ parameters are determined to
be ð0.12þ0.08

−0.07Þ eV and ð205.0þ10.0
−17.0Þ°, respectively, where the

uncertainty corresponding to 68.3% C.L. is statistical only.
The 68.3% C.L. contour region in the (Γee, ϕ) plane is
shown in Fig. 3, in which the red dot represents the best-
fitted value. The green curve in Fig. 1 shows the cross
section line shape for such a set of parameters. Using this
best set of ðΓee;ϕÞ values, the number of signal events
is estimated for each χc1 scan sample and is found to be
191, 41, 42, −29 events for the four scan samples. The
uncertainties on Nsig are estimated by varying the ðΓee;ϕÞ
values within their 68.3% C.L. contour and finding the
largest variations of Nsig. Combining the four samples, the
statistical significance is 5.1σ and is found to be in very
good agreement with the previous estimate by fitting each
scan sample individually, where Γee and ϕ are not con-
strained to be the same.
Systematic uncertainties for the extraction of Γee and ϕ

mainly come from the luminosity measurement, the
detection efficiency, the line shapes used in the fit,
the fit range, the two-dimensional correction factor, the
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Conclusion and Outlook

• Final states with JPC≠1-- can be produced in e+e--annihilations 

• First observation of direct production of χc1 (5.1σ)

Ø Interference pattern between e+e- → 𝛾J/ψ and χc1 → 𝛾J/ψ

Ø First measurement of χc1 electronic width

• New technique to investigate properties of conventional/exotic

mesons in e+e—-collisions

• Investigation of χc2 direct production foreseen

Ø Different quantum numbers

Ø Validation of the technique
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Search for X(3872) in e+e- annihilations

• VMD prediction: Γee ≳ 0.036 eV [Denig et al, Phys. Lett. B736 (2014)]

• Look for signal in e+e- → π+π- J/ψ

• No interference expected!

• 4 energy points (> 300 pb-1)

Ø 1 at X(3872) mass 

Ø 3 off-resonance
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lisions [12]. Up to now, its decays into six di↵erent final
states are established [12–14]. Its mass is very close to the
threshold of DD̄⇤ production, which also represents one
of its largest decay modes. This property leads naturally
to the hypothesis that it is a meson molecule [10, 15].
One important discriminant between di↵erent models is
the X(3872) width. Recently, two new measurements of
its width were reported by the LHCb experiment [16, 17],
and an average of 1.19±0.21MeV based on these two new
measurements is reported in Ref. [12].

The quantum numbers JPC of the X(3872) state are
measured to be 1++ [18], which allows suppressed for-
mation in e+e� collisions via two-photon fusion [19, 20].
Recently, a search for the X(3872) in two-photon inter-
actions in the process of e+e� ! e+e�⇡+⇡�J/ was
reported by the BELLE collaboration and evidence of
X(3872) production is found [21]. Furthermore, the BE-
SIII collaboration recently reported the first observation
of the 1++ state �c1 in direct e+e� annihilation with
a significance of 5.1� [22]. These findings motivate the
search for direct formation of X(3872) via the two pho-
ton fusion process in e+e� annihilation. Furthermore,
knowledge of the electronic width �ee might help to re-
veal the nature of X(3872). The current upper limit
is �ee ⇥ B(X(3872) ! ⇡+⇡�J/ ) < 0.13 eV at the
90% confidence level (C.L.), determined by BESIII via
the initial-state radiation (ISR) process [23]. A theo-
retical prediction using vector meson dominance yields
�ee & 0.03 eV and a lower bound of �ee ⇥ B(X(3872) !
⇡+⇡�J/ ) & 0.96⇥ 10�3 eV [24].

In this paper, the cross section �(e+e� ! ⇡+⇡�J/ )
around the X(3872) mass is measured to search for the
direct production of X(3872) and measure the electronic
width of X(3872) using data sets collected by the BESIII
detector. Two processes are considered, the non-resonant
continuum process and the resonant signal process via
two-photon fusion as shown in Fig. 1. An enhanced cross
section is expected at the X(3872) peak over the o↵-
resonance region if the direct production process is sig-
nificant.

II. BESIII DETECTOR AND DATA SAMPLES

The BESIII detector [26] records symmetric e+e� col-
lisions provided by the BEPCII storage ring, which op-
erates with a peak luminosity of 1 ⇥ 1033 cm�2s�1 at
the center-of-mass (c.m.) energy of

p
s = 3.89 GeV. 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 calorime-
ter (EMC), which are all enclosed in a superconduct-
ing solenoidal magnet providing a 1.0 T (0.9 T in 2012)
magnetic field. The solenoid is supported by an octago-
nal flux-return yoke with resistive-plate-counter modules
interleaved with steel, which are used for muon identi-
fication. The charged-particle momentum resolution at

FIG. 1. Feynman diagrams of the non-resonant continuum
process e+e� ! ⇡+⇡�J/ (left) and the resonant signal pro-
cess e+e� ! X(3872) ! ⇡+⇡�J/ (right), of which it is
known that the ⇡+⇡� pair forms a ⇢0 meson [6, 18, 25].

1 GeV/c is 0.5%, and the specific energy loss (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 multi-gap resistive
plate chambers, providing a time resolution of 60 ps [27–
29].

In this work, four data sets collected by the BESIII de-
tector are used. Among the four data sets, two dedicated
data sets were recorded in the vicinity of the X(3872)
mass, one directly on the X(3872) peak with c.m. energy
of 3871.3 MeV (on-resonance) and with a luminosity of
110.3 pb�1, and the other one about 4 MeV below the
peak at 3867.4 MeV (o↵-resonance) and with a luminos-
ity of 108.9 pb�1. For these two dedicated data sets,
a Beam Energy Measurement System (BEMS) [30] pro-
vides the realtime measurement of the c.m. energy with
an uncertainty smaller than 100 keV and of the energy
spread with an uncertainty smaller than 200 keV. The
resolution of c.m. energy from BEMS is smaller than the
width of X(3872), and far smaller than the 4 MeV energy
di↵erence between the on-resonance and o↵-resonance
data sets. This ensures a negligible fraction of resonant
contribution in the o↵-resonance data set at 3867.4 MeV.
Two further o↵-resonance data sets at 3807.7 (50.5 pb�1)
and 3896.2 (52.6 pb�1) MeV are used [31]. The lumi-
nosity of all data sets are determined by the analysis of
large-angle Bhabha scattering events.

Simulated data samples produced with a geant4-
based [32] Monte Carlo (MC) package, which includes
the geometric description of the BESIII detector and the
detector response, are used to determine detection e�-
ciencies and to estimate backgrounds. The simulation
models the beam energy spread and initial state radi-
ation (ISR) in the e+e� annihilations with the genera-
tor kkmc [33]. For each of the four di↵erent data sam-
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Point Ecms (MeV) Lint (pb�1)
1 3807.7 50.5
2 3867.4 108.9
3 3871.3 110.3
4 3896.2 52.6



Search for X(3872) in e+e- annihilations
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FIG. 2. Comparison between data, signal MC, and background MC distributions of m(`+`�). All four data sets are combined.
The MC distributions are scaled to match the integrated luminosity of the data. The black (gray) arrows indicate the peak
(sideband) region.

the ⇡+⇡�J/ decay mode is reconstructed in the cross
section measurement. As a consequence, the correspond-
ing branching fraction needs to be included in the line-
shape parameterization:

�(
p
s) = �cont + 12⇡

�tot�ee ⇥ B(X(3872) ! ⇡+⇡�J/ )

(s�m2
0)

2
+m2

0�
2
tot

,

(2)

where �cont, �tot, and �ee are the constant continuum
cross section, the total width and the electronic width of
the X(3872), respectively. m0 is the mass of X(3872).

In 2020, two measurements on the total width were re-
leased as (1.39± 0.24± 0.10) MeV [16] and (0.96+0.19

�0.18 ±
0.21) MeV [17], resulting in an average value of (1.19 ±
0.21) MeV [12]. In this analysis, we treat the prod-
uct �ee ⇥ B(X(3872) ! ⇡+⇡�J/ ) as one parameter,
and an upper limit on this product is measured. Then,
we also calculate �ee using two di↵erent values for the
branching fraction B(X(3872) ! ⇡+⇡�J/ ). This was
recently measured to be (4.1 ± 1.3)% by the BABAR
collaboration [35], and the latest world average value is
(3.8± 1.2)% [12].

In total, there are three unknown parameters left,
�cont, �tot, and �ee ⇥ B(X(3872) ! ⇡+⇡�J/ ) or �ee.
The mass m0 is fixed to (3871.65 ± 0.06)MeV/c2 [12].
Using the line-shape parameterization, an extended like-
lihood function depending on the cross section for each
data set and J/ mode is constructed. Upper limits for
the electronic width are determined at di↵erent �tot in-
puts. Figure 4 shows the determination of the upper
limit on �ee⇥B for an assumed total width of 1.19MeV.
Figure 5 shows a scan of �ee ⇥ B in a wide range of
�tot from 0 to 3 MeV. Four di↵erent �tot, [0.96 [17],
1.19 [12], <1.2 [12], 1.39 [16]] MeV, are indicated with
vertical lines. For each of the �tot inputs with a mean
value and an uncertainty, a unique value of the upper
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FIG. 3. Cross section of e+e� ! ⇡+⇡�J/ . The results of
both J/ decay modes are combined. The error bars rep-
resent the total uncertainties, i.e., the quadratic sum of the
statistical and systematic uncertainties. The dashed vertical
line indicates the peak position of X(3872). The dot-dashed
curve shows an illustration of expected line-shape assuming
�ee ⇥ B(X(3872) ! ⇡+⇡�J/ ) = 0.013 eV.

limit of �ee ⇥ B is obtained by an integral of the likeli-
hood over �tot based on a Gaussian assumption of �tot.
These upper limits are shown in Table II, where both the
statistical and systematic uncertainties have been consid-
ered.

V. SYSTEMATIC UNCERTAINTIES

There are two di↵erent kinds of systematic uncertain-
ties that have to be treated separately. Uncertainties of
the first kind a↵ect the cross section measurement; they
comprise the uncertainty of the integrated luminosity, the
tracking e�ciency, the branching fraction of J/ decays

• No signal observed: Γee x ℬ < 0.75 x 10-3 eV @ 90% CL
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lisions [12]. Up to now, its decays into six di↵erent final
states are established [12–14]. Its mass is very close to the
threshold of DD̄⇤ production, which also represents one
of its largest decay modes. This property leads naturally
to the hypothesis that it is a meson molecule [10, 15].
One important discriminant between di↵erent models is
the X(3872) width. Recently, two new measurements of
its width were reported by the LHCb experiment [16, 17],
and an average of 1.19±0.21MeV based on these two new
measurements is reported in Ref. [12].

The quantum numbers JPC of the X(3872) state are
measured to be 1++ [18], which allows suppressed for-
mation in e+e� collisions via two-photon fusion [19, 20].
Recently, a search for the X(3872) in two-photon inter-
actions in the process of e+e� ! e+e�⇡+⇡�J/ was
reported by the BELLE collaboration and evidence of
X(3872) production is found [21]. Furthermore, the BE-
SIII collaboration recently reported the first observation
of the 1++ state �c1 in direct e+e� annihilation with
a significance of 5.1� [22]. These findings motivate the
search for direct formation of X(3872) via the two pho-
ton fusion process in e+e� annihilation. Furthermore,
knowledge of the electronic width �ee might help to re-
veal the nature of X(3872). The current upper limit
is �ee ⇥ B(X(3872) ! ⇡+⇡�J/ ) < 0.13 eV at the
90% confidence level (C.L.), determined by BESIII via
the initial-state radiation (ISR) process [23]. A theo-
retical prediction using vector meson dominance yields
�ee & 0.03 eV and a lower bound of �ee ⇥ B(X(3872) !
⇡+⇡�J/ ) & 0.96⇥ 10�3 eV [24].

In this paper, the cross section �(e+e� ! ⇡+⇡�J/ )
around the X(3872) mass is measured to search for the
direct production of X(3872) and measure the electronic
width of X(3872) using data sets collected by the BESIII
detector. Two processes are considered, the non-resonant
continuum process and the resonant signal process via
two-photon fusion as shown in Fig. 1. An enhanced cross
section is expected at the X(3872) peak over the o↵-
resonance region if the direct production process is sig-
nificant.

II. BESIII DETECTOR AND DATA SAMPLES

The BESIII detector [26] records symmetric e+e� col-
lisions provided by the BEPCII storage ring, which op-
erates with a peak luminosity of 1 ⇥ 1033 cm�2s�1 at
the center-of-mass (c.m.) energy of

p
s = 3.89 GeV. 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 calorime-
ter (EMC), which are all enclosed in a superconduct-
ing solenoidal magnet providing a 1.0 T (0.9 T in 2012)
magnetic field. The solenoid is supported by an octago-
nal flux-return yoke with resistive-plate-counter modules
interleaved with steel, which are used for muon identi-
fication. The charged-particle momentum resolution at

FIG. 1. Feynman diagrams of the non-resonant continuum
process e+e� ! ⇡+⇡�J/ (left) and the resonant signal pro-
cess e+e� ! X(3872) ! ⇡+⇡�J/ (right), of which it is
known that the ⇡+⇡� pair forms a ⇢0 meson [6, 18, 25].

1 GeV/c is 0.5%, and the specific energy loss (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 multi-gap resistive
plate chambers, providing a time resolution of 60 ps [27–
29].

In this work, four data sets collected by the BESIII de-
tector are used. Among the four data sets, two dedicated
data sets were recorded in the vicinity of the X(3872)
mass, one directly on the X(3872) peak with c.m. energy
of 3871.3 MeV (on-resonance) and with a luminosity of
110.3 pb�1, and the other one about 4 MeV below the
peak at 3867.4 MeV (o↵-resonance) and with a luminos-
ity of 108.9 pb�1. For these two dedicated data sets,
a Beam Energy Measurement System (BEMS) [30] pro-
vides the realtime measurement of the c.m. energy with
an uncertainty smaller than 100 keV and of the energy
spread with an uncertainty smaller than 200 keV. The
resolution of c.m. energy from BEMS is smaller than the
width of X(3872), and far smaller than the 4 MeV energy
di↵erence between the on-resonance and o↵-resonance
data sets. This ensures a negligible fraction of resonant
contribution in the o↵-resonance data set at 3867.4 MeV.
Two further o↵-resonance data sets at 3807.7 (50.5 pb�1)
and 3896.2 (52.6 pb�1) MeV are used [31]. The lumi-
nosity of all data sets are determined by the analysis of
large-angle Bhabha scattering events.

Simulated data samples produced with a geant4-
based [32] Monte Carlo (MC) package, which includes
the geometric description of the BESIII detector and the
detector response, are used to determine detection e�-
ciencies and to estimate backgrounds. The simulation
models the beam energy spread and initial state radi-
ation (ISR) in the e+e� annihilations with the genera-
tor kkmc [33]. For each of the four di↵erent data sam-
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